
1 FREE EDGE REFLECTIVE-TYPE SURFACE ACOUSTIC WAVE DEVICE BACKGROUND OF THE
INVENTION Field of the Invention The present invention relates to a free
edge reflective-type surface acoustic wave (hereinafter referred to as
"surface wave") device utilizing SH-type surface waves, and more
particularly, to a free edge reflective-type surface wave resonator
utilizing SH-type leaky waves as SH-type surface waves in order to widen
the frequency band. Description of the Related Art Various types of surface
wave resonators have been used as resonators for 



operating in the MHz frequency band. Some of the surface wave resonators
utilizing the SH-type surface wave have been used as resonators having a
wide frequency band. Like the BGS wave and the Love wave, the SH-type
surface wave is a surface wave whose main component of displacement is
along a direction perpendicular to the directions of propagation of the
surface wave. A conventional free edge reflective-type surface wave
resonator utilizing the BGS wave has an interdigital transducer
(hereinafter referred to as "IDT"), comprising a pair of comb-like
electrodes, formed on a piezoelectric substrate made of a piezoelectric
ceramic material such as lead titanate zirconate. Another conventional
surface wave resonator utilizing the Love wave has an IDT made of gold
(Au), formed 



by a pair of comb-like    2 electrodes, located on a piezoelectric
substrate made of Y-cut X-propagating single crystals of [err]. However,
the surface wave resonator utilizing the BGS wave, though having a wide
frequency band, has a problem in that it has an upper resonance frequency
limit of 70 MHz due to limitations in the frequency characteristics and
grain size. The 



surface wave resonator utilizing the Love waves also has a problem in that
comb-like electrodes made of Au cannot be formed to have a sufficiently
large thickness due to higher costs and limitations in the IDT forming
technique. Therefore, this type of resonator as a wide band resonator has a
resonance frequency greater than 200 MHz. Accordingly, none of the
conventional surface wave resonators utilizing the SH-type surface waves
are suitable for use in a frequency band having a range of about 70 to 200
MHz. SUMMARY OF THE INVENTION The preferred embodiments of the present
invention provide a free edge reflective-type surface wave resonator
suitable for use in a frequency band having a 



range of about 70 to 200 MHz and which exhibits resonance characteristics
having a wide frequency band. The preferred embodiments of the present
invention also provide a free edge reflective-type surface wave resonator
arranged to have SH-type surface waves reflected between two opposing free
edges of a piezoelectric substrate, wherein a 41[err] Y-cut X- propagating
piezoelectric substrate made of piezoelectric single crystals of LiNbO3 is
used as the piezoelectric substrate and leaky waves are used as the SH-type
surface wave.   



3 More specifically, the preferred embodiments of the present invention
provide a free edge reflective-type surface wave resonator utilizing
SH-type leaky waves, comprising a 41[err] Y-cut X-propagating piezoelectric
substrate made of piezoelectric single crystals of LiNbO3, the
piezoelectric substrate having two opposing free edges and a pair of main
surfaces connecting the two opposing free edges; and an interdigital
transducer located on one of the main surfaces of the piezoelectric
substrate and having a pair of comb-like electrodes with more than one
electrode finger; wherein the electrode fingers of the pair of comb-like
electrodes are arranged alternatingly with 



each other, with the outer edges of the electrode fingers on both sides of
the directions of propagation of the surface wave extending on an upper
main surface of the substrate along a length of the free edges of the
piezoelectric substrate, the width of the electrode fingers on the both
sides being substantially equal to 1/8 of the wavelength [err] of the
surface wave and the width of the remaining electrode fingers being
substantially equal to 1/4 of the wavelength of the surface wave. A feature
of the free edge reflective-type surface wave resonator of the preferred
embodiments of the present invention is the use of a type of SH-type
surface wave called a leaky wave. The leaky wave, also called a decaying
elastic surface wave, radiates energy and thus is decayed as it propagates
through the piezoelectric substrate. 



Therefore, it has been thought that leaky waves could not be used in a
surface wave device because such leaky waves are decayed to a large extent.
A feature of the preferred embodiments of the present invention is the
utilization of the leaky wave hitherto thought to be unusable in a surface
wave device. In the free edge reflective-type surface wave resonator, an
IDT is located on one    4 of the main surfaces of the piezoelectric
substrate joining the two opposing free edges. 



In the free edge reflective-type surface wave resonator, the entire surface
wave propagation region allows development of surface waves by excitation,
the region being located on one of the main surfaces of the piezoelectric
substrate joining the two opposing free edges. Therefore, there are almost
no portions of the region where the surface waves, developed by excitation,
are decayed, during driving. Consequently, a resonator having excellent
resonance characteristics with a satisfactory crest-to-trough ratio (that
is, the ratio of the impedance value at the anti-resonance point with
respect to the impedance value at the resonance point) can be produced,
even with the use of leaky waves which are considerably decayed by
radiation of energy. On the other hand, the piezoelectric substrate made of
41[err] Y-cut X-propagating piezoelectric single 



crystals of LiNbO3 exhibits a large electromechanical coupling factor in
the frequency band range of about 70 to 200 MHz. However, when the surface
of the piezoelectric substrate is metalized, the propagation loss is
relatively high at 0.044 [err] so that formation of the IDT on the surface
produces a leaky wave having the aforementioned propagation loss. For this
reason, piezoelectric substrates made of 41[err] Y-cut X- propagating
piezoelectric single crystals of LiNbO3 were not hitherto used for surface
wave devices such as surface wave filters or surface wave resonators. The
free edge reflective-type surface wave resonator of the preferred
embodiments of the present invention is constructed to positively utilize
the above- described leaky wave. This resonator, which is preferably formed
by the 41[err] Y-cut X- 



propagating piezoelectric substrate made of piezoelectric single crystals
of LiNbO3, can have a wide frequency band of    5 about 70 to 200 MHz,
because the piezoelectric substrate has a high electromechanical coupling
factor. As is clear, for example, from the preferred embodiments to be
described below, it has been confirmed that the preferred embodiments of
the present invention provide a resonator having a wide frequency band,
with a relative bandwidth 



which is defined as (fa-fr)/fr of about 6.5% in the frequency band of about
70 to 200 MHz. Accordingly, the preferred embodiments of the present
invention can provide a resonator suitable for use in the frequency band of
about 70 to 200 MHz and having a wide frequency band. For the purpose of
illustrating the invention, there is shown in the drawings several forms
which are presently preferred, it being understood, however, that the
invention is not limited to the precise arrangements and instrumentalities
shown. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a perspective view of a
free edge reflective-type surface wave 



resonator of a preferred embodiment of the present invention. Fig. 2 is an
example of a resonance characteristic of the free edge reflective-type
surface wave resonator of the preferred embodiment. DESCRIPTION OF
PREFERRED EMBODIMENTS OF THE PRESENT INVENTION A description will now be
given of a preferred embodiment with reference to the drawings.    



6 Fig. 1 is a perspective view of a free edge reflective-type surface wave
resonator of a preferred embodiment of the present invention. Referring to
Fig. 1, a free edge reflective-type surface wave resonator is preferably
formed by using a substantially rectangular piezoelectric substrate 2. The
piezoelectric substrate 2 is preferably made of 41[err] Y-cut X-propagating
piezoelectric single crystals of [err].  An IDT located on the upper
surface 2a of the piezoelectric substrate 2 is formed by a pair of
comb-like electrodes 3, 4. The comb-like electrodes 3, 4 have a plurality
of electrode fingers 3a to 3c and 4a to 4c, respectively. The electrode
fingers 3a to 3c and electrodes fingers 4a to 4c are arranged 



alternatively with each other. The interval between the plurality of
electrode fingers 3a to 4c is preferably substantially equal to 1/4 of the
wavelength of the leaky wave to be excited. The width of the electrode
fingers 3c, 4a located at both edges of the double-headed arrow indicating
the directions of propagation of the surface wave is substantially equal to
1/8 of wavelength of the leaky wave, and the width of the remaining
electrode fingers 3a, 3b, 4b, and 4c is substantially equal to 1/4 of the
wavelength of the leaky wave. The outer edges of the electrode fingers 3c,
4a are formed to extend on the upper surface 2a along a length of the free
edges 2c, 2b. In the free edge reflective-type surface wave resonator 1,
application of 



alternating voltage from the comb-like electrodes 3, 4 produces leaky waves
by excitation which propagate in the directions of the double-headed arrow
X in Fig. 1. These waves are reflected by two opposing free edges of the
piezoelectric substrate 2.    7 Therefore, the entire surface wave
propagation region on the upper surface 2a of the piezoelectric substrate 2
is an excitation region. In other words, there is no region where the
surface waves only propagate in the directions of the double-headed 



arrow X. Therefore, the resonance characteristics of the free edge
reflective-type surface wave resonator 1 resulting from the use of leaky
waves can be utilized, with almost no decaying influence. A description
will now be given of the specific results of an experiment. The free edge
reflective-type surface wave resonator 1 in which a leaky wave having a
wavelength [err] of 60 [err] produced by excitation was prepared by
employing a piezoelectric substrate 2 made of Y-cut X-propagating
piezoelectric single crystals of LiNbO3 and having a dimension of 2.0 mm x
1.0 mm. A pair of comb-like electrodes 3, 4 whose electrode fingers have a
pair number N of 15.5 were formed on the piezoelectric substrate 2 by
Aluminium deposition and patterning. The resonance 



characteristics of the surface wave resonator is shown in Fig. 2. As is
clear from Fig. 2, the resonance frequency fr is 73.4 MHz, and the
antiresonance frequency fa is 78.2 MHz, and thus, [err]f = fa - fr = 4.8
MHz ([err]f/fr = 6.5 %). so that the resonator has a wide frequency band.
It is also clear that the crest- to-trough ratio, that is the ratio of the
impedance value at the antiresonance point fa with respect to the impedance
value at the resonance point fr is large or about 60 dB. Another free edge
reflective-type surface wave resonator was prepared using the same type of
piezoelectric substrate 2 used above. In this resonator, the pair number N
of the electrode fingers was 15.5, but the leaky wave produced by
excitation had a wavelength [err] of 39 [err]. The resonance frequency fr
is 112.5 MHz with the 



difference between the antiresonance    8 frequency and the resonance
frequency Af being 7.3 MHz, so that the resonator exhibits resonance while
having a wide frequency band. This resonator also has a large
crest-to-trough ratio of 60 dB, which proves that there is almost no
decaying influence of the leaky waves. While preferred embodiments of the
invention have been disclosed, various 



modes of carrying out the principles disclosed herein are contemplated as
being within the scope of the following claims. Therefore, it is understood
that the scope of the invention is not to be limited except as otherwise
set forth in the claims.    9 WHAT IS CLAIMED IS: 1.   A free edge
reflective-type surface wave resonator, comprising: a piezoelectric
substrate having two opposing free edges and being 



arranged to have SH-type surface waves reflected between the two opposing
free edges, wherein a 41[err] Y-cut X-propagating piezoelectric substrate
made of piezoelectric single crystals of LiNbO3 is used as said
piezoelectric substrate and leaky waves are used as the SH-type surface
wave. 2.   A free edge reflective-type surface wave resonator utilizing
SH-type leaky waves, comprising: a 41[err] Y-cut X-propagating
piezoelectric substrate made of piezoelectric single crystals of LiNbO3,
said piezoelectric substrate having two opposing free edges and a pair of
main surfaces connecting said two opposing free edges; and an interdigital
transducer located on one of said main surfaces of said 



piezoelectric substrate and having a pair of comb-like electrodes with a
plurality of electrode fingers; wherein said electrode fingers of said pair
of comb-like electrodes are arranged alternatingly, with the outer edges of
said electrode fingers on both sides indicating the directions of
propagation of the surface wave arranged to extend on said one of said pair
of main surfaces along a length of said free edges of said piezoelectric
substrate, a width of each of said electrode fingers on said both edges
being substantially equal to 1/8 of a wavelength of said surface wave and a
width of each of the remaining electrode fingers being substantially equal
to 1/4 of the wavelength of said surface wave. 




