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A novel model for photothermal
excitation of variable thermal
conductivity semiconductor elastic
e, medium subjected to mechanical
e ramp type with two-temperature
‘theory and magnetic field

Kh. Lotfy

. This article focuses on studying the dependence of the thermal conductivity of a semiconducting
medium on temperature in context of photothermal transport process and variable thermal
conductivity, chosen to be linear function in temperature. The effect of the initial magnetic field is
introduced in the problem governing equations with the two-temperature theory. The complete

. solution in one dimension is obtained using Laplace transform technique. The thermal heating ramp

. type and mechanical load throughout the elastic-photothermal excitation are considered in the

. problem boundary conditions. Some physical fields are obtained by using numerical inversion of the
Laplace transform and Riemann-sum approximation method. The thermo-dynamical temperature,
conductive temperature, displacement, strain, normal stress and carrier density are discussed and
shown graphically with some comparisons.

In material science the variable thermal conductivity which depends on temperature is very important and has
: many applications in the nature. The recent studies of semiconductors thermal conductivity dependence on tem-
. perature showed that, the physical properties especial the deformation and the thermo-mechanical behavior are
strongly effected by any changes in the materiel temperature. Thermal conductivity of materials such as silicon
. nitride reduced by half for temperatures between 1.0°C and 400.0 °C. In general, semiconductor materials are
© very sensitive with temperature changes. When the semiconductor surface is exposed to weak beam of laser,
free carriers (free charge) are generated. When studying thermal stress problem, the dependence of the material
on the temperature should be taken in consideration especially when the thermal conductivity of the material is
under investigation.
In the early years of the last century, Suhara studied the effect of temperature on a hollow cylinder. Many
. elastic and inelastic media problems take into consideration the dependence of the physical properties on tem-
© perature'. Youssef? used the state-space approach to solve the generalized thermoelasticity problem for elastic
. medium with spherical cavity when the thermal conductivity depends on temperature with ramp-type heating.
© Also variable thermal conductivity is applied on the generalized thermoelasticity layered with thermal shock by
. Youssef and El-Bary®. The solution of the generalized thermoelasticity problem with variable thermal conductiv-
ity for infinite long annular cylinder is discussed by Youssef and Abbas*. Many applications in oil extraction that
depends on variation of pressure and temperature are taken from the study of the generalized thermoelasticity.
When a beam of laser falls on the external surface of semiconductor material, the excited electrons gen-
erate the carrier free charge intensity and plasma waves. That is the main reason for the governing equations
of the thermoelasticity problems observe the thermal-elastic waves. Most of the previous studies ignored the
interaction between thermal, elastic and plasma waves. Recently the interplay between these waves is confirmed
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experimentally and theoretically. The electronic deformation mechanism is studied by Photoacoustic frequency
transmission technique®. The photoacoustic spectroscopy analysis is used to obtain the photothermal method
when a beam falls from a laser on a semiconductor elastic material®’. The photothermal method is used to deter-
mine the values of some physical variables of certain materials>*-!!. Opsal and Rosencwaig'? studied the plasma
-thermal-elastic waves are in elastic silicon. Song et al.’® used the optically excited semiconductor to study the
vibration of thermoelastic medium. Lotfy et al.'*"*° used the thermal memory to discuss the overlap between the
Photothermal and the generalized thermoelasticty theories in semiconductor materials with different external
fields. Hobiny and Abbas?*?! studied the non-homogenous semiconductor materials with cylindrical cavity by
Photothermal theory. Abo-Dahab and Lotfy?? used the two-temperature theory to explain the photo-excitation
of a semiconductor medium.

The first to know the theory of two temperatures were Chen and Gurtin? and Chen et al.?*. They have cor-
rected a heat conduction theory for deformable bodies, which be based on two different distinct temperatures,
which called the thermodynamic temperature T and the conductive temperature . In cases of time independent,
the variation between these two temperatures is proportional to supply of heat, when the heat supply is absence
the two temperatures are equal. However, especially in case of the problems of wave propagation, the two tem-
peratures are in general different, regardless of the presence of a heat supply?*. Youssef?® used the model of two
temperature theory in generalized thermoelasticity which show that the two temperature theory can differentiates
between the wave propagation of the temperature, that comes from heat conduction temperature (thermal pro-
cess) and that which comes from the thermodynamics temperature (mechanical process).

In this article we study the dependence of the variable thermal conductivity on temperature. Based on the
material properties, the variable thermal conductivity is taken linear function in temperature. More attention
is given to study the interaction between elastic-thermal-plasma waves through Photothermal process under
the effect of magnetic field. The one dimensional two-temperature theory is used to determine the problem
state variables of the semiconductor medium subjected to mechanical ramp type and thermal shock problem.
According to the Riemann-sum approximation method, the Laplace transform and the inversion Laplace method
are used to transform the governing equations and obtaining the results. The solutions are shown graphically with
discussions.

Basic Equations
Considering a semiconductor elastic medium under the influence of constant initial magnetic field,
H = (0, Hy, 0). The Maxwell’s equations with linearized electromagnetism slowly moving medium are:

T = curl 7, (1)
— -

curl E = —p H, 2)

E = — (T < H), 3)
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Figure 2. Variation of conductive heat distribution with different values of ( in magnetic field at K; = —0.1.
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where, 11, is the vacuum magnetic permeability and % is the particle velocity in the medium (the dote denotes
differentiation with respect to time). The current density J and the electric field E have the same the direction.
Assume that, the induced magnetic field 7 in y-direction and the induced electric field T in z-direction, i. e.,
T = (0, h, 0)and E = (0, 0, E). Also define the displacement vector as W = (u, 0, 0), and the strain tensor as
e=1u, = a—”, u is a function of x and ¢ only.
Hence, the only one component current density for slowly moving medium is:
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The electric and magnetic field components expressed in terms of displacement component are:
E, = —p, Hy i, (6)
h=—Hje. (7)

When a beam of laser with energy E incident on a semiconductor elastic surface with gap energy E, (E > E,).
The optical energy absorbed in an elastic semiconductor medium causes a change in the thermo-elastic and
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electronic deformation. These deformations are the mechanisms used to control the curvature of the microstruc-
ture. The photo-generated (heat) plasma can produce elastic vibrations (local strain), these vibrations cause the
deformation in the semiconductor elastic sample?’. The general equations of the coupled thermo-elastic waves
and plasma waves depend on three principal variable N (7,0), T(7,t) and & (7, t), where N(7, t) is the carrier
density (plasma wave), T (7, t) is the temperature distribution (thermal wave), and 7 (7, t) is the displacement
distribution (elastic wave), 7 is the position vector.

Through the excitation transient process, the coupled plasma-thermal-elastic transport equations in
two-temperature field take the general (vector form in the time-space coordinates) form?®:

(I) The plasma and thermal distribution coupled equation takes the form:

SCIENTIFICREPORTS| (2019) 9:3319 | https://doi.org/10.1038/s41598-019-39955-z 5


https://doi.org/10.1038/s41598-019-39955-z

www.nature.com/scientificreports/

0.8

0.7

© o o o
w A o

The conductive heat

0.1

0.5 1 1.5 2 2.5 3
X

Figure 8. Variation of conductive heat distribution with different values of K, in magnetic field at (=1.
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(II) The equation of motion, which describes the relation between the elastic-thermal distribution and the
magnetic field is:

) O*U(T, t)
ot

(III) The coupled equation between plasma and thermo-dynamical distribution in two-temperature theory
(energy balance equation) is:

= uVPU (T, 1) + (u+ N V (V. U (T, 1) = AVT(T, t) — §,YN(T, ) + p(T x H), ©)
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where i = 211 is the thermal activation coupling parameter and at temperature T the concentration of the
T
equilibrium carrier is defined as g¢>*°, D; and 7 are the diffusion coefficient of the carrier and photogen-

erated carrier lifetime respectively. The energy gap of the material is E, (the term BN represent the
influence of heat production by recombining the carriers free charge in the semiconductor sample volume).
The constants y and A are Lame’s constants of, p is the density and the absolute thermo-dynamic tempera-
ture is Ty, 7y is the volume thermal expansion, o (Y= (3A+2 p)avy) is the coefficient of the linear thermal
expansion, the specific heat of the elastic material is C,, §,, = (2 1+ 3\)d,, is the deformation potential

= kis the diffusivity, K represents the thermal conductivity in general case and d,, is the

. E, Ou(7T, 1)
=V. (K 1) — AN(T, ¢ v, 22
V. (KV (T, t)) . (7, ) + YLV 5 (10)

difference, X

e
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coeflicient of electronic deformation. In the present study we consider the general case in which thermal
activation coupling parameter is non-zero and the medium is linear with homogeneous properties.

(IV) The equation of the heat conduction and the dynamical heat (thermo-dynamical) in two temperatures
theory takes the form

T =¢ — aVyp, 11

where a > 0 is the two-temperature parameter describes temperature discrepancy
(V) The stress-strain-temperature-plasma equation in 1D represent is:
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Table 1. The physical constants of silicon semiconductor materiel.
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Figure 14. Variation of conductive heat distribution with different values of magnetic field at (=1 and
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oc=o0,=Q2u+ ,\)a—x + BA + 2w)(ay T + d,N). (12)

In semiconductor material, the thermal conductivity parameter is the important one because it determines
the thermoelectric energy conversion. The heat conduction affect on electrical resistivity of semiconductors®-*2.

Considering the thermal conductivity of the semiconductor elastic material K can be expressed in a linear
form of thermo-dynamical temperature as:

K(T) = K1 + K1), (13)

where K| is a constant which, in the case of the material, is independent of temperature and equal to the thermal
conductivity (K; =0). K| is a small non-positive parameter.
From Eqs (11) and (13) we can write:

K(T) = K1 + K(p — aV?¢p)).
Neglecting the value of K;aV?¢ (very small value) we can write:
K(T) = Ky(1 + Kp). (14)
or
K(p) = Ko(1 + Kyp). (15)

Introduce the mappings*:

1 4
D= — K(Q)dQ,
¢ Kofo ) o
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(17)
Operating by 2 on the both sides of Eq. (16), yields
P g0y - q yi
op o or in tensor form R
K,—= = K(p)=—*£ == Kyp; = K(©)p:-
s, (¥) o, 0Pi V)i (18)

Again, differentiating Eqs (17) and (18) with respect to x;:
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0x; 0x; ' ' (20)
On the other hand, differentiating Eq. (17) with respect to time we obtain
oT aT
— = K(T)—.
o = K%, @1
Using Eqs (19), (20) and (21) into Egs (9) and (10) we obtain:
o*u - . 9K, oT o
=uVU + (u+ NV V. u) - =L —§VN+ u (] x H),
e . ( K(T) 0%, Ho (22)
10T E, . T, 0w
10T _ Gu+ SN, 1) + 0V, ouw
k ot R K, ot (23)

Using the mappings Eqs (16) and (17) into the two-temperature Eq. (11), after working the following steps:

(1) Influencing on Eq. (11) by the operator ai and multiplying both sides by K we get:

oT (o)t a 9% .
KT_:K — — akKi ) > :1)2a3)
(T o, () or, aK(p) o, O i, m 24)
(2) Using Eqs (18) and (20) into Eq. (24), we obtain
oT 0p d % .
K,— = K,—/— — aK(p)——=, ,m=1,2,3.
Oaxi Oax,. aKie) Ox; Ox ], . (25)

2
Ko8 = 0 [K(QO) Op ] = i[Ko(l + Klﬁp)a—(p]-
m (26)
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Differentiating both sides of the above equation with respect to x;, gives

o 0% 9]0 Do D%p d 0°
=z 1 + Kip)—— || = 3K ,K—2 2L + K(p)——%.
08x,- ox], 6x ox [ Kl 1<P) 0x,, OKlax,- ox} ( )ax,- ox? (27)
Neglecting the non-linear term of Eq. (27) we get:
o 9> ® 0 82@ or in tensor form R
K( ) =K == K mmi K( ) mmi*
Ox; Ox, *0x; 0 0% as (28)
Then Eq. (25) becomes
af" ol 8 82 or in tensor form R R
o & == T,i = i — Wmmi-
Ox;  Ox; 6x 8x (29)
Integrating the above equation,
~ R 82 ) or in tensor form f R R
=¢—aZ? == =@ — ad,
ox,, " (30)
Similarly, differentiating Eq. (8) with respect to x;, and using (20), we get
9 ON 9 9N 10N = 0T
=D, - - + K
Ot Ox; Ox; Ox,, T Ox; ax (31)
Q0N 00N 10N | sK0f
Ot Ox; 8x 8x T 8x K ox; (32)
Neglecting the non-linear terms, we can write:
kK,  OT 40T oT
——— = (1 + KT 1 - KT+ (K — —
i+, = " KT = s KT+ (T )5
T KL RS L/ RS
Ox; ; Ox; 0x; (33)
Substituting from Eq. (33) into Eq. (32), we get
0 ON 9 N 10N  oT
=Dy — + R
Ot Ox; 0x; 0x,, T 0x; 6x (34)
Integrating Eq. (34) with respect to x; we obtain:
2
ON_ 0N N g
ot 0x,, T (35)

Taking in consideration the linearity of the problem and following the same manner Eqs (22) and (23) can be
written in the following approximate form:

02 %u, o oT ON ,0%u,
L=+ + N = v— — b— + pHi—,
P o T NS T as T iy Tt (36)

101 _ 0% By ah 0 Oy

kot ox} K, 700_%5 (37)

Mathematical Formulation of the Problem
Considering the effect of the external magnetic field in slowly moving with variable thermal conductivity without
body force and no heat source, the one dimension form of Eqs (35), (36), (37) and (30) is:

ON 8N N

— =D — — — + T

o o 7" (38)
oD g+ 8 50E g N
P o Tox  ox (39)
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kot oxr Ky K, 0t (40)
2 A
—p-a2?
Ox (41)
2
Where the magnetic pressure number is Ry = ”":Z" = %‘f, which it represent the influence of the magnetic field
P! T

on plasma-thermal-elastic medium and o, = H,, | is the wave velocity of the semiconductor elastic medium.

P
For convenience, introduce the dimensionless variables in the above equations as following:

(o, u') = (x, u), = i) T — T ,
Cyt* t 20+ A
(rf/ @) = T, ) N/ — 6N ol — ﬁ
> > 5 i .
20+ A 20+ A o (42)

Substituting from Eq. (42) into Eqs (38-41), we obtain (the prime is removed for more convenient):

0? 0 -
[ %_qu]N_ngT:O’

Ox? (43)
2 2 o
R A i PO S
ox ot 0x Ox (44)
9% ot e
—5 —¢— te— — N =0,
o Bor T T ° (45)
*¢ 1
—(T - ) =0,
P + a*( b) (46)
u
=pl— — (T + N)|,
B[ax ( )] (47)
where,
_ Kt _ k _ 1 o ~ 2Tt o arEgkt*
W Dre, BT D BT T K T dkerG)
k 2 4 A c? 2+ A
o . Ci= pEA 2 K g=L, o za*z’ g2t N
pCCr P P C; Crt H (48)

In the expressions (48) €, and ¢, are the thermoelastic coupling and the thermoenergy coupling parameters

respectively.
In order to solve the problem, the initial conditions can be taken as:

Ou(x, t)
ulx, ey = ——— =0,
' o,
A T (x, t)
P, = 2D g,
ot o
do(x, t)
o(x, oy = ———— =0,
' ol
Nx, )]y = ONx B _ 0,
oty
R 0P(x, t)
G, By = = =0.
= ol (49)

Method of Solution

To obtain the complete solutions of the considered problem, we use the Laplace transform defined for U(x, ¢) as:

SCIENTIFICREPORTS| (2019) 9:3319 | https://doi.org/10.1038/s41598-019-39955-z 13


https://doi.org/10.1038/s41598-019-39955-z

www.nature.com/scientificreports/

1.4

WNMF
WMF

-
N

e o 9
2 o -

The carrier density (N)

Figure 18. Variation of carrier density distribution with different values of magnetic field at (=1 and
K,=—0.1.

L(W(x, 1) = T(x, 5) = j; "W, 1) exp(—st) dt.

(50)
Therefore, Eqs (43)-(47) becomes:
(D* = N + ¢, T —o, (51)
(D* — e — a,DXT + N) =0, (52)
D*¢ — q3577" + g8 — ;N =0, (53)
(D~ OF + (T =o, (54)
5=0eE— (T+N), (55)
h 5 2 2 1
were,Dfdx,D et ,J = ql—i—qzs,C:—*,al:( .
To obtain non-trivial solution for the system (51)-(54) we should have
0 S (D*-7) 0
2
(D ) DT g, p2 " =0
& 54, —&, D
0 ¢ 0 (D* = Q) (56)

Using the elimination method technique in the coupled system of Eqs (51)-(54), we obtain the following sixth
order differential equation in the variables T .2, N and @ (x):

[D° — ED* + FD* — Gl {e, T, N, 3}(x,s) = 0 (57)

where
Ay = (e — g)s — G (58)
E=¢ee; =T — o+ (T + Olayg; — gp)s + apeEs8)l/A,, (59)

SCIENTIFICREPORTS| (2019) 9:3319 | https://doi.org/10.1038/s41598-019-39955-z 14


https://doi.org/10.1038/s41598-019-39955-z

www.nature.com/scientificreports/

F=—[Ja; — ge5(a; + () — Capess(T — &5) + (T + Qg9)l/A,, (60)

G = [Cayle,e5 + Tg;9)1/A,. (61)
Factorizing Eq. (56) as:
(D* — k2)(D* — k2) (D> — k)){e, T, N, 3}Hx, s) = 0, (62)
where, k? (n = 1, 2, 3) are the roots of the characteristic equation:
kK — Ek* + FK* — G = 0. (63)

Because of linearity, the bounded solutions of Eq. (56) are:

> T, N . 64)
Eq. (63) we can be written as:

T =T ™ + D + Te ™, (65)

N = aLe ™ + a,lye ** 4 ae ™, (66)

g = ble ™™ + bLe ™ + ble ™, (67)

@ = che M + e o 4 ohe *, (68)

where the coupling constants a;, b; and ¢,(i=1, 2, 3) are defined as:

4= ——2 . i=123,
(ki —3) (69)
2012 .
= —0‘272‘1' (k; = D i1,
(ki — a)k —3) (70)
¢ = —%, i=1,2,3
ki = Q) (71)
The displacement distribution can be determined from the equation
da _ _ .
o (x) = bLie ™ + bLe ™ 4+ byle . 72)
Then
3
7= —ZE et i=1,2,3.
s (73)
Finally, from Eq. (55) we obtain the stress distribution:
3
5 =pY b —a; — Ve ™, i=1,2,3.
prl (74)

Applications

Since the medium is homogeneous and initially at rest loaded by mechanical forces (ramp type load force) on its
surface. To determine the value of the parameters I';, i =1, 2, 3, we consider the following boundary conditions
atx=0:

(I) The thermal boundary in non-dimensional, as thermal shock boundary, form is:

©(0, 1) = ¢,H(t) (75)

Eq. (74) in Laplace transform domain take the form
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—~ 1
0,s) = —.
0, 5) =~ 76)
Using Eq. (17), we get
- A
p 0,s) = —,
P(0,9) =~ 77)
where, A = ¢, + %(plz, hence
3
Ecil“ie_kf" = A
i=1 s (78)
(II) The normal stress subjected to ramp type load:
0 t<0
t
o(x, t) =1— 0<t§t0.
fo
1 t>t (79)
Applying Laplace transform on both sides of (78) we obtain:
_ ¢ h
70,9 = L=
fos (80)
Therefor
3 _ oS
SO —a-n="¢2 o123,
i1 Btos (81)

(III) The transport and recombination processes of the photogenerated carrier boundary condition in Laplace
domain transform is:

— X -
N(O, = —R(s),
(0, s) ) (s) )

where R(s), H(t) are the Heaviside unit step function and X is an arbitrary constant. Hence Eq. (81) take the fol-
lowing form:

al; + a, I, + a,l; = —.
ih 212 3l3 ) (83)

The unknown variables I'; can be obtained from Egs (77), (80) and (82).
Using the mapping Eqs (16) and (17), and the liner form of the thermo-dynamical temperature (13) with the
heat conduction (15) equations, we obtain

2

N T
T:Lf K+ KkDdr =1+ 8Ky Ly L
K, Jo 2 2 K 2K, (84)
or
1 =
T= —[q,l + 2K,T — 1].
K, ‘ (85)
In Laplace transform domain Eq. (84) takes the form:
— 1 =
T=—V1+2KT - 1],
K, 1 (86)
and the heat conduction temperature takes the form:
1
7=—L/T+2Kp — 1].
K, ‘ (87)

Numerical Inversion of the Laplace Transform
To obtain the non-dimensional numerical results of the thermo-dynamical temperature, heat conduction tem-
perature, displacement, strain, stress, and carrier density in the time domain, we use the inverse Laplace transfor-
mation according to Riemann-sum approximation method.
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Any function f(x, t') can be inverted in Laplace domain, as

PR —L n+ioo NF
Jo 1) =L (9} = — [ et O 9 55

Introducing s=n+iM(n, M € R), in Eq. (87) we obtain:

n _ exp(nt’) [ AT .
S, ) = ZELZ [ " explGn)] (0, n + i) (9)
Using Fourier series expansion, the function f(y, t') can be expanded in the interval [0, 2#'] and take the fol-
lowing form:

nt’ N .
fo, 1) = e—,{lf(y, n) + Rer[y, n+ ’k—,ﬂ] (—1)”],
t |2 k=1 t (90)

where Re represent the real part,i = +/—1, provided that nt’ ~4.7.

Numerical Results and Discussions
For numerical evaluations we chose silicon (Si) as semiconductor elastic crystal material. The constants (param-
eters in SI unit) of the problem as silicon are listed in Table 123

Because of the short time duration and non-dimensional forms of the problem, the imaginary parts of the
physical quantities distributions are neglected.

The influence of the two-temperature parameter. In the first category of Figs (1-6), we established the
effect of the two-temperature parameters, (= {0, 1}, on the behavior of the thermodynamical and conductive temper-
atures, displacement, strain, stress and the carrier density with the distance x (the initial boundary conditions are same
for all physical quantitates), the results are shown graphically in Figs (1-6). This study is considered in the presence
of the magnetic field and the thermal conductivity (K; =—0.1). Also (=0 represents the one temperature case while
(=1 represents the two temperature one. Figure 1 shows the effect of photo-thermal beam light on temperature
distribution, the results show that the temperature gets its maximum value near the surface, then begins to decrease
gradually and vanishes away of the surface. The same behavior is noticed for the conductive heat distribution as shown
in Fig. 2. This behavior agrees with the exponential form of the wave propagation. Also, as shown in Fig. 3, the dis-
placement distribution, when (=0 and (=1, approximately behave the same. As shown in Fig. 4, due to the thermal
pressure the strain tensor starts from positive value at the beginning and increases until it reach the maximum value
near the surface. As the distance increases, the strain decreases gradually to reach its minimum value.

The normal stress force starts from a positive value near the surface and then begins to decrease gradually
until it reaches the minimum value away from the surface as shown in Fig. 5. Due to the photons stress effect, the
carrier density behavior (free charges distribution) starts from positive value and decreases sharply. Afterward it
increases gradually to reach the maximum value in the first interval near the surface while in the second interval it
decreases smoothly to arrive the minimum value as it moves far from the surface as shown Fig. 6. As the distance
increase, same behavior is repeated periodically until it approaches the zero value. This behavior characterizes
the semiconductors materials. The difference between the two temperatures theory and one temperature theory
is that this theorem differentiates between the wave propagation of the temperature that comes from the thermal
process (heat conduction) and that which comes from the mechanical process (thermodynamics temperature).

The influence of the variable thermal conductivity. The second category of Figs (7-12), shows the
variations of the thermodynamical temperature, the conductive temperature, displacement, strain, stress and
carrier density, respectively, as functions of x, for different values of the thermal conductivity. All the calculations
are obtained presence of both the two-temperature and the magnetic field. The classical case (K; =0.0) is defined
when the thermal conductivity is independent of the temperature. While the non-classical case (K; = —0.1) can
be obtained when the thermal conductivity depends on the temperature. It is clear that the boundary conditions
are satisfied for all fields. Also the variations of all fields, approximately, behave the same with respect to the varia-
tion in the thermal conductivity magnitude. It is observed that any small changes in the thermal conductivity lead
to a significant change in the propagation of wave behavior. Moreover the characteristic curves of the physical
quantities start from maximum values then begin to intersect and coincide, finally approach zero value for large
distance x, which conform the physical equilibrium of the semiconductors elastic solid.

Effect of the magnetic field. The third category of Figs (13-18) explains the effect of the initial magnetic
field H, on the physical fields with respect to the x in two cases without magnetic field WNMF (solid line) and
with magnetic field WMF (dashed line). The calculations are carried out for K; = —0.1 and (= 1. In this case,
the behavior of the physical fields is deferent because the influence of the initial magnetic field rearranges the
particles in the elastic medium. This explains why the curves in the figures are compact to each other as x tends
to infinity. These results satisfy the physical fact for the behavior of the semiconductors to reach its equilibrium
state of particles.
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Conclusion

During this study the effect of two-temperature parameter, the variable thermal conductivity, and mag-
netic field in context of the Photothermal and thermoelasticity theories is considered. We concluded that: the
two-temperature case gave more accurate results than the one-temperature case. The two- temperature parameter
has great influence on all physical fields of the problem under investigation. It is necessary to separate between
the thermodynamic temperature and the heat conductive. Some physical fields depend on thermal conductivity,
the thermal conductivity affects on the thermo-mechanical behavior of semiconductors. The variable thermal
conductivity plays a great rule in our study, which has a significant effect on all fields. The magnetic field has a
good effect on all the physical fields. It is observed that the carrier density has a deferent oscillatory structure from
other physical quantities.
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