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Abstract

The propagation of acoustic waves in a homogeneous isotropic semiconducting layer sandwiched between
two homogeneous transversely isotropic piezoelectric halfspaces has been investigated. The mathematical
model of the problem is depicted by a set of partial differential equations of motion, Gauss equation in pie-
zoelectric material and electron diffusion equation in semiconductor along with the boundary conditions to
be satisfied at the piezoelectric-semiconductor interfaces. The secular equations describing the symmetric
and asymmetric modes of wave propagation have been derived in compact form after obtaining the analytical
expressions for various field quantities that govern the wave motion. The complex secular equation has been
solved numerically using functional interaction method along with irreducible cardano method. The com-
puter simulated results are obtained with the help of MATLAB software for 6mm cadmium selenide (CdSe)
piezoelectric material and n-type silicon (Si) semiconductor in respect of dispersion curve, attenuation and
specific loss factor of energy dissipation for symmetric (sym) and asymmetric (asym) modes of wave propa-

gation. The study may find applications in non-destructive testing, resonators, waveguides etc.
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1. Introduction

Lord Rayleigh [1] was the first who described the surface
acoustic waves in connections with earthquake problems.
Love [2] gave the first comprehensive treatment of dis-
persion for Rayleigh and Love waves in case of an elas-
tic halfspace covered with a single solid layer. Bleustein
[3] and Gulyaev [4] theoretically predicted that a pure
shear surface acoustic wave can be guided by the free
surface of a piezoelectric halfspace. White [5] predicted
that an acoustic wave propagating in a piezoelectric
semiconductor can be amplified under the effect of a dc
electric field. Collins et al. [6] observed strong interac-
tion between the wave on the surface of piezoelectric
crystal and the drifting carriers in the nearby semicon-
ductor. Dietz et al. [7] explored the acoustoelectric am-
plification of acoustic waves in the composite of piezo-
electric dielectric and non-piezoelectric semiconductor.
Kagan [8] considered the surface wave propagation in
a piezoelectric crystal underlying a conducting layer. It is
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predicted that the electric field excited by the wave in
crystal penetrates into the conducting layer. Jin et al. [9]
studied the Lamb wave propagation in a metallic semi-
infinite medium covered with piezoelectric layer. It is
found that the dispersion curves are asymptotic to the
transverse velocity of the piezoelectric layer with in-
creasing wave number. Sharma and Pal [10] investigated
the Lamb wave propagation in a transversely isotropic
piezothermoelastic plate. Sharma et al. [11] have ana-
lyzed the propagation of surface waves in a piezoelectric
halfspace coated with a semiconductor layer.

Wu and Zhu [12] studied the Lamb wave propagation
in a plate bordered with inviscid liquid layers and found
that the acoustic impedance approach is valid when the
plate thickness is much smaller than the wavelength of
transverse wave in the solid. Sharma and Pathania [13]
studied thermoelastic waves in a homogeneous isotropic
plate bordered with inviscid liquid layers. Sharma and
Kumar [14] analyzed Lamb waves in micropolar ther-
moelastic solid plates immersed in liquid with varying
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temperature.

Sorokin [15] discussed the wave propagation of purely
shear deformation in an unbounded sandwich plate
composed of two identical isotropic skin plies and an
isotropic core ply. Qiang et al. [16] analyzes the guided
wave propagation in multilayered piezoelectric structures
whose each layer is made of an arbitrarily anisotropic
piezoelectric material. Hu et al. [17] have given an exact
analysis of forced thickness-twist vibrations of multilay-
ered piezoelectric plates. Su et al. discussed the Lamb
wave for identification of damages in composite struc-
tures. Lu and Bhattacharya [18] considered the elastic
wave propagation in a sandwich structure with two thin
stiff face plates and a thick compliant core.

Sandwich structures found applications in many fields
such as spacecraft, aircraft, automobiles, boats and ships.
Keeping in view the wide range applications and above
referred work an attempt is made to study the acoustic
waves in a sandwich structure consisting of semicon-
ducting layer between two piezoelectric halfspaces. The
phase velocity, attenuation and specific loss factor of
energy dissipation for acoustic and optical modes of
wave propagation in case of symmetric and asymmetric
modes of wave propagation, in a sandwiched structure
have been computed numerically from analytically de-
veloped model. The effect of variation of semiconduct-
ing layer thickness on the considered wave fields has
also been taken in account to show the wave guide nature
of the thin layer composite structure.

2. Formulation of the Problem

We consider an n-type homogeneous isotropic semicon-
ductor layer of thickness 2h sandwiched between two
homogeneous transversely isotropic, piezoelectric half-
spaces. We take the origin of Cartesian coordinate sys-
tem OXyz at any point on the mid-plane of the semi-
conductor layer and z-axis along the thickness of the
layer as shown in Figure 1. Obviously the piezoelectric
semi-spaces are represented by z>h and z<-h and
the semiconductor layer occupies the region —h<z<h.

We choose x-axis along the direction of wave propa-
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Figure 1. Geometry of the problem.
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gation in such a way that all particles on the line parallel
to y-axis are equally displaced. Thus all field quantities
are independent of y-coordinate.

The basic governing equations of motion and electron
diffusion for the composite structure under study, in the
absence of body forces and electric sources, are given
below:

1) Semiconductor (n-type) elastic layer (Sharma et al.
[11]):

UV +(A+u)VV-u* = A"VN = p°Ui° (1)

p°D"V’N - p° (1 +t" gj N-alT,A'V-u°

. )
= —(1+t" gj(p—J N
o\t

2) Piezoelectric (6 mm class) medium (Sharma et al.
[11]:

Cllu,’;x +C44UEZ +(C13 +C44)W,'>)<z +(els +e31) ,Ez =pPu® (3)

p p P P P o PyyP
(Cl3 +Cyy )u,xz +Cyy Wi +C53W5, + e15¢,xx +€50, =p"W

4)
(els +931)u,'>)<z +915W,,>)<x +e33WEZ _511¢,Ex _833¢,Ez =0 (5)
? &
where the notations V> =—+—, N=n-n,
ox~ oz
n an T
a, :a—Q, A :(3/1+2,U)a-|—

have been used. In the above equations the superposed
dots on various quantities denote time differentiation and
comma notation is used for spatial derivatives. Through-
out this paper the superscripts p and S refer to piezo-
electric and semiconductor materials, respectively. Here
A, u are Lamé’s parameters; p° is the density; A" is
the elastodiffusive constants of electrons; D" is the
diffusion coefficient of electron; t; and t" respec-
tively are the life and relaxation times of the carrier field,
n, and n are the equilibrium and non-equilib- rium
values of electrons concentration; «; 1is the coefficient
of linear thermal expansion of the semiconductor mate-
rial. The quantities a®,a® are flux-like constants and
T, is the uniform temperature; U° = (US,O, WS) and
uf = (up,O,Wp) are displacement vectors for semicon-
ductor and piezoelectric materials, respectively. The
quantities ¢°, p°, c; and g; are the electric potential,
density, elastic parameters and piezoelectric constants;
g, and ¢&,, are the electric permittivity perpendicular
and along the axis of symmetry of piezoelectric material,
respectively.

The non-vanishing components of stress tensor, cur-
rent density and electric displacement in both the media
are:

Semiconductor:
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=22 2 N,
o4 oX ©)
= A gs e,
07  OX
Piezoelectric
p ou® ow® og®
2z =Cis E+C33 ?"'e;ss oz
Cyfou?  owP og®
TXpZ :i _t ISi’ (7)
2\ 0z oX OX
ou® ow? og®
D; = e31§ 33 3_533§
where 7; and 7 are the stress tensors. The quantities
J; and N, respectively denote the current density and

carrier density gradient in semiconducting layer; D) is
the electric displacement vector of piezoelectric material
and e is the electronic charge.

Boundary Conditions

The requirement of continuity of stresses, displacements,
electric fields and current density at the interfaces
(z=xh) of two media leads to the following interfacial
boundary conditions

P_ P oS Py o wP =W aP = P_ 73S
=1, th=r,,uP =0, w=w'¢"=N,D}=1J;

(®)
In order to simplify the model, we define following
quantities

22

@ X o'z o C .
X'=—,2'=—,t'=0", t" =", T =o'},
I Vi
N . PV . Py
r_ pt_ | p s’ _ [T
R A T
Ny€s3 No
P o'V, P oy, P oV,
s [ P _ | P p LwP
TP T T M ’
o o o
p Z-iJP s Ti? s ‘st Cs
G =—n = G Ton 1=
A'n, A'n, en,v, C,
c _Cy Ci3 +Cy €5 + &5
D s V3 T 1 ’
C Ci €33
2 A+2u €s —_ & €356,
V| - S s Yy T T &E=—", 3 = 2
P €33 €33 €3
p n
,_(0 C/_ﬁ — Cl] —_p __/an
= % 2 - b p - p b ,0 - s (1 T 9
1) v, P AT,
2 "
v, e,0" oV,
2 I po_ p 33 1
51 ) ¢ _gp¢ B gp = ﬂ,n 5
Vp C AN,
naT2+ 7 2 2
_ a’2]’ Toﬁ“n * VI 2 V_t V2 _i (9)
s n’ 2° %t T s
P (A+2u)n, D v, el
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where ®" is the characteristic frequency, and v, V,
are respectively, the longitudinal and shear wave veloci-
ties.

Introducing the quantities (9) in Equations (1) to (7),
we obtain (on suppressing the primes for convenience)

SV +(1-67)VV-1u' —VN = u° (10)
n 2

V>N — —i+ - §+t” o IN- - V¢ =0 (11)
t t ot ot

ub +cub, +cwh, +e b =57uP (12)

CUP, +C,Wh +C W, +e,0 + g0 =57WP (13)

elu,'))a +e2W,‘>J<x +\N,gz _773E¢, 773¢p =0 (14)

s =(1—252)a—“5+a""5 -N,

ox oz
out ow (15)
S L L N
oz oX ’
o) ou® owP
Tx‘;:é‘lz {( 3 Cz) B +C 2 +@7 ¢,
p PG +6Wp +e,¢° 16
Ty 51 {2( oz X 2¢,x s ( )
ouP owP
D =(e —&,)—+——-1,¢"
z (1 z) ox o 9,

In order to facilitate the solution in semiconductor
layer, we introduce the scalar and vector point potential
functions ¢° and ° through the relations

w00 0V 0P v

) 17
OX oz 0z OX a7

The Equations (10)-(11) with the help of relations (17)
provide us

Vi —N—-¢° =0 (18)

v2w5=§ (19)
n 2

VN L[ 1: D 20 O IN e vig =0 (20)
t t ot ot

The Equation (19) corresponds to purely transverse
waves in the semiconductor which get decoupled from
rest of the motion and is not affected by the concentra-
tion of charge carrier fields.
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3. Formal Solution of the Problem

We take harmonic wave solution of the form
(w°.0°.N,uP,wP,4")

D ) 21)
:(y/s,gos,N,up,Wp,¢p)exp{lk(X—Ct)}

where ng,here C(C'zij, a)(a)'=£*j and
k w

VI
v,k . . .
k'= '—* are the non-dimensional phase velocity, angu-
1)

lar frequency and wave number, respectively, in which
primes have been suppressed for convenience.

The use of solution (21) in Equations (18)-(20) and
(12)-(14) after straightforward algebraic reductions and
simplifications leads to the formal solution satisfying the
radiation conditions in semiconductor layer and piezo-
electric as under:

% :( Sef? 4 B;e‘ﬂz)exp{ik(x—ct)} (22)

(¢5,N ) =>(1,S; )(Aseniz +Ble™™ )exp{ik (x— Ct)} (23)

for semiconductor layer (—h<z<h)
(u P ,Wp’¢p)

= > (L-M;,—R)B’ exp{-mz +ik (x—ct)}

i=1

24

for piezoelectric halfspace (z>h) we have

(0.0.47) = (1., R)A” exp mz 5~} 25

for piezoelectric halfspace (z<-h) we have
where

azzkz(l—cz), S, =n’-a’,
nf:kz(l—czaf), i=12
2 2 ¢’ 22
pr=k 1= |, = (1-57¢),
A=(cE+c, —87¢ )i, +28,, (26)
B

= (Cz ~éc? )773§+e§»

. t" 1
a’+a; =1+t"+io™ (1+gn ——j+—,
+ 2t+
n n

2,2 n Rt tn 1
al a2 =t +low 1—_+ +T’
t t

n n

Copyright © 2011 SciRes.

UV +(A+u)VV-u* = A"VN = p*u’
m; +m; +m; =
2 C,A+E(L+me )=, (cym; +26, ) + 6]
c, (1+mc,)
m’m2 +mZm? + mim? = 27
\ {C2B +EA—C, (Cy,E +2e8, )+ € (C2 -sl¢c’ )}
“ c, (1+mc,)

mm2m? = k® ¢B
e C2(1+77301)

>

>

M, =

—ikm, {c3773 (m,2 —k25)+el(mf —k’, )} (28)

(clmf -k’c, +512kzcz)(mi2 —kZE)n3 +(mi2 —kzez)2

b ike,m, . (mf—k2€2) M., i=12,3 (29)
o) (mioes)

Consequently, the expressions for stresses, current
density and displacements in the semiconductor layer are
obtained from Equations (15) and (17) via (22) and (23)
as:

T;Z = { pzz:(Ase"‘Z + Bise’”iZ )_ q( sef? _ B}se—ﬂz )}
i-1
exp{ik (x—ct)}
T = {Z fi(Ae™ B ™ )+ p(Are” +Bje )}
i-1

exp{ik(x—ct)}

(30)
€L))

J; :_isini (Asen'z _Bise‘"iz)exp{ik(x—ct)} (32)

U’ = {iki( o+ Ble ™ )+ B A —Bie )}

exp{ik(x —ct)}

(33)

W = {Zzlni ( SeMiz _ Bise—niz )—ik(AjeﬂZ + B}Se-ﬂz )}
i-1

exp{ik(x —Ct)}

(34

where p=07(k*+p), q=2iks’B, f,=2iks™n,

and A°,B’(1,2) are the unknowns to be determine.
Using the solution (24) and (25) in Equation (16) we
obtain the stresses and electric displacement as:
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p
Tu

5252 IZy. Pexp{-mz+ik(x—ct)},

S
I I

p -5 ZZd B’ exp{-mz+ik(x—ct)}, (35)
1 1=3

q:;q

for piezoelectric halfspace z >h, and

Bf exp{—miz + ik(X—Ct)}

7! = 6262 ZY.AP exp{m,z-+ik(x—ct)},
1=l
) = 5252 Zd A’ exp{mz+ik(x—ct)},  (36)

D, = ZbiAp exp{miz+ik(x—ct)}

for piezoelectric halfspace z <—h, where

[

y; =ik(c;—c,)+cmM, +mP

C,

d, ==2m +ik= M. . +ike,P,
2 2

b =ik(e —e,)+mM; —;mP,, i=12.3.

4. Secular Equation

Upon imposing the boundary conditions (8) we obtain a
coupled system of twelve homogeneous simultaneous
algebraic equations in twelve unknowns AP,BP A’ and
B’,(i=1,2,3) which has a non-trivial solution if the
determinant of the coefficients

A’,BP,A’,B},(i=1,2,3) vanishes. This requirement
leads to a dispersion relation of the type

det(B-AC'D)=0 (37)
where A, B, C and D are the 6x6 matrices whose

non-zero elements are defined as below:
The non-zero elements (aij ) of matrix A are

a, =S, a;=S,, 85 =b (i=1,2,3)

The non-zero elements (bij ) of matrix B are

by =y (i=123), b,=bs=p, by=-q,

b, =1(i=1,2,3), by, =b,, =ik, by =2,
by =—d; (1=1,2,3), by, = f tanh(nh),
b,; = f, tanh(n,h), by, = ptanh(ph),
b, =-M,;(i=12,3), b, =n, tanh(nh),
b,s =n, tanh(n,h), b,, =ik tanh(Sh),
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by =—p,(i=1,2,3), b =-S,n tanh(nh),
b =—S,n, tanh(n,h)

The non-zero elements (Cj ] of matrix C can be obtained
from corresponding non-zero elements of (bij ) of matrix B
by replacing hyperbolic tangent function with the hyperbolic
cotangent function and non-zero elements d; of matrix D
are same as that of corresponding non-zero elements (aij )
of matrix A. After some algebraic reductions and simplifica-

tions the secular Equation (37) can be rewritten as:

T -HT -H,T" - H, [TlTa]il +H, [T, ]il =H;(38)

where
T, =tanh(nh), T, = tanh(n,h), T, = tanh(Bh)
H, = Siny H, = (Sz _81)n1n2 (G1 —2ikS’G 3)
S,n, HS,n,
_ (G3G4 _GIGZ) _ Sn, (GIG2 _G3G4)

3 HE, o HS,n,E, ’

H, = (Sz _81)n1E1(p—2k252)
HS,

H = pG, +ikG,

Gl :qFl(DZXl_DIXZ)_(ﬂxl+qDl)(F2XI_F1X2)9
__pRl(DZXl_DIXZ)_(ikXI_le)(szl_R1X2)7
G3 =qR1(D2X1_Dlxz)_(ﬂx1+qD1)(R2X1_R1X2)»
G4 =_pF1(D2X1_D1X2)_(ikX1_le)(szl_lez)a
E1=X1(DZX1—D1X2)
(39)
Here +1 stands for asymmetric mode of wave propa-

gation and —1 for symmetric mode of wave propagation.
The quantities D;,F,R;, X; (i=1,2) are defined as

D1 :PI_P2’ Dz :PI_P3’ Fl :leZ_dZPl’
F,=dP—-d;R, R, =MP,-M,P,

R, =M,h,-M;P, X, =y,R -yP,

X, =Y:P -y PR

(40)

5. Solution of Secular Equation

In general, wave number and hence the phase velocities
of the waves are complex quantities, therefore the waves
are attenuated in space. In order to solve the secular
Equation (38), we take

1=V '+io'Q 41

where kK=R+iQ, R :VQ, and R,Q are real numbers.
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Here, it may be noted that V and Q respectively rep-
resent the phase velocity and attenuation coefficient of
the waves. Using representation (41) in various relevant
relations, the complex roots m’(i=1,23) can be
computed from Equations (27) with the help of Cardano
method. The roots m’ are further used to solve secular
Equation (38) to obtain phase velocity and attenuation
coefficient of the surface waves by using function itera-
tion numerical technique outlined below:

In general the secular Equation (38) is of the form
c=¢(c) which on using representation (41) leads to a
system of two real equations f(V,Q)=0 and
9(V,Q)=0. In order to apply functional iteration
method we write V =f"(V,Q) and, Q=g"(V,Q)
where the functions f* and g° are selected in such a
way that they satisfy the conditions

o] Jar |, |, Joo"
EVAMES) EAMER
for all V,Q in the neighborhood of the root. If (V,,Q,)

be an initial approximation to root, then we can construct
the successive approximations according to the formulae

V= f*(voaQo)» Q= g*(VnQo)
V2 = f*(VI’Q])’ Qz = g*(vzan)

+ <1, + <1 (42)

(43)

Vn+1 = f*(vn’Qn)’ Qn+1 = g*(Vn+1’Qn)

The sequence (V,,Q,) of approximations to the root
will converge to the actual root provided (V,,Q,) lies
in the neighborhood of the actual root. For initial value
of c=c,=(V,,Q,), the roots m;(i=1,2,3) are com-
puted from Equations (27) by using Cardano method for
each value of the non-dimensional wave number (R)
for assigned frequency. The values of m;, so obtained
are then used in secular Equation (38) to obtain the cur-
rent values of V and Q each time which are further
used to generate the sequence (43). The process is ter-
minated as and when the condition |V, , —Vn|<g, &£
being arbitrarily small number to be selected at random
to achieve the accuracy level, is satisfied. The procedure
is continuously repeated for different values of non-di-
mensional wave number to obtain corresponding values
of the phase velocity and attenuation coefficient. Thus,
the real phase velocity and attenuation coefficient during
the propagation of Rayleigh type waves in the composite
structure under study can be computed from dispersion
relation (38).

5.1. Specific Loss

The specific loss is the direct method of defining the
internal friction for a material. According to Kolsky [19],

Copyright © 2011 SciRes.

in case of sinusoidal plane wave of small amplitude, the
. AW . .
specific loss W equals to 4m times the ratio of ab-

solute value of the imaginary part of k to the real part

Im(k
of k, ie. M=47t m( ),where k is a complex
Re(k)
num-ber such that Im(k)> 0. Here
Im(k
AW _ —():4n9‘:4n\£‘ (44)
w Re(k) R 1)

6. Numerical Results and Discussion

In this section we present the discussion of the results
obtained through computer simulations from the analyti-
cal developments in the previous sections for a sandwich
structure consisting of n-type silicon (Si) layer and
cadmium selenide (CdSe) halfspaces, whose material
parameters and constants are defined as [11]:

1) Piezoelectric halfspace:

¢, =741x10° Nm™, ¢, =3.93x10"" Nm™,
C,; =8.36x10" Nm™, ¢, =1.32x10" Nm~,

g, =-0.160 Cm™, e, =0.347 Cm™,
g5 =-0.138Cm™, ¢, =826x10" C°N'm~,
£, =9.03x10" C*N'm™?, pP =5504 Kgm™ .

2) Semiconductor layer:

A=0.64x10" Nm™?, £=0.65.0Nm,

D" =035x10"m>s™", n,=10"m,

a; =2.6x10° K™, p*=2300 kgm™.

The numerical computations have been performed
with the help of MATLAB software employing the pro-
cedure outlined in section 5 for the first two symmetric
(sym) and asymmetric (asym) modes
[n = l(acoustic),Z(optical)] of wave propagation.
Here the quantity Rh denotes the non-dimensional
wave number of acoustic waves traveling in the semi-
conducting layer sandwiched between piezoelectric half-
spaces.

From Figure 2 it is observed that phase velocity pro-
files of symmetric and asymmetric modes both, acoustic
and optical, have significantly large magnitudes at small
wave numbers (long wavelengths) which decrease with
decreasing wavelengths and ultimately become stable
and steady at extremely short wavelengths. The magni-
tude of phase velocity is small in case of fundamental
(acoustic) modes but large for higher (optical) modes in
the considered structure. This is attributed to the fact that
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100
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"""" n=2 (sym)
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Figure 2. Variations of phase velocity versus wave number
(Rh).

sat higher frequencies (short wavelengths), the semicon-
ductor material layer behave like a thick slab and hence
coupling between upper and lower interfaces is reduced
as a result the properties of symmetric and asymmetric
modes become almost similar. Under such situations the
wave motion at the upper interface is not confined to the
lower interface and displacement becomes localized near
the respective boundaries and as a result the wave dis-
persion curves asymptotically approach to that of Ray-
leigh surface wave in case of acoustic modes and to
shear wave velocity for optical modes in semiconductor
material.

Moreover, the unbounded displacement field is char-

acterized by the singularities of circular tangent functions.

It is also observed that the coupling effect of various
interacting fields decreases with increasing thickness of
the semiconductor layer resulting in lower phase velocity
as the wave travel along the interface (guided surface)
with little disturbance to the semiconductor layer. The
phase velocity of various modes at long wavelengths is
noticed to be quite high because such waves penetrate
deep in to the medium thereby creating significant dis-
turbance in either of the material components because
various interacting field become operative and contribute
in increasing the magnitude of the phase velocity.
Moreover, at long wavelengths the semiconductor layer
behaves like a thin structure and hence its properties are
greatly influenced by the substrate piezoelectric material
under such situation through the interfaces which also
attribute in high magnitude of phase velocity.

Figure 3 shows the variations of attenuation coeffi-
cient with the wave number. The attenuation of acoustic
and optical modes of wave propagation increases in the
range 0<Rh<4. It is evident that in this region at-
tenuation observed sharp increase in contrast to the phase
velocity profiles which show sharp decrease. The attenu-

Copyright © 2011 SciRes.

0.14
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Rh

Figure 3. Variations of attenuation coefficient versus wave
number (Rh).

ation of both acoustic and optical modes decreases be-
fore it attains a steady state for R >4 . It is attributed to
the fact that large wavelength waves interact with the
medium in contact to the maximum extent in contrast to
that at short wavelengths in which case these follow the
surface without significantly disturbing the medium.
Thus the medium offer a high resistance to wave propa-
gation at long wavelengths as compared to that at short
wavelengths. At large wavelengths optical modes of
wave propagation possess small value of attenuation as
compared to that of acoustic modes; however the trend
gets reversed at small wavelengths. The optical modes
both symmetric and asymmetric possess higher attenua-
tion.

Figure 4 presents the variations of specific loss factor
of energy dissipation versus wave number. The specific
loss factor follows the same trend as that of attenuation
coefficient with the exception that it has higher magni-
tude than attenuation coefficient. This shows that at long
wavelengths the medium offers high internal friction as
compared to that at short wavelengths.

Figure 5 reveals that the phase velocity of both for
symmetric and asymmetric modes increases with de-
creasing thickness of the semiconductor layer. Phase
velocity possesses high magnitude when the semicon-
ducting layer is thin. From Figures 6 and 7, it is evident
that the attenuation and specific loss factor of energy
dissipation have minimum magnitudes in case of thin
semiconductor layer while the phase velocity has maxi-
mum magnitude. The magnitudes of attenuation and spe-
cific loss factor increase with increasing thickness of the
semiconducting layer.

The increase of phase velocity with decreasing thick-
ness of the semiconductor layer shows that the thin sand-
wiched layer acts like an acoustic waveguide. Acoustic
waveguide confine the acoustic energy in the bulk of the
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Figure 6. Variations of attenuation coefficient versus layer
thickness (h).

layer through multiple reflections from the top and bot-
tom interface as wave propagates and it generates a par-
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ticle displacement at both the interfaces to ensure the
channelized flow of energy through the waveguide.

7. Concluding Remarks

1) Functional iteration numerical technique along with
Cardano method has been successfully used to solve the
complex secular equation in order to compute the phase
velocities, attenuation coefficients and specific loss factors
of energy dissipation for different symmetric and asym-
metric modes of wave propagation in a sandwich piezo-
electric-semiconductor (CdSe—Si—CdSe) structure.

2) Optical modes possess higher phase velocities than
that of acoustic modes in symmetric as well as asymmet-
ric mode of wave propagation.

3) Phase velocity profiles show dispersive character
and decrease with the increasing wave number to be-
come smooth and stable at short wavelengths.

4) The attenuation and specific loss factor increase
with increasing wave number initially and then decrease
after attaining maximum value in each case.

5) At large wavelengths acoustic modes possess high
attenuation and specific loss factor of energy dissipation
and reverse trends are noticed at small wavelengths.

6) Phase velocity increases with decreasing thickness
of semiconducting layer while attenuation and specific
loss factor of energy dissipation increase with the thick-
ness of the layer showing a waveguide nature of the thin
sandwiched semiconductor layer.

7) The study may find applications in fabrication of
micro-electromechanical surface acoustic wave devices.
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