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Abstract

The research article investigates the behavior of a functionally graded
semiconducting rod with internal heat source of length | under the thermal
shock. A sudden heat source is applied to the left boundary of the finite rod.
The equations of motion are solved analytically and the analytical
expressions of displacement, carrier density, temperature distribution and
stresses are obtained. The numerical values of these expressions are
calculated and presented graphically to show the effect of non-homogeneity
parameter on the components. The variations of the parameters are shown
for different theories of thermoelasticity namely Modified Green-
Lindsay(MGL) theory, Green-Lindsay(GL) theory, Lord-Shulman(LS)
theory and Coupled(CT) theory.
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1. Introduction

The thermal effect in mechanics has been the centre of study for researchers in the past due to its wide
applications in many branches of engineering. Initially, the classical theory was modified by Biot [1] by considering
the theory of coupled thermos-elasticity. Later on many theories of thermos-elasticity were developed [2-6]. A lot of
problems related to wave propagation in thermoelastic media in reference to these theories have been discussed in
the past decades. Most recently, Marin and coworkers [7-9] studied some problems in thermos-elasticity. Codarcea-
Munteanu et al. [10] discussed linear thermos-elasticity without energy dissipation in the context of a porous
micropolar media. Scutaru et al. [11] showed that the existence of symmetries can lead to the disappearance of some
terms of the forced vibration response of a mechanical system. Vlase et al. [12] developed a model that uses vector
methods to analyze the forces that appear in the single cylinder of an IC engine.

Functionally graded materials [13-15] which regulates the thermal variation was developed in Japan 1984 using
powder metallurgy which makes FGM a significant thermal barrier. The thermo-mechanical analysis of FG
cylinders and plates studied by Reddy and Chin [16]. Sankar and Tzeng [17] studied the thermal stresses in
functionally graded beams. Some prominent work in the field of functionally graded thermoelastic materials has
been done by Mallik and Kanoria [18], Abbas and Zenkour [19], Ghunghas et.al. [20], Kalkal et al. [21], Barak and
Dhankar [22], and Sheokand et al. [23] in recent times.

During the past few years, semiconductor and its applications in different engineering fields have caught the
eyes of researchers. The light energy changes the properties and temperature of the semiconducting material. This
temperature gradient helps for free carrier density to appear in the medium. Gordan et al. [24] discovered electronic
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deformations to photothermal spectroscopy. Photothermal methods are being applied for measuring physical
quantities such as temperature, electric effects of semiconducting material [25, 26]. Besides this many researchers
have investigated problems related to semiconductors [27-31]. The study of semiconducting medium has caught the
attention of researchers in the last five years. Many research problems [32-44] in this field have been published.

In the present paper, the deformation in a non-homogeneous photothermal semiconducting rod with an internal
heat source of finite length is discussed. The rod is heated at the left end. Displacement, carrier density, temperature
field and stresses are calculated and presented graphically. The effect of non-homegeneity parameter is shown for
different theories of thermoelasticity.

2. Basic Equations

We shall consider a thin semi-infinite non-homogeneous photothermal semiconducting rod with internal heat
source occupying the region x=0. The basic equations and stress relations for the homogeneous semiconducting
solid are given by Mandelis et al. [30] and Todorovic [31].
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where A,u represent material constants, ¢_ij is stress tensor, p density, N carrier density, E g energy gap of
semiconductor, C_e specific heat at constant strain, 8 n difference of deformation potential of conduction and
valence band, D_e carrier diffusion coefficient, K coefficient of thermal conductivity, a_t coefficient of linear
thermal expansion, k=((ON_0)/0t)(T/t) is the heating activation coupling parameter, N_0 is equilibrium carrier
concentration at temperature T,t photogenerated carrier lifetime, T thermodynamic temperature, Q is internal heat
source, y_T=(3A+2p)o_t, v N=(3A+2p)a_n in semiconduting medium.

Here T _0, T _1 denote thermal relaxation times suchthat T 1=t 0=0,n _1, n_2 are the parameters taken to
reduce the above system to

1. MGL model asn_1=n_2=1,

2. GL model asn_1=n_2=0,

3. LS model asn_1=1,n_2=0,t_1=0,

4. CTE model asm_1=0,n_2=1,t 0=t _1=0.

For a functionally graded medium, the parameters A,y T,y N,p,k,.E g Q are assumed to be space dependent,
unlike homogeneous medium where they are considered to be constants. Hence, we change A1,y T,y N,p,K,E g to
A0 f(x 7),p_0 f(x 7), y_TO f(x 7),y_NO f(x 7),p_0 f(x 7),k_0 f(x ~),E_g0 f(x 7),Q_0 f(x ) respectively, where
A O,u 0,y _TO, y_NO,p_0,k,E_g0,Q_0 are treated as constants and f(x ~) depends on the space variables (x,y,z). It is
also supposed that the material properties vary only along the x axis. Hence, we can take f(x ”)=f(x).

Using the above parameters, equation of motion together with the constitutive relation, the energy equation in a
non-homogeneous medium is given by:

Ojij = f(X)poti; (5)
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With vro = B + 2pp)ay, yvo = (3o + 2p0)

3. Problem defined

For two-dimensional problem, the equation of motion (5) with the help of equation (6) in component form
reduces to:
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The stress components arising from equation (6) reduces to:
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4. Non-Homogeneity

Assuming f(x)=e”(-nx), where n is dimensionless parameter. This indicates that the physical properties of non-
homogeneous medium vary exponentially in x direction. For the convenience of numerical calculation, following
dimensionless parameters are introduced:
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Using (11) in equations (2), (8)-(10), the equations takes the following form:
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The solution of the parameters is considered in the form of modes as:
{u,N, T} = [, N, T](x) exp(wt), (16)
where @ is complex frequency.
On substituting (16) in (12)-(14), the following equations are obtained:
d? d 5\ - d - -
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dil d? - _ .
d? - _
where,
. Nz2T _ ! _ To
Hy= 14 u}5—1+}me3—w(L+rw)
Tp .
H4=w(1—|—anm),al=qt . (20)

Solving equations (17)-(19), we obtain a sixth order differential equation given by,
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The solution of equation (21) is given by
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where k?(i = 1,2,3) are the roots of the equation (21) and E; (), E;*(w)(i = 1,2,3) depends on w, and are
given by
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6. Boundary Conditions

We consider a functionally graded semiconducting rod under photothermal theory with its boundary 0 < x = I,
The rod has a uniform temperature T. At the left end of the rod, a heat source is applied. Hence, the boundary
conditions for this particular problem are,

(Dyu(x,t) =0atx =0,1,

(il)N(x,t) =0,atx = 0,1,

(fii)T(0, t) = Py exp (wt),
(iv)T(I,t) = 0. (27)

Using (16), (23)-(25) in (27), we get a system of six equations given by:
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Ko By + Koo By + Xog By + X4 By + X B + X5 E, =0, (28)
Xope MIE + XyeME, + Xpge 2l Ey + Xy eM2 Ey + Xyce KAl E,
+ X269k3156 =0, (29)
Xy By + KBy + X3 B3+ X Eg + X Es + X 3B = Ry, (30)
XeME + X ,eME, + X je R By + X eR Ey + X e R ES
+ X,5e%E, =0, (31)
e MilE + eMlE, + o7k 2lE, + oR2lE, + e RlE, + 2%l E = 0. (32)

The values of constants £;({ = 1, ... 6) are evaluated using MATLAB software.

Using the expressions of i, N and T given by (23)-(25) in the expressions (16), the displacement component,
carrier density, temperature field and stress in functionally graded semiconducting medium are obtained.

7. Validation of Results

To validate the theoretical results, Silicon ( 5i ) material is taken as the semiconducting solid for which the
constants are (Song et al. [30]),

g = 3.64 x 10'% N/m?, p, = 5.46 x 10'® N/m?, p, = 2330Kg/m?, T, =800K,
T=5x10""5D, =25x10"3m?/s, E;p = 1.11V,

a, =4.14 x 1075 /K, x = 150 W/mK, a, = —9 x 1073 m?,

€, =695]/KgK,

The other constants are assumed as @y = Fy = 1.0, w = wy + 1§, wy = —0.2,¢ = 0.1,

The numerical results are obtained for displacement, force stress, carrier density and temperature distribution for
[=1.0,7,= 0.075,7, = 0.1 against horizontal distance x. The graphical results are shown for Modified Green-
Lindsay (MGL) theory, Green-Lindsay (GL) theory, Lord-Shulman (LS) theory and Coupled (CT) theory for
homogeneous (1 = 0) and non-homogeneous (1 # 07 thermoelastic medium.

8. Discussions

Figure 1 shows the variation of displacement against horizontal distance for two values of non-homogeneity
parameter 12 namely 0 and 1 in the context of different models of generalized thermoelasticity. The variation is
linear and coincides for both values of 7 in the case of the MGL model. A similar variation is observed for the CTE
model. Also, the value of displacement is maximum for the MGL model. Further, the variation is linear for the LS
model but the value of displacement is greater for n = 0. For the GL model, linear variation is observed initially for
both values of n which is followed by exponential increase. Further, the magnitude of displacement is more for
n = 0. Figure 2 shows the variation of normal stress against horizontal distance. This variation is almost linear and
coincides for all models and for both values of n except in the case of the GL model for i = 0. For this case, the
variation is first linear in nature and then increases exponentially to attain the maximum value of normal stress.

Figure 3 shows the variation of temperature against horizontal distance. This variation is linear and coincides for
MGL, LS and CTE models in the case of both values of . The exceptional behavior is observed for the GL model
where variation is linear initially but as horizontal distance increases temperature decreases exponentially for both
values of n attaining the minimum value. Figure 4 shows the variation of carrier density against horizontal distance.
The behavior of carrier density is identical as observed in the case of normal stress.
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9. Conclusion

The analytical and graphical results of the present investigation conclude that:

1. All physical quantities show linear variation for MGL, CTE and LS models except the GL model.

2. The maximum values of carrier density and normal stress are observed for the GL model.

3. The minimum value of temperature is observed for the GL model.

4. The displacement is most affected by values of non-homogeneity parameter in the context of GL and LS
models whereas normal stress is greatly affected by values of hon-homogeneity parameter in the context of
GL model.
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