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Abstract: A theoretical analysis of the dynamic impacts of a novel model in the microelongated-
stimulated semiconductor medium is investigated. The influence of the magnetic field of the optically
excited medium is taken into consideration according to the photothermal transport processes. The
governing equations were created during the electronic (ED) and thermoelastic (TED) deformation
processes. Thermal conductivity of the semiconductor microelongation medium is taken as tem-
perature dependent. The interaction of thermal, microelongate, plasma, and mechanical waves is
examined. Dimensionless formulae are used to solve the main equations in two dimensions (2D)
using the harmonic wave method. The physical field equations have complete solutions when some
conditions are applied to the semiconductor surface. The theoretical microelongated semiconductor
model employed in this experiment was confirmed by comparing it to certain earlier studies. The
numerical simulation for the principal physical field distributions is graphically displayed when
silicon (Si) material is employed. The topic of the discussion was the impact of several factors,
such as the magnetic field, thermal memory, and microelongation, on the propagation of waves for
major fields.

Keywords: photo-generated; semiconductor; microelongation; magnetic field; carrier density; ther-
moelasticity

MSC: 74A15

1. Introduction

Recent years have seen increased acceptance of the photothermal (PT) technique
as a helpful tool for analyzing the thermal and electrical properties of semiconductor
materials. Due to its critical role in a variety of contemporary industries, such as sensors,
solar cells, energy storage, cathodes of Li-O2 batteries, energy conversion, and enhanced
medical devices, semiconductors are a family of materials that have undergone recent
intensive research. It is significant to highlight that the majority of renewable energy
production requires knowledge of semiconductor nature. Substances that are insufficiently
conductive and dielectric are known as semiconductors. When optical energy reaches
a semiconductor material’s surface, its intrinsic holes and electrons are activated, and
the outcome is the development of electronic deformation (ED). Ghini et al. [1] explored
novel energy storage methods that utilize green energies while maintaining self-sufficiency
using metal oxide, which was prompted by the increased demand for self-powered devices
nanocrystals. The excited electrons are propelled quickly to the surface by the thermal
impact of light (optical energy), where they produce an electron cloud that is comparable
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to convective density or plasma waves. Thermoelastic deformation (TED) is a modification
of a material’s internal structure brought on by photo-excitation and the ensuing heat
effect [2]. The thermal excitation and transit of electrons result in mechanical (elastic)
vibrations, and it is crucial to take into account how thermal conductivity alters as a
result. As a result, the theory of thermoelasticity is utilized to research semiconductors
in addition to the photothermal theory. The microinertia transport of the semiconductors’
microelements should be taken into account with the internal changes predicted by ED and
TED. According to Optoelectronics processes, many applications are investigated in solar
cells using the optical properties of ZnS quantum dots [3]. On the other hand, Li et al. [4]
used a combination of density functional o (DFT) theory to explain the prospects of sensor
performances of two-dimensional. Amouami et al. [5] studied the impact of geometrical
shape according to the implementation of quantum dots to investigate the characteristic of
dot solar cells.

Microelongation should be taken into account as the research of semiconductors pro-
gresses and becomes more dependent on the rotational movements (micro-deformation)
of the interior particles [6]. Eringen [7,8] presented several theories that describe the mi-
cropolar theory of the internal particles of elastic bodies under the microstructure. The
microstretch thermoelasticity theory has been introduced as a particular instance of the
micromorphic theory. Numerous researchers have recently focused on the theory of
microstretch thermoelasticity through the investigation of numerous theoretical applica-
tions [9-13]. The thermo-microstretch theory was utilized by Lotfy and Othman et al. [14]
to analyze the propagation of waves through an elastic body. They did this by using the
action of a magnetic field through a gravity field with starting stress. A hydromechanics
viscoelastic porous medium’s governing equations have been studied using the theory
of thermo-microstretch by certain researchers [15,16]. The impact of diverse heat sources
on a functionally graded microelongated elastic media was investigated [17,18] while ac-
counting for the impact of microelongation parameters. According to the thermoelasticity
theory, when the microelongated elastic media is taken into account under the influence of
an internal heat source, Ailawalia et al. [19-21] investigated the plane strain deformation.
However, Marin et al. [22-27] developed the micropolar and microstretch theories based
on harmonic vibrations using the dipolar elastic bodies.

The first appearance of employing the photothermal theory occurred lately when
a beam of laser beams was studied on a sample of a semiconductor material [28]. The
photothermal technique was employed in photoacoustic spectroscopy (PAS) of semicon-
ductor materials to comprehend the wave propagation characteristics of semiconductor
materials [29]. Numerous contemporary electrical engineering applications for the usage
of semiconductors in numerous sectors have evolved in the context of photothermal ex-
citation techniques [30-32]. To examine the 2D deformation of thermoelastic interactions
in semiconductors, Hobiny and Abbas [33] looked into the photothermal technique. The
optically induced mechanism according to the ED in the context of the PAS approach
for microcantilevers semiconducting was examined by Todorovic et al. [34,35]. Examin-
ing the overlap in the governing equations between the theories of thermoelasticity and
photothermal. Lotfy et al. [36-40] investigated the thermal impact of light and laser on
semiconductors. As a result, the photo-thermoelasticity theory was developed. When a
polymer semiconductor material is utilized, the effect of the magnetic field with the Thom-
son effect is applied to explore the photo-thermoelasticity theory following the hyperbolic
two-temperature theory [41-45]. LEDs and transistors are examples of semiconductors
constructed of synthetic polymers. Such “conjugated polymers” are plastic substances that,
when doped, transform from insulators to semiconductors [46].

When investigating semiconductors in the past, the majority of studies did not include
the impact of microelongation parameters on the optical properties in addition to the
impact of the magnetic field [41-45]. The current study proposes a novel model that, when
microelongation properties of semiconductors are taken into consideration, describes the
interaction between the thermoelastic theory and the photothermal theory. According to the
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2D deformation, the impact of the magnetic field is also investigated on the microelongated
semiconductor (TED and ED). The novel model, which is described as being dimensionless,
is known as the photothermal-microelongated model. The harmonic waves technique
is used to obtain the analytical solutions of the primary physical fields during optical
excitation. According to some numerical simulations, the theoretical analysis outcomes are
graphically displayed and assessed. The theoretical discussion addresses some parameters’
primary effects.

2. The Main Equations and Mathematical Model

In this section, the Materials and Methods are described in sufficient detail. When a uni-
form magnetic field I?I = (0, Hp, 0) in the direction of y-axial is applied to a microelongated
stimulated semiconductor medium. The induced magnetic field ; = (0,h,0) is created
in this instance in the same direction. However, the induced electric field E = (0,0,E)
is generated in the vertical direction, resulting in the current density 7 = (Jx, Iy, Jz) (see

Figure 1). According to a microelongated semiconductor medium that is flowing slowly

and has a particle velocity of u. In 2D, ;(: (u,0,w) = u;) is the displacement vector,
u = u(x,zt)and w = w(x,z,t) are the components of the displacement vector and the
strain takes the form e = % + %(cubical dilatation). Since the electric permeability is gg
and the magnetic constant permeability is g, the linearized electromagnetic Maxwell’s

equations are written as follows:
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Figure 1. Geometry of the problem.
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Using the elimination method, Equation (1) produces:
Ex = poHow, E, = 0, E; = —poHou,
Jo = — (5% + poHoeow), Jy = 0,]: = 9% + o Hoeoi, )
Hy =0, HL = 0, H) = Hy + h(x,y,2z), )
F=po(] x H) = (—poHo: — eopdH3%H,0, —poHo 3k — eopd H3 % %),

A

Dot notation is used to represent the differentiation for time, where F = uo( ] x H)

is Lorentz’s electromagnetic force. Ultilizing the 2D Cartesian coordinates (x, 0,z) (see
Figure 1), all main fields depend on (x, z,t). The following present the other significant
quantities in this work: the carrier density N(x, z, t) (plasma waves or carrier concentration,
which measure the number of charge carriers per volume, in SI units; it is measured
in m~3), the scalar microelongational function ¢(x,z,t), and the temperature T(x, z, t)
(thermal waves). When the microelongated semiconductor medium is homogeneous,
isotropic, and linear in this situation, the primary governing equations can be introduced
following the microelongated photo-thermoelasticity theory as follows:

@

(m

(1)

(V)

The constitutive relations for a microelongated semiconductor photo-thermoelastic
medium have the following tensor form [17-21]:

Ojj = ()\OQD + Ay, )51] + 2‘111/1]'/1' — ”)\/(l + Uo%)Téi]’ — ((3)\ + 2‘11>an)51],
mj = aoQ, ®)
S —0 = Agltj,i —[31(1 + Uo%)T +—((BA+ Z;Ll)an)(szi +A1g.

where the comma notation followed by a subscript denotes partial differentiation

with respect to the corresponding coordinates.
The equations for thermal waves and plasma waves are [28]:

- N
N = DEN,ii - ? +xT (4)

The motion equation affected by the electromagnetic field and the semiconductor
medium’s microelongation equation with the microelongation and microinertia pro-
cesses are found in [45,46]:

) 3 -
(A p)ujij + pitiji + Ao@i — F(1+ 0oz )T; — 0uN;i + F = pit; ()
R d 1. .
@i = M@ = Aottjj +F1(1+v05)T = Sjog ©)

According to the interplay of optical, thermal, elastic, and microelongation waves, the
general version of the heat Equation is [23]:

0. - . Jd .. E . .
(KT,,»),Z. — pCe(ny + ng)T — 4Ty (ny + norog)ui,i + ?gN =N Tog (7)

where x = %% denotes the coupling thermal activation parameter in the case of

temperature change, and a;, is the coefficient of the microelongational linear thermal
expansions, 41 = (3A +2p)ay, is the microelongational thermal expansion, and 77 and
n, are two chosen constants. In Equation (7), the third component quantifies the heat
produced by stress waves, whereas the second term on the right side characterizes the
effect of heat generation by the sample’s carrier volume and surface de-excitations.
The third and fourth terms in the elastic Equation (5), respectively, describe the
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source term and the effect of the thermal wave and plasma wave on the elastic wave.
Equations (4) through (7) in the 2D deformations can be generally recast as [46]:

2 2 2 2 )
A+ (B + Z8) + (S8 +T8) + A3

8)
~ 2 2
g%1+%%)%gﬁggfyﬁm%gfw@g%g:p(%a
92 92 92 92 dg
ot (5 + 5) + (54 58) M3 ©
A~ 2 2
—7(1 + 00%)% —On % — HoHo§ — eopgH 58 = p (aa%é’)
e ¢ . P) 1. &9
%<axz+822> —A]¢—A0€+71(1+ani_>T:2]pat2 (]0)
A E
O L e
’?1 To{Tf

It is possible to select the thermal conductivity of a microelongated semiconductor
material as a variable case, which can be expressed as a linear function of temperature.
According to the thermal effect of light beams in this situation, the thermal conductivity
can be expressed as follows [36,37]:

K(T) = Ko(1 + KqT) (12)

The kind of thermal conductivity is determined by the non-positive parameter K; < 0.
When the medium is independent of temperature, the physical constant K (reference) is
thermal conductivity. To convert the nonlinear terms in the thermal conductivity equation
into linear terms, one can use the integral form of Kirchhoff’s theory of temperature [45].

O=— / K(9)dd (13)

where x = %LT‘Jg is the parameter controlling the coupling’s thermal activation (ng rep-
resents the equilibrium carrier concentration). Equations (6) and (7), which fulfill the
following differentiation relations, can be used to include the variable thermal conductivity
in calculations:

Ko®,; = K(T)T;, also Ky% =K(T)%L,

K
250 =T, (14)

Ko®,; = (K(T)T;)

A

If the map transform and differentiation impacts are used, Equation (2) can be rewritten
as follows:

9 ON _ ONji 19N 9T

aroy = Degsy = 2o T 0y =

9 ON __ ON i 19 kKo 90

doy —DPEGy — 2o R & 7 (15)
9 ON __ ONj 19N 90

where the non-linear terms were disregarded, and the Taylor expansion was applied to the
final term in the preceding Equation (13), as follows:

Ko 90 _ Ky 20 _ 190 _ 2 00 _

20 20 200 — 400
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Integrating Equation (15) to spatial coordinates x; results in:

oN 1

However, the map Equation (7) can rewrite the microelongated Equation (5) as
shown below:

1 0 .00 T, 9 E $1To .
m+ T o ity + 5N = 1104 (18)

©i = ¢ ( ot KoT Ko

at) ot Ko

(”l +1oTo=

where the thermal diffusivity is k = pK—

The values of the parameters n, and n; can be chosen based on the photo-
thermoelasticity models (selected constants). On the other hand, the thermal memories
determine the coupled-dynamical model (CD), Green and Lindsay (GL), and Lord and
Shulman (LS) models or determine the types of microelongated photo-thermoelasticity
models [45-47]. The following dimensionless quantities can be used to present the main
equations in a condensed manner:

N — 5;1 N (xll l) — T

pITED
2 _ A §_ 40 = % = pCh . K
Cr = P 0= A Vij = par @ = TP W = pCrC2’ (19)

H
() = S CE = 1 = .

The main equations using the dimensionless Equation (19) can be written as follows
(remove the superscripts to write the equations in a simple form (for convenience)):

0
(V2—€3—828 )N+€4®—0 (20)
Pu _ (M) b_x72y 4 Tofre 99 990
= re ﬁJFpC%V t o) WT)Z av — L+ o) 57— -
N MoH} on  eopiHE 92u
ax pw*Cr 9x o ot
Pw _ (Ap) d B o2 TogAo 99 9190
e at e Aok A G T Ok )
ON _ KoM} on  comdH3 2w
9z = pw*Cr 0z o o2
2 2 d
(V —C3—C4ﬁ)(p—C5€+C6(1+UO§)®:O (23)
J .00 d
V2T —(m+1 at) 5 —e(ny +n,1, at) 3 —|— esN = sla—f (24)

Helmbholtz’s theory is applied for further simplification, and the displacement components
can be expressed as follows in terms of the vector space-time function ¥ (x, z,t) = (0, ¥, 0)
and potential scalar function I1(x, z, ):

- _ oIl dp oIl oy
u = gradll+curl¥, u = % YT 5, +£ (25)

Equation (18) substituted for the primary Equations (14)—(17) results in:

2

d
)H+(1+Uc

d
2 _
(OCV RH ot

- )@ +a19— N =0, (26)

92
(V2= Ruazz5)¢ =0, (27)
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2 82 2 d
d 2 d 0?
2 (2= — e 2 9 yy2 _e 9P _
(V (nq o +Toat2)>® s(nlat +noToat2)V IT+esN — g 5 0 (29)

On the other hand, it is possible to derive the constitutive Equations (3) for 2D defor-
mation as follows [33,35]:

Oxxy = %+ﬂ2%—(1+00%)® —N+a19,
Ozz ZQZ%‘F ?ng — (1—}-00%)@ —N+a19, (30)

Oxz = 4 (%th + ?T?;])

where
_Tdhe oo A o PG P . Pl WG
a1 = (pC%)ZI 2_pc%_/ az = i , €= Kop 'gl_Kop(2y+/\)’€2_ Dr /a4_p %/
C, = Pt on — w*2C2 ey — kdpw*2p s — Eqyw*2C2 _ M CEw*?
4 2 /<3 TDp 4 Dpag 5 TKgd, 3 ay
AopChew*2 410w*2T, 2172 HoH3
C = D,XO]?O,? /C6 = P,?ao Z, RH =1 +SOP[0H0 /P/ =1+ Pw*é)T'

The symbol 1, ¢5,¢e4 are the coupling thermoelastic, coupling thermo-energy, and
thermo-electric parameters, and Ry is the electromagnetic number that refers to the effect
of the external magnetic field.

3. Analyze Harmonic Waves

The harmonic wave method that is used to find comprehensive solutions in 2D for the
fundamental fields is what drives the normal mode analysis. For a function f(x, z, t), the
solutions for harmonic waves can be written as follows [47-49]:

f(x,z,t) = f(x)exp(wt + ibz). (31)

The function f(x) expresses the amplitude of f(x,v,t),i = v/—1, b is the wave number
and w = wy + i{ denotes the complex time-frequency. Equation (24) from the normal mode
approach is applied to Equations (20) and (26)-(29), resulting in:

(D* —a;)N 4,0 =0, (32)

(aD? — AT+ A0 +a,9 — N =0, (33)

(D* - A3)§ =0, (34)

(D? — Ay)§ — C5(D? — P*)TT + As© = 0, (35)
(D? — Ag)® — A7(D* — b*)TT +esN — Agp = 0 (36)

Oxx = Du + ibayw — Az@ —~ N+ aQ,
T2y = D + ibw — Ay ® — N + a9, (37)
Oxz = 4 (Zbﬂ + Dw)

where

n = b2 + &3+ ew, AL = ab? -I—RH(U2, Ay =1+4+v,w, Az = b? +RHLI3(U2,
D=4, Ay =1+ C3+ Cyaw?, As = Co(1 + vow), (38)
Ag = >+ w(ng + tow), Ay = e(mw + n,T,w?), Ag = e1w.
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The elimination method for the functions g, N, T and IT is used to solve the system of
Equations (32), (33), and (35). Equations (35) and (36) to produce the following solution:

{DS—@1D6+CZD4—@3D2+<c4}(¢,ﬁ,@,ﬁ) —0 (39)
where
Ci=—(—AxA; +Csa; — Ay — Ay — Ag —ap)a !,
c,— ( (AyA; — Csaq + A1 + Ay + Ag)wy + (Ay — e3)es+ )al
b2A7 + AgA7 — Ag) Ay — b*Csay — AsAzay — AgCsay — A1 As + A1 Ag + AsAg ’
A2A7 + C5a1)b2 ApAgA7 + AsAyaq + AgCsaqp — A1Ay — A1Ag + ArAg — A4A6)0(1
Cs = —Csay + Ay + Ayg)eges + (—b?Azay — AgAzar + Ag)es + (—ArAgAz + AsAzar+ a~l
Aéc5a1 )02 — A1AyAg + AsAyAg — AsAgay
o ( ((b?Csay — A1Ag)es + D2 AgAy — AyAg)es+ ) o
((A2A4A7 — AsA7 — AgCsa)b? + A1 AgAs — AyAyAg + AsAgar)

The decomposition (factorization) of the ordinary differential Equation (39) is
as follows:

(p*-8)(p*-K)(p*-K)(D*~K){®,N,TLg}(x) =0 (40)

The quantities k2 (n = 1,2,3,4) represent the roots of the characteristic equation.
The following formulation can be used to represent the linear general solutions of
Equation (39) for the key fields:

O(x) = Y Qi(b,w)e k™. (41)
i=1

4
P(x) =) Qi(bw) Zhll(@z (b, w)e k%, (42)

i=1
2@” (b, w) e kix = th,(@l (b,w)e —kix (43)

i=1

ZQ”’ (b, w) Zhg,l(@l (b, w)e ki~ (44)

where Q; i = 1,2,3,4,Q";,Q; and Q"; are unspecific parameters.

(dikt+dok2+d3) _ (e4) (Agkt+dyk?2+-dg)
(KerdgkirdskZrdg)’ o~ (—m) (Ko+dykt+dsk?+de)’
di = AyCs — As, dy = —Agb?Cs — AyCsay — Csapey + A1 As + Asmy,
d3 = b>AyCsaq + b?Csazeq — A1Asaq, dy = Csa; — Ap — Ay —aq,
ds = —b2Csay — Csaqoq + A1 Ag + Aqaq + Ageq, dg = b*a1a1Cs5 — A1 Agq,
dy = —ArAy — Aoy + Asay — apey, dg = Ap Ay + Aganey — a1 Asig.

hy; = S =

However, Equation (34) can be broken down into the following parts:

(D - K)p(x) =0 (45)
where k%, the fifth root of Equation (34), has the following form:

ks = £1/A3 = tw\/a3 (46)



Mathematics 2022, 10, 4270 9of 18

Equation (45), when resolved, yields:

P(x) = Qs(b,w) exp(—ksx) (47)

When the normal mode analysis is used, the displacement components (elastic waves)
and the stress (mechanical waves) components can be recast terms Q; according to
Equations (25) and (30), respectively.

4 4
u(x) = =Y Qihgikie ™ ™ — ibQse 5, W(x) = Y ibhy;Qie 5 — ksQse Fs¥  (48)
i=1 i=1

4
Txx = 21 Qu(hoi (K3 — bPag) — Ag — haj + athy;)e ™ — ibks(ay — 1)Qse*s%,
n=

4
T2z = 21 Qn(hgi(agk? — b?) — Ay — hz; + arhy;)e ™ ¥ — ibks(1 — ap)Qse k5%, (49)
n=

4
Tez = ¥ ibQuky(hy — 1)e k% + (1 + k2)QseF5%.
n=1
where the roots can be chosen in the positive real form Re(k,) > 0.

4. Boundary Conditions

To achieve the whole solution, unknown parameters 9, must be identified. The outer
microelongated semiconductor surface (at x = 0) is subjected to a few conditions in this
instance [50].

At x = 0, the following mechanical loads with load pressure P conditions under
harmonic wave analysis can be taken (Figure 1):

Oxx = —P == 0yy = —pexp(wt +ibz), } (50)
P(x,z,t) = p(x) exp(wt + ibz)

The other mechanical condition for the tangent stress component can be chosen as a
traction free
Oz =0==0,; =0,atx = 0. (51)

In a thermally isolated application that has the following formulation, the thermal
condition at x = 0 is chosen: o
00 0 e
3 — 05 =
The elongation case for the microelongation condition at the free surface is derived at
negative elongation function ¢ as:

0 (52)

7=—¢ (53)

Recombination operations can be used to determine the carrier density condition,
which can be used to estimate the electron concentration and velocity at x = 0 as:

dN §no
=t __20 4
dx D E (5 )

The following relationships can be recast as follows, using Equations (50)-(53) and the
values of T, Ty, Txz, ¢, and:

4
):1 Qun (hoi (k% — b*az) — Ay — ha; + arhy;) — ibks(ap — 1)Qs = —pexp(wt + ibz),
" (55)
4

) ibQuky (hoi — 1) + (1 +k3)Qs = 0.
n—=
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Iy

4 4 =
sn
Y —kiQi(b,w) =0, h;Qi(b,w) =0,) h3ikjQ;(b,w) = ng (56)

When the parameters (Q,, are definite while solving the system of Equations (54) and (55),
complete solutions are found.

5. Validation
5.1. Generalized Microelongation Thermoelasticity Theory

When the plasma wave’s carrier density N(x, y, t) is disregarded (i.e., N = 0), the
microelongation magneto-thermoelasticity theory is produced without consideration of
optical energy. The governing Equations (2)—(5) are reduced to [16,17] in this situation:

(A4 i+ pijj+ Ao@i — ¥ (1+0,%)T; + F = pil;,
Xo@ii — M@ — Aol i+ 1 (1+Uo%)T: iog, (57)
(KT,i),j - pCE(”] + To%)T - To(”l + noTo%)ui,i =" Togb'

5.2. The Generalized Theory of Photothermoelasticity

The magneto-photo-thermoelasticity theory is obtained when the elongation parame-
ters are ignored (a, = A, = A; = 0). Equations (2)—(5) of the system are reduced to:

N = DgNj; — NyxT,

(At g+ iy = F(1 400 ) T = 0N+ F = pi, (58)
I & : E

(KT;) ; — pCr(n1 + Tog)T — 4To (1 + 1oTo )ity + EN = 0.

This issue is investigated by [28,30].

5.3. Different Magneto-Photo-Thermoelasticity Models for Microelongation

According to the various values of the thermal memory (7, v,) and the constants 14
and n,, the various models in this work can be obtained as follows [49]:

() Whenny =1, n, =1 = v, = 0, the coupled thermoelasticity (CD) model was
visible [49].

(I) Whenny =n, =1,9, = 0,7 > 0, the Lord and Shulman (LS) model was visible [48].

(II) Whenny =1,n, =0,v, > 7, > 0, the Green and Lindsay (GL) model was visible [47].

5.4. The Variable Thermal Conductivity

When the negative parameter is ignored, K; = 0, and the microelongated semiconduc-
tor medium is independent of the gradient temperature, K = Kj. In this instance, the issue
is investigated when thermal conductivity is constant while considering the effects of the
magnetic field.

5.5. Influence of Electromagnetic Field

The induced magnetic field and induced electric field are also disregarded when the
effect of a uniform magnetic field is disregarded (Hy = 0). When the thermal conductiv-
ity changes without a magnetic field, Lorentz’s electromagnetic force disappears in this
situation, and the system explains the microelongation photo-thermoelasticity hypothesis.

The relationship between T and © can be discovered under the map transform, which
is described in Equations (6) and (7) as follows:

Kq

T
1 f K 1.2 1
o= —/ Ko(1+ Ky T)dT = T+ 72 = K1
KOO 2

2 (T+E) T (59)
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T = Ki [\/1 T2K,0 — 1} - Ki {\/1 +2K1@ exp(wt + ibz) — 1 (60)
1 1

6. Discussion and Numerical Outcomes

This section simulates the wave propagation of the primary fields within the microe-
longated semiconductor medium. The physical constants of silicon (Si) are utilized as an
example of a semiconductor medium to carry out this simulation numerically. This numeri-
cal simulation was completed graphically using MATLAB (2022a) on a personal computer.
The physical constants entered for silicon material are as follows in Table 1 [50,51].

Table 1. The physical input parameters of Si medium in SI units.

Unit Symbol Value Unit Symbol Value
Nm 2 ;‘ 2:‘; i }818 m3 dy —9 x 1073
kg/m3 o 2330 sec (s) T 0.00005

K To 800 m? j 02x10°%
sec (s) T 5 x 107 N ag 0.779 x 10~°

K~! ar, 0.04 x 1073 Nm 2 Ao 0.5 x 10%0

Wm K1 Ko 150 Nm 2 k 1010
J/ (kg K) Cr 695 Nm 2 M 0.5 x 10%0

m?/s Dg 25x 1073 K1 ar, 0.017 x 1073

m/s 3 2 m™3 o 1020

H/m 1o 47 x 1077 sec (s) vy 0.0005

F/m €0 8.85 x 10712 sec (s) t 0.001

When the following parameters are selected without dimension, asinb = 1and p = 2
during a small time ¢ = 0.001 in the range 0 < x <5atz = —1and w = wo +1iC (¢ = 0.05
and wy = —2.5), the transient waves in this simulation are graphed. On the other hand,
the boundary surface conditions have an impact on the transient waves that are graphed.

According to the ED and TED, the principal physical distributions” wave propagation
s varies with the axial horizontal distance under the influence of variable thermal conduc-
tivity, and the magnetic field, as shown in Figure 1. According to the three different models
CD, LS, and GL, the distributions of the thermal wave (temperature), microelongation
wave function, and the elastic wave of displacement, carrier intensity in the context of
the plasma wave, and the two mechanical waves oy, and oy, are investigated during the
photo-thermoelasticity theory. ny and n; are two factors and thermal memory values that
determine the three different models of photo-thermoelasticity.

Figure 2 overall perspective shows that every physical quantity being studied sat-
isfies the surface requirements of the microelongated semiconductor. The thermal wave
(Figure 2a) and carrier density distribution start at zero and positive values, respectively,
and increase in amplitude to reach their maximum values under the pressure force of the
electromagnetic field and the thermal impact of light. The temperature distribution drops
exponentially with wave behavior until it converges with the zero line as the distance
grows, at which point it reaches its lowest value. However, the plasma wave (Figure 2d) in
the second band exhibits a wave behavior, decreasing and increasing until it converges to
the zero line. The two subfigures show that the thermal wave and plasma wave behaviors
match those of the experiments reported in [51]. The microelongation wave propagation
(Figure 2b), which starts at the surface from zero and declines in the closed initial range
due to the magnetic pressure force and grows then decreases regularly with the wave
behavior, can be used to characterize the microelongation scalar function. Due to the weak
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magnetic field far from the semiconductor surface, the microelongation wave eventually
converges to the zero line and establishes equilibrium inside the medium. The elastic wave
(Figure 2c), which has a displacement component that can be defined, begins on the surface
and rapidly rises as a result of an increase in particle vibrations caused by the magnetic
field’s pressure force and thermal stimulation to reach its maximum value. However, in the
second range, the elastic wave alternates between periodic drops and increases as wave
behavior spreads with the convergence of the zero line, eventually reaching the equilibrium
state. The distribution of mechanical waves (Figure 2e) are represented by the tangent
stress component 0y, and normal stress component oyy. The normal distributions oy
decline in the first range, increase in the second range, and then regularly decrease and
grow with wave behavior until they reach the equilibrium state. The tangent distribution
Oxz, (Figure 2f) on the other hand, starts at zero and decreases close to the surface until it
approaches the minimal value. In the second range, as the distance increases, the tangent
distribution oy, gradually grows until it hits the zero line (state of equilibrium). The wave
propagations of the physical fields are impacted by the various relaxation time values. All
of the subforms exhibit the same behavior for wave propagation processes with varied
photothermal elasticity model values, but the extent of the differences depends on the
values of the various relaxation times.

(a) (b)
0.3} ] 8
CcD
............. LS
0.25} g

©
N

0.15

Temperature (T)

Microelongation (¢)

0.05
0] -4
5
Cc
(©) 0.1
CT
------------- LS
=== .Gk .
=z < 0.05
= 5}
= £
a — 3 or
(&7
-2 -0.05 -
0 1 2 3 4 5 0 1 2 3 4 5
Dimensionless distance(x) Dimensionless distance(x)
e
6 (e) o (f)

Normal Stress (o)
XX

0 1 2 3 4 5 0 1 2 3 4 5
Dimensionless distance(x) Dimensionless distance(x)
Figure 2. ((a) temperature distribution, (b) microelongation distribution, (c) displacement distribution,
(d) carrier density distribution, (e) normal stress distribution, and (f) tangent stress distribution) The
wave propagations of main physical fields with horizontal non-dimensional axis according to several
microelongation-magneto-photo-thermoelasticity models.
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Figure 3a—f compare the primary physical fields in two separate situations when
a magnetic field was present at the same time for relatively brief periods. When the
silicon material’s microelongation properties are disregarded, the first scenario is obtained.
However, when the microelongation characteristics of the microelongated silicon material
are taken into consideration, the second scenario is explored. According to the GL model,
all calculations are carried out within the framework of the magneto-photo-thermoelasticity

theory. This figure shows how the microelongation settings affect wave propagations and
their magnitudes.
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0 1 2 3 4 5 o 1 2 3 4 5
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Figure 3. ((a) temperature distribution, (b) microelongation distribution, (c) displacement distribution,
(d) carrier density distribution, (e) normal stress distribution, and (f) tangent stress distribution) The
wave propagations of main physical fields with horizontal non-dimensional axis according to the GL
model and a magnetic field both with and without microelongation parameters.

The behavior of wave propagations with distance in two situations is explained
in Figure 4a—f. The first scenario demonstrates how the main physical fields change
when a magnetic field is present (with a magnetic field). However, the second scenario
demonstrates how the primary physical fields change when the magnetic field is absent
(without the magnetic field). The GL model is used to implement the comparisons under
the influence of microelongation parameters for the same short non-dimensional period.
All wave propagations in all fields are significantly impacted by the magnetic field.
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Figure 4. ((a) temperature distribution, (b) microelongation distribution, (c) displacement distribution,
(d) carrier density distribution, (e) normal stress distribution, and (f) tangent stress distribution) The
wave propagations of main physical fields with horizontal non-dimensional axis according to the GL
model, as affected by microelongation parameters both with and without a magnetic field.

Figure 5a—f explain how wave propagation with distance behaves in three different
circumstances. The first case shows how the main physical fields alter when thermal
conductivity becomes temperature-independent. The second and third cases, on the other
hand, show how the fundamental physical fields alter when the thermal conductivity is
temperature-dependent. For the same brief non-dimensional period, comparisons are
implemented using the GL model under the effect of microelongation parameters. The
magnetic field has a substantial effect on all wave propagations in all fields.

Photothermal technology (PTT) is used in modern medicine as a non-invasive, selective
treatment strategy for many different types of cancer. This technique is based on the
conversion of light energy into heat on near-infrared laser irradiation. This is one of the
most recent applications of this technology [52]. In modern industries, semiconductors are
used to generate and store clean energy.
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Figure 5. ((a) temperature distribution, (b) microelongation distribution, (c) displacement distribution,
(d) carrier density distribution, (e) normal stress distribution, and (f) tangent stress distribution) The
wave propagations of main physical fields with horizontal non-dimensional axis according to the
GL model under the impact of the magnetic field, as affected by microelongation parameters with
different values of variable thermal conductivity.

7. Conclusions

The photo-thermoelasticity theory is investigated when the microelongated semicon-
ductor material is used, and a novel model is used to do so. When considering thermal-
photo-excitation transport processes, the electromagnetic field is taken into consideration
when the thermal conductivity is variable. According to the TD and TED with the modi-
fication of thermal memory, the governing equations describe the overlapping between
the magneto-mechanical-thermal-plasma waves in 2D. According to the harmonic waves
technique, the main equations are analyzed using the normal mode analysis. For the physi-
cal fields to reach an equilibrium condition, the wave distributions must disappear. The
thermal memories that govern the CD, LS, and GL models are what determine how waves
propagate. Therefore, the amplitude of wave propagation is greatly influenced by thermal
memories. The wave propagation distributions are impacted by the microelongation factors.
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On the other hand, the magnetic field increases the particle vibrations, which has an impact
on how waves behave when electronics are deformed again. Many different industries,
including sensors, medical devices, solar cells, and electrical circuits, use materials that are
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Nomenclature

Au Lame’s parameters (N /m?).

Op = (BA+2p)d, Deformation potential difference (Nm).

dy Coefficient of ED (m?)

Ty Reference temperature in its natural state (K)
4 = (30 42u)a;,  Volume thermal expansion (NK/m?).

0ij Microelongational elastic stress (N/ mz)

o The density of the microelongated sample (kg/m®)
Kt Linear thermal expansion K™

ng Equilibrium carrier concentration

Cg Specific heat at constant strain (J/ (kg K))

K Thermal conductivity (Wm K1)

Dg Carrier diffusion coefficient (m?/s)

T The lifetime of photogenerated carriers (s)
Eg Energy gap (eV)

eij Components of the strain tensor

jo Microinertia of microelement (m?)

ag, &g, Ag, M Microelongational material parameters (N,N, Nm’z,Nm’z)
T0, Vo Thermal relaxation times (s)

@ Scalar microelongational function

my Components of the microstretch vector

5 = Sk Stress tensor component (N/ m?)

Oik Kronecker delta

s Recombination velocities (m/s)
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