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Abstract: Analytical and numerical solutions are two basic tools in the study of photothermal interactions problems in
semiconductor medium. This paper is devoted to a study of the photothermal interaction in semiconductor media in the
context of the coupled photo-thermal theory. The governing relations are expressed in Laplace transforms domain and
solved in the domain by the eigenvalue scheme. The numerical solution is obtained by using the implicit finite difference
method (IFDM), the studied fields are obtained numerically and presented graphically. A comparison between the
numerical solutions and the analytical solution are obtained. It is found that the implicit finite difference method (IFDM) is
applicable, simple and efficient for such problems.
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Nomenclature
T=T"-T,T" the variations of temperature
o the reference temperature
t the time
u; the displacement components
p the density of material
Ce the specific heat at constant strain,
T the lifetime of photo-generated carrier,
N=n-n,n, the carrier concentration at equilibrium,

¥n = (34 + 2u)d,,, | the electronic deformation coefficient,

dn

k= % the coupling parameter of thermal activation
K the thermal conductivity

e = (BA+ the linear thermal expansion coefficients
2u)ay, a

Oj; the components of stresses,

D, the carrier diffusion coefficient,

ALu the Lame's constants,
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T, the constant temperature

tr the final value of time

Xf the final value of length

Sy the speed of recombination on the surface
Q the exponent of the decayed heat flux

1 Introduction

The models of bodies explained the properties of the
internal structure of medium when used the secondly law of
thermodynamic with the development of semi-conductor
integrated circuit technology and solid-state sensors
technology have been widely used in several fields. The
significance of semiconductor material is due to its recent
uses in several interesting application, essentially in modern
technology upon new energy alternative. Previously, micro-
mechanical structures of the thermoelasticity and plasma
field are analyzed theoretical and experimental as in
Todorovic et al. [1-3]. In these investigates, the
theoretically analysis to depict these two-phenomena that
give information about the attributes of carriers
recombination and transports in the semiconductors
materials. Abd-Alla et al. [4] studied the solutions of the
transient coupled thermoelastic of an annular fins by the
implicit finite-difference technique. Mukhopadhyay and
Kumar [5] applied the finite difference technique to study
the generalized thermoelasticity problem of annular
cylinders with variable material properties. Abd-Alla et al.
[6] studied the effects of nonhomogeneous in an isotropic
cylinder under magnetic field. Patra et al. [7] used the finite
difference technique to study the computational model on
thermoelastic analysis with the magnetic field in a rotating
cylinder. Abd-Alla et al. [8] studied the effects in a
thermoelastic annular cylinder using the finite difference
method. Lotfy et al. [9] duscussed the responses of
Thomson and electro-magnetic influnces of semi-conductor
material casued by laser pulses under photo-thermoelastic
excitation. Abbas et al. [10] presnted th solutions of photo-
thermal interaction in a semiconducting materials with
cylindrical hole and variable thermal conductivity.
Alzahrani [11] investigated the effects of variable thermal
conductivity in semi-conductor materiale. Lotfy et al. [12]
investigated the influences of variable thermal conductivity
in semiconductors mediums with cavity under fractional-
order magneto-photothermal models. Lotfy et al. [13]
studied the electro-magnetic and Thomson effects through
the photo-thermal transport process of semiconductor
material. Hobiny and Abbas [14] discussed the
photothermoelasticity interaction in a two-dimension
semiconducting plane under Green-Naghdi theory.
Alzahrani and Abbas [15] discussed the
photothermoelasticity interactions in a two-dimentionn
semiconductors mediums without energy dissipation.
Several authors [16-30] used the venous thermoelastic
theories to get the solutions of several problems.

The present work is devoted to study the photothermal
interaction in a semiconductor material by using the
numerical and analytical methods. Numerical outcomes for
the displacement, the temperature, the carrier density and
the stress distributions are presented graphically. Finally,
the accuracy of the finite difference method was validated
by the comparing between the numerical and the analytical
solutions for all physical fields.

2 Basic Equations

The basic equations in an isotropic semi-conductor material
in the absence the thermal sources and the body force are
taken as in [31-33]:

a2u;
pug i+ A+ Wy — VN, — v T =p a; (1
N k ON
DeNjj—2+7T =70 2
E ouj ; oT
(KT.]')]-+TQN_VL‘T0#=pceE- 3)
0ij = (Augp —v.T — l’nN)5ij + .u(ui,j + uj,i)a 4)

Let us consider an unbounded isotropic semiconductor
medium, whose state can be expressed as a function of the
spatial variable x and time t, hence the relations (1)-(4) can
be given by:

2%u oT ON d%u

A+20) =5~ Veg, Vg, = P ®)
9N N |k N
Degz—ztzl =% ©)

32T | Eg a%u agp

a2t N =Vl —=pc.— . (7)
u

Opx = (A4 2) = = ¥:T = y,N, ®)

3 Applications

The problem initial conditions are defined as

ou(x,0) aT (x,0)

u(x,0) =0, Franbe 0,T(x,0) =0, Franbe 0,N(x,0) =
ON(x,0) _
0,——==0, )
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E =N

While the problem boundary conditions are given as

u(0,t) =0, (10)

T(0,t) = Tye o, (11)

LD g N t) (12)
9x  lx=o

Now, for appropriatenes, the dimensionaless physical fields
can be given by

N T g,
N' = n—O,T' = Eio-;cx = “’Zl,(x'.u') =nclx,w),(t',7') =
T Q
nc?(t,7), T = T_;’ Q= ® 13)
)
where ¢ = 22 and p = ¢,
p K

By using the variables of nondimensional forms (13), the

basic relations with the neglecting of the stares can be

written by:
0%u oN aT 0%u
——nNn——r—=—— 14
axz2  lax Zoax T a2’ (14)
’N 13 B N
——=N+=T=r;— 1
0x2 T + T 39 (15)
02T | 1y 2%u oT
—+—=—N—-1g—=—. 1
ax? : 5atox ~ ot (16)
u
Opx =~ — 1N —1,T, 17)
ON(x,t) _
u(0,t) = 0,— = x,N(0,t),T(0,t) = Tye™ ™,
X Ix=0
(18)
Tove 1 kT,

herer;, = =2/ o =¥t o, — - p=_"0 . —
where At2u’ 2 7 A+2u 3 T D’ B nen2c2p, > 4
NokE, S

09 =Y andr, = 2
pceTo PcCe 1cDe

4 Numerical Method

The basic relations obtained are linear partial differential
equations. For the solutions problem, the implicit finite
difference method (IFDM) is used. The solutions domain
0 <x<xf, 0<t<t,arereplaced by grids described by
the set of nodes points (x,,, t;), in which x,, = mh, m =
012,.....,M and t;,=sk,s=0,1,2,....,S. Therefore,

t . .
k= ?f, h = );—f are taken as the time step and mess width

respectively. For the time derivatives and the space
derivatives, the derivatives are replaced the central
differences. Thus, the approximations of finite difference
method for the system of partial differential equations with
respect to the independent variables:

S+1_ ps—1 2 S+1_, S 4 e5—1
6_f — fm —fm + O(kz) 6_f _ fm 2fmtfm + O(kz),

at 2k ‘otz k2

(19)

3 S+l _ s+l 92 StL o e+l S+L
L = Imeitm=t o p2y 90 fmeam2fm tmen o p2)
dx 2h ax? h? ’

(20)

The equations (14), (15), (16) and (17) are then replaced by
the implicit finite difference equations by

s+1 1, 5+1 S+1 _us+l S+1 _ s+l
Uinp1=2Usm  tUmoy r Nm+1=Nm—1 _ r. Tm+1=Tm—1 _
n2 1 2h 2 2h
wil—2uf +uiyt 0 21
kz - b ( )
+1 1, yS+1 1_ps—1
NTSn+1_2NYSTT +N‘rsn—l _ T_3Ns+1 + £T5+1 -7 N‘fr-l'— _NTSn =0
h2 T m ¢ m 3 2k ’
(22)
S+1 +1 s+l S+1 _ 5—1 | es+1 _ 5—1
Tmr1—2Tm  +Tmeq + NS fm¥i—fmiitmo1—fm=1
2 m 5
h T 4hk
1_ms—1
=T _ (23)
2k ’
S S
_ Um+1"Um-1 s _ s
Opx == = 11Ny = 15T (24)

5 Analytical Method

Applying the Laplace transforms for relations (14)-(18) are
defined by the formula

feop) = LIf(x, 0] = [, f(x, e Ptdt,p > 0.
(25)
Hence, the following system are obtained

S pratn Dy, 2, (26)
‘571:=r3(p+%)17—§7_", 27)
i7:=pT—%IV+r5pZ—:. (28)
Grx = Z—z —n N —n,T, (29)
a(0,¢) = 0, &0 L =NO0,T0.0 == (30)

Now, we can use the eigenvalues method proposed [34-39]
to get the solution of coupled differential equations (26),
(27) and (28) with the boundary conditions (30). Hence, the
matrices-vectors can be expressed as

av
== AV, (€2))]
= o maT
where V = [ﬁ N T & & 4T nd
dx dx dx
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0 0 0 1 0 0
0 0 0 0 1 0
|10 0 0 0 0 1
4= a;; 0 0 0 a5 agef’
0 as, asz O 0 0
0 as; ae3 agy 0 0
with
2 — — — 1 —
Qg =P7 Qus =11, Que =T, U5y =713 (p + ;)» Qas3 =
—% Ag2 = _%a Qg3 = P> Qgs = PT5-

The characteristic relation of matrix A can be given by

56 _x3f4+x252 +x;, =0,
where

(32)

X1 = Qep053041 — A410630s53,

Xy = Quels52064 T Q4105 — (45053064 T Ag1063 —

As53067 t 52063,

X3 = Queles T A5y + Ay + dg3.

The matrix eigenvalues of A are the three roots of equation
(32) which define by the forms +¢&;,+¢,, +&;. Thus, the
eigenvectors X are computed as:

X1 = ay6(as, — E2)¢ — &aszays,
X, = (a4 — &Hass,

X3 = —(as —§*)(as; — &),
Xy =Xy, Xs = §X5, Xg = $X3. (33)
Thus, the equations (31) have the solutions in the following
from:

V(x,p) = 51 (BiXe % + Biyq Xjiae8), (34)
Due to the regularity conditions of the solution, the
exponential increasing nature in the spatial variable x has
been removed to infinity, therefore the final solutions of
equation (31) can be written as

V(X, p) = Z?:l BiXie_fixa (35)

where B;, B, and B; are constants which can be computed
by the problem boundary conditions. Hence, the solutions
of all variables can be presented the following forms:

u(x,p) = Y3, BUie %, (36)
N(x,p) = Y3_, B;N;e 5%, (37)
T(x, p) = ZisleiTie_fixa (38)

6 Numerical Results and Discussions

For numerical example, magnesium material was selected
for numerical estimation purposes. The values of
parameters for silicon (Si) material are taken as in [40]:

T, = 300(k), u =5.46 x 101°(N)(m™2),d,, =

—9 x 10731(m3), 1 = 3.64 x 101°(N)(m~2),

a, =3%x107%(k 1), E, = 1.11 (eV),c, =
695() (kg™ ")(k™), p = 2330(kg)(m~*)x,

T, =1,7=5x%x1075(s),D, = 25 X 107 3(m?)(s™Y),s, =
2 (m)(s™),n, = 102°(m™3).

The numerical inversion method adopted the final solutions
of the temperature, the displacement, the carrier density and
the stress distributions. The Stehfest approach [41] can be
gven by

n(2) ; n(2)
foot) = Z2TE o (xn™2),

(39)

With
(2p)!p(g+1)
p!(n—p)!(g—p)!(Zn—l)!’

. G
v, = CpE) gl
2

where G is the term numbers. The field quantities, carrier
density, displacement, temperature and stress depend not
only on the time t and space x, but also depend on the
exponent of the decayed heat flux (. The numerical
calculations are carried out for the timet = 0.4 and T; = 1.
Based on the above data, the variations of physical
quantities along the distance x under the coupled model of
thermoelastic and plasma waves are presented in figures 1—
4. Figures 1 show the carrier density variation with respect
to the distances x. It is observed that the carrier density
begins with its maximum value on the surface x = 0.0 then
the carrier density decreases gradually with the increasing
of the distance xtill it reach to zero value. Figures 2
display the temperature variations along the @igBances x. It
is observed that the temperature has maximum values on
the surface x = 0.0 then the temperature decreases with
the increasing of the distance x till it closes to zero.
Figures 3 depict the displacement variations with respect to
the distances x. It is observed that the displacement start
from the zeros values which satisfy the problem boundary
condition of on the surface x = 0.0 after that it
progressively increases up to peak values then decreases
progressively with the rising of the distance x till it reach
to zeros values. Figures 4 show the stress variations with
respect to the distance x. It is observed that it attains some
negative values then the magnitudes of stress gradually
increase up to peak negative values after thhat the stress
gradually increases to zeros values. The compressions
between the solutions, one can conclude that considering
the coupled photo-thermal model have major effects on the
physical quantities distributions. The increasing of the
exponent of the decayed heat flux () reduces to the physical
quantities magnitudes. Otherwise, figures 1-4 illustrates the
solutions obtained numerically by the implicit finite
difference method (IFDM) overlaid onto the solutions
obtained analytically. The accuracy of the implicit finite.
Difference method (IFDM) formulation was validated by
comparing the analytical and numerical solutions for the
field quantities.
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Fig. 2: The temperature variation along the distance.
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Fig. 3 The displacement variation along the distances.
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Fig. 4: the stress variations with respect to the distance.
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