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Abstract—The results of a theoretical and experimen-
tal investigation of the SAW propagation characteristics in
an optimal region of langasite defined by the Euler an-
gles ¢ from —15° to 4+10%, @ from 120° to 165°, and
from 20° to 45° are presented. Based on temperature coef-
ficients of the elastic constants derived from experimental
data, some optimal orientations of langasite characterized
by high electromechanical coupling factor (kg), Zero power
flow angle (PFA) and low or zero temperature coefficient
of frequency (TCF) were found. The SAW velocity in the
region of interest is highly anisotropic; this results in a sig-
nificant amount of diffraction, which must be taken into
account in the search for orientations useful for SAW de-
vices. An orientation having simultaneously zero PFA, zero
TCF, negligible diffraction, and relatively high piezoelectric
coupling has been found and verified experimentally. The
experimental results are in excellent agreement with the
calculated SAW characteristics. The frequency response of
a SAW device fabricated on the optimal cut of langasite is
presented and demonstrates that high performance SAW
filters can be realized on this optimal cut of langasite.

I. INTRODUCTION

ECENT progress in the development of communication
Rsystems has given rise to the further development of
SAW devices, which are often utilized as the key elements
in such systems. The performance specifications required
of the SAW IF filters cannot always be realized if only the
three customary crystalline materials are implemented as
substrates, i.e., quartz, lithium niobate, and lithium tanta-
late. Therefore, there is a strong need for new piezoelectric
materials that can enhance the performance capabilities
of SAW devices. To provide low insertion loss, a new sub-
strate material is expected to exhibit strong or moderately
strong piezoelectric coupling. A new substrate also must
provide minimal change of frequency with a corresponding
change in temperature. At the same time, SAW propaga-
tion on this new substrate must have minimal power flow
angle and minimal diffraction. It also is desirable that the
substrate demonstrate sufficiently low acoustic propaga-
tion loss in the IF frequency range. It is not difficult to
find substrates that provide any of these desirable prop-
erties, but it is not possible to satisfy all of these require-
ments in a single orientation of any of the three commonly
used materials. The challenge is to find a new material

that has an orientation or range of orientations which will
simultaneously satisfy all of these requirements.

In addition to these technical requirements, a new ma-
terial must have the potential to be commercially available
at a reasonable price, which means that the growth tech-
nique can not be very complicated or expensive. It must
be possible to grow large-size crystals with a diameter of 3
or 4 inches. For IF filters, especially designed for commer-
cial applications, a low SAW velocity is preferred in order
to minimize the chip and package size, and consequently
reduce the cost of the SAW device.

At present the only material capable of satisfying all
of the technical requirements is lanthanum gallium sili-
cate, LasGasSiO 4, or langasite This crystal was synthe-
sized in Russia in the early 1980s [1] and soon proved to be
a moderately strong piezoelectric with an electromechani-
cal coupling factor a few times higher than that of quartz.
For most IF bandwidths, the increase in coupling of lang-
asite is sufficient to enable a significant reduction in inser-
tion loss in comparison to quartz. Being isomorphous to
quartz (point symmetry class 32), langasite “inherited” the
specific temperature behavior of quartz, including the ex-
istence of temperature-compensated orientations for bulk
and surface acoustic waves.

Langasite can be grown from melt by the well devel-
oped Czochralski method, and large size crystals of good
quality have been successfully grown [2], [3]. The propa-
gation loss measured in langasite at gigahertz frequencies
is lower than that in quartz [4], which makes langasite at-
tractive for high-frequency devices. The absence of phase
transitions up to the melting point Ty = 1470°C opens the
possibility of high-temperature applications. Compared to
lithium niobate or lithium tantalate, langasite has an ad-

rantage of having a more stable chemical composition, due

to a narrower region of homogeneity. Therefore, one can
expect minimal variations in the SAW characteristics be-
tween as-grown crystals, though the same feature brings
some difficulty into the growth process. Another advan-
tage of langasite compared to customary SAW materials
is the SAW velocity, which is lower than that of quartz by
15-30%.

The successful combination of these properties makes
langasite a promising new material for future SAW de-
vices, provided that all these advantages are combined in
at least one orientation. A numerical analysis of the SAW
characteristics in singly rotated cuts of langasite has re-
vealed that none of these orientations exhibits simultane-
ously high piezoelectric coupling, low temperature coeffi-
cient of frequency (TCF), small power flow angle (PFA),



and minimal diffraction. However, because no orientation
either singly or doubly rotated on any other SAW sub-
strate satisfies these conditions, it is necessary to extend
the search further. A thorough numerical investigation of
SAW propagation characteristics in doubly rotated cuts
has shown that there is a wide crystallographic area in
which some optimal combinations of SAW properties can
be obtained. This area was first defined in [5] by the fol-
lowing intervals of the Euler angles: » from —15° to +10°,
# from 120° to 165°, ¢/ from 20° to 45°, and with zero ¢
the best combination of SAW characteristics was found to
exist in langasite when # changes from 125° to 145°, and
¢ from 14°to 34° [6]. The optimal area includes the ab-
solute maximum of electromechanical coupling factor k2
for langasite (about 0.5%), and in a number of orienta-
tions moderately high coupling is combined with low or
zero TCF and PFA values. The conclusion that this an-
gular region is characterized by an excellent combination
of SAW characteristics was recently confirmed by several
groups of researchers, both theoretically and experimen-
tally [7]-[11]. Experimental SAW characteristics have been
reported for some promising orientations belonging to the
optimal area, such as: (0°, 140°, 22.5°) [7], (0°, 142°, 24.5°)
[9], (0°, 140°, 24°) [10], and (0°, 140°, 25°) [11]. These and
other orientations exhibit good temperature stability, low
power flow angle, and moderately high piezoelectric cou-
pling (0.3 < k? < 0.4%). It was also found [6], [10] that the
anisotropy parameter ~, which determines SAW diffrac-
tion, is near the optimal value v = —1 in some orienta-
tions. This paper presents the results of further numerical
and experimental investigation of the SAW propagating in
the optimal area of langasite. The main purpose of this in-
vestigation was to find the orientation that combines the
maximum number of optimal SAW characteristics.

II. INVESTIGATION OF SAW PROPAGATION IN THE
OPTIMAL AREA

A theoretical investigation of SAW characteristics must
be based on reliable material data, including the elastic,
piezoelectric, and dielectric constants of the crystal and
their temperature dependencies. To analyze the effect of
material constants on the calculated SAW characteristies,
calculations were made with three different sets of lang-
asite constants [12]-[14]. For orientations of the optimal
area, SAW velocities changed by 1-2% when different ma-
terial constants were used. These values agree with the
common accuracy of material constant measurements. As
a result, the power flow angle vanishes nearly in the same
orientations for any constants. The TCF and the elec-
tromechanical coupling factor are more sensitive to the
choice of material data. For example, the absolute maxi-
mum of the coupling factor changes from k2, = 0.46%
to k2, = 0.55% if the material constants from [12] are
replaced by the constants from [13].

‘While selecting suitable material data for a theoretical
investigation of the SAW behavior in the optimal area, we
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Fig. 1. Calculated and experimental SAW velocities (a) and temper-
ature coefficients of frequency (b) as functions of angle ¢ in orienta-
tions of langasite with Euler angles (0%, 136.5%, ¢). The calculations
are based on material constants from [12]-[14] and temperature co-
efficients of elastic constants from Table 1.

focused on obtaining accurate values of PFA, anisotropy
parameter, and TCF. The first two characteristics were
dependent on the anisotropy of the SAW phase velocity.
In Fig. 1(a) the calculated and measured velocities are
presented for SAW propagation in the Y+46.5° cut of lan-
gasite with Euler angles 0°, 136.5°, 1». Calculations were
based on three different sets of material constants [12]—
[14]. The SAW phase velocities were derived using a pair
of unweighted narrowband transducers (A equal to 16 um,
where A is the SAW wavelength) and measuring the center
frequency of the passband. The thickness of the aluminum
electrodes was negligible (h/A = 0.002). Fig. 1(a) demon-
strates that, at least within the angular range considered
by these curves, the best agreement between calculated
and measured SAW velocities is achieved when the mate-
rial constants from [13] are used. This conclusion agrees
with the results obtained by other researchers [9]. There-
fore, further calculations of SAW characteristics in the op-
timal area are based on the material constants from [13].

A comparison of the experimental and calculated
temperature characteristics of SAW propagation in the
Y+46.5° cut of langasite [Fig. 1(b)] revealed that none
of the reported sets of temperature coefficients of the ma-
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