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W N e

Abstract: In the context of the two-temperature thermoelasticity theory, a novel mathematical-
physical model is introduced that describes the influence of moisture diffusivity in the semiconductor
material. The two-dimensional (2D) Cartesian coordinate is used to study the coupling between
the thermo-elastic plasma waves and moisture diffusivity. Dimensionless quantities are taken for
the main physical fields with some initial conditions in the Laplace transform domain. The linear
solutions are obtained analytically along with unknown variables when some conditions are loaded
at the surface of the homogenous medium according to the two-temperature theory. The Laplace
transform technique in inversion form is utilized with some numerical algebraic approximations in
the time domain to observe the exact expressions. Due to the effects of the two-temperature parameter
and moisture diffusivity, the numerical results of silicon material have been introduced. The impacts
of thermoelectric, thermoelastic, and reference moisture parameters are discussed graphically with
some physical explanations.

Keywords: photothermal theory; two temperature; moisture diffusivity; thermoelasticity; harmonic
wave; semiconductor

1. Introduction

The spread of particles of one substance through those of another is called diffusion.
Diffusion is the process by which concentrated liquids disperse when placed in water
and by which odors disperse through the air. When particles disperse from places of
high concentration, where there are many, to areas of low concentration, where there are
fewer, diffusion occurs naturally. The interaction of moisture, heat, elastic, and electronic
deformation can be seen in numerous engineering issues that are relevant to real-world
applications. Mechanically applied additional stresses can significantly alter temperature
and moisture distribution. As a consequence, there is a need to shed light on the relationship
between mechanical deformation and diffusion induced by temperature and moisture.

An expanded theory of thermoelasticity put out by Lord and Shulman [1] substitutes
a modified Fourier law that takes into account relaxation time parameters and a heat flux
vector for the standard Fourier law. Another generalization of thermoelasticity was created
by Green and Lindsay [2] using entropy inequality to place constraints on the governing
equations. Sherief et al. [3] derived the variation principle for the governing equations
and the equations for generalized thermoelasticity in an anisotropic medium. A new
theory including energy dissipation in the propagation of thermal waves was put forth by
Green and Nagdhi [4-6]. According to conductive temperature (¢) and thermodynamic
temperature (T), Chen [7-9] created the two-temperature theory of thermoelasticity, which
involves two temperature parameters (a). This hypothesis changed into the standard theory
of heat conduction if (a) goes to zero [10].
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A novel, generalized thermoelasticity model by Youssef [11] is based on two tem-
peratures, T and ¢, and it predicts that the temperature difference between the two is
proportional to the heat supply ¢.. with a nonnegative constant a. Within the Dual Phase
Lag (DPL) model framework, Ezzat et al. [12] created a two-temperature magneto ther-
moelastic fractional order model. The two-temperature thermoelastic theory with tem-
perature rate dependence was developed by Shivay and Mukhopahyay [13] (TRDTT).
The conductive and thermodynamic temperature dependency on temperature rate is a
foundational element of this theory. To get the expression for thermodynamic and conduc-
tive temperature, the impact of two temperatures on wave thermo-mechanical loading is
investigated [14]. Abouelregal and others [15] introduced the Moore-Gibson-Thomson
equation and a new thermoelasticity model based on fractional calculus, Fourier’s law of
heat, and dual temperature theory was presented.

Sharma et al. [16] investigated the Rayleigh wave growth in an isotropic thermo-
diffusive elastic half-plane. Aouadi [17] investigated the stability issues associated with
a challenging thermoelastic diffusive problem. Lotfy and Hassan [18] employed normal
mode analysis to examine the two-temperature theories in the generalized thermoelasticity.
In the Dual Phase Lag Diffusion (DPLD) model setting, Kumar and Gupta [19] used the
harmonic wave solution to get three coupled dilatational waves. The development of the
Rayleigh wave in a thermoelastic half-plane with mass diffusion was studied by Kumar and
Kansal [20-22]. The frequency equation for Rayleigh surface waves with mass diffusion
in an isotropic thermodiffusive half-plane was developed by Kumar and Gupta [23]. We
shall obtain a solution in the Fourier-transformed domain using the normal mode analysis
technique. Applying the normal mode analysis requires making the assumption that all
relationships are sufficiently smooth on the real axis to allow for the analysis of the normal
modes of all these functions. The precise formulation for the temperature distribution,
thermal stresses, and displacement components was obtained using the normal mode
analysis [24-30]. When using two-temperature thermoelasticity with relaxation durations
to study a variety of issues, Youssef and El-Bary [31] found that the outcomes are qualita-
tively distinct from those obtained when using one-temperature thermoelasticity. Fahmy
et al. [32-36] studied the boundary element modeling and fractional boundary element
solution of ultrasonic wave propagation according to the magneto-thermoviscoelastic
medium in the context of the nonlinear generalized photothermal.

In the context of two-temperature theory, this paper investigates wave propagation
in a photo-thermoelastic semiconductor medium under the effect of moisture using a
moisture diffusivity model. When a photothermal transport process occurs at the free
surface of a semi-infinite semiconducting medium, the problem is solved in two dimensions
using thermoelasticity equations according to the moisture diffusivity. Finally, numerical
computations have been carried out and graphically display when the inversion of Laplace
transform is used.

2. Basic Equations

Assuming thermo-elastic semiconductor material has linear elastic properties and is
transversely anisotropic homogeneous, the medium is examined during the photothermal
transport phase, considering the overlap between plasma-thermal and moisture diffusion.
The main four distributions are the carrier density (electronic diffusion) N (r;, t), moisture
concentration m(r;, t), the temperature changes (thermal) T(r;, t), and the displacement
vector (elastic) u(r;, t) (r; represents the position vector and ¢ represents the time). The
interaction between plasma-thermal-elastic wave and moisture diffusion equations can be
expressed in tensor form as follows [37-39]:

IN(ri ) = DgNji(ri,t) —

5 M +xT(r;,t) @



Crystals 2022, 12,1770 3of 16
m oT Eg aui,f
p Ce(Drgjii + Drm,ji) = pCe—r — =N+ 7:To ©)
ot T ot
om(r;,t E ou; i(ri, t)
kim (Dm m ii(ri, ) + Dy T (7, t)) = km om(ri,t) _ SN(ri,t) + ymmoDp—=-—(3)
ot T ot
The motion equation in tensor form is written as follows:
O ui(ri, t)
2 = Y (4)
The equation of the strain is:
1
eij = 5 (uij +uj;) ®)

According to the two-temperature theory, the relationship between the heat conduction
temperature and the thermo-dynamical heat temperature is as follows:

p—T=ad, (6)

where g is a two-temperature positive parameter (chosen). The general stress-tensor form
with moisture concentration is:

Oij = Cijklskl — ,Bi]-(ho +dyN) — Zl m, i,jkl1=1,23 7)

where D1 expresses temperature diffusivity, D,, is the diffusion coefficient of moisture,
D? and D,E are coupled diffusivities, D is the carrier diffusion coefficient, m refer-
ence moisture, k,, moisture diffusivity, C;j represents the isothermal parameters tensor
of an elastic medium, ¢, is the strain tensor, and f;; and ,B?; are the isothermal thermo-
elastic coupling tensor material coefficient of moisture concentration, respectively. The
thermal activation coupling is x = %%, Nj represents the equilibrium carrier concen-
tration [33,35]. The quantities Eg, o, T, (A, ), and Tp are the energy gap, the density, the
lifetime, Lame’s elastic constants, and the reference temperature, respectively. On the other
hand, 9t = (3A 4+ 2p)ar is the volume thermal expansion, ar the linear thermal expan-
sion coefficient, C. the specific heat parameter, and J,, the difference between conductive
deformation potential and valence band.
These are the 2D definitions of the physical quantities:

ON 5 N
y—DEV N——T+KT 8)
JoT E 0 /du oJw
2 M2 _ =8
pCe(DrV2g+ DYV2m) = pCeSr TN+%TOat(ax+az) )
om E d /ou oJw
2 T2 _ o 8§
km(DmV m+ DIV T) =k, = =N+ ¥ moDu. (ax + 82) (10)

The motion Equation (4) has the following structure:

o2u 92 o%u JoT oN om

u
Pﬁ*(zﬂ+)‘)@+ﬂﬁ_7t$—5ng—7mg (11)
*w %w %w oT oN om
P =@M g Tigm —mgy —og — Iy, (12)

where vy = Ba,, rand 8, = Bdy, B = 3u +2A, V? = % + %.
According to the two-temperature Equation (7), yields:

¢—T=aV% (13)
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The 2D constitutive equation has the following structure:

au Jw
ow ou
0z = (2u+ A)a— + Aa — B(a;T +dyN) — ypum (15)
Ju Jw
szzﬂ<£+a>—’)’mm (16)

3. Formulation of the Problem

We can add two scalar potential functions in their non-dimensional form as: u = a - ., %f

and w = aa—g — 9% For more simplicity, the non-dimensional variants are introduced:
(o, ) = CE, ¢ = L
1ot / (7¢(T.¢9),6uN) CT: oo t / (17)
((T/(P)/N): PITED) /U:ﬁ,EZE,m =m
In the above equations, the dash is removed for convenience, yields:
> d
(V —ql—ng)N—l—egT:O (18)
V2¢ — a] aat T+ ﬂzv2m +az3 N —¢ aat V21 = (19)
0
<v2 — a4at)m—|—a5V2T—i—a6N—a7V2H =0 (20)
2 @
(V a)}2)1"[ T —N—agm=20 (21)
2 Ca
{V —vcatz}‘F—O (22)
¢—T=asV’9 (23)
The stress component takes the following form in the non-dimensional form:
O°I1 11 *Y
Oxx = 0955 +ayg 52 +2828x —a9(T + N)) —aym (24)
Call I %Y
02z = 95— + ayo 52 zazax —ag(T +N) —apm (25)
Y I Y
a7t - 2
7T 07 Tz o @)
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where 2
_ kt _ _k _ G _ DTyt
11 = Dporc, 92~ DppCc M= Dr 2= Dru+ )
az = €24y
ey _ DIu+A) B (2u+A)ttay — YmmoCht*
a4 = Dy a5 = Dyt a6 = kmonT a7 = km
_ _Ym _ 2u+A _ A — Jm
a8 = o+ 99 = — a0 =3 a4 =7
2 *
_ 7iTot
€1 = tkp
_ arEgt” _dykkt*
€ = TdypCe €3 = x7oCeDg
2u+A
Ct =T, 0n = (2 + 3A)dn
t* — k
pC.CH
K

_ _a _
X6 = t*ZC%’ & VCe

where €1, €, and &3 can be called the thermoelastic coupling parameter, the thermo-energy
coupling parameter, and the thermoelectric coupling parameter, respectively.

4. Harmonic Wave Analysis

Using the harmonic wave approach, the basic physical fields in 2D solutions are
dissected and can be produced for any function (normal mode analysis) in the manner
of [22]:

G(x,zt) = G(x) exp(wt + ibz) (27)
where the function G (x) represents the amplitude of the basic physical quantity G (x,z, t),i = /1,
w presents the complex time frequency, and expresses b the wave number in the z-direction.
Equations (18)—(26) are solved using the normal mode approach, which is defined in
Equation (27) and results in [25]:

(D* —a;)N+eT=0 (28)

(D* = b*)p —ay T +ap(D?> —b*) Wi +az N — a3 (D*> — V)T =0 (29)
@ﬂ—agﬁa+%aﬂ—b%f+ugﬁ—aﬂnz—#ﬁT:o (30)
(D* —ag)lT— T— N —agii =0 (31)

(D? — az)¢p+ BT =0 (32)

{D2 -~ zxg}W —0 (33)

Frx = (a9D2 . alobz)ﬁ +2ibDY — a9 (T + N)) — ayy7 (34)
7oz = (a19D? — agb? ) TT = 2ibD¥ — o (T +N) — any7n (35)

Tr: = —(D? — b*)¥ 4 2ibDII (36)

where D = %, a1 = P+ g1+ pw, an = a1w, a3 = wey, ay = a0 + 0%, a5 = azw,
ng = b? + w?, a7 = b2+,B‘B: ai*'

Eliminating ¢, T, I, N, and 7 between Equations (28)—(31), and (32) yields:
(DY — ©,D® + ©,D° — ©;D* + ©,D% — ©5){ ¢,7, N, T, T1} (x)el@*2) =0 (37)

where
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0, = (—szazas—azasal—a2a5¢x(,—a2a5a7—u5aga3—a2a5+[3+1x2+a3),
(—azas)
b*aras + 2b%arasaq + 2b%arasug + 2b%arasay + 2b%asagas + 2b%aas +
AxA5K1 K + ApAs5X X7 + A2A5K 607 + A5A8K1 K3 + A5A8X3NX7
—b2/3 — bz — Bagas — azazes + arx1&s5 + Axx5x7 + Ax05€3 — Az A5
—‘Bl’él — 130(4 — ﬁlXﬁ + azéz — K1y — K13 — Kplg — Nplkg — Kply — K30y — K37 — K3E3
—b*arasnq — brasasag — b*arasay — brasagas — braras — 2b%ara50q06 —
2b2ayas500 0y — 2b%arasagny — 2b2asagn as — 2b%asagazuy + 2b2,8agoc5
+b2ﬂ2ﬂ783 — 2b2ﬂ20610(5 — 2172012065067 — 2b2a2a5€3 + b2a8a2a5 — Apa5K1 Ky
—asagayazay + b?Bay + b?Bay + b*Bag + b2aqaz + b2azey + b2azay +
b2a3£3 + Bagaias + apayages + Axayayes — Ard X5K7 — AxA5X7€3 — ApAgN5ES +
a7agnzes + agayaoas + agionsay + Pajag + Paing + Pagne — A3na€3 — A306E3 —
azn7€3 + X104 + KK + X0y + X1A304 + K1X3K7 + KpK4le + K40y (38)
+ao0e0y + K347 + X3X4E3 + K3NTES

0, = L~

(aza5)

brarasaq g + brasasaq oy + brasasagay + brasagagas + brasaguzay — b4[3a8a5 +
b*ayaias + brasasay + brarases + 2b%arasaq agny + 2b%asagaq azay — 2b*Bagaqas
—b2a2a70c6£3 - b2612617067€3 + 2b2a2a1a5zx7 + 2b2a2a51x783 + b2H3ﬂ8a583 — b2a7d80£383
—b2a80é102065 — b2a8a2w5l’é7 — bZﬁleM — bzﬁlezxé — bzﬁlX4lX6 — b20é10631X4 — b2a10(3l)é7 ’
—b2azagny — b2agnges — bPasnyes — arayngaze3 + a3a30507€3 — A7A30307€3 —
aguydonsay — Paydgne + a3406€3 + A30407€3 + A30eR7E3 — N1 ADN40e — K XQN4N7
—N N7 — K307 — K4y — K3X4N7E]

—b2061063067 — bzzx3oc4oc7 — b2a3a483 — b2w30(7€3 — ApA70eN7E3 + A3A80K5XK7ES
—a7agiziyE3 — Ag1NpX5XK7 — ‘BIX10(4DC6 + a34e€3 + az4n7€3 + aAz3eX7€E3
—K104ke — KKKy — KXo K7 — K1A3N4K7 — KpKqeK7 — K3X4K7ES

Q5 = —L

(azas)

The principle ordinary differential equation (ODE) was fixed by the factorization
method in the manner described in (37):

<D2 - m%) (D2 - m%) <D2 - m%) (D2 - mﬁ) (D2 — mé){ ¢, T, T, N, 7i1 } (x) e@t2) = @ (39)
where m%, (n =1,2,3,4,5) represent the roots when x — co. The following is the form that

the solution to Equation (ODE) (39) takes (according to the linearity of the problem):
. 5
T(x) = Y Du(b,w)e ™~ (40)

n=1

The solutions of the other values can be represented similarly as:

5 5
N(x) =) Dy(bw)e ™* =Y Hy,Dy(bw)e "*

(41)
n=1 n=1
— 5 5
II(x) = )_ Dii(b,w) exp(—myux) = Y _ Hyy Dy(b,w) exp(—myx) (42)
n=1 n=1
5 " 5
m(x) = Y Dy (b,w) exp(—mux) = Y _ Hay Dy(b,w) exp(—myx) (43)
n=1 n=1
B 5. 5
¢(x) = Y_ Dy’ (b,w) exp(—mux) = Y Hay Dy(b,w) exp(—my,x) (44)
n=1 n=1
The following form represents the solution to equation:
P(x) = De(b,w) e ™ (45)
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where mg = £, /g are the real roots of Equation (33). The displacement components can
first be represented in terms of parameters in accordance with Equation (18) to produce the
stress components:

5
Txx = Y Hsy Dy (b, w) exp(—myx) — 2ibme D exp(—migx) (46)
n=1
5
U2z = Y, Hen D (b, w) exp(—myx) + 2ibmeDg exp(—migx) (47)
n=1
5
Oz = Y HyyDy(b,w) exp(—myux) — (mZ + b*) Dg exp(—mgx) (48)
n=1
Since
#(x) = DIL+iby (49)
w(x) =ibll— Dy (50)
Then,
5
i(x) = Y Dy(b,w)mue ™ +ibDg(b, w) exp(—mex) (51)
n=1
5
wW(x) =ib) | Dy(b,w)e "™ + Dg(b,w) me exp(—mex) (52)
n=1

where Dy, D}, D, ,D, , and D,(14) ,n =1,2,3,4,5 are unknown parameters depending on

the parameter b, w. The relationship between the unknown parameters D,, D, D, ,D,,

and D,(f) ,n=1,2,3,4,5 can be obtained when using the main Equations (28)—(35) and
(36), which take the following relationship:

—¢
Hy, = 2

12 — g
Hy, = (asag — V)my + (— bPasag — asagay + g +ay +e3)m2 + bPasaga) — ayagez — ayay — aqe;
Tl (—agas — g — ag — a) iy + (b2agas +agagas + gy + 0o + apg)my — b2agaias — agagne”
[ A— (M8 + (=2 — g — ap — az)mt + (sPaq + 52 — aze3 + a0 + a3 + agez)mi + s2azes — s2agap)
" ((mf; — a) (may — s2az — agas )y )
H, — =B (53)
T = a7)

Hs, = (a9m% - alObz)HZrl - ‘19((1 + Hln)) — a1 Hsy
H6n = (119771% - alObz)HZn - 119((1 + Hln)) — 1111H3n
Hg, =21 b m; Ha;

5. Applications

In this section, we determine the parameters D, (n = 1,2,3,4,5,6). We should sup-
press the unbounded positive exponentials at infinity in the physical problem. The con-
stants D1, Dy, D3, D4, D5, and D¢ must be selected so that the boundary conditions on the
surface x = 0 (near the vacuum) take the form [40]:

(i) Mechanical boundary condition that the surface of the half-space is traction load

0xx(0, z, t) = —p1exp(wt + ibz) (54)
(ii) The half-space’s surface must be traction-free as a displacement boundary condition:

u(0,z,t) = 0. (55)
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(iii) Assuming that the boundary x = 0 is thermally insulated, we have

dT(0,z,t)

py =0. (56)

(iv) The carriers have a limited chance of recombining when they reach the sample
surface during the diffusion process. Therefore, the following can be the carrier density’s
boundary condition:

ON(0,z,t) s
o = EN . (57)

(v) The moisture diffusion condition at the free boundary surface x = 0 is:
m(0,z,t) = 0. (58)
(viii) The conductive temperature condition at the free boundary surface x = 0 is:

¢(0,z,t) = ¢o. (59)

6. Numerical Results and Discussions

Temperature, displacement, moisture concentration, carrier density (electronic diffu-
sion), conductive temperature, and normal distribution of stress are some of the physical
quantities with numerical values that are calculated for this problem. Utilizing materials,
the numerical simulation is carried out. The constants have been utilized in S.I. The plot is
made using the unit and the MATLAB program. Table 1 lists the physical constants for Si
and Ge for the lower medium [40]:

Table 1. Physical parameters of Si and Ge materials.

Units Symbol Si Ge
A 6.4 x 1010 0.48 x 10M
N/m? h 6.5 x 1010 0.53 x 101
kg/m3 0 2330 5300
K To 800 723
s T 5x107° 1.4 x107°
m?/s Dg 25x1073 1072
m?3 dy —9x 10731 —6 x 10731
eV Eq 1.11 0.72
K! ap 414 x107° 34x1073
Wm 1K1 k 150 60
]/ (kgK) Ce 695 310
m/s S 2 2
Dr ot o
(m?(%H,0)/s(K)) Dy 21 %1077 21 %1077
(m?s(K) / (%H,0)) Dl 0.648 x 10~° 0.648 x 107°
Reference moisture ™Mo 10% 10%
m2s~1 Dy 0.35 x 1072 0.35 x 102
cm/cm(%H,0) Qm 268 x 1073 2.68 x 1073

ke /msM km 22 %108 22 %108
g
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6.1. The Effect of Two-Temperature Parameter

In the case of moisture diffusivity, the first group (Figure 1) depicts how the primary
fields in this phenomenon vary depending on the various values of the two-temperature
parameter measured against the horizontal distance x. This category includes two cases,
the first of which is when the two-temperature parameter does not disappear when a # 0.
The one-temperature example applies here because the thermodynamic and conductive
temperatures are equal. The two-temperature hypothesis is obtained in contrast when
a > 0. According to Figure 1, the carrier density in the two-temperature case and the one-
temperature wave propagation exhibit the same behavior. The wave propagations have a
different behavior in the other distributions (thermodynamic temperature, displacement,
stress, and conductive temperature). The magnitude of all field distributions from this
category is greatly influenced by the two-temperature parameter. In two instances of a
two-temperature parameter, the physical fields meet the surface boundary criteria.

— With Two-Temperature — With One-Temperamre‘ ‘

With One-Temperarure‘

With Two-Temperature

6- 2.0
3 1.6]
4 ]
T3 N10]
2 ] 06 4
14 02
1 2 3 4 5 6 3 4 6
X X
— W, — W
With Two-Temperature — With One-Temperature ‘ ‘ With Two-Temperature — With One-Temperafure
161 7
144 61
124 54
107 1
b 8 m
61 g
4 by
21 ]-(\
; . : ‘ . 0_
0 1 2 3 4 5 6 6
X X
‘— With Two-Temperature — With One-Temperature ‘— With Two-Temperature — With One-Temperature
01 / 01 V/
- ] B
- 05_
- 27
T3] u -l
- 4_
] -151
- 6_ T T T T T - 2 T T T T T
0 1 2 3 4 5 0 0 l 2 3 4 5 6

Figure 1. Represents the variations of main fields in this phenomenon according to the different
values of two-temperature parameter under the effect of moisture field.



Crystals 2022, 12,1770

10 of 16

6.2. The Impact of Thermoelastic Coupling Parameter

Figure 2 (in the second category) displays the primary physical fields against the
horizontal distance within the framework of photo-thermoelasticity theory with moisture
diffusivity inside the two-temperature theory. All calculations are made under the moisture
diffusivity when e3 = —7.8 x 1073¢ and my = 10% for Si material. The different types
of the thermoelastic coupling parameter are discussed in each subfigure. The solid lines
(——— ) represent the case when ¢; = 0.001, the dashed lines (— — —) express
the case at ¢ = 0.002, and the dotted lines («++ssssasss ) show the case at ¢; = 0.003. The
thermodynamic temperature distribution (T) is shown in the first subfigure along with
how the distance affects the dimensionless thermoelastic coupling parameters. Starting
from a positive minimum temperature that satisfies the thermally insulated requirement,
the thermodynamic temperature T rises rapidly in the first range until it reaches the
maximum peak temperature close to the surface due to photo-excitation and moisture
diffusivity. The distribution, on the other hand, shrinks in the second range to arrive at the
minimum value distant from the surface. The electronic diffusive distribution is shown
against the distance in variation values of the thermoelastic parameters in the second
subfigure. However, the carrier density, which exhibits a similar quality characteristic, is
not significantly affected by a slight change in the thermoelastic coupling parameters. The
fourth subfigure describes the moisture concentration m distribution versus the horizontal
distance x, while the third subfigure depicts the conductive temperature, which exhibits the
same behavior as the first subfigure. For all three cases, the distribution of moisture content
starts at zero. The distribution adopts an exponential pattern with smooth decrementing
with 1 = 0.001. On the other hand, due to moisture diffusivity, when ¢; = 0.002 and
g1 = 0.003 the distribution of moisture concentration dramatically declines in the first
range, and it adopts exponential propagation behavior until it reaches a minimum value
close to the zero line. The fifth subfigure shows how the amplitude of the stress force ¢ is
increasing as a result of the mechanical loads’ tendency to raise the thermoelastic coupling
parameters’ values. The displacement distribution with horizontal distance caused by
moisture diffusivity and the thermal impact of photothermal stimulation for the rough
surface is shown in the sixth subfigure. For all three thermoelastic coupling parameter
scenarios, the displacement distribution begins at zero and climbs to maximum values
close to the surface before decreasing exponentially until it approaches a minimum value
close to the zero line [41]. These results are in agreement with what has been observed
through practical experiments [42,43].
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Figure 2. Cont.
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Figure 2. The variation of physical field distributions with distance at different values of thermoelec-
tric coupling parameter €3 under the effect of moisture and ey = 0.001.

6.3. The Effect of the Thermoelectric Coupling Parameter

The main physical fields are depicted in Figure 3 (third category) versus a horizontal
distance within the setting of the photo-thermoelasticity theory with moisture diffusivity
inside the two-temperature theory. All calculations are carried out with the impact of
the moisture diffusivity when e; = 0.001 and my = 10% for Si materiel. All subfigures
discuss three cases of the thermoelectric coupling parameter. The solid lines (———)
represent the case when e3 = —7.8 x 1073, the dashed lines (— — —) express the case
atez = —8.8 x 1073, and the dotted lines (+«««+=+=+-= ) show the case at e3 = —9.8 x 10736,
The thermo-dynamical temperature distribution with variation in the dimensionless ther-
moelectric coupling parameters with distance is shown in the first subfigure. Starting at a
positive minimum value that satisfies the thermally insulated requirement, the thermody-
namic temperature rises quickly in the first range until it reaches the peak maximum value
close to the surface because of photo-excitation and moisture diffusivity. The distribution,
on the other hand, contracts in the second range to approach the minimum value far from
the surface. The carrier density distribution is shown against the distance in variation val-
ues of the thermoelastic parameters in the second subfigure. However, the carrier density,
which exhibits a similar quality characteristic, is not significantly affected by a slight change
in the thermoelastic coupling parameters. The conductive temperature, which behaves
similarly to the dynamical temperature, is depicted in the third subfigure. The distribution
of moisture concentration m against horizontal distance x is shown in the fourth subfigure.
For each of the three scenarios, the moisture concentration distribution starts from a positive
value for all three cases. In the case of ¢y = 0.001, the distribution takes the exponential
behavior with smooth decreasing. Still, on the other hand, when e; = 0.002 and &; = 0.003,
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the distribution of moisture concentration decreases sharply near the surface, and it takes
an exponential propagation behavior until it reaches a minimum value near the zero line
due to moisture diffusivity. The fifth subfigure shows how the mechanical loads that tend
to raise the value of the thermoelectric coupling parameters enhance the stress force o
amplitude. The displacement distribution 1 with horizontal distance caused by moisture
diffusivity and the thermal impact of photothermal stimulation for the rough surface is
shown in the sixth subfigure. For each of the three thermoelectric coupling parameter
situations, the displacement distribution begins at zero, climbs to maximum values near
the surface, and then decreases in an exponential propagation pattern until it reaches a
minimum value close to the zero line.
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Figure 3. The variation of physical field distributions with distance at different values of thermo-
elastic coupling parameter 1 under the effect of moisture field and e3 = —7.8 x 1073,
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6.4. Influence of Reference Moisture

Figure 4 (fourth category) shows the principle physical fields against the distance x
with moisture parameter. All calculations are carried out under the thermoelastic couples
g7 = 0.001,e3 = —7.8 x 1073¢ for Silicon (Si) material. Three cases of reference moisture 71
are shown in Figure 4 with different physical field variations in relation to distance. The first
represents the case of reference moisture when my = 10% (———— ), the second case
of reference moisture field when my = 20% (— — —), and the third case of reference
moisture field when my = 30% (++sssasanss ). All evaluations are made in the moisture field
when ¢; = 0.001 and e3 = —7.8 x 1073, From this figure, it is clear that the moisture field
affects the wave propagation behavior of displacement, moisture concentration, stress force,
temperature distributions, and carrier density distribution, but carrier density does not affect it.
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Figure 4. The variation of physical field distributions with distance at different values of the reference
moisture mgy under the effect of magnetic field when £; = 0.001 and e3 = —7.8 x 10736,
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6.5. The Comparison between Si and Ge Materials

The comparison between the elastic semiconductor materials silicon (5i) and germa-
nium (Ge) is shown in Figure 5 (the fifth category). The values of the physical fields in
this problem have been evaluated numerically when e; = 0.001 and e3 = —7.8 X 10736
under the influence of moisture field and the two-temperature parameter. According to
this figure, the physical constant differences between Ge and Si materials have a significant
impact on all wave propagation of the quantities T, m, u, o' s, and ¢.
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Figure 5. The comparison between Si and Ge materials of physical field distributions with distance
under the effect of moisture field when ¢; = 0.001 and e3 = —7.8 x 10736,
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7. Conclusions

The two-temperature and photo-thermoelasticity theories are taken into consideration
in the innovative model that is explored in two dimensions. With some initial and bound-
ary conditions, the complicated governing equations are assumed to be dimensionless.
According to thermal relaxation times, the differences between photo-thermoelasticity
theories are taken into account. For the fundamental parameters under consideration,
the impacts of moisture diffusivity are clearly seen in the distributions of wave propa-
gation. However, the two-temperature parameter also has a significant influence on all
wave propagations. It is observed that changes in the two-temperature parameters have a
considerable impact on silicon semiconductor wave propagation. On the other hand, the
model employed is extremely helpful for researchers and engineers working in the field of
renewable energy in terms of enhancing the performance of solar cells, electrical circuits,
and computer processors.
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