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Interface Acoustic Waves Properties in Some
Common Crystal Cuts

Serge Camou, Vincent Laude, Member, IEEE, Thomas Pastureaud, and Sylvain Ballandras

Abstract—Interface acoustic waves (IAWs), also termed
boundary waves, propagate at the interface between two
solids. We present two IAW numerical analysis tools, in-
spired from well established surface acoustic wave (SAW)
methods. First, the interface effective permittivity is de-
rived for arbitrary piezoelectric solids and is used to esti-
mate some basic parameters of IAWs. The harmonic ad-
mittance for an interface excitation is then derived from
the interface effective permittivity, in much the same way
the harmonic admittance for surface excitation is obtained
from the (surface) effective permittivity. The finite elec-
trode thickness is neglected in this problem analysis. The
harmonic admittance is used to model propagation in case
an infinite periodic interdigital transducer is located at the
interface. Simulation results are commented upon for some
usual piezoelectric material cuts and outline a modal selec-
tion specific to IAWs as compared with SAWs. The tem-
perature dependence of the resonance frequency is also es-
timated.

I. Introduction

With the fast evolution of passive high-frequency fil-
tering requirements, typically driven by mobile tele-

phony, much effort has been devoted to the improvement
of classical single-crystal surface acoustic wave (SAW) so-
lutions. Among possible new devices, the use of interface
acoustic waves (IAWs) [1] in place of SAWs has been pro-
posed by some authors. An IAW, also termed a boundary
wave, propagates at the interface between two solids, and
the special case that at least one of the solids is piezo-
electric has received much attention [2]–[12]. Ideally, if the
IAW is perfectly guided by the interface, its amplitudes
are expected to be evanescent or inhomogeneous in both
materials. In case this guiding is not perfect, bulk waves
can be radiated in both materials, leading to propagation
losses. Significantly, one of the most cited advantages of
IAW devices as opposed to SAW devices is the natural pro-
tection of the excitation interface, which is isolated from,
and hence insensitive to, external perturbations, such as
dust or wetness. This should lead to a simplification of
packaging requirements, especially at high frequencies.

The existence of IAWs was first predicted by Stoneley
[1] in the context of geology but for isotropic materials
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only. The polarization of the Stoneley wave is in the sagit-
tal plane, and its existence depends on the relative values
of the material constants of the two solids. Maerfeld and
Tournois [2] have shown that an IAW of transverse type
exists at the interface of two piezoelectric crystals in class
6 mm, or one of these and an isotropic material, and that
such an interface wave can be electrically excited. The ex-
istence of this wave is also restricted depending on the
relative values of the material constants of the two solids.

Although several studies [5], [7], [9], [10], [12] have inves-
tigated IAWs with materials escaping the cases described
above, i.e., isotropic solids and piezoelectric crystals in
class 6 mm, we are neither aware of a general existence con-
dition for interface acoustic waves nor of general prediction
methods for their properties. In this work, we extend two
classical methods of SAW analysis to the determination
of IAW characteristics. First, the interface effective per-
mittivity is derived for arbitrary piezoelectric solids and
is used to estimate some basic parameters of IAW propa-
gating at an ideally metallized (infinitely thin metal layer)
interface or at a free interface. The polarization of the IAW
is obtained at the same time. It is worthwhile noting that
the attenuation of the IAW is explicitly taken into account
and estimated; we are thus able to identify and character-
ize leaky IAWs. Second, the harmonic admittance at an
interface is derived from the interface effective permittiv-
ity in much the same way the harmonic admittance at a
surface is based on the (surface) effective permittivity in
the celebrated Blötekjær method [13], [14]. The harmonic
admittance is used to model propagation in case an infinite
periodic interdigital transducer is located at the interface.
The thickness of the interdigital transducer and the influ-
ence of its mass are neglected in this approach.

Simulation results are commented upon for some usual
piezoelectric material cuts and outline a modal selection
specific to IAWs as compared with SAWs. Following Dan-
icki et al. [10], we have chosen to consider two identical
piezoelectric half-spaces, for instance, obtained by sepa-
rating some substrate in two parts, which are then bonded
together after some surface preparation to include an inter-
digital transducer (IDT) at the interface for the excitation
of the IAW. This special configuration has the advantage
that an IAW is always found to exist in the simulations,
although it usually suffers attenuation. Interestingly, the
temperature dependence of the resonance frequency can
also be estimated in this case by adapting the widespread
Campbell and Jones approach [15].

Three usual piezoelectric cuts are investigated in this
work, i.e., 42.75◦YX quartz, 36◦YX lithium tantalate
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Fig. 1. Definition of axes for (a) surface acoustic waves on a substrate
A and (b) interface acoustic waves at the interface between materials
A and B. Propagation is along axis x1.

(LiTaO3), and 64◦YX lithium niobate (LiNbO3). These
cuts have in no way been chosen to optimize IAW oper-
ation but rather to illustrate IAW features different from
or similar to well-known SAW cuts.

II. Effective Interface Permittivity

In this section, the propagation of IAWs is investigated
at a free or metallized interface. With such homogeneous
boundary conditions, plane wave solutions can be obtained
naturally. The problem of the propagation of electroacous-
tic plane waves inside a piezoelectric medium has long been
solved, and many equivalent formulations are available.
Our derivation is based on the popular Fahmy and Adler
solution [16], which is summarized below.

The geometry of the problem is depicted in Fig. 1,
in which the axes are also defined. Propagation of plane
waves at frequency f is considered along the x1 axis, with
slowness s1, at the interface between materials A and B.
At least one of these materials is assumed piezoelectric
and the other possibly dielectric. Assuming plane wave
propagation in the structure, the distribution of the elec-
tromechanical fields inside both media is fully described
[16], [17] using the eight-component state vector h =
(u1, u2, u3, φ, T21, T22, T23, D2)t where the ui are the me-
chanical displacements, φ is the electrical potential, Tij is
the stress tensor, and D2 is the normal electrical displace-
ment. This state vector is obtained inside each medium
as a superposition of eight partial modes, characterized
by their eigenvalues s

(α)
2 and their associated eigenvectors,

where α is either A or B. The eigenvalues s
(α)
2 only depend

on the material constants of medium α, and on the slow-
ness s1. Denoting F (α) the 8 × 8 matrix of the vertically
arranged eigenvectors, this superposition reads

h(x2) = F (α)∆(α)(x2)a(α) exp(2jπf(t − s1x1)),
(1)

where the dependence of the fields along axis x2 is con-
tained in the 8 × 8 diagonal matrix ∆(α) whose elements
are

∆(α)
ii (x2) = exp

(
−2jπfs

(α)
2,i x2

)
. (2)

TABLE I
Partial Modes Classification Rule. P2,i is the Component

Along Axis x2 of the Poynting Vector Associated with

Partial Mode Number i.

Partial modes Propagative Inhomogeneous

Reflected �(s2,i) = 0 and P2,i > 0 �(s2,i) < 0
Incident �(s2,i) = 0 and P2,i < 0 �(s2,i) > 0

a(α) is the vector of the eight amplitudes of the partial
waves, whose values are obtained when the boundary con-
ditions are specified.

It is well known that the eight partial modes in each
medium can be classified in two groups of four partial
modes, which are termed either reflected or incident, ac-
cording to the convention summarized by Table I. In order
to represent a valid physical solution, the superposition in
(1) must not include incident partial modes in medium A
or reflected partial modes in medium B. The superposition
in (1) then involves only four partial mode amplitudes in
each medium. Solving the boundary value problem at the
interface will determine the remaining eight independent
partial mode amplitudes.

In the formulation of Fahmy and Adler, the eight com-
ponents of the state vector have been explicitly chosen
such that they are continuous across any free interface in-
side a multilayer. In the case of the excitation of interface
waves, a spatial charge density q must be allowed for at the
interface, resulting in a discontinuity of the normal elec-
trical displacement, while all seven other components are
continuous. These considerations lead to the equation

F (A)a(A) − F (B)a(B) = q




0
...
0
1


 , (3)

where use has been made of the fact that ∆(α)(0) is the
identity matrix, and matrices F (α) have been restricted
to their useful 8 × 4 elements. Eq. (3) can easily be
solved by defining an eight-component unknown vector
a = (a(A), a(B)), and an 8 × 8 matrix F = (F (A)| − F (B)).
Its solution reads

a = qF−1




0
...
0
1


 . (4)

Once the vector a is determined, it is easy to obtain the
value of the state vector h at the interface from (1) and
hence the potential and the displacements. The displace-
ments describe the polarization of the interface wave.

A direct relationship between the interface charge den-
sity and the interface potential has just been obtained. To
characterize the electrical excitation of IAWs, it will be
useful to define an effective interface permittivity similar
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to the effective surface permittivity first introduced by In-
gebrigtsen [18] for SAWs. This is defined as the ratio of the
interface charge density to the tangential electrical field in
the x1 direction or

εeff =
1

jε0|s1|
q

φ
. (5)

Just as the effective surface permittivity contains informa-
tion on all acoustic waves that are piezoelectrically coupled
at the surface of a substrate, the effective interface permit-
tivity contains information on all acoustic waves that are
piezoelectrically coupled at an interface, including IAWs.
Many authors have discussed how the effective permit-
tivity can be used to estimate some basic parameters of
SAWs [19], [20]; most of these methods can certainly be
employed with little alteration in the case of IAWs, and in
Section IV, we give several examples of IAW characteriza-
tion using the effective interface permittivity. A pole in the
effective interface permittivity is the signature of an IAW
propagating along a metallized interface, with a finite in-
terface charge density but a zero interface potential; these
conditions are equivalent to those of a metallized surface
in the case of a SAW. A zero in the effective interface per-
mittivity is the signature of an IAW propagating along a
free interface, with a zero interface charge density but a
finite interface potential; these conditions are equivalent
to those of a free surface in the case of a SAW. This ob-
servation raises, however, the question of the nature of the
IAW guided by a free interface, especially in the case that
both media are identical. Indeed, it might seem obvious
physically that only bulk acoustic waves would propagate
in this case and that these would not be guided at all
by the interface, which is paradoxical. The solution to this
paradox is that the IAW propagating along a free interface
is not necessarily composed of homogenous partial modes
(bulk waves) only but must include evanescent or inhomo-
geneous partial modes, although such a decomposition is
usually not considered for bulk media. Furthermore, Dan-
icki et al. [10] have established the need for a conductive
layer at the interface of two identical half-spaces for per-
fect guiding of the IAW. Hence, in this case, the IAW at
the free interface necessarily suffers attenuation.

The sensitivity of IAW devices to temperature can be
estimated following the method of Campbell and Jones
[15], by replacing the effective surface permittivity in the
original approach by the effective interface permittivity,
although this is only applicable in theory if both mate-
rials are identical, as argued below. The relative shift of
the synchronism frequency generated by thermal pertur-
bations can be related to the velocity shift and the thermal
expansion of the material through

∆f

fo
(∆T ) =

∆v

vo
(∆T ) − ∆l

lo
(∆T ). (6)

The thermal expansion l(T ) in the direction of propagation
is evaluated from the thermal expansion coefficients of the
materials. If both materials are identical, the whole struc-
ture behaves thermally as a single bulk material, provided

the stress caused by bonding and the finite thickness of the
metallic film can be neglected. If this is not true or if the
materials are different, mechanical constraints in the vicin-
ity of the interface depend strongly on the nature of the
interface, and no attempt is made in this work to solve this
problem. The variation of the velocity v with the temper-
ature is evaluated from the thermal expansion coefficients
of the material constants and also from the thermal expan-
sion coefficients of the material to describe the variation
of the mass density. It is well known that the relative fre-
quency variation with temperature of elastic wave devices
shows, in most cases, a parabolic shape. A fit of this curve
to a parabolic model gives an estimate for the first-order
temperature coefficient of frequency (TCF1) and of the
second-order temperature coefficient of frequency.

III. Harmonic Admittance for Interface Waves

The plane wave solutions obtained in the previous sec-
tion are useful only to characterize IAW propagation along
an homogeneous interface. As almost all SAW devices use
IDTs on the surface to generate and detect surface acoustic
waves, it has long been clear that the IDT itself influences
the SAW characteristics. Among the many methods that
have been proposed, the celebrated Blötekjær approach
[13], [14] is a very elegant and fast way of obtaining the
harmonic admittance of an infinite periodic IDT, based on
the effective surface permittivity, but however fails to take
into account the influence of the finite electrode thickness.
Several improvements have been proposed to incorporate
this effect in the harmonic admittance computation, e.g.,
[21]–[24]. All these methods rely on using finite element
analysis inside the electrodes and relating the results ob-
tained to a plane wave solution inside the substrate. Such a
procedure is not directly transposable to the case of inter-
face waves, because there are two surrounding media and,
hence, two connecting interfaces between electrodes and
media. In this work, we will then neglect the influence of
the finite electrode thickness in the case of interface waves
and leave it to future research. We next discuss how the
Blötekjær method can be amended to include the case of
interface waves.

The considered geometry is depicted in Fig. 2. An infi-
nite periodic IDT, with a period p, is assumed to be present
at the interface. The IDT is modeled as an infinitely thin
perfect metallic pattern. A potential sequence is imposed
to the fingers, according to the harmonic excitation rule

Vn = V0 exp(−2jπγn), (7)

where n is the index of the finger and γ is a parameter. The
case γ = 1/2 corresponds to the ±V0 potential alterna-
tion characteristic of most practical IDTs. The Blötekjær
method in the context of SAW makes use of the surface
effective permittivity. It is remarkable and straightforward
that the whole original derivation can be used unchanged
in the case of interface waves, by replacing the surface
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Fig. 2. Definitions relative to the harmonic admittance of an infinite
periodic interdigital transducer (IDT) at the interface between two
media.

effective permittivity with the interface effective permit-
tivity. The harmonic admittance Y (γ), the ratio of the
harmonic interface charge density to the harmonic poten-
tial, is then easily obtained. A number of useful tools have
been constructed upon the harmonic admittance to obtain
the propagation characteristics of surface waves [19], [25],
[26] in a periodic IDT; they can be used unchanged for
interface waves. We use the method described by Ventura
et al. [25]: IAW parameters are obtained from a fit to a
mixed matrix model and include the phase velocity, the
attenuation per IDT period, the reflection coefficient per
IDT period, and the electromechanical coupling.

IV. Results

The effective interface permittivity and harmonic ad-
mittance tools introduced in Section II and III, respec-
tively, are now used to compare interface acoustic waves
with their surface acoustic wave counterparts in three com-
mon piezoelectric cuts. Materials A and B in Fig. 1(b)
are then taken to be identical in the following. The con-
sidered cuts are 42.75◦YX quartz, the so-called (ST, X)
cut, which is well known to support a Rayleigh SAW with
a zero TCF1 but a rather small electromechanical cou-
pling, 36◦YX lithium tantalate, which presents a widely
used pseudo surface acoustic wave (PSAW) or leaky-SAW
with a moderate TCF1 and a rather large electromechan-
ical coupling, and 64◦YX lithium niobate, which presents
a PSAW with a large TCF1 and a large electromechanical
coupling.

Fig. 3 to 5 show the effective surface and interface per-
mittivities for 42.75◦YX quartz, 36◦YX lithium tantalate,
and 64◦YX lithium niobate, respectively, while Table II
displays the wave parameters estimated from the effective
permittivity and the harmonic admittance for these mate-
rial cuts. In addition, Fig. 6 shows the modal structure of
the IAWs listed in Table II. The normalized displacements
are plotted as a function of the product fx2 and illustrate
the trapping of the modes at the interface.

In the case of 42.75◦YX quartz, it is seen that the
surface effective permittivity has a pole at a velocity of

Fig. 3. 42.75◦YX quartz (a) effective surface permittivity and (b) ef-
fective interface permittivity.

3158 m/s (slowness of 3.166 10−4 s/m), caused by the
Rayleigh SAW. The interface effective permittivity is in
comparison very smooth, with a pole at a velocity of
5747 m/s (slowness of 1.740 10−4 s/m), indicating that
the longitudinal bulk acoustic wave has been converted to
an interface wave. An examination of the polarization of
this IAW indeed shows it is a longitudinal wave. A small
attenuation is found, indicating that the IAW is not per-
fectly guided by the interface. Furthermore, in Fig. 6(a),
the mode is only weakly guided by the interface, since the
displacements converge slowly to zero far from the inter-
face. A bad point with this IAW is, however, its very small
coupling (K2 value), which will make it difficult to use in
practice. In addition, the zero TCF1 value for the SAW is
lost for the IAW.

The cases of 36◦YX lithium tantalate and 64◦YX
lithium niobate are rather similar, which is attributed to
their identical 3-m-trigonal point group, as opposed to the
32-trigonal point group of quartz. Their effective surface
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Fig. 4. 36◦YX lithium tantalate (a) effective surface permittivity and
(b) effective interface permittivity.

permittivities have a pole caused by a true SAW, i.e., with
no attenuation, with a small coupling; the true SAW is
generally not used with these cuts. The true SAW has
a velocity of 3124 m/s (slowness of 3.201 10−4 s/m) for
36◦YX lithium tantalate and a velocity of 3679 m/s (slow-
ness of 2.718 10−4 s/m) for 64◦YX lithium niobate. The
effective surface permittivity also has a pseudopole caused
by a PSAW, with limited attenuation and large coupling,
which is often used in modern devices. The PSAW has
a velocity of 4109 m/s (slowness of 2.488 10−4 s/m) for
36◦YX lithium tantalate and a velocity of 4451 m/s (slow-
ness of 2.247 10−4 s/m) for 64◦YX lithium niobate. Note
that these figures are given for a metallized surface. The
effective interface permittivity shows basically the same
features as the effective surface permittivity. A weakly cou-
pled IAW with small attenuation appears at a velocity of
3351 m/s (slowness of 2.984 10−4 s/m) for 36◦YX lithium
tantalate and a velocity of 4031 m/s (slowness of 2.481
10−4 s/m) for 64◦YX lithium niobate, which is almost ex-

Fig. 5. 64◦YX lithium niobate (a) effective surface permittivity and
(b) effective interface permittivity.

actly the velocity of the slow shear bulk acoustic wave
in these materials. A strongly coupled IAW with rather
strong attenuation appears also at a velocity of 4113 m/s
(slowness of 2.431 10−4 s/m) for 36◦YX lithium tantalate
and a velocity of 4475 m/s (slowness of 2.235 10−4 s/m) for
64◦YX lithium niobate. These leaky-IAWs are very close to
the corresponding PSAW, having almost the same polar-
ization, velocity, coupling, reflection coefficient per period,
and TCF1. They have, however, a much larger attenuation.
From Fig. 6(b) and 6(c), it can be observed that they are
efficiently guided by the interface.

From these results, it may be inferred that interface
waves are in practice not as useful as surface waves, mostly
because their attenuation is found to be larger. However, it
must be emphasized that the cuts considered in this work
are among the most interesting cuts for SAW applications
and the result of years of selection. There is no reason a
priori that they would be equally successful as IAW cuts.
It appears reasonable that an exhaustive search for good
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TABLE II
Comparison of SAWs and IAWs for Some Piezoelectric Materials. Polarization Triplets (|u1|2, |u2|2, |u3|2) are for the

Normalized Interface Displacements at Resonance (|u1|2 + |u2|2 + |u3|2 = 1). The Reflection Coefficient Per Period | r | is

Estimated for a Metallization Ratio a/p = 1/2.

42.75◦YX quartz

SAW IAW

polarization quasi-elliptic pure longitudinal
(0.301, 0.692, 0.007) (1, 0, 0)

velocity (m/s) 3157.9 5747.5
attenuation (mdB/λ) 0 0.08
coupling K2 (%) 0.116 0.025
reflection coefficient per period (%) 0.04 0.007
TCF1 (ppm/K) −0.6 −22.14

36◦YX lithium tantalate

PSAW IAW

polarization quasi-transverse transverse
(0.004, 0.014, 0.982) (0, 0.008, 0.992)

velocity (m/s) 4109.2 4113.5
attenuation (mdB/λ) 0.26 11
coupling K2 (%) 7.76 7.6
reflection coefficient per period (%) 2.16 2.18
TCF1 (ppm/K) −27 −25

64◦YX lithium niobate

PSAW IAW
polarization quasi-transverse transverse

(0.012, 0.123, 0.865) (0, 0.268, 0.732)
velocity (m/s) 4451.3 4475.1
attenuation (mdB/λ) 3.7 34
coupling K2 (%) 11.3 14.4
reflection coefficient per period (%) 4.26 5.42
TCF1 (ppm/K) −75 −75

IAW cuts should lead to much better results than those
reported here. In addition, in this first approach, we have
only considered associations of the same material, while
the combination of two or more different materials should
lead to even better solutions.

V. Conclusion

In this article, we have extended to IAWs two classical
analysis methods used for SAWs, i.e., the effective per-
mittivity and the harmonic admittance as computed us-
ing the Blötekjær approach. These analysis methods are
widely used to characterize SAW material cuts and can be
equally well used to characterize IAW material cuts. We
have compared IAW and SAW properties with three clas-
sical cuts, i.e., 42.75◦YX quartz, 36◦YX lithium tantalate,
and 64◦YX lithium niobate. We have estimated the po-
larization, the velocity, the attenuation, the coupling, the
reflection coefficient per period, and the first-order tem-
perature coefficient of frequency (TCF1) of these waves.
Although in the reported simulations we have only con-
sidered the case of the excitation of IAWs at an inter-
face inside a single material, the methods employed are
equally applicable to a combination of two different ma-

terials. They could be used in a systematic study of IAW
cuts to perform an optimization of the choice of materials
and their cuts.
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