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1 FREE EDGCE.: REELECTIVE—TYPE SURFACE ACQUSTI C WAVE. DEVI CE BACKGROUND CF THE _
| N\VENTI ON Field of the Invention The present invention relates'tg a free-- -
edge refl ective-type surface acoustic wave (hereinafter referréed to as
"surface wave") device utilizing SHtype ‘surface waves, and nore f)
particularly, to a free edge refiective-type surface wave resonator
utilizing SHtype | eaky waves as SHtype surface waves in order to w den

t he frequency=band. Description of the Related Art Various types of surface
wave resonat ors have been used asy resonators for

FREE EDGE REFLECTYVE-TYPE SURFACE ACOUSTIC WAVE DEVICE

ROUN, INVENT .
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" ° " The present invention relates to a free edge
veflective-type surface 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.

[

mf_mw

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. convehtional surface wave resonator utilizing the Love
wave has an 1IDT rade of gold (Au), formed hy a pair of comb-like
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operating in the MHz frequency band. Sone of the surface: mave resonators
utilizing the SHtype surface wave have been used as resdnators-having a

wi de frequency band. Like the ve and ) Er ‘the SHtype
_surface wawe 37¢88 Kiita 5’1 8%?\7?%‘ main c& 3%;‘& gg?'ydl spl acenent 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 "IDI"), conprising a pair of conb-Ilike

el ectrodes, fornmed on a piezoelectric substrate made of a piezoelectric

ceramic material such as lead titanate zire@ate. Another conventi onal

surface wave resonator utilizing the Love wave has an | DT nade of gold
(Au), formed

électrodcs, located on a piezoslectric substrate wmade 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 freguency linit of 70 MHz due ¢tO -
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

10 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

15 use in a freguency band having a range of about 70 to 200 MHz.

wm

SUMMARY OF THE INVENTION

The preferred embodiments of the present invention
"0 provide a free edge reflective-type surface wave resonator
sultable for-use in a freguency band having a rangs of about 70
te 260 M{z and which exhibits resohance characteristice having a
wide frequency band.
h The preferred cmbodiments of the present invention also
258 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 LiNDO; is used ax the pieszoslectric substrate '
30 and leaky waves are used 83 the SH-type surface wave.

SFECRe

i



by a’'pair of conb-1ike 2 el ectrodes, |ocated on a plezoelectrlc -
substrate made of Y-cut X-propagating S|ngle crystals of [eﬁw] Fbmever

t he surface wave resonator util.i g the B ugh : havtgg a.-W de-
freqlency Daad®had’ d“pfﬁ)l‘b’n‘H "Z“t"i i t h%sﬁgﬁ&g ﬂé&%‘

limt of 70 MHz due to limtations |n t he frequency characterlstlcs and
‘grain siZe. The

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:

5 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
ha%inq a pair of comb-like slectrodes with more than one

10 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

15  edges of the piazoelectfic substrate, the width of the electrode
fingers on the both sides keing substantially equal 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,.-

_:P ' A featurc of the free adge reflective~-type surfacas wave
resonator of ' the preferred emboadiments of the prasent 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 §t propagates thrcugh'the

28 piezoelectric substrate. Thereforxe, it has bean thought that
leaky waves could not be used in a°¥urface wave davice bhecaura
such leaky waves are decayed to a large extent.

A feuture aof the pratetred ambodimants of the precant
invention is the utilization of the leaky wave nitherte t.nought

30 to be unusable in a surface wave device. 1n the free edge '
re.flective-vtype surface wave resonator, an IDT is located on one
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conmb-like el ectrodes nade of Au cannot be forned to have a squchentIy

| ar ge, t hi gkness due o . highe s and |im 1'DT” f,fn1ng .
techni que. df dfor & “Phl ?r%gﬁ arlesonatorhgﬁk’%{'\;ﬁ’ldgmband_reeanatm ..... “has=a=-
resonance frequency greater than 200 MHz. Accordingly, none of the

conventional surface wave resonators utilizing the SHtype surface waves

are suitable for use in a frequency band having a range of about 70 to 200
MHz. SUMMARY OF THE | NVENTI ON The preferred enbodi ments of the present

I nvention provide a free edge reflective-type surface wave resonator
suitable for use in a frequency band having a -

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 development of surface waves by excitation, the
5 .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
10 characteristics with a satisfactory crast~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,
15 the piezoelectric substrata made of 41% Y-cut X-propagating
piezoalectric single crystals of LINDBO, exhibits a large
electromechanical cdﬁéling factor in the fraequency band range of
about 70 to 200 MHz. Howaver, when the surface of the
piezoelectric substrate is metalizad, the propagation loss is
:y relatively nigh at 0.044 dB/A, 80 that formation of the. IDNT on
the suxface 'produces a leaky wave having the aforamantioned
prépagation loss. For this reason, pieczoelectric substrates made
of 41* Y-cut X-propagating piezoaelectric single crystals of
""LiNbO, were not hitherto used for surface wave devices such as
25 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-described leaky wave. This
resonator, which is praferably formed by tha 41+ ¥Y-cut

30 X-propagating piezcelectric substrate made of piezoelactric
si;-nqle crystals of LiNhO,, can have a wide frequency band of

SPECI1a263¢

-
eet Has Been Reiaced

T



range'of about 70 to 200 MHz and which exhibits resonance characteristics -
having a w de frequency band. The preferred enbodi ments of the present Ty
invention.al so pnpovigde,a freg.efgasseflectiv -F%HS, rfaceiwave £esonat-or. ..
arranged to'ﬁéﬁg SH-t ype éaﬁﬁéce waves refle??% g?%ﬁ% ty Fg T ree
edges of a piezoelectric substrate, wherein a 41[err] Y-cut X- propagating
pi ezoel ectric substrate nmade of piezoelectric single crystals of LiNoG3 is

used as the piezoelectric substrate and | eaky waves are used as the SHtype
surface wave.

whith is defined as (7(4 - fr )/fr

about 70 to 200 MHz,| because tha piezoelectric substirate has a
high electromechanidal c¢oupling facter. As is clear, for
example, from the preferred embodiments to be described below, :
has been confirmed that the preferred embodiments of the present
$ invention provide a fesonator having a wide fregquency band,-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
10 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
preferred, it being understood, however, that tha invention is

A5 not limited to the precise arrangements and instrumentalities
ghown.
BRIEF DESCRIPTION OF THE DRARTNGS
Fig..1 is a perspective view of a frae edge
. ~o reflective~type surface wave resonator of a prefarred 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
praferred embodiment. :

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

enbodiment with refmrence to the drawings,
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3 Mrre specifically, the preferred enbodi nents of the presenf”i "entlon
prOV|de a free edge reflective-type surface wave resonator ut
SH type | ealgy-awsasies, 1ictnpFasisagon eddy err] V- dmmm.amgaqil__g,pi_ezo@l_gc;ixﬁ—f
Substrate nade_of plezoelectrlc single crystals of Li N33, The

pi ezoel ectric substrate havi ng two opposing free edges and a pair of main
surfaces connecting the two opposing free edges; and an interdigital
transducer |ocated on one of the main surfaces of the piezoelectric

substrate and having a pair of conb-like electrodes with nore than one

el ectrode finger; wherein the el ectrode fIﬂgQ{&_Of the pair of conb-Ilike

el ectrodes are arranged alternatingly with

Fig. 1 is a perspective view of a free edge
reflective-type surface vave resonator of a preferred embodiment
of the present invention.

Referving to Fig. 1, a free cdge reflective-type

5 surface wava 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
10 is formed by a 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 alternatingly with each other. The interval
15 petween the plura) ity of electrode Lingers 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 arrow indicating the directions
of propagation of the surface wave is substantially equal to 1/3
70 of wavelength of the leaky wave, and the width of the remaining
- electrode fingers 3a, 3h, 4b, and 4dc is suhstantially egual to
1/4 of the wavelength of the leaky wave.
The outer edges of the electrode fingers 3c, 4a are
" - “formed to extend on thae upper surface 2a along & langth of the
25 free ecdges 2¢, 2b.
' In the free edge reflectiva-type surface wave rasonato
1, application of slternating 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
30 Fig. 1. These waves are reflected by two opposing free edges of
the piazoelectr substrate 2.
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each’ other, with the outer edges of the electrode fingers’ On both S|des of
t he dlrectlons of propagation of the surface wave extendlng on an-upper..
mai n surfage. @fse harsubstixatie jaé oerg a | engt losTHOLENKeF BElce  qlges—of=the

-pi ezoel ectric 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 el ectrode fingers being
substantially equal to 1/4 of the wavel ength of the surface wave. A feature
of the free edge reflective-type surface wave resonator of the preferred
enbodi ments of the present invention is the use of a type of SHtype
surface wave called a | eaky wave. The | eaky wave, also called a decayi ng

el astic surface wave, radiates energy and thus is decayed as it propagates
t hrough the piezoelectric substrate.

,._—-

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
substrate. 2 made of Y-cut X-propagating piez2cglectric single
crystals of LiNb0, and having a dimension of 2,0 wm x 1.0 mmn. A

15 paii 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 - {r = [£p(KHZ), so that the resonator has a wide
freguency band. It i& alseo clear that the cresé-to-trough ratio,
that is the ratic off the impedance value at the antiresonance
* "point fa with respett to the impedance value at the resonance
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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Therefore, it has been thought that |eaky waves coul d not be used |n a-
surface wave devi ce because such | eaky waves are decayed to a Iarga extent
A feature of vhvarisbef fnhédFEnBdIsdet®dt of t he psTReEBYE, mmkenUan is -t he- =57
utilization of the | eaky wave hitherto thought to be unusable in a surface

wave devi ce.

In the free edge reflective-type surface wave resonator, an

I DT is | ocated on one 4 of the main surfaces of the piezoelectric
substrate joining the two opposing freeedges.

10

frequency and the resonance fraquency Af being 7.3 MHz, so that
the rasonator exhibits rescnance while having a wide frequency
band. 7This resonatox also has a large crest-to-trough ratio of
60 4B, which proves that there is almost n¢ decaying influence
the leaky waves.

While preferred embodiments of the inventien hava-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 not to ba limited except as otherwise set fort
in the clajwms.
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In the free edge reflectlve type surface wave resonator, the.entlre surface 5
wave propagation region allows devel opment of surface mavﬁﬁrby exek patiion,

the regi on hejngs! ogatiedran2an®$dRst he mai n WTRAERTAEER B L

.substrate joining the two opposing free edges. Therefore, there are al nost
no portions of the region where the surface waves, devel oped by excitation,
‘are decayed, during driving. Consequently, a resonator having excell ent

resonance characteristics with a satisfactory crest-to-trough—+atio{that—

is, the ratio of the inpedance value at the anti-resona
respect to the inpedance value at the resona ce point) 2'@,&9@ m” 4“",
even wWith the use of |eaky waves which are ¢ nS|derany

radi ati on of energy. On the other hand, the piezoelectric substrate nade of
41[err] Y-cut X-propagating piezoelectric single

WHAT IS CLAIMED 1S:

1. A free edge reflactive~ty§e gsurface wave
resonatox, comprising:
a piezoelectric substrate having two epposing fre¢

sdges and being arranged to have SH-type surface waves reglectei
s 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 leaky waves, comprising:
a 41° Y-cut X-propagating piezoalectriec substrate
made of piezoelectric single crystals ¢f LiNbQ,, said
s 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;
j% 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;
15 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 8
wavelength of said surface wave and & width of each of the
remaining electrode fingers being substantially equal teo 1/4 of
20 the'waveienqth cf said surface wave.
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crystals of LiNoG3 exhibits a large el ectromechani cal cou Ifmw?j in -
the frequency band range of about 70 to 200 Miz. However, ‘whén the surface f

of. t he- pi ezoel ecéﬁl 8 ?132 f’[egr’;‘%f’ ‘15’3 {Eﬁga i zed M}ﬁ AR t 08 Joss iy

relatively hfgh'’ t for mat VHROBIRVREER o 0L Re e Ui e
produces a ieaky wave having the aforenmentioned propagation |oss. For this
reason, piezoelectric substrates nade of 4l1[err] Y-cut X- propagating

pi ezoel ectric single crystals of Li NoO3 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

enbodi ments of the present invention is comst¥ucted to positively utilize

t he above- described | eaky wave. This resonator, which is preferably forned
by the 41[err] Y-cut X-

P/1071~7
ABSTRACT OF THE DISCLOSURE

A surface wave reésonator suitable for use in the
frequency band range of about 70 to 200 MHZ has a wide frequensy
bgnd characteristic, The resonator is a free edge reflective-
typé surface wave resonator having a pair of comb-like electrode

"é' formed on the upper surface of a piezoelectric substrate made of
41 Y-cut X propagating piezoelectric single crystals of LiNbo,,
wherein SH-type leaky waves are reflacted between two aopposing

" free edges of the resonatoy,
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of LiNb@3, can have a w de frequency band of
because the piezoelectric substrate has a high electro
factor. As is clear, for exanple, fromthe preferred enbodi ments to be"
descri bed bel'ow, it has been confirnmed that t preferred enbodi nents of

the present invention provide a resonator havi®@.a w de f2gquency band,
with a relative bandwi dth o -

Fig. 1
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mhlch Is defined as (fa-fr)/fr of about 6.5%in the frequency band of about
370 to 200 MHz. Accordingly, the preferred enbodi nents of the sent ... - .
i hventsi on can provide a resonator suitable for use in the,tre&& ncy. band oh
about 70 to 200 MHz and having a wide frequency band. For:-:the=purpose-= ot
iLlustrating the invention, there is shown in the draw ngs several forns
whi ch are presently preferred, it being understood, however, that the
invention is not limted to the precise_arrangenents and instrunentalities
shown. BRI EF DESCRI PTI ON OF THE DRAMVNG$—Eig. 1 is a perspective view of a
free edge reflective-type surface wave

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 freqﬁency 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 '



resonator of a preferred enbodi nent of the present invention.. F|g 2 |s an
exanpl e of a resonance characteristic of the free edge reflective-type
surface wave resonator of the preferred enbodi ment. DESGRI PTI%\I Cﬁ,ﬁ\\(v\}g%@
PREFERRED EMBODI MENTS OF THE PRESENT | NVENTI ON A descri pt ll'

given of a preferred embodiment with reference to the draw ngs.

2

——

electrodes, located on a piezoelectric substrate made of Y-cut X-propagating single
crystals of L1Nb03

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 freqilency 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° Y-cut X-
propagating piezoelectric substrate made of piezoelectric single crystals of LiNbO, is
used as the piezoelectric substrate and leaky waves are used as the SH-type surface

wave.



oL P ;‘
6 Fig. 1 is a perspective view of a free edge reflective-type: surface Wave !
Tesonator of a preferred enbodi nent of the present |nvent|on Ref Prpng t01
Firg. 1, a free edge reflective-type surface wave resonatormhs .pfa erahLym.J
formed by using a substantially rectangul ar p|ezoelectrle:substtate;27~*
pi-ezoel ectric substrate 2 is preferably nade of 4l1[err] Y-cut X-propagating
pi ezoel ectric single crystals of [err]. An IDT |ocated on the upper
surface 2a of the piezoelectric substrage 2 is forned by a pair of _
conb-li ke electrodes 3, 4. The conb-Ilike electrodes 3, 4 have a plurality

P noere b2, L10Et M, S 0 g AR B o el S EE
provide a free edge reflective-type surface wave resonator utilizing SH-type leaky
waves, comprising a 41° Y-cut X-propagating piezoelectric substrate made of
piezoelectric single crystals of LiNbO,, 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 \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 tb 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



alternatively with each other. The interval between the plurality of-

€l ectrode fingers 3a to 4c is preferably substantially equal ~t-0 1/43§£ the :
wavel engt h 'of the | eaky wave to be excited. The w dth of the el ety Y1C” i
fingers 3c, 4a located at both edges of the doubl e- headed} arremrrndrcatrng B
t he drrectrons of propagation of the surface wave is subsrantrally equalto
1/8 of wavel ength of the | eaky wave, and the width of the renmaining

el ectrode fingers 3a, 3b, 4b, and 4c is gubstantially equal to 1/4 of the
wavel ength of the | eaky wave. The out er—edges of the el ectrode fingers 3c,

4a are forrre to ext on fhe upper surface 2a_along a length of the free
edges 2c, ﬂP%mPH’es“F%@%’ e piczoelgetric subStAtRjoining ﬁeewoslescfw&tngesr,

appl icati on Iﬁfthe 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 resonarrce 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° Y-cut X-propagating piezoelectric single
crystals of LiNbO, exhibits a large electromechanical coupling factor in the fréquen(:y
band range of about 70 to 200 MHz. However, when the surface of the piezoelectric
substrate is metalized', the bropagation loss is relatively high at 0.044 dB/X , 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° Y-cut X-
propagating piezoelectric single crystals of LiNbO, were not hitherto used for surface
wave devices such as surface wave filters or surface Wave_ resonators. |

The free edge reﬂectivé—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° Y-cut X-
propagating piezoelectric substrate made of piezoelectric single crystals of LiNbO;, can
have a wide frequency band of | | |



alternatlng voltage fromthe conb-like el ectrodes 3, 4 produces | eaky waves
.by excitation which propagate in the directions of the doubl &- headed arrow:
X-in Fig. 1. These waves are reflected by two opposing free’ edagg@@ﬁ\tﬂmn :
pi ezoel ectric substrate 2. 7 Therefore, the entire surface ;
propagation region on the upper surface 2a of the plezoelectrlc 'substrate 2
IS an excitation region. In other words, there is no regi on where the
surface waves only propagate in the dirgctions of the doubl e- headed

B

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 frequéncy 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 frequencj 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.

DE, ION_OF PREFERRED EMBODIMENTS OF THE PRESENT
INVENTION

A description will now be given of a preferred embodiment with reference

to the drawings.



arrow X. Therefore, the resonance characteristics of the free. edge - Y
.reflective-type surface wave resonator 1 resulting fromthe . use of: Leakyl
waves ‘can be utilized, with alnost no decayi ng i nfl uengé: A’ descrnpgggp
wi |l now be given of the specific results of an experlhent Ihe‘fre d
refl ective-type surface wave resonator 1 in which a Ieaky mave—havrng a
wavel ength [err] of 60 [err] produced by excitation was prepared by

enpl oyi ng a piezoelectric substrate 2 mpde of Y-cut X-propagating

pi ezoel ectric single crystals of LiNo®and having a dinension of 2.0 nm X
1.0 mm A pair of conb-like electrodes 3, 4 whose el ectrode fingers have a
pai r nunber N of 15F&. vdenSeafp@rspectn@nVIcWeofpa dreecddge treflectivetiype surface wgve

Al um ni um aeRoSl i s Biferf LEH0M N If fhe 'pRoRRA S Gution.

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° Y-cut X-propagating piezoelectric
single crystals of LiNbO;. 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 3¢ and 4a to 4c, respectively. '

The electrode fingers 3a to 3¢ 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 prdpagation 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.
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characteristics of the surface wave resonator is shown'in-Fig:-2.7As I's‘ ¢
<lear fromFig. 2, the resonance frequency fr is 73.4 Mz, an(i ttwy{ 1396
antiresonance frequency fa is 78.2 Mz, and thus, [err]f z;'-:;_';.:f-_a...-.4*..f._r.._.f;..._____.5;5'3__-___%.;E
MHz ([err]f/fr = 6.5 %. so that the resonator has a vmlde:irte-quenty- band."~
I't. is also clear that the crest- to-trough ratio, that is the ratio of the
| npedance val ue at the antiresonance point fa with respect to the inpedance
val ue at the resonance point fr is Iargez-or about 60 dB. Another free edge
reflective-type surface wave resonator was prepared using the same type of
pi ezoel ectric substr In this resonator, the pair nupber N

t ed above
of the electrode fi r@gfegg’\'ﬁ;zhel%ﬁ% § Cet"}‘?é’ﬂpé%ﬁmwm%%@sdlm? surface
exci tation hadfahe\pieedediie siidtiale Dis APexHatibn relfith.” &5 OHRP Fordd, AL IS Yol T

is 112.5 MHz with the
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 A of 60 pm produced by excitation was prepared by employing a
piezoelectric substrate 2 made of Y-cut X-propagating piezoelectric single crystals of
LiNbO; 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
antiresbnance frequency fa is 78.2 MHz, and thus, af = fa - fr = 4.8 MHz (af/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 poiht fr is large or about 60 dB.

Another free edge reflective-type surface wave resonator was prepared using
the same type of piezoelgctric 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 X of 39 m. The resonance frequency fr is 112.5 MHz with the

difference between the antiresonance



di fference between the antiresonance 8 frequency and the resonance’
-frequency Af being 7.3 MHz, so that the resonator exhibits:. reso@?nd@w Qf
having a wi de frequency band. This resonator also has a | arge..: i
crest-to-trough ratio of 60 dB, which proves that there is al most no.
decaying influence of the | eaky waves. Wile preferred enbodi nents of the
I nventi on have been discl osed, various
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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.



. nmodes of carrying out the principles disclosed herein are contenplated asgi
- being within the scope of the follow ng clainmns. Therefore it |s understood
that the scope of the invention is not to be limted except 654 %HﬁMﬁNEAJ
set forth in the clains. 9 WHAT IS CLAIMED IS 1.  A.free edge o
reflective-type surface wave resonator, conprising: a piezoelectric
substrate having two opposing free edges and bei ng

il AR O O

WHAT IS CLAIMED IS:

1. A free edge reflective-type surface wave resonator, comprising:
a piezoelectric substrate having two opposing free edgeé and being
" arranged to have SH-type surface waves reflected between the two opposing free edges,
wherein a 41° Y-cut X-propagating piezoelectric substrate made of piezoelectric single
crystals of LiNbO; 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° Y-cut X-propagating piezoelectric substrate made of
piezoelectric single crystals of LINbO,, 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
altematingly, 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 remairﬁng
electrode fingers being substantially equal to 1/4 of the wavelength of said surface

wave.



arranged to have SH-type surface waves_reflected-between the tmo opp05|ng
free edges,, wherein a 41[err] Y-cut X -pr-opagati ng: plezoelectrlc substrate 3
made of plezoelectrlc single crystals of LiNoG8 is used as said 2 L h lnf1995 !
pi ezoel ectric substrate and l-eaky waves:-are :used-as the SHtype. surface B
wave. 2. A free edge reflective-type surface wave resonator utilizing
SH-type | eaky waves, conprising: a 41[err] Y-cut X-propagating

pi ezoel ectric substrate made of piezoeLE%Lric single crystals of LiNoG3,
sai d piezoelectric substrate having two opposing free edges and a pair of
mai n surfaces ABSERACHY said two opposing free edges; and an interdigita
transducer | ocated on one of said main surfaces of said

FREE EDGE REFLECTIVE-TYPE SURFACE ACOUSTIC WAVE DEVICE

A surface wave resonator suitable for use in the frequency band
range of about 70 to 200 MHz has a wide frequency band characteristic. The
resonator is a free edge reflective-type surface wave resonator having a pair
of comb-like electrodes formed on the upper surface of a piezoelectric
substrate made of 41° Y-cut X—propagating pieioelectric single crystals of
LiNbO,;, wherein SH-type leaky waves are reflected between two opposing
free edges of the resonator.

Figure 1
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pi ezoel ectric substrate and having a pair of conb-Iike eﬁééﬁhqdééfmﬁthhaﬁ“

plurality of electrode fingers; -wherein said el ectrode fingers of %@gd airi
of. conb-1i ke el ectrodes are arranged alternatingly, wﬁthiiﬁagouiﬂkm g 501%

b
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said el ectrode fingers on both sides indicating the diregdtiorggfm=m==="=
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 el ecirode fingers on said both edges
bei ng substantially equal to 1/8 of a wavel ength of said surface wave and a
wi dth of each of the remaining el ectrode fingers being substantially equal

29

to 1/4 of the wavel ength of said surface VaRey
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ABSTRACT

. FREE EDGE REFLECTIVE-TYPE SURFACE ACOUSTIC WAVE DEVICE - - -

A surface wave resonator (1) suitablé for ﬁse in the frequency band range of about 70 to 200

MHz has a wide frequency band characteristic. The resonator is a free edge reflective-type
surface wave resonator having a pair' of comb-like electrodes (3,4) formed on the upper
surface (2a) of a piezoelectric substrate (2) made of 41° Y-cut X-propagating p1ezoe1ectnc
single crystals of LiNbO;, wherein SH-type leaky waves are reflected between two opposing
free edges (2b,2c) of the resonator. _

Fig. 1.



