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Abstract

Fabrication and crystalline characteristics for various piezoelectic materials have been studied. In particular, quariz| TiB©9and
LiB 405 crystals have been investigated, and their piezoelectric properties for applications such as surface acoustic wave (SAW) devices have
been evaluated in detail; however, there has been interest in new materials with improved properties. Recently, new rare earth crystalline
materials, such as Regla(BG;); (Re: Y, Gd, La and others) have been grown, and excellent nonlinear optical properties have been reported.
Itis expected that these materials may also have good piezoelectric properties; however, few studies of the piezoelectricity of these materials
have been performed. Of particular interest is that a large electric-mechanical coupling coefficient may be obtainef BCzd@adCOB).

In this study, a theoretical analysis of the SAW characteristics, and investigation of the piezoelectric properties is reported in detail. The
analysis was performed using material constants obtained from resonance—anti-resonance method by Wang et al. [J. Wang, X. Hu, X. Yin, R.
Song, J. Wei, Z. Shao, Y. Liu, M. Jiang, J. Mater. Res. 16 (2001) 790-796]; SAW velocities and coupling constants were calculated at several
crystalline cuts and propagation directions. In particular, the result calculatedzatthef GACOB was substantially in accordance with the
measured results. Two SAW propagation modes (lower and higher) existed on the cut. From comparison between measured and calculated
results, the lower and higher modes were identified as the Rayleigh mode and the leaky mode, respectively. From the theoretical analysis of
Rayleigh SAW for all crystalline cuts and propagation directions, the maximum velocity and coupling coefficients were obtained for GdCOB
Y-cuts, revealing that thE-cut will be suitable for SAW device applications.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction cally stable with good mechanical properties. In particular,
GdCa0(BO3)3 (GACOB) exhibits excellent optical second
Various piezoelectric crystals such as LiNHQiTaO3 harmonic generation (SHG) characteristics, and single crys-

and LiB;O7 have been grown and their piezoelectric proper- tals can be grown with the Czochralski (CZ) technique at a
ties investigated, because of the interest in the SAW applica-low cost.

tion for filter and resonator devices. However, few studies on the piezoelectricity and SAW
In recent years, new rare earth materials RQ&03)3 properties of these materials have been reported. Therefore,

(R=La, Nd, Sm, Gd, Er and Y) have been studied, and in this study, inter-digital transducers are fabricatedXon

the crystal growth conditions have been investigdfed/]. Y andZ cuts of GACOB crystals, and SAW characteristics

There is interest in using these materials for nonlinear opti- such as velocity, coupling constants and temperature coef-
cal devices, because the crystals exhibit not only excellentficients are evaluated. It is expected that SAW properties
nonlinear properties but also non-hygroscopic and chemi- comparable to those of LiTa@an be obtained with GACOB
[8].
* Corresponding author. In this paper, the simulations are performed with various
E-mail address: tnishida@ms.aist-nara.ac.jp (T. Nishida). crystalline cuts and propagation directions, and the optimum
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Fig. 1. Euler angle (right hand system) used for simulation. cut for GdCOB is revealed. The calculated results are

compared with measured valuf®], and the SAW prop-

— agation properties of the GACOB crystal are discussed in
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Fig. 5. The SAW velocity calculated on all crystalline cuts.¢&0°, (b) ¢ =30°, (c) ¢ =60, (d) » =90, () =120 and (f)¢ =150.

2. Calculation

579

and are given ifable 1 The material constants are com-
prised of 13 elastic constants, 10 piezoelectric constants and

A simulation of the propagation of a surface acoustic wave four dielectric constants, as the crystalline symmetry of the
(SAW) was performed using the methods of Campfgll ReCOB crystal is monoclinic#). The simulation methods
The propagation velocitys] and coupling coefficientf) are improved, because of the availability of various propa-
of the SAW can be obtained by simulation. In order to per- gation modes, such as the Rayleigh mode, leaky mode and
form the calculation, material constants such as elastic andothers[10]. The simulation was performed for various crys-
piezoelectric constants are required. The constants measurethlline cuts. The cuts and propagation directions are indicated
by Wang et al.[1] were used for the present simulation, by the Euler angles, 6, ), as shown irFig. 1
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Fig. 6. The coupling coefficient&q) calculated on all crystalline cuts. (@) 0°, (b) =30, (c) ¢ =60, (d) =90, (€)¢ =120 and (f)¢ = 150°.

3. Results and discussion lower mode (0th) and higher mode (1st), were evident. In
the case of the lower mode, the highest velocities of 3200
At first, the SAW velocity and coupling coefficient?) and 3488 m/s were obtained @ét=0° (X-axis propagation)
of the GACOBZ cut were calculated, and many propaga- from the measured and theoretical results, respectively, as
tion modes could be obtained. The bulk mode and the low shown inFigs. 2(a) and 3(a)Both results also revealed that
coupling mode #2 ~0) were removed from the calculated the higher mode could not propagate in this direction. In the
results, and a valid mode was obtainable. The dependencease of the higher mode, the highest velocities and coupling
of the obtained SAW properties,(k?) on the propagation  (measured: 0.9%, calculated: 0.8%) were obtained arthe
direction @) is shown inFig. 2 The results were com-  axis (¢ =90°). From comparison betweéfigs. 2 and 3it is
pared with the measured value of tieand Z cuts given revealed that the Oth mode is a Rayleigh mode, and the 1st
in our previous repoifi8]. The measured SAW properties of mode is a leaky mode. The SAW properties of the GACOB
the Z cut are shown irFig. 3. The two propagation modes, X cut are also shown iftig. 4 The angular dependence of
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the calculated results also agreed with that of the measuredangular dependences of the simulated results were in
results. However, the calculated velocities were higher thanagreement with the measured results. Two propagation
the measured values, and this could be the case because theodes existed on GACOB crystalline cuts, and are identified
material constants used may contain errors. Therefore, pre-as Rayleigh wave and leaky wave modes. In order to
cise measurement of the material constants is a future subjectletermine the optimum crystalline cuts, the calculation was
for investigation due to the SAW device application of the performed on all cut directions, revealing that the maximum
GdCOB material. velocity ~4000 m/s and coupling-1.1% will be obtained

In order to evaluate all cut and propagation directions, the on theY cut.
calculations were also performed ap aange between 0 and
180, and at & range between 0 and 3§@&nd atyr ranging
between 0 and 180 The velocities and coupling coeffi- References
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