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In the present work, the semiconductor material is used to study the moisture
diffusivity when a modified Moore—-Gibson—-Thompson (MGT) model is taken into
account. The influence of moisture concentration is included in the governing
equations throughout the photothermal transfer process. Based on the dissimilar
relaxation durations of the coupled optoelectronic and thermoelastic waves, the
MGT model is used to investigate the issue at hand. The method of the Laplace
transform is used to obtain analytical solutions for the physical quantities,
constitutive relationships, elastic waves, carrier density, heat equation
conduction, and moisture diffusivity for the thermo-elastic medium. To extract
the primary physical quantities in the space—time domain, the boundary
conditions, temperature, plasma, displacement, and mechanical stress are
inverted numerically using the Laplace transform. The effect of the new
parameter like the reference moisture parameter with various values is
discussed graphically on the primary physical quantities. The comparison
between silicon and germanium is taken into account to achieve numerical
computations.

KEYWORDS

semiconductor, optoelectronic, moisture diffusivity, Moore—Gibson—Thompson, waves,
photocarrier

1 Introduction

The stress field is responsible for producing the temperature field, and the stress field
modulates the strain and stress fields. Force loads and thermal stresses are common sources
of damage to structural parts. A crack may occur if the strains are great enough or if the
strains combine with mechanical stresses from external loads. Recently, many scientists have
been concerned with semiconductor materials; this is due to their many modern
applications, such as aircraft electronics and sensors. In semiconductors, some materials
have unique properties like highly conductive materials such as copper. In semiconductors,
the most important effect property in modern industries is the photothermal (PT) excitation
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process that happens when temperature increases to release
electrons to the surface of the material, which makes the material
a good conductor of electricity. The process of electrons gaining
energy because of increasing temperature is called electronic
deformation (plasma), and this process causes an electric current.
Light absorbed by the material causes a local increase in temperature
and pressure, and a proportional increase in volume, according to
the PT effect.

Biot [1] was the first to highlight the solution for the coupled
thermo-elasticity. The Fourier heat conduction theory is considered
the basis for the conventional dynamic (CD) theory of the thermo-
elasticity theory. The CD assumes that wave propagation can travel
at an unlimited speed because of the parabolic form found in the
governing equations, and this theory was unacceptable for the
physical experiments. Because of this inconsistency, Lord and
Shulman (LS) [2] introduced a new model by putting one
relaxation time in the equations, which makes the system of
equations take the hyperbolic form, making the thermal waves
propagate at a finite speed. Green-Lindsay (GL) [3] modified a
new model of thermoelasticity containing two relaxation times,
which makes many researchers utilize this model to conduct
numerous studies. Many authors [4, 5] have used the GL theory
known as the generalized thermoelasticity theory. After adding the
relaxation factor to the suggested heat equation to Green-Naghdi IIT
(GN-III) by Abouelregal et al. [6], many authors tend to utilize the
modified thermoelastic theory in the context of the MGT equation
because of its importance in many applications and also it was
derived using a third-order differential equation. Othman et al. [7]
studied the transient disturbance according to the moving heat
source in the generalized magneto-thermoelasticity theory.
[8, 9] has developed thermoelastic MGT heat
conduction. Marin et al. [10-13] analyzed the thermoelasticity

Quintanilla

theory in the context of the MGT model’s starting values, as set
by the dipolar elastic property. Recent evidence [14] shows that the
MGT equation may be used in a wide range of contexts. Using a
thermoelastic semiconductor material, Lotfy et al. [15, 16] employed
the MGT model to prove the stability of their analytical solutions.

We argue that the fundamental ideas behind heat transmission
and moisture transport are similar. Mechanically induced stresses
may have significant effects on how heat and moisture are
distributed. Understanding the relationship between mechanical
deformation and diffusion caused by temperature and moisture is
so crucial. There are a wide variety of engineering problems where
the correlation between humidity, temperature, and deformation
may be seen. When a solid is subjected to both moisture and heat, a
phenomenon known as hygro-thermoelasticity takes place. Szekeres
[17, 18] published research discussing moisture’s impact on
conventional heat transmission. More so than mechanical
loadings, Gasch et al. [19] discussed temperature and moisture
and Engelbrecht [20] established a
analogy between heat and moisture

fluctuations. Szekeres

fundamental before
proceeding with creating equations governing coupled hygro-
thermoelasticity.

Semiconducting materials found widespread use in contemporary
engineering because of technological advancements. There is both
theoretical and practical usefulness in learning more about how
waves travel through a semiconducting material. Unfortunately, the

author was unable to find any previous documentation of the wave
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propagation issue in semiconducting media during a PT process. The
fundamental principle shared by all PT techniques is the detection of
short-lived thermal waves generated in the sample upon its absorption
of modulated light. When an appropriate transducer picks up these
pressure fluctuations in the surrounding gaseous medium, we obtain
the photoacoustic (PA) signal. This happens because the absorbed
energy is transformed into heat both in the bulk and on the surface of
the sample. The PA technique uses a PA signal obtained experimentally
to determine where the heat is coming from that is causing the thermal
waves. So, in addition to the optical characteristics of the sample, we
may also learn about its thermal parameters, structural formations, and
inhomogeneities from the PA response. Several authors have created
cutting-edge approaches to investigate the laser—semiconductor
interaction in photoacoustic spectroscopy [21, 22]. Several physical
studies using PT techniques [23-27] confirmed the accurate
temperatures, internal displacements, thermal diffusion, and other
electrical features of nano-composite semiconductor materials.
Elastic oscillations in the atomic lattices of a material are directly
responsible for the electronic deformation induced by light. Hobiny
and Abbas [28] used a semiconductor-filled cylinder cavity to
investigate PT waves in free space. When a semiconducting material
is subjected to PT waves with hydrostatic stress, moisture diffusivity
with non-local parameters, two temperatures, laser pulses, and the
resulting strain stresses become problematic [29, 30]. Applying the
photo-thermoelasticity ~ hypothesis  to  the case of the
Moore-Gibson-Thompson (MGT) stability model in a photonic
semiconductor material subject to a two-temperature theory,
Chteoui et al. [31] found support for their theory. On the other
hand, Hobiny and Abbas [32-34] used a theoretical analysis to
obtain the effect of a moving heat source with laser irradiation on
skin tissue during thermal damage. Many applications according to the
bioheat model based on the thermoelasticity theory are studied for
living tissue [35-38].

In recent years, the MGT equation has gained a lot of attention
because it may be used in a variety of contexts. Recent years have
seen a rise in the profile of research into PT phenomena within the
context of the subject of material science. It may be used in the
evaluation of the thermal, optical, and electrical properties of various
materials. In this research, moisture diffusivity is used to analyze the
moisture and heat equation that occurs during the PT MGT process
in one dimension when the mechanical force and moisture
diffusivity are both in play. The issue is posed at the free surface
of a semi-infinite semiconducting material in its most general form.
To solve the system and obtain an analytical solution for the primary
physical fields, the Laplace transform is used. To declare the physical
numbers, the numerical inverse of the Laplace transform must be
executed by utilizing a computer language. In conclusion, the results
of all calculations regarding the distribution of temperature, carrier
intensity, normal displacement, normal force stress, and moisture
concentration are visually depicted.

2 Main equations

During the PT transport phase, the medium is analyzed with the
overlapping processes of plasma-thermal and moisture diffusion in
mind if the thermo-elastic semiconductor material exhibits linear
elastic properties and is homogeneously transversely anisotropic. In
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this problem, the fundamental distributions in this problem are the
carrier density (intensity) N (r;, t), moisture concentration m (r;, t),
the temperature change of a material particle T'(r;,t), and the
displacement vector u(r;,t), (r; represents the position vector,
and t represents the time). Tensor forms of the equations for the
interaction of plasma-thermal-elastic waves and moisture diffusion
are given in [15, 16]:

aN (1’,‘, t)
ot

2 0
pce<DT<ka + k*>T,i,' (r,‘, t) + (1 + TOE>D¥£m’,‘,‘ (T’i, t)) =

T (r;, ouj(rit) E
<1+T02><pcea (r; t)+ytT0 i )—fN(ri,t)>

N (r;,t
:DEN,ii(rbt)_#"'KT(riat)) (1)

ot ot ot
(2)
0 T
km Dm k& + k* m; (1’,‘, t) + DmT,ii (T,’, t) =
om(ri,t) E ou; i (ri,t) ®
mri, _ Ly ) M,"j Tis
<km at T N(T,,t) + ymmODm at >
In tensor form, the motion equation is similar to [1-3]:
Ou; (rirt)

Pz =i (4)

Both the displacement and strain tensor may be represented
using the same equation:

1
&ij = E(Mi’j + 14}‘),'). (5)

With increasing humidity, the tensor form of stress,
displacement, and plasma temperature is similar to the following
equation:

0ij = Cijuen = B (T +d,N) = B m, i, j,k,1=1,2,3. (6)

In the aforementioned equations, the diffusivity parameters
are Dy and D,,, which refer to the temperature diffusivity and the
moisture diffusion coefficient, respectively. The coupled
diffusivities are D} and DL. On the other hand, Dy represents
the carrier diffusion coefficient, and m refers to the reference
moisture. The moisture diffusivity is k,, Cjju represents the
isothermal parameter tensor of the medium, ¢ represents the
strain  tensor, and f; and ﬁ:’ represent the isothermal
thermoelastic coupling tensor material coefficients of moisture
concentration. The thermal activation coupling parameter is
and Nj

concentration [10, 12]. The energy gap, the photogenerated

represents the equilibrium carrier
carrier lifetime, the density, Lame’s elastic constants, the
volume thermal expansion, and the absolute temperature of
and Ty,

respectively, where ar represents the linear thermal expansion

the medium are Eg, 1,5 hs Ay, = BA+2War
coefficient. The specific heat of the semiconductor is C,, and J,
represents the conductive deformation potential with the valence
band, where k* represents the rate of thermal conductivity.
When the surface boundary conditions are thermally insulated,
the rod representing the semiconductor elastic media is released
from the constraints of the electrical short (closed circuit),
isothermal, and stress loads. To that purpose, all analyses are
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performed along the x-axis (the direction of wave propagation is
along the x-axis), and all physical values are arbitrary to the
yz-coordinate system.

The following are the 1D descriptions of the physical
quantities [30]:

ON N N

E:DEW_?-F KT, (7)
0 or Oe L0m  E,
<1 + T0a><pce§+ ytToa—pceDTW— 7 >
00T 0T
= PCeDT<ka @ +k @): (8)
om 0 (ou d o’'m E
s il Bt _ ) 20 ) 29
<k"‘ or TV MaDniy, <ax> kmD”‘("at vk > ox? ) - N
o'T
=D} kp=—s.
"™ 0x?
)
For Eq. 4, we have
o’u o’u T ON om
Pﬁ—(zﬂ”t)@—%a— Tl (10)

Here, y,,, = Batm and 8, = fd,, f = 3u + 2\
In one dimension, the constitutive equation is similar to the
following equation:

Oxx = (2;4+)L)g—z—ﬁ(octT+an)—ymm:0. (11)

The MGT model according to the PT excitation can be
expressed as a general form of the LS and GN-III models. In this
case, the principal models of the photo-thermoelasticity theory
under the MGT effect (k, k¥, and 7, are non-negative) are
reduced to the following cases [31]:

(i) When k* = 7y = 0, the classical thermoelastic (CTE) model is
obtained.
(ii) When k* =0 only, the Lord and Shulman (LS) model is
attained.
(iii) When k = 7y = 0, the GN-II model is observed.
(iv) When 13 = 0, the GN-III model is obtained.

3 The mathematically formulized
problem

The following non-dimensional variables are provided for

convenience:
(%, u) (t, 70) (y,T,6.N)
(o) =G (Eon) = 5 (TN') = T2 2,
r_9 r_
o=— e =e m=m. (12)

To simplify Eq. 7, Eq. 8, Eq. 9, Eq. 10, and Eq. 11, we may use Eq.
12 to remove the dashes and obtain

o 0
<W—q1—an>N+81T:0, (13)
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o \oT d\(., o _ om de
(ka"’t k )ﬁ_<1+T0a><V1§_VZﬁ_V3N+V4E)

=0,
(14)
0 *m om o°’T o’u
— ek ) . — .
<kat+kt>ax2 a4at+asax2+a6N 75 0, (15)
@ P\ o N am_ »
ox2 o )" Toax ox %ox

The 1D stress component takes the following form in the non-
dimensional form:

ou

O‘XX:ng(a—(T‘FN) —a)ym =0, (17)
- _k _ dykkt* _ kCLt*
where 1 =5lle @ =pe & = ooy V1T oo
D'y, % arEgt* _ YTt _ G
Vy = pCeDr (2u+A) t = pC. CZ’V3 7d,pC.Dr’ V= pC.Dp =D

_ D! (2utd) E, (2,u+/\)t*u4 Ve — YumoCit Y
5= 7Dmy, > d6 = 7,( S 0 410= 7547 =T a8 = g0

2u+d 2u+d
= 20 G = 22 and 6, = (2u + 30)d,.

The coupled parameter ¢; is named the coupling thermoelectric
coefficient.

According to the properties of homogeneity of the problem, the
following initial conditions to solve the problem analytically are
presented:

Ou (x, IT (x, _0
U, )iy =240 = 0,T (5, 1)l g = Z50Y = 0,m(x, £)],c =22 _ =0
_ O _ 0
0 (3o =28 = 0,N (x,)],p =220 = 0.
(18)

4 The solution to the problem

Laplace transforms used, which are defined for any function
O (x,t), are as follows:

L(T(x,1) =0(x,s) = Je"t®(x, t)dt. (19)

Applying Eq. 19 to the main aforementioned Eqs 13-17, the
following equations are obtained:

(D*-)N+T=0, (20)

(VieD* =) T + azD* m + ay,N — asDii = 0, (21)

(a6D* —a;)m+asD*T + ag N — ayDii = 0, (22)
(D*-s")u-DT - DN - agDm =0, (23)

O = a9 (Dit = (T + N)) — ayorii, (24)

where D= %, a=qi+qs Vi = ks + k*t¥,

ay = (1 +198)sV 1y, az = (1 +198)V>, ay = (1+7198)V3,
as = (1 +198)sVy, ag = Vg, a7 = aus, ag = ag, and ag = ass.
Solving the converted Eqs 20-22 and Eq. 23 by the elimination
technique between T,u,N, and m, the following equation is
obtained:
(0" -T1,p°+ [ Lo -T[.P* - T L) N. T} () =
(25)
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where the main coefficients of Eq. 25 are given as follows:

1
2 2
= (- (-sVyas +sVypas —
(Vioas = Vip a)
—Vieaas +Vigaras + Vigay + o0
1

= Vi)

Vi asas + Vg agag
— o309 + a506)),

2 2 2
I, = ((s*Vipamas —sVigaas—sViay
(Vias

2
=5~ o0 + Vigagaas — Vigagaag — Vi ayay

—aglr0llyg — A1 0K + ] X309 — X A50g — H3XGES
FoH309E3 + X 6E3 — A506E3
-1

M= ((s*V9p 210 + $* Ay 0yt + 5° A3 XgE3 — S Ayl €3
(Vigas = Vigag)

- a0y — asa7)),

+5% Q007 + Az Ay 0y — A0y Mo €3 + Agls KgEo
+0 0,07 + A 50 — X400 E3 + K505E3)),

S a0, — 2 asane

I, = .
! (Vipas = Vg ae)

(26)

To solve the differential Eq. 25, the factorization method is given
as follows:

(D* -m?)(D? - m?) (D* - m) (D? - mi){T, &, N, m} (x,5) = 0

(27)

The quantities ml2 (i =1,2,3,4) are the roots that are chosen real
and positive when x — oco. The linearity solution for thermal
distribution according to the differential Eq. 27 can be written as
follows:

4
T(x,s) = ZDi (s) e™™*, (28)
i=1

The other linear solutions of remain quantities are expressed in
the following form:

4
= Y HyuD;(s)e ™, (29)
i=1

4
N(x,s) = ZD; (s)e™*
i1

i(x,s) = Y D;" (s) exp(-myx) = Y Hy D;(s) exp(-m;x), (30)

i=1

-

PO

i

ZH3,D (s) exp (-m;x), (31)

i=1

m(x,s) = ZD (s) exp (-m;x) =
i=1

'S

o (x,8) = ZD 9 (s) exp (-m;x) = ZH4,D (s)exp (-mx). (32)
i=1 i=1
Here, the parameters D,—,D;,D:, and D;",i=1,2,3,4 can be
determined when the elimination method between the main Eqs
25-30 is used. The following are the relationships between both of
the unknown parameters D;, D;-, D:, and D;"":

Hy; = s Hai = ay (miHy + (1+ Hy)) + aioHsi,
m? -
2
H. - -m(Vyas — txé)mi + (=Vipasa + a0 + A€ + 07)M; — dgAges — Q&) — 307
%= 2 4 2 2 2
(m? — o)) (agm? + (=506 — agotg — o7 )m? + ays*)
6 2 4 2 2 2
Hoo mVig + (=" Vig = Vigay — o)} + (Voo + ay g — gy + o3 )m? + s g3
3i =

mlog + (—s*as — agty — ay o — o7 )mi + (oo — Sy + agadtg — a7 )m? — s a;

The foregoing values provide the domain solution for
Laplace’s main variable transformations in terms of unknown
parameters D; (s), which are derived from the following boundary
conditions.
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TABLE 1 Physical constants of Si and Ge materials.

10.3389/fphy.2023.1224326

Name (unit) Symbol Si Ge
Lamé’s constants (N/m?) A 6.4 x 100 0.48x 10"
U 6.5 x 101 0.53x 10!
Density (kg/m?) p 2330 5300
Absolute temperature (K) Ty 800 723
Photogenerated carrier lifetime (s) T 5x107° 1.4x10°°
Carrier diffusion coefficient (m?/s) Dg 2.5% 1073 1072
Coefficient of electronic deformation (m3) d, -9x1073! -6x107!
Energy gap (eV) E, 1.11 0.72
Coefficient of linear thermal expansion (K™!) a 4.14x10°° 3.4x1073
Thermal conductivity of the sample (Wm™'K™") k 150 60
Specific heat at constant strain (J/ (kg K)) C. 695 310
Recombination velocities (11/s) s 2 2
Temperature diffusivity Dr pLCe PLCe
(m* (%H,0)/5(K)), Dy 2.1x107 2.1x107
(m*s(K)/ (%H,0))
DL 0.648 x 10°° 0.648 x 10°°
Reference moisture moy 10% 10%
m?s™! Dy, 0.35 x 1072 0.35 x 1072
cm/em (%H,0) s 2.68 x 107 2.68 x 1073
kglmsM Kim 22x1078 22x1078
N 10 10

5 Boundary conditions

Assume that the elastic semiconductor medium is subjected to
mechanical, plasma, and thermal stresses, with the loss of control
over these variables (D;). These forces are imposed on the
(external) surface of the material. Laplace
transformations are used in all conditions.

unconfined

(I) For x =0, we define the free-surface isothermal boundary
condition (thermally isolated system) exposed to thermal
shock as follows:

T(0,s) = ToZ(s). (33)
Accordingly,
YD, - 22 G4)
' s

(II) Application of the Laplace transformation to the condition of
mechanical normal stress (pressure) components at the free
surface x = 0 produces

0.x (0,8) = —n. (35)
Therefore,
4
2{39 (miHy; + (1 + Hy)) +aoHs}(Ds) = —n. (36)
i1
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(III) When the carrier density is diffusively transported and

photosynthesized  during recombination  processes,
the plasma boundary condition at the free surface (x = 0)

may be reformulated as follows using the Laplace transform:

N(0,s) = %I—{(s). (37)
The following equation is obtained:
& A
;HUD,-(x, s)= <Dy (38)

(IV) The free-surface displacement boundary condition is given as

follows:
i(0,s) = L. (39)
On the other hand, the following relation is obtained:
4
ZHZ,D,- (x,8) =n. (40)
=1

The quantities (Z(s), R(s)), n, and [ are the Heaviside unit
function, stress pressure, and roughness coefficient, respectively.
The symbol A is a chosen constant.
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FIGURE 1

Representation of the variations of physical quantities with the x-axis (distance) under the effect of moisture diffusion at different values of reference

moisture mg.

L
my=10
com =10°10
1110—10
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6 Inversion of the Fourier—La place In the Laplace domain, the inverse of the function { (x, s) may be
transforms expressed as follows:
_ 1 n+ico _ ,
Dimensionless physical fields in the time domain may be {(x,t") = L‘l{( (x, s)} = ﬁ,'. 4 {(x,s)e" ds. (41)
obtained by inversion of the Laplace transform. In this case, the e
Laplace transform may be approximated numerically using the In this case, s = n+iM (n, M € R). Hence, we can rewrite the

Riemann sum method [39]. inverse Eq. 41 as follows:
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Representation of the variations of physical quantities with the x-axis (distance) for different photo-thermoelastic theories.

{(x,t") = %:tl)ﬁo exp (iBt){ (x, n + iB)dp. (42)

The following relation is obtained by expanding the Fourier

series for the function {(x,t') in the closed interval [0, 2¢']:
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k=1

Here, i = v/-1, and Re is the real part. The sufficient N can be
chosen in a large integer but can be selected in the notation nit’ =~ 4.7 [40].
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7 Numerical results and discussion normal stress, displacement, and carrier density. The simulation is carried

out by using substances known as silicon (Si) and germanium (Ge). The

To create the numerical simulation, the numerical parameters of the ~ following table presents the physical constants with their SI unit
physical fields are used. These factors include temperature, moisture,  representations according to Table 1 [27-31]:
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7.1 The moisture reference influence

Figure 1 (the first group) shows the semiconductor constants of
silicon utilized to obtain the graph of the main physical quantities:
thermal waves (thermal temperatures), normal stress (mechanical
waves), plasma waves (carrier density), elastic waves (displacement
distribution), and moisture field against the x-axis (distance). All
results
parameters

are made when the
coupling V,=0.678 and the
thermoelectric coupling parameters & =—2.65-107%. The first

calculations of the numerical

thermoelastic

subfigure describes the positivity of the variation of the elastic waves
with the x-axis; we noted that the displacement distribution begins from
the maximum positive value and decreases sharply due to the moisture
effect. Because of the increasing moisture effect, we noted the decreasing
amplitude of the physical quantity. The second subfigure describes the
plasma waves (carries density) against the x-axis; we noted that it starts
from the maximum positive value in the three cases of the effect of
moisture concentration and decreases gradually for a whole range
which propagated in exponential behavior as it is mentioned in the
plasma condition. Moreover, by increasing the moisture concentration,
it shows the increasing curvature of the carrier density. The third
subfigure shows the moisture concentration parameter (three values)
effect that is utilized to mention the description of the thermal waves.
The three cases describe the distribution of thermal waves that starts
from the positive value on the surface and increases until the maximum
value is reached after that decreasing in exponential behavior until
arriving at the state of stability at the zero line inside the medium. The
fourth subfigure describes the moisture concentration effect on the
mechanical waves (normal stress distribution) against the x-axis, which
satisfies the mechanical condition and begins from a negative value due
to the moisture effect and stress pressure; the mechanical waves
decrease sharply until it arrives at the minimum value in the three
cases of increasing the values of reference moisture. After that, when
observed far from the surface (within the semiconductor medium), the
mechanical waves gradually increase until they reach the steady state
with convergence from the zero line. The fifth subfigure represents the
moisture field against the x-axis at different values for moisture
concentration; we see that by increasing the value of moisture
reference, the amplitude of the moisture field increases. The graph
starts from the positive value and increases gradually in the three cases
of the effect of moisture until it reaches the maximum value and
decreases exponentially in its behavior until it arrives at the zero line.
According to Liu et al. [41], the numerical results of photo-thermo-
physical properties in this problem agree with the experimental results.

7.2 The photo-thermoelastic model effect

The second kind of model depicts changes in photo-
thermoelasticity models with increasing vertical distance,
which may be used to investigate the effects of these
variations on the basic dimensionless physical fields. Four
different theories of photo-thermoelasticity are shown in
Figure 2 (the second group) by showing the variations of the
main physical field variables with distance (thermoelastic and
photoelastic models). The outcomes fall within a range 0 <x <5.
For the Si medium, the full complement of computational
findings was obtained in a relatively short time. Figure 2
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shows the effect of varying the parameters of thermal memory
on the distance against the propagation of non-dimensional
thermal waves, plasma waves, mechanical waves, moisture
concentration, and elastic waves. There is no discernible
difference in the behavior between Figure 2 and Figure 1.
Models of photo-thermoelasticity are generalized in the MGT
PT model. The MGT PT model shows potential to fix some of the
physical problems seen in older versions. To a large extent, all

field distributions are affected by the MGT PT model.

7.3 The comparison between two
semiconductor materials

Silicon (Si) and germanium (Ge) are both semiconductor
materials, and Figure 3 demonstrates the comparison when their
physical constants are employed in the computations. All
calculations are prepared according to the MGT model when
V4 =0.678. It is evident from this figure that the results of
numerical calculations on the propagation of waves in a
semiconductor medium will rely on the numbers (input
parameters) used in the computations.

8 Conclusion

This study offers an original account of the thermal and elastic
relaxation time-dependent model applications (MG, GN(III), CTE,
and LS) used to characterize the interference of elastic, thermal, and
plasma waves in a semiconductor medium. Under the framework of
MGT’s elasticity theory, the photo-thermoelastic interactions in an
infinite semiconducting material have been investigated. A high
quantity of moisture affects the semiconductor media. As various
models have been developed to represent photo-thermoelasticity
issues, the MGT model is a natural progression. The photo-
thermoelastic models and the moisture diffusivity have drastically
different standard deviations. The value of the moisture diffusivity
parameter has a significant impact on the rate of change of the
primary distribution variation. This means that the moisture
content is a better indicator of heat transfer than it formerly was.
The comparison of the wave propagations shows that the value of
the physical parameters of the medium significantly affects the
patterns of field distributions in this study. The physical
assumptions are consistent with the notion that waves travel at
limited speeds, as predicted by the MGT model and other photo-
thermoelastic models.
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