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FREE EDGE REFLECTYVE-TYPE SURFACE ACOUSTIC WAVE DEVICE

ROUN, INVENT .

eld of ven

" ° " The present invention relates to a free edge
reflective-type suxrface acoustic wave (hereinafter referred to as
nsurface wave") device utilizing SH-type surfsce waves, and more
particulerly, to a free edge raflactive-type surrace wave
fresonator utilizing SH-type leaky waves as SH-type surface waves
in order-to widen the fraguency band.
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Various tybés.of surfaca wave resonators have been
used as resonators for operating in the MHz frequency band. Sone
of the surface wave resonators.utilizing the SH-type surface wave
have been used as resonators having a wide frequency band. Like
ths BGS wavu and the Love wave, the SH-type surface wave is a
surface vave vhose main component of displacement is along a
direction perpendicular to the directions or propagation of the

" suxface 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~1ike alectrodes, rormed on a pilezoelectric substrate made of
a piezoelsctric ceramic material such as lead titenate zirconste.
Another .conventional surface wave resonator utilizing the Love
wave has an IDT rade of gold (Au), formed by a pair of comb-like
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électrodes, located on a piqzoalectric substrate wmada of Y-cut
y~propagating single crystals of LiNuO;.

However, the surface wave resonatory utilizing the BGS
wave, though having a wide freguency banrd, has a problem in that
it has an upper resonance frequency limit of 70 MHz due toO -
limitations in the freguency charactexistics 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 largs thickness due to higher costs and
Lipitations in the IDT forming techniguae. Therefgre,'thig type
of resonater bos » wide band resonator has a resonance frequency
greater than 200 MHe,
..Accordingly, none of the convantional surface wave

rcsonators utilizing the SH-type surfaca waves are suitable for
use in a freguency 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
sultakle for-use in a frequency band having a range of akout 70
to 200 Mi{z and which exhibits resohance characteristice having a

wide frequency band.

The preferred cmbodiments of the present invention also
provide a free edge reflective-type surface wave resonator
arranged to have SH-type surfzce wAVés reflected between two
opposing free edges of a piezoelectric substrate, wherein a 41°
Y-cut X-propagating piezoelectric substrate made of piezoelectric
single crystals of LiNbO, is used asz the piezoslectric substrate '
and lkaky vaves are used 23 the SH-cvype surface wave.
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More sﬁecirically, the preférred enmbodiments of the
presgent inventisn provide a frea edge reflectiﬁe-type surface
wave resonator utilizing SH-type leaky waves, corprising a 41°
Y-cut X-propagating piezoelectric substrate made of piezoelectri:
single crystals of LiNbO,, the piezoelectric substrate having twc
opposing free edges and a pair of main surfaces connecting the
two opposing free edges; and an interdigital transducer located
on one of tha main surfaces of the plezoalectric substrate and
having a pair of comb-like slectrodes with more than one
electrode finger; wherein the electrode fingers of the pair of
conb-like clectrodes are arranged alternmatingly with each other,
with the outer edges of the electrade fingers on both sides of
the directions of propagation of the surface wave extending on a
upper main surface of the substrate along a length of the free

" edges of the piazoelectfic substrate, the width of the electrode

fingers on the both sides being substantially aqual to 1/8 of the
wavelengthrof the sukface wave and the width of the remaining
electrode fingere tially equal to 1/4 of the
wavelength of the surface wave,.-

' A featurc of the free adge reflective~-type surfacas 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 deocaying elastic surface wave,
radiates energy and thus is decayed as it prepagates through the
piezoelectric substrate. Therefore, it has beean thought that
1eaky waves could not be used in a'*urface wave davice becausra
such leaky waves are decayed to a large extent.

A feuture of the pratetred ambodinents of the preeant
invention is the utilization of the leaky wave nithexrto tnought
to be unusable in a surface wave device. 1n the free adge
reflective~rype surface wave resonator, an IDT is located on one
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of the wain surfaces of the piszoelectric substrate joining the
two opposing free edges. In the free eddge reflective-type
surface vave resonator, the entire surface wave prabagation

‘rogion allows developmant of surface waves by excitatien, the

region being located on ona of the main surfaces of the
piezoelectric substrate joining the two oppoaing free edges.

‘Therefore, there are almost no portions of the region where the

curface waves, developed by excitation, ara decayed, during
driving. Conseguently, a rasonator having excallent resonanca
characteristics with a satisfactory crest-to-trough ratio (that
is, the ratio of the impedance value at the anti-rescnance polnt
with respect to the impedance value at the resonance point) can
be preduced, even with the use of leaky waves which are
considerably decayed by radiation of energy. On the other hand,
the plezoelectric substrate made of 41°% Y-cut X-propagating
piezoalectric single crystals of LINDBO, exhibits a large
electromechanical coupling factor in the fraquency band range of
about 70 to 200 MHz. Howaver, when the surface of the
piezoelectric substrate is metalizad, the propagation loss is
relativaly nigh at 0.044 AB/A, s0O that formation of the. INT on
the suxtace’ produces a leaky wave having the aforamantioned
propagation loss. For this reason, piezoelectric substrates made

of 41¢ Y-cut X-propagating piezoalectric single crystals of
" LiNbO, were not hitherto used for surface wave decvices such as

surface wave filters or surface wavo resonators.

The free edge reflective~type surface wave resonator of
the preferrsd embodiments bof the present invention is constructed
ta positively utilize the above~d&scribed.leaky wave. This
rasonator, which i6 prefercably formed by the 41°* ¥Y~cut
x—propagating plezoelectric substrate made of piezoelectric
single crystals of LiNKhO,, can have a wide frequency bhand of
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whith is defined as (7(4 - fr )/fr

about 70 to 200 MHz,| because tha piezoelectric substirate has a
high electromechanidal c¢oupling factor. As is cleax, for
example, from the b'aferred embodiments to be described below, :
has been confirmed that the preferred embodiments of the present
invention provide a fkesonator having a wide freguency bangd, -witl
a relative bandwidth¥of about 6.5% in the frequency band of abot
70 to 200 MHz. :

Accordingly, the preferxrrad embodiments of the present
invention can provide a resonator sujtable for use in the
frequency band of about 70 to 200 MHz and having a wide freguenc
band.

For the purpose of illustrating the jnavention, there |
shown in.the dravings several form$ which are presently
pregefied, it peing understood, however, that the invention is
not limited to the precise arrangements and instrumentalities
shown.

BRIEF DESCRIPTION OF THE DRAWTNGS .
Fig..1 is a perspective view of a frae edge
reflective~type surface wave resonator of a prafaerred embodiment

of the present invantien.

Fig. 2 is an example of a resonance éharacteristic of
the free edge reflective-type surface wavae resonator of the
preferred embodiment.

CRIPT EMBO 0 N VENT
A description will now ba given of a preferred

enbodiment with refmrence to the drawings,
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Fig. 1 is a perspective view of a free edge
reflective-type surface wave resonator of a preferred embodiment
of the present invention.

Referving to Fig. 1, a free cdge reflective-type
surface wave resonator is preferably formed by using a
substantially rectangular piezoelectric asubstrate 2. The

- piezoelectric substrate 2 is preferably made of 41¢° ¥Y-eut
-X-propagsting piezoelectric single crystals of LiNbO,. An IDT

located on the upper surface 2a of the piezoclectric substrate 2
is formed by & pair ol comb-like electrodes 3, 4. The comb-like
electrodes 1, 4 have a plurality of electrocde fingers 3a to 3¢
and 4a to 4c, respectively.

..The electrode fingers 3a to 3c and electrode fingers 4
to 4o are arranged altarnatingly with each other. The interval
between the plural ity of electrode [ingers 3a to 4c is preferabl
substantially equal to 1/4 of the wavelength of the laaky wave t
be excited. Tha width of tha electrode fingers 3c, 4a located a
both adges of the double-headed srrow indicating the dlrections
of propagation of the surface wave is substantially equal to 1/3
of wavelength of the leaky wave, and the width of the remaining
electrode fingers 3a, 3h, 4b, and 4dc is suhstantially equal to
1/4 of the wavelength of the leaky wave.

The outer adges of the electyrode fingers 3c, 4a are

" - “formed to extend on tha vpper surface 2a along & langth of the

free cdges 26, 2h.

In the free edge reflectiva-typs surface wave rasonato
1, application of slternating voltage from the comb-1ike
electrodes 3, 4 produces leaky wnvés by excitation which
propagate in the directions of the doubls-heaaed arrow X in

Fig- 1. These waves are reflected by two opposing free edges of
the piazoelectr substrate 2.
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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 regien whers the
surface waves only propagate in the directions of the
double-headed arrow X. Therefore, the rescnance characteristics
of the free edge reflectivae-type surface wave rasonator 1
resulting, from the usa of leaky waves can be utilized, with
almost no decaying influence.

A desceription will now be given of the specific result:

10 of an experiment. The free edge reflective-type surface wave
resonator 1 in which a leaky wave having a wavelength A of 60 um
produced by excitation was prepared by employing a piezoelectric
subséra;a-z made of Y-cut X-propagating piezoelectric single
crystals of LiNbO, and having a dimension of 2.0 ¥m x 1.0 rm. &

15 pair of comb-like electrodes 3, 4 whose elactrode fingers have a
pair number N of 15.5 wera formed on the plaroelectric substrate
2 by Alminium deposition and patterning. The rssonance
characteristics of the surface wave resonator is shown in Fig. 2.

As is clear from Fig..2, the resonance frequency fr is
~0 73.4 MHz, and the antiresonance frequency fa is 78.2 MHz, and
thus, Af =.fa - fr = |[£tiHz), so that the resonater has a wide
freguency band. It i& alseo clear that the cresé-to-trough ratio,
that is the ratio off the impedance value at the antiresonancas
* 'point fa with respetct to the impedance value at the resananc;
point [r is large pr about &0 dB,

Another/frea adge reflective-type surface wave
resonator was pripared using the same type of piezoelectric
substrate 2 usedfabove. In thas resonator, the pair numbexr N of
the electrode fingers was 13.5, but the 1eak§ wave producesd by

30 excitation had wav:leng;b A of 39 um. The resonance frequency
fr is 115.5 MH2] with the difference between the antiresonance

4§ My (of /=65 %)
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érequency and the resonance frequency Af being 7.? MHz, so that
the rasonator exhibits rescnance while having a wide frequency
band. 7This resonatox also has a large crest-to-troug? ratio of
60 4B, which proves that there is almost n¢ decaying influence
the leaky waves. ]

While preferred embodiments of the inventien have bee
disclosed, various modes of carrying out the rrinciples disclos
herein are contemplated as being within the scope of the
following claims. Therefore, it is undérstood that the scope o
the invention is nct to be limited except as otherwise set fort
in the clajms.
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WHAT IS CLAIMED 1S:

1. A free edge reflactive~ty§e gsurface wave
resonatox, comprising:

a piezoelectric substrate having twe cpposing fre
sdges and being arranged to have SH-type surface waves reglectei
between the two opposing free edges, wherein a 41° Y-cut
X-propagating piezoelectric substrate made of piezoelectric
single crystale of LiNbO, is used as sald piezoelectric substrat
and leaky waves areé used as the SH-type surface wave.

2, A free edgs reflective~type surface wave resonatc
ntilizing SH-type laaky waves, comprising:

a 41° Y-cut X-propagating piezoalectriec substrate
made of piezoelectric single crystals ¢f LiNbQ,, said
piezoelectric substrate having twe opposing free edges and a pai
of main surfaces conhecting said two opposing free edges; and

an interdigital transducer located on one of said
main surfaces of said piezoalectric substrate and having a pair
of comb-like electrodes with a plurality of electrode fingers;
wherein . _

said electrode fingars of said pair of comb-llke
electrodes are arranged alternatingly, with the outer edges of

‘"said electrode fingeré on both sides indicatjng the directions o:

propagation of the surface wave arranged to extend on said one o;
sald pair of main surfaces along a(i;ngth of said free edges of
said piezoelectric substrate, a width of each of said elecktrode
fingers on said both edges being substantially equal to 1/8 of @
wavelength of said surface wave and & width of each of the
remaining electrode fingers being substantially equal to 1/4 of
the'waveienqth cf said surface wave.
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