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Abstract

Rare-earth calcium oxoborate RECHBO;); (R, rare-earth elements; RCOB) (R=Pr, Nd, Sm, Eu, Dy, Ho, Er) bulk single crystals were
grown by the Czochralski technique. Their melting temperature increased with a decrement of a rare-earth ion radius in RCOB. Surface
acoustic wave (SAW) and pseudo-SAW (PSAW) properties of the RCOB crystal were investigated. The electro mechanical coupling factors
k? values of NdCOB were the highest of all RCOB crystals. For SAN\Of 0.80% and velocity of 3400 m/s &taxis propagation were
obtained on th&-cut substrate. For PSAW, 1.95% and 3900 m/g-akis propagation were obtained on theut substrate. Moreover, the
thermal stability of the SAW of NdCOB (T@= 3 ppm/C) is equivalent to a quartz crystal (DG 0 ppm/C).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Cz technique and investigated SAW properties of the RCOB
(R=Pr, Nd, Sm, Eu, Dy, Ho, Er) crystals.
Due to the recent progress of electric and communication
technology, there is a demand for new piezoelectric crystals,
which show a high thermal stability of frequency and a large 2, Experimental procedure
electromechanical coupling factot?j. These crystals can
improve existing piezoelectric devices such as filters, delay  The starting material was prepared by a solid-state reaction
lines, resonators and oscillators. As new candidates, we haveyf 4N R,03 (R=Pr, Nd, Sm, Eu, Dy, Ho, Er), CaG&nd
paid attention to rare-earth calcium oxoborate ROBOs)3 B,Os3. The mixture was calcined at 1000 for 10 h, cooled
(R, rare-earth elements; RCOB) crystals, which can be grownand ground, and then fired again at 1280for 10h. The
by the Czochralski (Cz) technique at a low cost. So far, a sintered material was identified by X-ray powder diffraction
RCOB crystal, which belongs to monoclinic system, point (XRD) with Cu Ko radiation ¢ = 0.15405 nm) by a graphite
groupm, space groupm, was developed as a non-linear opti- - monochromator. A scanning speed 6fmin was applied to
cal crystal for frequency conversion. Hence, many studies record the pattern in the¥2ange of 10-70°.
have been done about its optical proper{ies5]. In con- The starting material was melted in Ir crucibles (50 or
trast, insufficient piezoelectric research has been conductedi 00 mm in diameter and height). Crystals were grown at
to date. Up to now, surface acoustic wave (SAW) properties 2 0—3.0 mm/h pulling rate and 10-30 rpm rotation rates in
of YCOB, GdCOB, LaCOB, Gg'; _ ,COB (0< x < 1) have an Ar atmosphere. When the crystal growth finished, the
been reportef6-9]. In this study, we grew single crystals by temperature was cooled down to room temperature at a
rate of 15—-75C/h. The melting temperature of the crystals
* Corresponding author. Tel.: +81 72 223 4117; fax: +81 72 227 9796.  Was determined by thermogravity differential thermal anal-
E-mail address: nakao-h@sakai-chem.co.jp (H. Nakao). ysis (TG-DTA) with the heating rate T@&/min in air. The
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chemical composition was determined by inductively cou- 1550
pled plasma emission spectrometry (ICP-ES).

To characterize the SAW propertiek;, Y- and Z-cut 1530 L
substrates, which were polished optically flat on one face,
were prepared from the grown crystals. Then, inter-digital
transducers (IDTs), which were made of aluminum (Al),
were fabricated on the polished surface of the substrates by
a photolithography process. TlSeparameters of the IDTs
were measured by a network analyzer (HP 8510C), and the
frequency response and filter characteristics were obtained.
From these results, the SAW velocity) (and the coupling
factor (%) were determined. The temperature coefficient of
delay (TCD) was evaluated based on the temperature depen-
dence of the frequency from 5 to 46. 1430 -
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3.1. The XRD and the thermal analysis Fig. 2. The relationship between the melting temperature and a rare-earth
ionic radius of RCOB.

The XRD analysis of sintering materials suggests the some
unreacted raw materials were observed after the first calcined; » Single crystal growth and optical characterization
process of 1000C for 10 h. However, RCOB single phase
was obtained at 125 for 10h. The ther_mal behavior of Fig. 3shows the as-grown NdCOB crystal with a 2.0 mm/h
RCOB crystals was measured by TG-DTAg. 1showsthe  jling rate at a seed rotation of 15 rpm. The pulling direc-
TG-DTA curve of the NdCOB crystal as a typical example o, yas along the-axis, which is perpendicular to the mirror
of RCOB crystals. Until t.he crystal was melt at 1410 plane in the crystal. The crystal was 100 mm in length and
there were no endothermic and exothermic peaks related 037 mm in diameter and without inclusions, cracks or bubbles.
any phase changes. Moreover, single NdCOB is not ferro- og can pe seen the ingot diameter is of high constancy over
e!ectrlc, it does not negd monodomainization compared with (o \whole length. Thé1 0 1} and{2 01} facets always appear
LiTaOs. We also confirmed the other RCOB crystals show o the NACOB crystal. Therefore, the cross-sectional crystal
non-ferroelectricity and found the relationship between the shape, which is normal to the pulling direction, is a paral-

melting temperature and a rare-earth ionic radius of RCOB lelogram. Two growth ridges assigned &0 O} facets are

as showrFig. 2 Itindicates that the melting temperature of - gyseryed on a major diagonal axis of the parallelogram. Fur-
RCOB rises with the decrement of a rare-earth ion radius. thermore {010} facets were observed on the solid—liquid
The melting point of LaCOB is 1420 and the lowestinall  jyarface at the bottom of the crystal. The facet on the

rare-earth calcium oxoborares. This means that a platinumgig_jiquid interface led to a core structure during the previ-
crucible could be used to grow the LaCOB crystal. The use

of platinum crucible is very important for mass-production.
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Fig. 1. A TG-DTA curve of NdCaO(BOs)3 crystal. Fig. 3. As-grown NdCz0O(BOz3)3 crystal.
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Fig. 4. Transmission spectrum of Nd{H(BO3)3 single crystal. Frequency (MGz)

Fig. 5. Frequency response ofaxis propagation SAW filter fabricated on

theZ-cut NdCOB substrate.
ous RCOB crystal growtf10]. In our study, the core was also

observed in the center of crystal along the pulling direction.
Though it is undesirable for the uniformity of the wafer, we effect of the rare-earth atom, we examir€af SAW-mode
could eliminate the core by the rotation rate control during atX-axis propagation ofi-cut of RCOB (R =La, Pr, Nd, Sm,
the crystal growth. Eu, Dy, Ho, Er) crystals as shown ig. 6. As a result, the
The chemical composition of grown RCOB crystals was k2 value (0.80%) of NdCOB is the highest in all RCOB crys-
determined by ICP-ES. The composition was almost uniform tals and its velocity is 3400 m/s. Moreover, we found that the
from the top to the bottom of the crystal, and the same as thatthermal stability of the SAW of NdCOB (T =3 ppm/C)
of the starting material. Therefore, we consider that RCOB was equivalent to a quartz crystal (D& 0 ppm?C) and the
crystals congruently melt. k? value is nearly seven times larger than that of a quartz
We characterized the optical property of RCOB crys- one. For PSAW-mode, NdCOB also showed the higkest
tals. Fig. 4 shows the transmittance spectrum (0-2500 nm) 1.95% and velocity of 3900 m/s &taxis propagation on the
of NdCOB crystal (010) plane as a typical example of Z-cut substrate and its thermal stability (TCD =31 ppG)/
RCOB crystals. The crystal is of good transparency and was comparable with LiTag)(TCD =18 ppm/C). In addi-
shows a violet color. The cutoff wavelength is approxi- tion, a computer simulation using the full set of the elastic,
mately 220 nm and that there are some kinds of complicatedpiezoelectric and dielectric constants and their temperature
absorptions, which are attributed to the neodymium ion. The coefficients are indispensable for understanding the piezo-
corresponding transitions of the main peaks are denoted inelectric behavior. We have been measuring those of constants
Fig. 4. In other RCOB crystals, all absorption peaks are also and simulate the piezoelectric behavior. The results can be
assigned to transitions of the constituting rare-earth ion in the reported in the near future.

crystal.
3.3. Piezoelectric characterization 10
09

After crystal growth, we characterized the piezoelectric Nd
properties. The IDTs were fabricated with various propaga- 081 o
tion directions on the RCOB substrate. These were placed at .
22.5 intervals of azimuthal angle on the substrate. Each of f;:l oy
the input and output IDTs has 20 finger pairs with @ line = o6l Gd @ @S
period (. =37.4pm) and an aperture of 2.0 mm. The distance E E.u
between a pair of IDTs was 0.5mm. "é, 0.5F

Fig. 5shows the frequency response df-axis propaga- =
tion SAW filter fabricated on th&-cut NdCOB substrate. As 3 % Pr
can be seen, two frequency responses corresponding to SAW 0ak Y @ Ho L La
and pseudo-SAW (PSAW) exist at 68 and 98MHz, respec- [
tively. Then, we evaluated theof the SAW was 2700 m/s o2f & @ .Dy
and thek? was 0.04% and that the of the PSAW was
3900m/s and th&? was 1.90%. The angular dependence 0.1 ‘ ' ‘
of k2 of NdCOB demonstrated that the SAWXatixis prop- 0085 o.oﬂegre_ carth ?fﬁ]gfadiu s (nrz;oo 0105
agation ony-cut shows the highe&? in SAW-mode waves.
For PSAW-mode waves, the maximufwas observed at Fig. 6. Thek? of SAW-mode afX-axis propagation ofii-cut of RCOB crys-

axis propagation oA-cut substrate. In order to investigate the tals vs. rare-earth ion radius.
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