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Abstract

The present article is aimed at an investigation of the propagation of elasto-
thermodiffusive (ETN) surface waves in a homogenous isotropic, thermally conducting,
semiconductor material half-space underlying a thermally conductive viscous or
inviscid liquid layer of finite thickness (d) with varying temperature. The relaxation
times of heat and charge carrier fields are also taken into consideration during the
study. Secular equation that governs the propagation of elasto-thermodiffusive surface
(interfacial) waves in the considered composite structures has been derived in compact
form after obtaining general wave solution of the model. Some particular forms of the
general secular equation are also deduced and investigated. Numerical solution of
secular equation and other relevant relations is carried out for germanium (Ge) and
silicon (Si) semiconductor material under different situations with the help of functional
iteration numerical technique along with irreducible case of Cardano’s method.

Keywords: Thermal Relaxation time; Rayleigh wave; Diffusion; Lifetime; Thermally
conductive liquid; Semiconductor.

Introduction

Surface acoustic waves are one of the broad classes of acoustic waves used in
ultrasonic applications. These are also applied to the study of physical changes at the
solid-liquid interfaces of materials in contact with fluid. The generation of acoustic (or
elastic) waves due to the transient thermal heating of a material is rapidly becoming a
powerful tool for characterization of the material impinging on its microstructure. The
surface acoustic waves are also widely used in electronics and medical devices because
of the following reasons:

(i) The propagation velocities of these waves are of the order of a few km/sec leading
to the much smaller dimensions of the devices;

(i) The energy of these waves is concentrated in the vicinity of the top of the surface
of the device, so that generation, detection and control are directly possible and
can be done on the surface itself.

The theories of elastic and thermoelastic wave propagation are well established by
Graff [1] and Nowacki [2]. Maruszewski [3-7] presented theoretical considerations of
the simultaneous interaction between elastic, thermal and charge carrier's fields in
semiconductors. Sharma and Thakur [8] studied the plane harmonic elasto-
thermodiffusive (ETNP) waves in semiconductor materials. The shear waves get
decoupled from rest of the motion and remain independent of the influence of other
fields. According to the frequency equation, four coupled longitudinal waves namely;
quasi-thermoelastic (QTN), elastodiffusive (QEN/QEP), thermodiffusive (QTN/QTP),
and aquasi-thermal (T-mode); are possible to be propagated in aninfinite semiconductor.
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Sharma et al. [9-10] investigated the propagation characteristics
of elasto-thermodiffusive (ETN) surface acoustic waves in a
semiconductor material half-space. The effects of thermal
relaxation and life times of charge carrier fields on the various
characteristics of elasto-thermodiffusive (ETN) surface waves
propagating in a semiconductor material have been
investigated. Sharma et al. [11] investigated the propagation
of elasto-thermodiffusive surface wave in a semiconductor
half-space underlying a fluid with varying temperature.
Sharma et al. [12] studied acoustodiffusive Rayleigh waves in
a semiconductor material half space in contact with fluid
medium.Sharmaetal.[13] studied the acousto thermodiffusive
interfacial waves in a semiconductor loaded with viscous fluid.
Sharma et al. [14] studied the reflection of acoustodiffusive
waves from the boundary of a semiconductor half space.
Sharma et al. [15] investigated the modeling of reflection and
transmission of acoustic waves at fluid semiconductor
interface. Sharma [16] investigated the effect of liquid loading
on lamb waves in a semiconductor material plate.

Initial work relating to the use of acoustic wave devices in
liquid-phase sensing applications utilized conventional bulk-
acoustic-wave (BAW) piezoelectric crystal resonators
investigated by Kansh and Bartiaans [17]. Josse et al. [18]
presented an analytical solution for the resonance condition
of the piezoelectric quartz resonator with one surface in
contact with viscous conductive liquid.

The present paper is aimed at an investigation of the
propagation of elasto-thermodiffusive (ETN) surface waves in a
homogenous isotropic, thermally conducting, semiconductor
material half-space underlying a thermally conductive viscous
or inviscid fluid layer of finite thickness (d) with varying
temperature. It is based on the model of governing equations
derived by Maruszewski [6] and non-dimensionalized by
Sharma and Thakur [8]. The relaxation times of heat and charge
carriers are also taken into consideration during the study.
Secular equation that governs the propagation of elasto-
thermodiffusive surface (interfacial) waves in the considered
composite structure has been derived in compact form after
obtaining general wave solution of the model. Some particular
forms of the general secular equation are also deduced and
investigated. Numerical solution of secular equation and other
relevant relations is carried out for germanium (Ge) and (5i)
semiconductor material under different situations with the help
of functional iteration numerical technique along with
irreducible case of Cardano's method. The computer simulated
results have been presented graphically.

Formulation of the problem

Consider an extrinsic, homogeneous, isotropic, thermally
conducting, elastic n-type semiconductor half-space, initially
under undeformed state at uniform temperature 7;. The
semiconductor is loaded with fluid layer of finite thickness d.

rectangular Cartesian coordinate system oxyz on the interface
surface of both media and z-axis pointing normally into the
semiconductor half-space, which is thus represented by z> 0.
The x-axis is taken along the direction of acoustic wave
propagation in the semiconductor half-space. Here, we focus
of the same geometry as given in Figure 1. All particles on a
line parallel to y-axis are assumed to be equally displaced so
that all field quantities remain independent of y-coordinate

viz " = 0. Further the disturbance is assumed to be confined

to the neighbourhood of the free surface and hence vanishes
asz—> 0,

Fluid half-space
X
|
(0]
Semiconduct
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v 2
Fluid layer z=-d
A
d
\ 4 »
>
(6]
Semiconductor half- z=0
space
Z

Figure 1. Geometry of the problem

In linear theory of thermoelasticity for semiconductors,
the non-dimensional governing field equations for temperature
change T(x, z t), displacement vector u(x, z, t) = (u, 0, w) and
electron diffusion field N(x, z t); in the absence of body forces,
electro-magnetic forces and heat sources; are given by
Maruszewski [6] and Sharma and Thakur [8].

uVii+(A+ )V i —A"VN-A'VT = pu (1.1)
szr+m""v2/v—(1+tQ%)(pcﬂT'+pTUa"N+T0;f V.ﬁ)—pa{'[N—jY]—O
Ol

n

(1.2)
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tp %ﬁ[t —1+a§Toa”]%—t”a— N=0 (1.3)

n

where we have used the notations

The considered fluid may be inviscid or viscous with varying , 02 52 al" 29"

. . n
temperature but thermally conducting which can be modeled Vo= o’ +8_2 a4 =—5> ay = " Nen—n
as a heat source in addition to normal hydrostatic load. The u Z a a 0
surface of'the semlco.nductor. is assumed to be in yvglded AT =@a+2way, T=T,-T, @)
contact with the fluid medium. We take the origin of
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Here A , y are Lame parameters; p is the density of
the semiconductor; A" are the elasto-diffusive constants of
electrons, a; is the coefficient of linear thermal expansion
of the material; K is the thermal conductivity, &” is the
thermo-diffusive constant of electrons; a?",a?,a"are flux
like constants; D" is the diffusion coefficient of electron. The
quantities m"4 and m4" are the Peltier-Seebeck-Dufour-Soret
like constants; ¢ , t" are respectively, the relaxation times of
heat and electron fields, C, is the specific heat at constant
strain, ¢," denotes the life time of the carriers' field and 7,
is the non-equilibrium concentration of electron. The densities
of the charge carriers at doping level are assumed to be of
such values that the life time ¢, , and the diffusion coefficient
D" is independent of them.

Further the equations (1) are subjected to the following

assumptions:

(i) All the considerations are made in the frame work of the
phenomenological model.

(i) The electric neutrality of the semiconductor is satisfied.

(iii) The magnetic field effect is ignored.

(iv) The mass of charge carrier fields is negligible.

(v) The electron field within the boundary layer is very weak
and can be neglected.

(vi) The recombination function of electrons is reduced on
the basis of the facts that take care of defects and hence
concentration values of the charge carrier field [19].

We define the quantities

nDn LN . )

LN_[I_ Eu a() _t_Jr]N_tnN‘|_ en T+5q”V2T

X tn

_EneT V.Zfi:O
4.3)

We introduce the scalar point potential function ¢ and
vector point potential function 7 = (0, —, 0) through
the relations

_0p ov 0 Ov (5)
ox Oz 0z Ox
The subs__titution of expressions (5) in equations (4) leads to
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52
The equation (6.4) corresponds to purely transverse waves
which get decoupled from rest of the motion and are not
affected by the thermal and charge carrier fields. This elastic

. ®'x  , o'z . T . N wave travels in space without attenuation. The equations (6.1)
X=——,z="—,t=0t, T :F' N =— to (6.3) in the above system can be simplified under the
¢ G 0 o assumption that is considered semiconductor of relaxation
x * type. For such materials, the diffusion approximation of the
po , PO C 0_.0 s m e . . e
U, W= W, ¥ =t7o*, " =t"o physical process ceases to be obligatory and the diffusion /
AT, AT, life times (2" /¢,) become comparable to each other in their
) - values (" =t,).
+ + 2_C AT, s _Co(A+2p) . . . .
t, =t, %06 27: €r= 2C.(A+24)" w = K In liquid medium the velocity components are given by
1 e
_0¢, oy, _09, _oy,
n qn u, = + s Wp = (7)
cz_ﬂ+2ycz_,u _ K /T_/Ino g M, ox Oz oz Oox
b p 2 _p'l_ pCe' " AT, _pD” n, where ¢, and y, are respectively, the scalar and vector
point velocity potentials. Thus in the liquid medium the
nq n n . . .
_ azKTo, e ”;{J’jo’ aon :2 1;0 Cay" = acno a) governing equations are given by
pn D e e 4 a .
‘ ’ ’ (55 3V a_jV2¢L é, :é 8.1)
. t p
where @ and &, are respectively, the characteristic frequency
and thermoelastic coupling parameters of the semiconductor. l .
PIng P Vi, ——y, =0 (8.2)
Upon introducing the quantities (3) in the basic equations (1), Vi
we obtain
VT, -7, = EPOL2g (83)
B
SV u+(1-56>)VVii —i—AVN-VT=0 (4.1)
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Here, ¢, is the velocity of sound in liquid, A, is the bulk
modulus, o, and u, isrespectively the density and dynamic
viscosity of the liquid; " is the coefficient of volume thermal
expansion; and T, is the temperature deviation of liquid
medium from ambient temperature 7, . In case of non-
conducting liquid (lazg)) ,sothat a =0 the equation (8.3)
becomes T, :%Vzﬂ

Boundary conditions

The continuity of stresses, displacement, electron concentration,
temperature change, electron and heat fluxes on the solid-
fluid interface is assumed to be satisfied. This leads to the
following non-dimensional boundary conditions at the solid-
fluid interface (z=0) .

¢

57 (@, +v.)= _p%{éﬂ; v, (24, .+ 4, +w, )} (10D

Ve-dly-g.) = L5 i) 02
.V, =0. Vi, (10.3)
bty = v, (104)
T.+kT, +&" (N_+h,N)=0 (105)
N +hz, (N+1"N)+e” (T i (:1 IETL;j =0 (106)
=2 (10.7)

In case of non-conducting fluid (k = 0) the boundary conditions
(10.5) to (10.7) reduces to

T.+h (T-T,)+&" (N’z+hnN):O (10.8)

N, +hE

n®ng

(N+£"N)+ & (rz +%hT(T—T,‘)j =0 (109

n nq

n
a, s _ m

&
> !
"¢, E

where h, = =
pD"a;”

Here h, — 0 correspond to thermally insulated and charge

free (no flow of electron flux across the boundary) boundary

and i, — o refers to isothermal and equipotential one.

Formal solution

We consider the case of time harmonic waves so that the

solutions ¢, T, N, and v, @,, ¥, of equations (6) take

the form:

BTN b, 6,.w.)=
(#(:). T(=). M) () 4, (). 6, ()7, (2)) explik(x—ca))  (11)

where ¢ =% is the phase velocity, k and @ are respectively
the wave number and angular frequency of the waves. Upon
using solutions (11) in equations (6), after lengthy but straight
forward algebraic reductions and simplifications, we obtain

the following formal solution for (6. N, T, v, ¢,,.,,,v,) that
satisfies the radiation conditions R, (m,)>0 and Re(y,)<0

i=1,2,3,4,wehave

o= i A, exp{—m,z + ik(x —ct)}

i=1

3
T=ZA,W,. exp{— m;z +ik(x —ct)}

(12.1)

(12.2)
i=1
3
N=>"4, S, exp{~m,z+ik(x—ct)} (12.3)
i=1
w = A, expl- Bz +ik(x—ct)} (12.4)
2
Z [B[ sinhy, (z + d)]exp{ik(x —ct)}, for finite layer
4, = ":1 (12.5)
ZBi exp{yl. z +ik(x—ct)}, for half — space (d - oo)
i-1
_ [B3 sinhy, (z + d)]exp{ik(x —ct)}, for finite layer (126)
‘ B, exply,z +ik(x—ct)}, for half —space (d — ) '
T, = 5,0, i=1,2 (12.7)
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V,0

Here a’
a’~A4a*+Ba’-C =0
where 4, B and C are given by

, i=1,2, 3 arethe roots of the complex cubic equation

(14)
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In case of relaxation type semiconductor life time and
relaxation time are comparable (t” = t;) and consequently
7, gets modified. In general, the characteristic roots
m, (i=1,2,3) are complex and as we are considering
surface waves only, so without loss of generality we choose
only that form of m, and y, which satisfies the radiation
condition required for the boundedness of the solution.
Hence the solution is a superposition of the plane waves

attenuating with depth.

Derivation of dispersion relation and its reductions

We consider the situation in which semiconductor half-
space is in contact (or loaded) with viscous inviscid liquid.
Upon applying the required interface boundary conditions
(10) at the solid-fluid interface (z = 0) and subsequently
requiring non-trivial solution of the resulting coupled
equations, after lengthy but straight forward algebraic
reductions and simplifications, the secular dispersion relation
for Rayleigh surface waves is obtained as

D, +ks, D, +ks,,D, +s,T.D, +s,,T,Ds =0 (17)
where
D, = LW, -L,W, + LW,
D, =—s W,PA, + (WP, —M;)A, + (M, —&,N,)A,
+€nSL2T1(Pl _QI)A6 +(M1 _511N1)A7
+5, 0[P —€,0,)A + (6, P, —05)A ]
Dy =¢ W,BA, +(M; —& W\ P)A; —(M, +&,W;F)A;
+e,5,1,(0, —R)As +&,N A
+ gnSLlTZ [(I)2gn - Q2 )AQ + (Q3 - gnI)S)AIO]
D, =LA, —Ay) - LA,
Dy = LAg —L,As + LA, (18)
Here L, , L, can be obtained from L, by replacing the
subscripts permutation (2, 3) with (1, 3), (1, 2), respectively.
The secular equation (17) governs the motion of modified
guided elasto-thermodiffusive (ETN) Rayleigh (Stoneley)
waves in the instant analysis. It contains complete information
about the phase velocity, attenuation coefficient and other
characteristics of the ETN surface waves in a thermoelastic

semiconductor half-space loaded with liquid layer of finite
thickness with varying temperature.

In case of non-conducting fluid £ — 0= a* — 0, so that

@’ po;

Sp=— 2
B((1+¢&,)5; —giva

p’(L, — L, + L,)-4k* B(m,L, —m,L, + m,L,)F +G =0
(19

where
o _ B +A4'(B,+B,4")
Ay + A" (4, +4,47)

- —s,h, T,F*(C,+C,A")
(4 +a(4 +4,47)

Solution of secular equation

The characteristic roots m,,y, (i =1, 2,3) given by
equation (14) are in general complex and therefore, the wave
number and hence, phase velocities of the waves are complex
quantities. Therefore, the waves are attenuated in space.

If we write
=V " +io?! 0 (20)

sothat k = R+iQ, R=% where ¥ and Q arereal. The
exponent in the plane Kwave solution (11) becomes
R (x-Vt)-Qx, which shows that V' is the propagation speed
and Q the attenuation coefficient of the waves. Upon using
equation (20) in secular equation (17) and other relevant
relations, the values of phase speed (7 )and attenuation
coefficient ( Q) for the propagation of Rayleigh waves can be
obtained for different values of the wave number (R ). The
secular equations (17) and (19) being algebraic equations in
the case of leaky waves and transcendental equations for
non-leaky are of the form f(m, RV, Q) =0 . For known
values of m these equations can be solved to compute phase
velocity (V) and attenuation coefficient (Q) for fixed values
of wave number (R) and given V' =V,, Q = Q, . We
shall use functional iteration method to solve the secular
equations for phase velocity (V) and attenuation coefficient
(Q) for different values of wave number (R) and procedure
adopted is outlined below.

The functional iteration method to solve of an equation
of the form g(¥) =0, requires to put this equation in the
form p = F(V), so that the sequence {V,} of iterations for
the desired root can be easily generated as follows. If J =V
be the initial approximation to the root, then we have
V, = F(VO) v,=F(,), V;=F(/,)... and so on. In
general, v, ,=F(,), n=0,123. If ’F'(V)<<1, for all
V' eI, then the sequence V, jof approximations to the
root will converge to the actual value V' = V, of the root,
providedV; € I . Here I is the interval in which roots is
expected. For initial values of V' =V and QO = Q,, the
valuesof m; , 7, (i =1, 2,3) can be obtained from equation
(13) and then these values are further used in secular
equations (17) and (19) to obtain current values of " and Q
which are then used to generate a new approximation until or
unless the sequence of iterations to the values of ¥ or QO
converges to the desired level of accuracy. That is the
condition |V, =V ,| <€, € being arbitrarily small number to
be selected at random in order to achieve the accuracy level,
is required to be satisfied. This process is continuously
repeated for different values of wave number (R) to obtain
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phase velocity (V) and attenuation coefficient O.Consequently,
the specific loss of energy (SL) and relative frequency shifts
(RFS) can also be computed. The specific loss is the rate of

energy dissipation | —— in a stress cycle of the specimen

Re(k) )
k being complex. Here, we have,. _ ‘AW‘ 4”(1/Qj
w

when the strain is maximal. It is given by| A% | _ 4;{Im(k)J
w

w
Numerical results and discussions

In this section, we present some numerical results in order
to illustrate the analytical developments carried out in the
previous sections. To understand the interactions of various
fields in thermoelastic semiconductors, the non-dimensional
phase velocity (), attenuation coefficient (0) and specific loss
factor of energy dissipations (x') of ETN-surface wave modes
under different situation have been obtained and computed
numerically for semiconductor half-space loaded with thermally
conductive liquid. The secular equations (17) and (19) have
been solved numerically by using fixed point iteration
technique. The materials chosen for this purpose is Germanium
(Ge) and Silicon (5i), the physical data for which is given in
Tables 1. The fluid loading is considered to be ideal water (H,0)
and heavy water (D,0) for the purpose of numerical
computations whose physical data is given in Tables 2, 3

Table 1. Physical data of germanium (Ge) and silicon (Si)
semiconductor materials

Physical Units Ge Si References
Quantities
2 Nm 0.48x10" 0.64x10"
H Nm™ 0.53x10" 0.65x10"
p Kgm 5.3x10° 2.3x10°
o s <107 <1.4x107° (6]
t s <107 <107
D" m’s™ 0.5x107 0.35x107
D’ m’s” 0.5x10 0.125x107
ny = P, m” 10% 10%
a” m? /s 3.4x107 1x107 [20]
a’ m?/s 1.3x107° 1.5x107
Wm'K! 60 150
C. JKg'K! 310 700 [21]
ay K 5.8x10° 2.6x107°
m" vk —0.004x107 1.4x10° [22]
m vk | -0.004x107 1.4x10°

Table 2. Physical data for inviscid fluid (H,0) and viscous fluid (D,0)

Table 3. Specific heat of water at constant volume for different

temperatures
7,(°C) 0 15 35 50 100
C.(J/Kg°C) 1.008 [1.00  |0.997 0998 |1.006

Figure 2 shows the variation of phase velocity with
thermal conductivity ratio (k) at life time 7, = 1ps and 0.1ps
when germanium (Ge) semiconductor half-space is loaded
with thermal conductive viscous or inviscid liquid. It is
observed that considerable changes that occur in phase
velocity are for relatively narrow interval of thermal
conductivity ratio 0<(k)<1. Itis found that the magnitude of
phase velocity (V) increases uniformly with thermal
conductivity ratio (1;) The behaviour of dispersion curves for
generalized Rayleigh Stoneley waves, in both viscous / inviscid
liquid loadings is found to be similar except that the
magnitude of phase velocity of latter is quite large as
compared to that of former one. It is also observed that the
magnitude of the phase velocity increases with increasing life
time of charge carrier field in case of both inviscid and viscous
liquid loadings. Figure.3 shows the variations of attenuation
coefficient (Q) with thermal conductivity ratio (k) for life
times ¢, = 1ps and 0.1ps when semiconductor is loaded with
thermally conducting viscous or inviscid liquid. It is noticed
that for both viscous and inviscid liquid, the attenuation
decreases exponentially with thermal conductivity ratio (E)
The magnitude of attenuation is found to be higher in case of
viscous liquid than that for inviscid liquid loading.

Figure 4 shows the variations of specific loss factor of
energy dissipation (x) with thermal conductivity ratio (k) at
life times ¢, = 1ps and 0.1ps. From Figure. 4, it is observed
that the specific loss factor increases monotonically with
thermal conductivity ratio (/E) up to 0.2 thereafter it become
constant. However, the magnitude of specific loss factor of
energy dissipation (x) for viscous liquid is found to be quite
large than that in case of inviscid liquid loading. Figure 5
shows the variations of phase velocity of surface waves with
wave number (R) at different life times in the case of inviscid
or viscous liquid loadings. The considerable changes of phase
velocity are noticed to occur within relatively narrow interval
of wavenumber (R) . It is found that the magnitude of phase
velocity (V) decreases in the wave number range 0 <R <0.2
before it becomes steady and uniform for R > 0.2, at life times
¢ = 1ps and 0.1ps.

Figure 6 shows the variation of attenuation coefficient (Q)
of generalized Rayleigh waves with wave number for different
life times of semiconductor loaded with thermally conducting.
It is revealed that the attenuation coefficient (Q) increases
linearly for wave number interval 0 < R<0.4 and after

Slf.’ﬂiﬁlies Units H,0 D,0 |References R > 0.4 it becomes constant in case of viscous liquid loading.
23] It is noticed that for inviscid liquid loading, the attenuation first
Pi Kgm3 100 1104.36 or increases in the range 0 < R <0.25 and then decreases
c; ms-1 1500 1500  |[24] monotonically for R >0.25. The magnitude of attenuation
coefficient (Q) in case of viscous liquid is found to be quite

My Nm-2s 0.0 1.0 L. . . .. .
large as compared to inviscid fluid loading. This is attributed to
K Wtk 0686 0636 [25] the fact that when a wave travel along the interface, the fluid in
Madridge ] Nanotechnol Nanosci Volume 5 « Issue 1 » 1000133 173
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immediate contact with the solid is at rest and subsequent
layers of fluid may have a velocity that increases with increasing
depth from the solid surface. The velocity gradient causes an
internal stress associated with viscosity that leads to loss of
momentum and this loss of momentum results in decrease of
amplitude (attenuation) of the wave close to the surface. Figure
7 shows the variations of specific loss factor of energy
dissipation (K) with wave number (R) at life times ¢, = 1ps
and 0.1ps. The Figure. 7 revealed that the specific loss factor of
considered waves first decreases in the interval 0 < R <0.45
and then increases monotonically with increasing wave number
for R > 0.45, at all considered values of life times.

Figure 8 presents the variation of phase velocity with
thermal conductivity ratio (l?) atlife times ¢, = 1psand 0.1ps
in a silicon (S) semiconductor loaded with thermally
conducting viscous or inviscid, liquid.

18
16
w4 e
12 A
E 10 - — (tn+ =l ps)viscous fluid
é ------- (tn+=0_1ps)viscous fluid
208 o
4 —+— (tn+=1psunviscid thud
@ -
g 0 1 --=4-=- (tn+ =01 ps)inviscid fluid
=
;l 4
|

0.6
Thermal conductivity ratio(l; /leg)

Figure 2. Effect of life time on the phase velocity of RW versus
thermal conductivity ratio in semiconductor (Ge) half-space.
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'E ---e--- (tn+=0 1 ps)inviscid fluid
+

Attenuation(Q)
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Figure 3. Effect of life time on the attenuation of RW versus
thermal conductivity ratio in semiconductor (Ge) half-space.
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Figure 4. Effect of life time on the Specific loss of RW versus
thermal conductivity ratio in semiconductor (Ge) half-space.
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Figure 5. Effect of life time on the Phase velocity of RW versus
wave number in semiconductor (Ge) half-space.
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Figure 7. Effect of life time on the Specific loss of RW versus wave
number in semiconductor (Ge) half-space.

It is noticed that the considerable changes of phase
velocity that occur are within relatively narrow interval of
thermal conductivity ratio Os(]g)sl. It is found that the
magnitude of phase velocity (y) for thermally conducting
fluids both inviscid and viscous increases uniformly with
thermal conductivity ratio (IE) The behaviour of dispersion
curves of generalized Rayleigh waves in case of both viscous
and inviscid liquid loadings is found to be similar except that
the magnitude of phase velocity in latter case is quite large as
compared to that former one. It is also observed that the
magnitude of the phase velocity is found to increase with
increase in life time of charge carrier fields for both inviscid
and viscous liquid loadings.

Figure 9 shows the variation of attenuation coefficient
(©) with thermal conductivity ratio (k) at life times ¢, = Tps
and 0.1ps in silicon (Si) semiconductor half-space loaded with
thermally conducting viscous or inviscid liquid. It is noticed
that the attenuation decreases exponentially with thermal
conductivity ratio (E) for both viscous and inviscid liquid
loadings. The magnitude of attenuation in case of viscous
liquid is found to be quite large as compared to that of
inviscid liquid loading.

Figure 10 shows the variations of phase velocity of
generalized Rayleigh waves with wave number (R) at different
life times in the case of inviscid or viscous liquid loading.
Considerable changes of phase velocity that occur have been
observed within relatively narrow interval of wave number
(R). It is found that the magnitude of phase velocity (V)
decreases in the wave number range 0< R <0.2 before it
becomes steady and uniform R>0.2, at life time , = 1ps
and 0.1ps in a silicon (Si) semiconductor half-space is loaded
with thermally conducting viscous and inviscid liquid. Figure
11 represents the variation of attenuation coefficient (Q) of
considered waves with wave number at different life times in
silicon (Si) semiconductor loaded with liquids. From Figure 11,
it is observed that in case of viscous liquid loading, the
attenuation coefficient (Q) increases linearly with wave
number. It is noticed that for inviscid liquid loading, the
attenuation first increases linearly for 0 < R < 0.25 and then

increases monotonically in the wave number range R = 0.25.
It is also formed that the magnitude of attenuation coefficient
(Q) in case of viscous liquid loading is found to be quite large
than inviscid.

9
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Figure 8. Effect of life time on the Phase velocity of RW versus
thermal conductivity ratio in semiconductor (Si) half-space.
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Figure 9. Effect of life time on the attenuation of RW versus
thermal conductivity ratio in semiconductor (Si) half-space.
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Figure 10. Effect of life time on the Phase velocity of RW versus
wave number in semiconductor (Si) half-space.
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Effect of life time on the attenuation of RW versus wave
number in semiconductor (Si) half-space.

Figure 11.

Conclusions

In this paper we have introduced the effect of thermally
conducting fluid, both inviscid and viscous, loadings on the
characteristics of generalized Rayleigh waves in a n-type
semiconductor propagating along solid-liquid interface. It is
found that the fluid layer in contact with semiconductor

Appendix

causes significant changes in phase velocity, attenuation and
specific loss of generalized Rayleigh waves. The behaviour of
dispersion curves for both types of liquid loadings is found to
be of similar nature expect that the magnitudes of phase
velocity, attenuation and specific loss for inviscid liquid
loading is quite larger than their counterparts in case of
viscous one. This may be due to adhesive forces at solid-
liquid interface and liquid density, the energy dissipation is
more in viscous liquid as compared to inviscid liquid loading.
The attenuation caused by liquid loading is attributed to the
combined effects of radiation losses due to energy leakage
into the liquid and dissipative losses because of viscous
friction at the interface. It may be contribution of its
dependence on surface roughness, viscosity and density of
the liquid. The magnitude of specific loss factor is found to be
more in case of viscous liquid. It is also noticed that magnitude
of phase velocity in case of silicon semiconductor material
with thermal conductivity ratio (k(j and wave number (R) is
found to be large than that for germanium semiconductor
material.
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The quentatities used in equations (17) and (19) are given by
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