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The phase and group velocities are considered for the eight lowest plate acoustic waves �PAWs� propagating
in a periodically poled lithium niobate �PPLN� wafer. The PPLN turns to be a specific multidomain phononic
superlattice �MPS� that has identical mechanical properties throughout the crystalline wafer but opposite-sign
piezoelectric constants in the inversely poled adjacent domains. Dispersion of the velocities is calculated
theoretically and verified experimentally. The group velocity tends to zero when PAW frequency approaches
the stop-band limit at the first Brillouin-zone boundary. Near the stop-band cutoff frequencies, PAW modes in
MPS have a strong dispersion that can be used for a number of applications.
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I. INTRODUCTION

Interest in propagation of the acoustic waves in two-
dimensional �2D� and periodic structures has grown in recent
years because of the specific properties of acoustic superlat-
tices. Existence of a “phononic” band gap was shown for a
number of the periodic media of propagation and acoustic
waves including 2D phononic crystal plates. Historically, a
frequency-selective transmission of phonons by
GaAs /Al0.5Ga0.5As superlattice was detected for the first
time back in 1979,1 and the “dielectric” phonon filter was
proposed.1 The first usage of acousto-optic interaction for
observing acoustic phonons in superlattice dates back in
1987.2 In that work, the phononic stop bands were optically
detected in the acoustic superlattice consisting of
In0.15Ga0.85As and AlAs layers. Very unusual and interesting
media may possess the double properties of both photonic
and phononic crystals. Such solids may also be referred to as
“optomechanical crystals.”3 The simultaneous handling of
photons and phonons in these periodic structures may be a
scientific basis for new interactions in solids, and following
acousto-optic and acoustoelectronic applications. For in-
stance, a coupling of 200 THz photons with 2 GHz phonons
was achieved in a planar silicon-chip-based optomechanical
crystal.3 At nanometer scale, it was demonstrated as an “op-
tomechanical cavity” in which localization of the optical and
mechanical energies was achieved.4 Another contemporary
example, at micrometer scale, is a periodically poled ferro-
electric such as LiNbO3 wafer. It is known as a photonic
crystal but recently it was also shown to have the acoustic
stop bands in the dispersion relations ��k�.5 In the phononic
solids, it is usually considered a band structure with acoustic
forbidden zones but a question of velocity dispersion within
the Brillouin zone is not yet mentioned even for the acoustic
phononic waveguides.6–10 The frequency bands were also
demonstrated for a water-based composite phononic media.11

However, a velocity dispersion of PAW is important for un-
derstanding the transport and propagation phenomena for
further applications. For example, the solids with acoustic
phononic properties may be a kind of acoustic noise trap or
effective filter absorbing vibrations of certain frequencies
only and velocity dispersion is important for comprehension
of PAW in the phononic superlattices. In addition, the veloci-

ties of PAW are not considered so far in a periodic structure
that has identical elastic constants and densities in two mem-
bers of the superlattice such as periodically poled LiNbO3
�PPLN� or LiTaO3. It is not obvious at all that such elasti-
cally uniform media may have different velocity dispersion
for acoustic modes in comparison to a single ferroelectric
crystal without domain inversion. Since this type of periodic
ferroelectric solids is widely investigated with regard to the
nonlinear optical, acousto-optical, and acoustoelectronic phe-
nomena, the dispersions of phase and group velocities of
allowed PAW modes are of fundamental scientific interest.
Generally speaking, the stop bands may be guessed based on
an effective interaction between ultrasound and ferroelectric
domains. The interactions were demonstrated on different
phenomena such as acoustical memory,12,13 acoustoelectric
transduction,14–16 and domain resonance.17 The reality of
stop bands in PPLN wafer was independently proved by ob-
serving a strong decrease in group velocities of three PAW
modes near the stop-band frequencies.5 However, the veloc-
ity dispersion of PAW within the Brillouin zone remains un-
known. Note: ever since the first publications on acoustic
waves18–23 and optoacoustic excitations24,25 in bulk ferro-
electric multidomain phononic superlattice �MPS�, the ques-
tion of ultrasound velocity dispersion was not a concern.
However, the contemporary wide range of PPLN-wafer ap-
plications raises the question on the dispersions of phase and
group velocities of PAW modes in these acoustic
waveguides.

The present work investigates the dispersion of phase and
group velocities of eight PAW modes propagating along the x
axis in the z-cut PPLN wafer. To some extent, this research
was inspired by the existence of stop bands in acoustic dis-
persion ��k� for PAW in ZX-cut PPLN �ZX-PPLN�. The
eight lowest PAW modes are analyzed theoretically and ex-
perimentally in a frequency range from 0 to 10 MHz.

II. COMPUTATION OF PHASE AND GROUP-VELOCITY
DISPERSION

The velocities are calculated and measured as shown in
Fig. 1. The coordinate system is fixed to the plate with the z
axis normal to the plate surface and the x axis in the direction
of the stage motion. The phase and group velocities may be
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calculated from the dispersion laws ��k� of the correspond-
ing acoustic modes. The dispersion relations ��k�, in turn,
are obtained by using 2D numerical model based on the
finite-element method �FEM�. In this model, the domains
with inverse polarization are taken into account by inverting
the sign of piezoelectric constants em,ij. This reflects the fact
that the same mechanical strain applied to a periodically
poled MPS generates opposite piezoelectric fields in the do-
mains with inverse polarization. If a single-crystal lithium
niobate �SCLN� wafer is computed, then the piezoelectric
constants em,ij do not change their sign with x variable. In the
FEM model for PPLN and SCLN, the plate is assumed to be
infinite in the y direction. The model was first validated by
calculating the PAW dispersion curves for the SCLN wafer
by two methods including the FEM computation and estab-
lished method of partial waves. The results obtained by the
both methods were identical. In Fig. 1 is shown a linear
nonuniform triangular mesh representing the crystalline plate
and air above and below this plate. The accuracy of the FEM
model mostly depends on the mesh density; a denser mesh
results in a more accurate solution. A typical mesh used in
our calculations consists of 1501�21 points and covers the
cross section of 75�0.5 mm2. The electric field outside the
piezoelectric plate is included in the model by extending the
numerical mesh in the air outside the plate, as shown in Fig.
1.

The solution of this problem is based on the Hamilton’s
variational principle extended to the piezoelectric wafer of
unit width along the y axis. For this case, the first-order
variation in the Lagrangian is equalized to zero by Eq. �1�,

��� �Wkin − Wst + Wd,C + W�dt� = 0. �1�

The components of PAW total energy are kinetic energy of
vibrating plate Wkin, elastic energy of crystal deformation in
an acoustic field Wst, and energy of piezoelectric field inside
crystal Wd,C. They are calculated by Eq. �2� below,

Wkin =
1

2
� � · U̇2dxdz; Wst =

1

2
� St · Tdxdz;

Wd,C =
1

2
� D · Edxdz , �2�

where � is the density, u is the acoustic displacement,
Ei=− ��

�xi
, and Di are the components of electric field and dis-

placement, respectively; � is the electric potential; the terms
St and T represent tensors of acoustic strain and stress, re-
spectively. In addition to the PAW modes, an external force
exciting the waves must be taken into account. The external
force F applied at the location of the input transducer creates
an acoustic displacement u, and therefore the energy W
brought into the wafer by this force may be computed by Eq.
�3�,

W =� u · Fdx3. �3�

The results of FEM computation are identical for two meth-
ods of PAW excitation with the mechanical force or electric
voltage, as shown in Fig. 1. To compute the functional of Eq.
�1�, it is necessary to know all variables in Eqs. �2� and �3�,
which in turn, may be calculated by using the standard equa-
tions of motion and electrodynamics for piezoelectric me-
dium. In addition to these equations, the standard boundary
conditions are applied: �a� zero acoustic stress at free plate
surfaces and �b� continuity of normal electric displacement at
crystal-air interfaces.

The variational Eq. �1�, along with the Eqs. �2� and �3�
and the appropriate boundary conditions, is solved numeri-
cally. The FEM calculations return four arrays that contain
the components of acoustical displacement Um�xi ,� j�, m
=1. . .3, and the electric potential ��U4�xi ,� j� at the dis-
crete points xi at the frequencies �j. The discrete Fourier
transform is applied to these arrays to calculate their Fourier
images in �−k domain: Um

F�ki ,� j�, m=1, . . . ,4; k=2� /�.
The total Fourier image amplitude is further calculated by
the Eq. �4� below,

UF�ki,� j� =��
m=1

4

�Um
F�ki,� j��2. �4�

The peaks values of UF�k ,�� or UF�� ,k� form the FEM
dispersion relations for the PAW. In this way, the dispersion
relations ��k� of PAW modes are represented by the matrix
of Fourier image UF�� ,k�, which is actually a set of points in
�−k domain. These matrices were calculated for both the
SCLN plate and PPLN wafer with 300-	-wide domains,
which are further used in the experiments. Note: the resultant
dispersion laws ��k� are the same if any of the amplitudes
Um

F�ki ,� j� are used to find the ��k�. However, those disper-
sion relations calculated by Eq. �4� have the smallest
uncertainty.

The micropicture of a central part of the experimental
PPLN wafer is given in Fig. 2. The dispersion curves them-
selves for ZX-cut SCLN �ZX-SCLN� may be found in Ref.
26 and for ZX-PPLN in Ref. 5. The last step is to find the
dispersions of phase Vp��� and group Vg��� velocities. They
are calculated as Vp���=��k� /k and Vg=d��k� /dk, respec-
tively. Note: one can calculate the group velocity Vg as the
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FIG. 1. �Color online� The ZX-cut PPLN wafer and experimen-
tal setup for excitation and detection of PAW propagating along the
x axis. 1—PPLN plate, 2—domains with periodically inverted po-
larization, 3—metal electrodes for PAW excitation, 4—piezoelectric
micropick-up output transducer, and 5—mesh for FEM
computation.
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derivative d��k� /dk because Vg is parallel to the wave vec-
tor k in the particular case of PAW propagating along the x
axis in the z-cut LiNbO3 wafer.27 The final theoretical results
are presented by solid lines in Figs. 3 and 4 for the phase
velocity, and in Fig. 5 for the group velocity. The PAW
modes in 3m-symmetry solids have all three orthogonal com-
ponents of the acoustical displacement. However, some
modes have dominant shear horizontal �SH� displacement
Uy, and can be called quasishear waves. The other type of
PAW modes has dominant Ux and Uz displacements, and can
be called quasi-Lamb waves. In Figs. 3–5, the modes SS0,
SA1, and SS1 are quasishear waves, sometimes called SH
modes. All other modes including A0, S0, A1, S1, and S2 are
quasi-Lamb waves.

Both families of the plate waves fall into two groups,
namely, symmetrical �S� and antisymmetrical �A�; they cor-
respondingly have symmetrical or antisymmetrical distribu-

tion of the acoustical displacements with respect to the neu-
tral or central plane z=0 running between two surfaces of the
wafer, Fig. 1.

III. EXPERIMENTAL DETAILS

The dispersion properties of phase and group velocities
can be verified by using experimentally measured frequen-
cies �exp and wave vectors kexp for observed PAW modes.
The experimental setup for excitation and detection of PAW
in a PPLN wafer is shown in Fig. 1. The sample is placed on
a computerized moving stage. The initial wafer is 3 in. in
diameter, 0.5-mm-thick optical grade plate with both sur-
faces polished. The accuracy of crystallographic cut is better
than 5� for the z axis, and 10� for the x and y axes. The
polarization inversion was obtained by applying the 22
kV/mm electric field in the z direction. The resultant multi-
domain array consists of a sequence of 0.3-mm-wide in-
versely poled domains, as shown in Fig. 2. The acoustic
waves are excited by applying a broadband rf voltage to the
input metal electrodes, which are extended in the y direction.
The experimental output signal at plate surface is an acoustic
displacement Uexp�xf , tg�. It is detected by the piezoelectric
microtransducer brought into contact with the wafer in a nar-
row spot of 0.15 mm, which is smaller than domain width.
The pick-up is mostly sensitive to a vertical component of
total displacement. However, the other components may be
detected because of the Poisson effect. During experiments,
the stage is set in motion by a computer-controlled step mo-
tor. In every single run, the stage makes 800 steps to cover
the sample length. The output transducer, 4 in Fig. 1, reads
the wave forms of propagating PAW on the plate surface at
the initial location of the transducer plus at every of 800
successive stops. The electric signal from the output trans-

FIG. 2. Micropicture of the PPLN sample LN-MD-1 taken
through a polarizing microscope. The darker strips are domains
with inverted polarization and the light gray strips are domains with
original polarization. The width of two adjacent domains is 0.6 mm
along the crystallographic x axis.

FIG. 3. �Color online� Dispersion of phase velocity for eight
PAW modes in LiNbO3 wafer. The solid and dotted lines are FEM
computations for multidomain PPLN and single-crystal SCLN wa-
fer, respectively, plate thickness is 0.5 mm. The points are experi-
mental data taken from the PPLN sample LN-MD-1 with 0.3 mm
domains as shown in Fig. 2. The modes are numbered as follow:
1—A0, 2—SS0, 3—S0, 4—SA1, 5—A1, 6—S1, 7—SS1, and 8—S2.
The stop bands occur along the inclined dashed line that corre-
sponds to the boundary of first Brillouin zone in the multidomain
phononic superlattice at k=� /d. The first Brillouin zone is above
dashed line and the second Brillouin zone is below this line. Vt

=3.59 km /s.

FIG. 4. �Color online� Dispersion of phase velocity for six low-
est PAW modes in LiNbO3 wafer near boundary of the first Bril-
louin zone in PPLN. The inclined dashed line corresponds to k
=� /d. The first Brillouin zone is above and the second is below the
dashed line. The solid and dotted lines are FEM computations for
PPLN and SCLN 0.5-mm-thick wafer, respectively. The points are
experimental data taken from the multidomain sample LN-MD-1
with domain period d=0.3 mm. The plots are: 1—A0, 2—SS0,
3—S0, 4—SA1, 5—A1, and 6—S1. In the second Brillouin zone, as
an example, the modes 1 and 2 are marked as 1� and 2�, respec-
tively. The stop bands are indicated by SB1 through SB4 for the
four lowest modes. Vt=3.59 km /s.
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ducer is amplified and sent to the digital oscilloscope LeCroy
9400, where it is digitized and then stored in a computer.
During each single stop at 801 locations xf �f =1,2 , . . . ,F
=801�, the measurements are taken 2000 times at successive
instants tg �g=1,2 , . . . ,G=2000�. Thus, the experimental
data are taken in the form of a matrix �F�G=801�2000�,
which is filled with the measured discrete values of 2000
times detected wavelet amplitude at times tg during each stop
of 801 xf locations along sample length. After that, a digital
double Fourier transform is applied to the matrices of experi-
mentally measured acoustical displacement Uexp�xf , tg�. The
resultant matrix of the Fourier image Uexp

F ��g ,kf� gives the
experimental dispersion relations �exp�kexp� of detected
waves in matrix form. The examples of experimental disper-
sion curves for single-crystal sample ZX-SCLN-1 is pre-
sented in Ref. 25 and for multidomain specimen ZX-PPLN-
MD-1 in Ref. 5. The last step is obtaining experimental
points for the phase �Vp,exp� and group �Vg,exp� velocities as
Vp,exp���=�exp�kexp� /kexp and Vg,exp���=d�exp�kexp� /dkexp.
Experimental results are presented by the points in Figs. 3
and 4 for the phase velocities, and Figs. 5�a� and 5�b� for the
group velocities. Note that not all of the PAW modes are
experimentally detected in the frequency range used for the
theoretical computations, from 0 to 10 MHz. The point is a
PAW mode must be first excited in order to be detected.
Since different waves have complicated dependencies of
their electromechanical coupling coefficients versus
frequency,26 the PAW modes are excited only in certain fre-

quency ranges, where their electromechanical coupling coef-
ficient is large enough to convert input rf voltage into detect-
able acoustic displacement.

IV. DISCUSSION

In all Figs. 3–5, the solid lines and experimental points
are plotted for the multidomain sample ZX-PPLN-MD-1,
and the dotted lines are plotted for the single-crystal sample
ZX-SCLN-1. The PAW velocities are normalized to the ve-
locity of a transverse-acoustic wave �Vt=3.59 km /s� propa-
gating along the z axis in a bulk LiNbO3 crystal. The veloci-
ties are plotted as a function of dimensionless reduced
frequency 
=�b /�Vt, where b is plate thickness. This ref-
erence frame allows usage of the results obtained for the
wafers of arbitrary thickness and waves of different fre-
quency than we used in this work. Inside the first Brillouin
zone, the FEM computations for multidomain and single-
crystal plates return close phase velocities for the modes
numbered 1, 2, 3, 4, and 6, Figs. 3 and 4. However, near the
first Brillouin-zone boundary �BZB�, which is shown by the
dashed lines in Figs. 3 and 4, there are significant differences
in the modes dispersion. In Fig. 5, the numerical curves for
PAW in MPS are basically in a good agreement with the
experimental points taken from the PPLN sample.

The three zero-order modes, plots number 1, 2, and 3 in
the figures, do exist when frequency tends to zero. The zero
antisymmetrical quasi-Lamb mode A0, plot 1 in the figures,
is highly dispersive at 
�0.5. Its phase velocity increases
with frequency and approaches the velocity of the transverse-
acoustic wave in a bulk LiNbO3 crystal. However, when fre-
quency is increasing, the mode 1 is the first to reach BZB
shown by dashed line in Figs. 3 and 4. At the BZB, when
k=� /d, the mode 1 has a discontinuity in phase velocity
denoted as SB1 in Fig. 4, it is a stop band of this mode. The
zero quasishear symmetrical mode SS0, number 2 in the fig-
ures, is low dispersive, and its phase velocity is nearly con-
stant. In proximity of BZB, mode 2 has its stop band denoted
as SB2 in Fig. 4. In Fig. 5, the PAW modes including SS0
and S0 �plots 2 and 3, respectively� are intentionally pre-
sented in two panels of Figs. 5�a� and 5�b�, to show more
clearly the positions of all calculated stop bands. The mode
SS0, plot 2 in Fig. 5�a�, also has nearly constant group ve-
locity up to f =6.3 MHz but at frequency range
	6.8–7.1 MHz, the stop band interrupts the dispersion
curve of SS0 mode. Its group velocity decreases to zero at
	6.8 MHz. The zero symmetrical quasi-Lamb mode S0,
plot 3 in the figures, is very dispersive in the range of 

�1.20, where its velocity decreases. Its stop band is marked
as SB3 in Figs. 4 and 5. The higher-order modes can propa-
gate at frequencies above 3.6 MHz, plots 4–8. The phase
velocities of higher-order modes are gradually increasing
with approaching their cutoff frequencies. For instance, the
Vp of SA1 mode �plot 4 in Fig. 3� is rapidly rising when 
 is
changing from 1.2 down to the cutoff at 
=1. The disper-
sion curve of the S1 mode, plot 6, consists of two branches.
The upper branch at �Vp /Vt��2.8 represents the wave with
opposite phase and group velocities since Vg= �d� /dk��0
while the lower branch at �Vp /Vt��2.8 represents a regular

FIG. 5. �Color online� Dispersion of group velocity for eight
PAW modes in LiNbO3 wafer. The solid and dotted lines are FEM
computations for PPLN and SCLN 0.5-mm-thick wafers, respec-
tively. The points represent experimental data taken from the PPLN
sample LN-MD-1, d=0.3 mm. In panels �a� and �b�, the plots are:
1—A0, 2—SS0, 3—S0, 4—SA1, 5—A1, 6—S1, 7—SS1, and 8—S2.
The modes numbered 1–5 in PPLN clearly have the stop bands that
are shown by SB notations with mode’s number. The PAW modes
in SCLN, dotted plots, do not have stop bands. Vt=3.59 km /s.
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wave with positive phase and group velocities. This situation
is clearly presented in Fig. 5�b�, where plot 6 has a region
with experimentally measured group speed below the level
Vg=0. Practically it means that the directions of phase and
group velocities are antiparallel.

The theory and experiment show that the PAW modes in
MPS can effectively interact with the domain vibrations
when mode’s wavelength is equal to a double domain width,
2d=0.6 mm, in the wafers under study. One of the results of
this interaction is existence of the stop bands that clearly
appeared in Figs. 3–5 for those acoustical modes that reach
BZB in the plots Vp�
�. These are modes number 1–5, and
the last three modes, presented by plots 6, 7, and 8, do not
get to BZB at frequency 10 MHz. In proximity of their
stop bands, the waves in MPS may have lower amplitude,
and are barely detected despite stronger amplitude at lower
frequencies. For instance, nondispersive mode SS0 in PPLN,
solid-line plot 2 in the figures, has theoretical stop band from

= 	1.9 to 
= 	2.0 but in the experiment the lower limit
of its observation is 
=1.76, Fig. 4, while its upper limit is
not detected at all. At the edges of stop bands, the numerical
and experimental phase velocity dispersion curves are dis-
torted, and agreement between the theory and experiment is
not excellent. It can be explained by a strong reflection of
PAW modes within their stop bands. However, the cutoff
frequencies of the stop bands may be measured from the
velocity dispersion. They are given in Table I along with the
corresponding frequencies of theoretically calculated stop
bands from the acoustic dispersion laws ��k�.

The comments on Table I: �A� for mode number 2, the
disagreement of 0.64 MHz between the experimental and
theoretical values of FL may be explained by low-amplitude
acoustic signal which may be detected from this wave since
it has mainly a shear displacement UY. Because of this rea-
son, the FU cutoff was not experimentally detected as well.
�B� The mode number 5 has a very low electromechanical
coupling coefficient.26 It is only less than 0.1% within re-
duced frequencies of 2.3�
�2.8; the mode 5 stop band is
at 2.66�
�2.72, plot 5 in Fig. 5�a�. That is why this mode
5 is not detected near its stop-band frequencies FL and FU
because the piezoelectric excitation is used in the experiment
as shown in Fig. 1.

The stop bands are possible only in a multidomain wave-
guide such as PPLN, they do not appear in a regular single-

crystal wafer. For instance, in Figs. 3 and 4, the curves 1, 2,
3, 4, and 5 have discontinuities at acoustic wavelength �
=2d only for PPLN. In contrast, for the case of a single-
crystal wafer, the dotted dispersion curves do not have any
discontinuities. In the Figs. 5�a� and 5�b�, the stop bands
denoted as SB1–SB5 do exist also only for PPLN wafer.
Within the stop bands, corresponding modes cannot propa-
gate having the zero group velocities. In contrast, for a
single-crystal waveguide, dotted plots in figures, the stop
bands do not exist, as it is expected from the general theory
of PAW �Refs. 28–31� and investigations of PAW in single-
crystal wafers of LiNbO3.26,27,32–34

V. CONCLUSIONS

�1� The stop-band properties are revealed in the dispersion
of phase and group velocities of PAW modes propagating in
a two-dimensional periodically poled ferroelectric wave-
guide, which turns to be a specific multidomain phononic
superlattice. This type of a phononic superlattice may be
created by a periodical polarization inversion in the ferro-
electric crystals such as lithium niobate, lithium tantalite, and
other ferroelectric solids. The physical origin of stop bands is
a Bragg-type reflection of the acoustic modes from the mul-
tidomain superlattice at the boundary of acoustic first Bril-
louin zone. It happens when a particular PAW mode has a
wave vector k=� /d, where d is a period of the multidomain
structure. In other words, the stop band occurs because a
PAW mode is “trapped” within the multidomain phononic
superlattice and then reflected by this superlattice when an
acoustic wavelength is exactly equal to doubled superlattice
period, �=2d.

�2� The effect of the stop band is theoretically calculated
and experimentally confirmed for the five lowest acoustic
modes propagating in the z-cut PPLN wafer at reduced fre-
quencies 
 below 3.0, the other modes numbered 6, 7, and 8
may have their stop bands at 
�3.0. This type of ferroelec-
tric wafer is widely used for acousto-optic and nonlinear op-
tic applications including second-harmonic generation of la-
ser radiation. Knowing frequencies of the acoustic stop
bands may be of help for developing more reliable high-
intensity optical applications because an intensive laser pulse
with a certain repetition rate may cause a strong mechanical
stress in the multidomain superlattice due to piezoelectric
and piroelectric properties of LiNbO3. Then any resonance
energy absorption associated with the stop-band frequencies
or their subharmonics is not desirable.

�3� The two-dimensional finite-element model is used to
calculate the dispersion curves of phase and group velocity
of PAW modes in a periodically poled ZX-cut lithium nio-
bate wafer. The dispersion of phase and group velocities of
three zero modes and five higher-order modes are computed
in a frequency range from 0 to 10 MHz, which corresponds
to the dimensionless frequency 
= ��b /�Vt��3.0. The ob-
tained dispersion curves presented by the solid lines in Figs.
3–5 can be used for finding phase and group velocities in the
two-dimensional piezoelectric superlattices of other multido-
main structures of C3V symmetry. It includes different wafer
thickness, other domain dimension, and another material

TABLE I. The lower �FL� and upper �FU� cutoff frequencies
from the experimental velocities dispersions and from the FEM
computations of corresponding dispersion laws ��k�.

Mode

Experiment: Vp,exp���1; Vg,exp���2 Theory: ��k�

FL

�MHz�
FU

�MHz�
FL

�MHz�
FU

�MHz�

1 �A0� 5.511 5.981 5.67 5.99

2 �SS0� 6.201 n/a 6.84 7.12

3 �S0� 7.131,2 7.491,2 7.23 7.43

4 �SA1� 7.441, 7.332 7.931, 7.942 7.30 7.90

5 �A1� n/a n/a 9.56 9.78
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with different velocity Vt of bulk shear acoustic wave. The
numerical results are in good agreement with the experimen-
tal data taken from the z-cut PPLN wafer.

�4� The results of this work can be used for developing
different solid-state acoustoelectronic filters and other signal-
processing devices. The dispersion characteristics of five
PAW modes enumerated 1, 2, 3, 4, and 5 in Figs. 3 and 5
suggest the possibility of developing new ferroelectric de-
vices such as a stop-band filter that cuts out only certain
frequencies falling within the stop-band range. The high dis-
persion of a group velocity of PAW modes at the edges of
their stop-band frequency ranges may be used for developing
highly compact dispersive delay line with, respectively, high
time delay. The first five modes in Figs. 3 and 5 are good
candidates for this application. Note, the plate waves in
SCLN do not have this particular high dispersion property
because of absence of the stop bands.

�5� The comparison of the dispersion curves in Fig. 3 for
PAW modes in PPLN with the same curves for PAW modes
in SCLN reveals the changes in the dispersion curves due to
multidomain superlattice effect. Besides nonexistent stop
bands in SCLN, the PAW modes A1 and S2 �plots 5 and 8 in
Fig. 3� have the cutoff frequencies higher in PPLN plate. For
instance, in a single-crystal plate, the A1-mode cutoff is at
reduced frequency 
�A1�=1, and the S2-mode cutoff is at

�S2�=2.01, when Vp tends to infinity. In contrast, the cor-
responding cutoff frequencies in a periodically poled wafer
are shifted to 
�A1�=1.2 and 
�S2�=2.3, when Vp tends to

infinity. These changes may be explained by acoustic dis-
placement peculiarities. Near the cutoff frequencies, the
acoustical displacement in the modes A1 and S2 is primarily
longitudinal along the x axis, and so the displacement is nor-
mal to the interdomain walls. Because the wave vectors
tends to zero at cutoff frequencies, the corresponding wave-
length is much longer than the domain size, and therefore the
direction of acoustical displacement in the adjacent domains
must be the same. The latter conclusion is in contradiction
with the opposite piezoelectric fields inside the adjacent do-
mains with inverse polarization. It looks like this inconsis-
tency leads to a cancellation of the longitudinal-acoustic dis-
placements in the multidomain array if a wavelength is much
longer than domain period. This situation in turn causes a
high-frequency shift in dispersion curves of the modes with
mainly longitudinal displacements, plots 5 and 8 in Fig. 3. In
fact, the quasi-Lamb waves A1 and S2 are canceled in PPLN
near their cutoffs due to the opposite piezoelectric fields in
the adjacent domains, and they resume at higher frequencies
in comparison to the case of single-crystal wafer.
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