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END FACE REFLECTION TYPE SURFACE WAVE RESONATOR

BAéKGROUND OF THE INVENTION
Field of the invention

The present iﬁventioﬁ relates generally to a surface
wave resonator utilizing a surface wave of an SH type such
as a BGS wave (Bleustein-Gulyaev-Shimizu wave) or a Love
wave, and more particularly, to an end face reflection type
surface wave resonator in which a surface wave is reflected
by a pair of end faces oppoeed to each other.

DESCRIPTION OF THE PRIOR ART

An end face reflection type surface wave resonator
utilizing a surface wave of an SH type such as a BGS wave or
a Love wave has been known. Fig. 1 is a perspective view
showing one example of a conventional end face reflection
type surface wave resonator.

A surface wave resonator 1 is constructed using a
piezoelectric substrate 2 in a square plane shape. The
piezoelectric substrate 2 is composed of a piezoelectric
material such as lead titanate zirconate series
piezoelectric ceramics, an LiNbOj piezoelectric single
crystal or an LiTaOg3 piezoelectric single crystal. If the
piezoelectric substrate 2 is composed of piezoelectric
ceramics, the piezoelectric substrate 2 is subjected.to

polarization processing in a direction indicated by an arrow
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A pair of com electrodes_3 and 4 is forme on an upper

Jaced

surface 2a of the piezoelectric substrate 2. The combn
electrodes 3 énd 4 constitute an interdigital transducer
(hereinafter abbreviated as an IDT). The comb electrodes 3
and 4 respectively have electrode fingers 3a to 3c and 4a to
4c.

In the end face reflection type surface wave resdnétor
1, AC voltages are applied from the comb eléctrodes 3 and 4,
whereby fhe BGS wave is excited, and the BGS wave propagates
in a direction indicated by an arrow X as shown. The BGS
wave is reflected by both end faces 2b and 2c of the
piezoelectric substrate 2.

In the above described end face reflection type surface
wave resonator 1, a frequency spectrum determined by the IDT
and a frequency determined by the dimensions between the end
faces 2b and 2c are matched with each other, thereby to
obtain effective resonance characteristics. In the surface
wave resonator 1, the surface wave is reflected between the
end faces 2b and 2c, whereby the resonance characteristics
are extracted, as described above. Therefore, the
smoothness of the end faces 2b and 2c and the dimensions
between the end faces 2b and 2c must be maintained with high
precision. The surface wave resonator 1 has been

conventionally fabricated through the following steps.



pol ari zation processing in a direction indicated by an arrow

and 4 constitute an interdigital transducer (hereinafter abb
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SHEET -2-s P as shown. A pair of conb electrodes 3 and 4 i s ThioShkeetd eplaced .
upper surface.2a of the piezoelectric substrate 2. The conb E m H“l

IDT). The conb el ectrodes 3 and 4 respectively have el ectrode fingers 3a

to 3c and 4a to

_Sbecifically, és shown in a perspecfive view of Fig. 2,
a piezoelectfic_plate 5 is prepared, and the above described
éomb electrodes 3 and 4 are formed_on the upper surface of
the piezoeleétric plate 5, which constitute the IDT.
Thereafter, grooves 6 and 7 are formed downward froﬁ the
upper surface of the piezoelectric plate 5, thereby to form
the above described end faces 2b and 2c. That_is, in order
to accurately form the end faces 2b and 2c, the grooves 6
and 7 are formed by subjecting the piezoelectric plate 5 to
groove processing with high precision. Thereafter, a
piezoelectric plate poftion below the bottoms 6a and 7a of
the grooves 6 and 7 is cut, thereby to obtain the surface
wave resonator 1.

In the surface wave resonator 1, the width of the
electrode fingers 3a and 4c on both sides which are formed
along the end faces 2b and 2c out of the electrode fingers
3a to 3c and 4a to 4c is set to one-half the width of the
other electrode fingers. That is, letting A be the
wavelength of the surface wave, the width of the e;ectrode
fingers 3a and 4c is A/8, and the width of the other
electrode fingers is 1/4. The electrode fingers 3a and 4c
are formed by previously forming a plurality of electrode
fingers having a width of 2/4 and then forming the grooves
6 and 7 so that the width of the outermost electrode fingers

is one-half the width A/4, that is, /8.



4c. In the end face reflection type surface wave resonator—i,—AC vot-tages—

are applied fromthe conb el ectrodes 3 and 4, whereby thqmggﬁawgy eh§.lmmd'

excited, and the BGS wave propagates in a direction indic N W
as shown. The BGS wave is reflected by both end faces 2b gmﬂuﬂwﬂ[w 'I
pi ezoel ectric substrate 2. In the above described end fac pe.
surface wave resonator 1, a frequency spectrum determ ned by the I DT and a’
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characterlﬁgécghe ébé&giéégéfghed structure. If the number of pairs
of electrode fingers constituting the IDT is décreased and
therefore, thé width W of the surface wave resonator 1 is
decreased, however, the surface wave resonator 1 is liable
to be unstable when it is mounted on'a case substrate, a
base of a hermetic seal case, a printed circuit board or the
like. If one comb electrode 13 constituting an IDT has two
electrode fingers 13a and 13b and the other comb electrode
14 has only a single electrode finger 14a, as shown in Fig.
3, for example, the width W of a surface wave resonator 11
becomes much smaller than the thickness t of a piezoelectric
substrate 12. Consequently, the surface wave resonator 11
becomes unstable if it is disposed on the piezoelectric
substrate 12 in a direction as shown. As a result, the
surface wave resonator 11 is liable to fall so that an end -
face 12b or 12c.is directed downward, and electrical
connecting work such as die bonding becomes difficult.
SUMMARY OF THE INVENTION

An object of the present invention is to provide an end

face reflection type surface wave reSonator and a method of
fabricating the same, in which the stability of chips is
enhanced even if the number of pairs of electrode fingers is
small, thereby to make it possible to perform work such as

die bonding stably and reliably.
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wave resonator 1, the surface wave is reflected between the end faces 2b
-and 2c, whereby the resonance characteristics are extrac heenHascRmcRe

above.. Therefore, the snoot hness of the end faces 2b and ﬂ“lmw ﬂ E
a

di mensi ons between the end faces 2b and 2c nust be mainta l
preci sion. The surface wave resonator 1 has been conventiona ricated
t hrough the foll ow ng steps. -3- Specifically, as shown in a perspectlve

view of Fig. 2, ‘An end face reflection type surface wave resonator

according to the present invention is an end face reflection

" type surface wave resonator_utilizing a surface wave of an
SH typo, which comprises a piezoelectric substrate and an
IDT formed on one major surface of the piezoelectric
substrate, a groove being so formed as to extend from the
one major surface to the other major surface or the
piezoelectric substrate and in a direction orthogonal to the
surface wave propagating direction in order to construct an
end face on which the surface wave is to be reflected on at
least one side of the IDT.

As described in the foregoing, in the end facc
reflection type surface wave resonator according to the
present invention, the groove is formed on the major
surface, on which the IDT is. formed, of the piezoelectric
substrate so as to extend toward the other major surface and
in the direction orthogonal to the surface wave propagating
direction, and at least one end face on which the surface
wave is to be reflected is formed by forming the groove. In
the piezoelectric substrate, therefore, a piezoelectric
substrate portion is connected to the outside of the groove.
Accordingly, the dimensions in the surface wave propagating
direction of the surface wave resonator, that is, the width
of the surface wave resonator is incréased by the

piezoelectric substrate portion remaining outside the



a piezoelectric plate 5 is prepared, and the above descri bed conb

el ectrodes 3 and 4 are formed on the upper surface of t he This&heotilagBbani
plate 5, which constitute the I'DT. Thereafter, grooves 6 an

downward fromthe upper surface of the piezoelectric plate

formthe above described end faces 2b and 2c. That is, in order to

accurately formthe end faces 2b and 2c,

or ot si on. oTeYBar arraty b, BEFhEFre "siE BUE SRR et R e 6a

the grooves 6 and 7. is cut, thereby to obtaifethe surfggg wave

-and 7a of
resonat or

1. According to the present invention, at least one

face on which the surface wave is to be”reflected is formed

by forming at-least one groove in the piezoelectric
substrate. Consequéntly, the width qf the piezoelectric
substrate portion outside the groove is controlled
irrespective of the dimensions between end faces for
obtaining resonance characteristics, thereby to make it’
possible to provide an end face reflection type surface wave
resonator which is stable in shape. Accordingly, it is
possible to enhange the stability of the surface wéve
resonator in the héndling of the surface wave resonator
including electricai connecting work such as die bonding,
thereby to make it possible to enhance the productivity of
components or apparatuses using the end face reflection type
surface wave resonator.

In addition, an end face reflection type surface wave
resonator has end faces at the both sides of an IDT. Thus,
a pair of the grooves.are preferably formed so as to con-
struct the end faces at the both sides of the IDT. With the
pressent invention, however, only one end face of the end
faces may be formed bj the formation of the groove, in which
case another end face'is formed by cutting the piezoelectric
substrate according to the conventional method. According-

ly, with the present invention, at least one end face is.

laced

the grooves 6 and 7 are formed by



Tn the surface wave resonator 1, the width of the electrode fingers 3a and
" 4c on both sides which are forned al ong the end faces 2b~ c out of the
el ectrode fingers 3a to 3c and 4a to 4c is set to one-haldf, tﬁ&tm&&ﬁa@ﬁe

ot'her electrode fingers. That is, letting [err] be the wav
surface wave, the width of the electrode fingers 3a and 4c
. the width of the other el ectrode flngers i-s [err]/A4.

fingers 3af@£ﬂeéCb§r§ofﬁi dapylgégyl % %g&g1ng a pIurallty of electrodeg
fingers having.-a wdth of Terr]/4 and the ormng the grooves 6 and 7 so

that jhe wdth of 1d celltﬂ;gamgatt%@%s&ges&éh 9L %aié B8R Toddsndd It

[err]/4, that Ts,
difficult if the width W of the above déscribed surface wave |
resonator is émaller than two-thirds the thickness t of the
piezoelectric substrate. Accordingly, the dimensions of the
piezoelectric substréte portion outside the groove is pref-
erably determined so that the width W of the sgrface wave
resonator is larger than two-thirds the thickness t of the
piezoelectric substrate.

A method of fabricating a surface wave resonator
according to the present invention is a method of
fabricating an end face reflection type surface wave
resonator, which comprises the steps of forming an IDT on a
piezoelectric pléte, forming a groove extending from one
major surface to the other major surface of the
pieioelectric plate and in a direction orthogonal to the
surface wave propagating direction in order to const;uct an
end face on which a surface wave is to be reflected on at
least one side of the IDT in the surface wave propagating
direction, and dividing the piezoelectric plate in an area
outside the groove, thereby to obtain the end face
reflection type surface wave resonator.

In the method of fabricating the surface-wave resonator
according to the present invention, the IDT is formed on the

piezoelectric plate and the groove is formed on at least one



-4- The end face reflection type surface wave resonator 1 has the above
descri bed. structure. .If the nunber of pairs of eIectrodeTthgeﬂ&sBamRslmmd

constituting the IDT is decreased and therefore, the w-dth ace
wave resonator 1.is decreased, however, the surface wave r
liable to be unstable when it is nmounted on a case substra a ase
hernetic .seal case, a printed circuit board or the like. If one conb

el ectrode g‘:@dé; 05 t{ﬁéﬂiﬂ'ﬂ als I(grsé}alsbetd\o above, thereby to construct

the end face on which the surface wave is to be reflected.

The piezoelectric plate is aivided in the area outside the
groove after fhe groove is formed. Consequently, it is
possible to fabricate the end face reflection type éurface
wave resonétor according to the present invention having the
piezoelectric substrate pbrtion outside the groove. In the
fabricating method according to the present invention, the
division is preferably made so that the width W of a
piezoelectric substréte obtained by the division is larger
than two-thirds the thickness t of the piezoelectric
substrate as described above.

In the method of fabricating the end face reflection
type surface wave resonator according to the present
invention, at least one groove is forméd to form the end
face on which the surface wave is to be reflected, as
described above, after which the piezoelectric plate is only
divided outside the groove, thereby to make it possible to
provide the end face reflection type surface wave resonator
according to the present invention. Accordingly, it is
possible to provide the end face reflection type surface
wave resonator superior in stability without increasing the
number of steps.

More preferably, the division of the piezoelectric

plate outside the groove is made by forming a second groove



el ectrode fingers 13a and 13b and the ot her conb. el ect r ode—t4has onty—a |
single electrode finger 14a, as shown in Fig. 3, for exa%Sheﬂ@kaQﬁQﬁMkd

of a surface wave resonator 11 becones nuch smaller tha1 th of !
a piezoelectric substrate 12. Consequently, the surfape.EavEul H |
becones unstable if it is disposed on the piezoelectric sub [
direction as showmn. As a result, the surface wave resonator 11 is liable to

fall so th b 2¢c_js_directed,.downwar and el ectrica
connectingéﬁgéﬁégﬁ hgggﬁd%g-%gé %né? e%%#%g'ﬁ?¥??%%l¥€'g%ﬁmﬂgﬁeff??1ﬁ?
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a.second groove outside the.groove formed in order to
construct the.end face on at least one side of the IDT, and
dividing a piezoelectric substrate pbrtion between the
bottom of the second groove newly formed and the other major
surface by exerting an external force or diViding the
piezoelectric substrate portion by machining. A method of
forming the second groove to divide the piezoelectric plate
is thus employed, thereby to make it possible to prepare a
structure in which a lot of IDTs are formed on one major
surface of a mother piezoelectric plate, as in the
conventional example, and a second groove for separating the
surface wave resonator is further formed after groove
processing for forming the end face. In other words, it is
possible to obtain a structure in which a lot of surface
wave resonators are connected to each other through the
second groove newly formed. Consequently, it is possible to
measure the characteristics of each of the surface wave
resonators, for example, in a state where the surface wave
resonators are connected to each other in the mother
piezoelectric plate.

In the surface wave resonator according to the present
invention, at least one end face on which the surface wave

is to be reflected is constructed by forming the above



face reflection type surface wave resonator and a nethod-of*fabrrcarrng—the
same, in whi.ch the stability of chips is enhanced even i frpisReeeli¥Bes, RRblaced

pairs of electrode fingers is snall, thereby to make it pop|ps orm
work such as die bonding stably and reliably. =~ .5 An end n
type surface wave resonator according to the present inven

face reflection type surface wave resonator utilizing a surface wave of an
described groove, and the piezoelectric substrate portion is

further provided oufside the groove.

The foregoing and other objects, features, aspects and
advantages of.the present invention will become more.
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying dréwings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a.perspective view showing a conventional end
face reflection type surface wave resonator:;

Fig. 2 is a perspective view for explaining the steps
of fabricating the conventional end face reflection tybe
surface wave resonator;

Fig. 3 is a perspective view for explaining the
problems of the conventional.end face reflection type
surface wave resonator;

Fig. 4 is a perspective view for explaining the steps
of fabricating an end face reflection type surface wave
resonator according to an embodiment;

Fig. 5 is a perspective view showiﬁg the end face
reflection type surface wave resonator according to the
embodiment; and

Fig. 6 is a perspective view for explaining a modified
example of the end face reflection type surface wave

resonator according to the embodiment.
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SH type, which conprises a piezoelectric substrate and an +BFforned on _one
maj or surface of the piezoelectric substrate, a groove being,.s eformad as
i

- to extend fromthe one nmajor surface to the other nmajor sir H‘Emhl&ceﬂ
piezoel ectric substrate and in a direction orthogonal to th ,’ﬁ" |
propagating direction in order to construct an end face o

surface wave is to be reflected on at | east one side of the IDI. As '
described pastReptPORISFOHE BREPERRES EMSSDIMENRStI On type surface wave
resonator according to the present invention, the groove is fornmed on the
mejor surface, pn WREGRihESt! 11 e QELEAnQY $1En PLEASELEEL LS the

drawings, thereby to clarify the present invention.

Fig 4 is.a perspective view for explaining a method of
fabricating a surface wave resonétor according to one
embodiment of the present invention.

A piezoelectric plate 21 is first prepare@. The
piezoelectric plate 21 is composed of piezoelectric ceramics
such as lead titanate zirconate series piezoelectric
ceramics or a piezoelectric single crystal such as an LiNbOg
piezoelectric single crystal or an LiTaOg piezoelectric
single crystal. If the piezoelectric plate 21 is composed
of piezoelectric ceramics, the piezoelectric plate 21 is
subjected to polarization processing in a direction

_ indicated by an arrow P as shown. That is, the
piezoelectric plate 21 is subjected to polarization
processing in a direction parallel to a major surface 2la of
the piezoelectric plate 21.

A pair of comb electrodes 23 and 24 is formed.on the
major surface 2la of the piezoelectric plate 21. The comb
electrodes 23 and 24 are composed of a conductive material
such as aluminum or copper. In addition, the comb
electrodes 23 and 24 can be formed by a suitable method such

as a method of forming a thin film composed of a conductive

material on the upper surface of the piezoelectric plate 21

11



substrate so as to extend toward the other major surface_and in the
direction orthogonal to the surface wave propagating direction, and at

I'east one end face on which the surface wave is to be refhi gl
by forr_ri ng the groove. In the piezoelectric substrate, t heﬂmﬁ;ﬁﬁim“i{m
pi ezoel'ectric substrate portion is connected to. the outsid e.
Accordi ngly, the di nensions in the surface wave propagating direction of
R G N A S A R A
outsi de thethen patterning the thin film.

The comb electrodé 23 has electrode fingers 23a and
235, while thé comB electrode 24 has a singlé electrode
finger 24a. Letting X be the wavelength of a surface wave,
the width of the electrode finger 24a is A/4, while a pitch
between the adjacent electrode fingers is also.l/4. The
width of fhe electrode fingers 23a and 23b positioned on
both sides is 8/4.

The width A/8 of the electrode fingers 23a and 23b is
adjusted in forming grooves 25 and 26 as described later.
Specifically, electrode fingers having the same width 1/4
as that of the electrode finger 24a are first formed in
areas where the electrode fingers 23a and 23b are to be
formed. Grooves 25 and 26 extending from the major surface
2la toward the other major surface 21b of the piezoelectric.
plate 2 are then formed. The grooves 25 and 26 are formed
in order to form end faces 22b and 22c on which a BGS wave
excited by applying'AC voltages from the comb electrodes 23
and 24 is to be reflected. Therefore, the grooves 25 and 26
are formed using a dicer or the like so that the end faces
22b and 22c are in such positions as to reduce the width of
the electrode fingers 23a and 23b to half, whereby the width

of the electrode fingers 23a and 23b is determined as

described above.
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groove, thereby to stabilize the surface wave resonator.
present invention, at |east one end face on which the surfagg

Blad Beed R
is formed by formng at |east one groove in the piqmg
Consequently, the width of the piezoelectric subsiﬂ“‘ E

il

refl ected
substrat e.

outside the groove is controlled irrespective of the dinensi

faces for

id d f fl ' f . nat whi ¢h
Stabl o 1 n shapesRERorRFngrSeURE P8 BBeCPh: BB PEKANER TR SEPRR FPty or

obt ai ni ng resonance characteristics, thereby to nake it possible

the surface wave :

form the end faces 22b and 22c as described above, the
direction in which the grooves 25 and 26 extend is a
direction orfhogonal_to the surface wave propagating
direction and is a direction parallel to the electrode
fingers 23a, 23b and 24a;

Furthermore, as apparent from Fig. 4, the bottoms 25a
and 26a of the grooves 25 énd 26 are at such a depth as not
to lead to the other major surface 21b. The grooves 25 and
26 must have a certain depth so that the excited BGS wave
can be reliably reflected by the end faces 22b and 22c.
Since the surface wave of an SH type propagates near the
surface of a piezoelectric substrate, the grooves 25 and 26
need not have such a depth as to lead to the other major
surface 21b. In the present embodiment, therefore, the
depth of the grooves 25 and 26 is approximately one-half the
thickness t of the piezoelectric plate 21, as shown. 1In
order to form the end faces 22b and 22c on which the surface
wave of an SH type such as the BGS wave is to be reliably
reflected, however, it is desirable that the depth of the
grooves 25 and 26, that is, the height of the end faces 22b
and 22c is in the range of 1 1 to 7 12 with respect to the
wavelength 4.

Second grooves 27 andl28 are then formed outside the

grooves 25 and 26. The second grooves 27 and 28 are
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el ectrical connecting work such as die bonding, thereby to

to enhance the productivity of conponents or apparatuses u

reflection type surface wave resonator. In addition, an en

type surface wave resonator has end faces at the both sides of an |DT.
Thus, a pair of the grooves are preferably formed so as to con- struct the

end faces glot{@ed0td 85068 gé?éia@téq s¥fdbd @éex.sé&%até‘i’%ﬁﬁﬁhed

however, only one end face of the end faces nmay formed by the formation

of the grog B{ethé oML ER: CaRBoAIRLNE £ L8 LIRS oéﬁei BIEL: Ss G LR the

pi ezoel ectTic

Tesonator in the handling of the surface wave resonator i cI EﬁirﬂmR

piezoelectric plate 21. Although the grooves 27 and 28
extend paraliél to the grooves 25 and 26, the grooves 27 and
28 need not be formed parallel to the Qrooves 25 and 26.
Since it is preferable in terms of standardization of the
shape of products that the plane shabe of the gurface wave
resonator finally obtained is rectangular, however, the
grooves 27 and 28 are preferably formed parallel to the
grooves 25 and 25 as in the present embodiment.

Furthermore, the bottoms 27a and 28a of the grooves 27
and 28 do not lead to the other major surface 21b.
Specifically, a surface wave resonating.portion 29 according
to the present embodiment which is constructed by forming
the grooves 27 and 28 is connected to the other portions of
the piezoelectric plate 21. If a lot of surface wave
resonating portions each having a structures as shown in
Fig. 4 are formed in a mother piezoelectric plate 21,
therefore, the characteristics can be measured, fo; example,
on the mother piezoelectric plate 21 without cutting each of
the surface wave resonating portions.

The above described surface wave resonating portion 29
is then cut in a portion below the bottoms 27a and 28a of
the grooves 27 and 28, thereby to make it possible to obtain

a surface wave resonator 30 as shown in Fig. 5.
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substrate according to the conventional method. According- Ty, wth the
present invention, at |east one end face is formed by f 0hi§SHIg B3¢ Bde RSdiace
one groove. It is confirnmed that work such as di e bonding:b

if the wwdth Wof the above described surface wave reso-natjoammmlm HH'
than two-thirds the thickness t of the piezoelectric substr
Accordingly, the dinensions of the piezoelectric substrate portion outside.

the groove is Pigfeng' ahhY£HELCFIETEH:E0n  Bbe ! G- PhL VO  rdbnstEE aC

wave

30, a piezoelectric substrate 22 is constructed by the above
described cutting. An IDT which is constituted by the above
described comb electrodes 23 and 24 is formed on one major
surface of the piezoelectric substrate 22. In addition, end
faces 22b and 22c are constructed bf forming the above
described grooves 25 and 26, whereby the surface wave is
reflected between the end faces 22b énd 22c. Specifically,
the resonance characteristics are determined by the
dimensions of the IDT and the dimensions d between the end
faces 22b and 22c. 'Oﬁ the other hand, the width of the
surface wave resonator 30 becomes the distance W between
outer side surfaces of piezoelectric substrate portions 224
and 22e which exist outside the grooves 25 and 26.
Accordingly, the overall width W of the resonator 30 can be
made larger than the thickness d of the piezoelectric
substrate 22 even if the number of pairs of electrode
fingers in the IDT is very small and fherefore, the
dimensions d between the end faces 22b and 22c are small, as
in the surface wave resonator 30 according to the present
embodiment.

In order to stably perform work such as die bonding,
the width W of the surface wave resonator 30 must be larger
than two-thirds the thickness t of thé piezoelectric

substrate 22. Consequently, the width W is preferably
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resonator is larger than two-thirds the thickness t of the piezoerectric——
substrate.. A nethod of fabricating a surface wave resonatoﬂhQSEQHQhBleEi

the present invention is a nethod of fabricating an end

~type surface wave resonator, which conprises the steps oi u!
a piezoelectric plate, formng a groove extending from one ng

t he ot her major surface of the piezoelectric plate and in a direction

ort hogonal dehdsifirid A5 b dvans vy aRAgRly d@frd %féertﬁlelﬁ@s%‘ruct
an end face on which a surface wave i's t ref ected on at | east one side

of the IDT | 4 N Yol s NG Y %szla’l% 22. In the fabricating

”method according to the present embodiment, the width W may
be determined by matching the distance between the above
described grooves 27 and 28 with the width W in forming the
grooves 27 and 28, thereby to make it possible to easily
control the width W.

Although in the above described embodiment, the second
grooves 27 and 28 are formed after forming the grooves 25
and 26, and the piezoelectric substrate portion below the
bottoms 27a and 28a of the grooves 27 and 28 is further cut
to obtain the piezoelectric resonator 30, the surface wave
resonator 30 can be obtained also by cutting the
piezoelectric plate 21 so that piezoelectric substrate
portions having a certain width remain outside the grooves
25 and 26 without forming the grooves 27 and 28.

Furthermore, although in the above described
embodiment, description was made of a structure in which one
IDT is formed, the end face reflection type surface wave
resonator according to the present invention may have two or
more sets of IDTs.

Additionally, although in the above described
embodiment, description was made of a structure in which the
grooves 27 and 28 are formed on both sides of the IDT in

order to form the end faces on which the BGS wave is to be
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direction,
groove, thereby to obtain the end face reflection type surfiishesMB¥BeenR

resonat or.

and dividrng-fhe pi ezoel ectric plate in an aréa outside the

In the nethod of fabricating the surface-wave're
according to the present invention, the IDT is formed on th

plate and the groove is formed on at |east one side of t

descri bed above,

emiaced

thereby to construct the end face on which ‘the surface

wave i s torb€leetkdct eHe §beopeeiﬁetﬁétpréséhﬁt enténfidhOfbyi Pet BSrALE2
out si de the '

on only one side of the IDT. Specifically, a surface wave

resonator 31 in which a groove 26 is formed on only one side

of an IDT maf be used, as shown in Fig. 6. Also in the
case, the same effect as that in the above described
embodiment is obtained. That is, the width of a
piezoelectric substrate portion 22e outside thg groove 26 is
controlled, thereby to make it possible to obtain an end
face reflection type surface wave resonator which is stable
in shape.

The surfaqe wave resonator 31 shown in Fig. 6 is the
same as the surface wave resonator 30 shown in Fig. 5 except
that the groove 26 and the piezoelectric substrate portion
22e are provided on only one side of the IDT. Consequently,
the same portions are assigned the same reference numerals
and hence, the description thereof is not repeated.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only an@ is not
to be taken by way of limitation, thé spirit and scope of
the present invention being.limited only by the terms of the

appended claims.
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groove after the groove is fornmed. Consequently, it is pessibleteo

fabricate.the end face reflection type surface wave resongtor,_ according to
the present invention having the pie n ' ate éé_ i Beplaced
the groove. In the fabricating netho llunugmﬁﬂ“le pres I '
the division is preferably made so that ¢he widtls Wof a pi .

substrate obtained by the division is larger than two-thirds the- thickness

t of the piygzReliecidiialanaddSlg:ate as descri bed above. In the nethod of
fabricating the end face reflection type surface wave resonator according

to the present hnvenld Qg #ade®33le1808 1 %P Vpe Tulk¥aled whde’ 26BbhAgozNd

utilizing a surface wave of an SH type, comprising:

a piezoélectric substrate; and

an interdigital transducer formed on one major surface
of said piezoelectric substfate,

a groove being so formed as to extend from the one
major surface to the other major surface of said
piezoelectric substrate and in a direction orthogonal to the
surface wave propagating direction in order to construct an
end face on which the surface wave is to be reflected on at
leasf one side of said interdigital transducer.

2. The end face reflection type surface wave resonator
according to claim 1, wherein

said groove is so formed as to extend from the one
major surface to the other major surface of said
piezoelectric substrate and in the direction orthogonal to
the surface wave propagating direction in orde; to construct
end faces on which the surface wave is to be reflected on
both sides of said interdigital transducer.

3. The end facé reflection type surface wave resonator
according to claim 1, wherein

said groove is so formed as to extend from the one
major surface to the other major surface of said

pilezoelectric substrate and in the direction orthogonal to

18



‘face on which the surface wave i

as desCri bed above,

after which the piezoelectric plate is onln d|V|ded OutSIthgbﬁmgﬁQQ&ﬁ,

thereby to make it possible to eruJ ulllm
wave resonator according to the p

possible to provide the end face ré&f | ect'i on type surface wav

super I or

pr ef e abl Vend heu e vl pd

formng a second groo

made by

in stability wi thout increasing the nunber of steps. Mre

an end face on which the sprface wave is to be reflected on
only one side of said interdigital transducer.

4, The-end face reflection type surface wave resonator
according to claim 1, wherein

the width W of said end face reflection type surface
wave resonator is larger than two-thirds the tbickness t of
said piezoelectric substrate.

5. The end face reflection surface wave resonator
according to claim 1, wherein

the depth of said groove is in the range of 4 to 7 2
when 1 is taken as the wavelength of the surface wave.

6. A method of fabricating an end face reflection fype
surface wave resonator, comprising the steps of:

forming an-interdigitalntfhnsducer on a piezoelectric
plate;

forming a first groove extending from one major surface
to the other major surface of said piezoelectric plate and
in a direction orthogonal to the surface wave propegating
direction in order to construct an end face on which a
surface wave is to be reflected on at least one side of said
interdigital transducer in the surface wave propagating
direction; and

dividing said piezoelectric plate in an area outside

said groove, thereby to obtain the end face reflection type

19
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9 extending fromat |east one najo r gglgﬁ_§;ﬂijﬁiLjﬁ__;_
the piezoelectric plate, that is, econd groove outside

the groove fornmed in order to constr mmﬂm ﬁ!ﬂon at. Th@s&bt}bné a ced

of the IDT, and dividing a piezoel ec rtion

bot t om of the second groove newly forned and-the ot her najor

exerting an external force or dividing the piezoel ectric subsi rate portlon

by nachi ni t he second groove to divide the
pi ezoel ect %glcr%éagtae I.s t us errp({]:gy thereby to make it possible to

prepare a 7. The method according to claim 6, wherein

said groove is so formed as to extend from the one
major surfacé to the other major surface of said |
piezoelectric plate and in the direction orthogonal to the
surface wave propagating direction in oxrder to construct end
faces on which the surface wave is to be reflected on both
sides of said interdigital transducer.

8. The method according to claim 6, wherein

said groove is so formed as to extend from the one
major surface to the other major surface of said
piezoelectric plate and in the direction orthogonal to the
surface wave propagating direction in order to construct an
end face on which thé surféce wave is to be reflected on
only one side of séid interdigital transducer.

9. The method according to claim 6, wherein

the width W of said end face reflection type surface
wave resonator-is lérger than two-thirds the thickness t of
said piezoelectric plate.

10. The method according to claim 6, wherein

the depth of said groove is in the range of A to 7 2
when 1 is taken as the wavelength of the surface wave.

11. The method according to claim 6, wherein

said step of dividing said piezoelectric plate in an

area outside said groove is carried out by forming a second

20



-structure in whi ch alot of IDTs are T0 MAj Or S UTHis®héet Hhs Bren Replaced —.
not her piezoelectric plate, as i ti onal exanple, - -
'groove for separating the surfacH' mﬂ,"&éﬁﬂ JHW| s further
groove processing for formng there L ) W her words, il 'S pPOSSi
‘to obtain a structure in which a |ot of surface wave resonators are
connected to each other through the second groove newly forned. '
Conseque“t%xyoox}é é:?té&%ﬁhéﬂffr&@ TRABKE didfo hAlPrdes itd ivise aftheach of the
surface wave resonators, for exanple, in a state where the surface wave
resonators are conngcled,t o a8, ALARH dduine SRibeTiPIAOaRA ric plate.
outside said groove and dividing a piezoelectric plate
porfion below said second groove.
12. The method according to claim 11, wherein

said second groove is formed parallel to said first

groove.
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‘In the surface wave resonator according to the present | nventTom,—at-
one end face on which the surface wave is to be reflected! |-g,,scgﬁpe<§ UsLegl. BXed

formng the above REPLACEMENT SHEET 10 descri bed groove,
pi ezoel ectric substrate portion is further provided outside [ H,’Hm ml”",e
foregoi ng and ot her objects, features, aspects and advant age

present invention wl|l becone nor e

ABSTRACT OF THE DISCLOSURE

An end face reflection type surface wave resonator 30
utilizing a surface ﬁave of an SH type which is constructed:
by forming coﬁb electrodes 23 and 24 on one major surface
22a of a piezoelectric substrate 22, which constitute an
IDT, and forming grooves 25 and 26 so as to extend from the
major surface 22a to the other major surface tp form a pair
of end faces 22b and 22c on which a surface wave is to be
reflected and has piezoelectric plate portions 224 and 22e

outside the grooves 25 and 26.
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apparent fromthe follow ng détailedrdeScription of the present invention

when taken in conjunction with the acconpanyi ng draw ngs.

OF THE DRAWNGS Fig. 1 is a perspective view showing a conv epl
face reflection type surface wave resonator; Fig. 2 is a per [
for explaining the steps of fabricating the conventional end

reflection type surface wave resonator
expl ai ning the problens of the conventi
surface wave resonator;

Fig. 3 is a perspective view for
onal -end face reflection type

" FIG.1 PRIOR ART
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Fig. 4 is a perspective view for explaining the steps of fabricating an end

face reflection type surface wave resonator according to_an _enmbodinent

Fig. 5 is a perspective view showi ng the end face reflection urf
wave resonator according to the enbodi nent; and Fig. 6 is s
view for explaining a nodified exanpl e of the end face reflf I

filgced .
surface wave resonator according to the enbodi nent. __|| :

FIG. 3
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-11- DESCRI PTI ON OF THE PREFERRED ENB(I)I IVENTS An enbodi ment wi | | be

described with reference to the draw ngs, thereby to clar+—f—y—t—he—p+esem—“
inyention. Fig 4 is a perspective view for explaining a ne '

fabricating a surface wave resonator according to one enbo e Re Iaced
present invention. A piezoelectric plate 21 is first prepar M m

pi ezoel ectric plate 21 is conposed of piezoelectric cerame

titanate zirconate series piezoelectric ceramics or a piezoelectric si ngl e
crystal such as an Li NoG3 piezoelectric single crystal or an Li TaG3

pi ezoel ect r.i C FIG. 5

30
=\ 25 23 22a >6
23a /—/
24a _23b
22b , d A 22c¢
22d | —
22-’ 22e
| [
= W - —

—— 22e
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gingfe crystal .
Ceram cs,
processing i'n a direction indicated by an arrow P as

di rection paraIIeI to a major surface,2la of the piez
pair of conb el ectrodes 23 and 24 rs—¥6+

the piezoelectric plate 21 is subjected to arization

med on the

pi ezoel ectrarLEpPOEt PHBLINVENTAORD el ectrodes 23 and 24 are conposed or o
conductive material such as al um num or copper. In addition, the conb

el ectrodes 23 gRe ?ﬁcEaREPEEEQKGRdT@YEaSBRFhG§|WAVEthQQONHQbR

BACKGROUND OF THE INVENTZION
Field of the Invention

The present invention relates generally to a surface
wave resonator utilizing a surface wave of an SH type such
as a BGS wave (Bleustein-Gulyaev-Shimizu wave) or a Love
wave, and more particularly, to an'end face.reflection type
surface wave resonatoi in which a surface wave is reflected
by a pair of end faces opposed to each other.

DESCRIPTION OF THE PRIOR ART

An end face reflection type surface wave resonator
utilizing.e surface wave of an SH type such as a BGS wave or
a Love wave has been known. Fig. 1 is a perspective view
showing one example of a conventional end face reflection
type surface wave fesonator.

A surface wave resonator 1 is constructed using a
piezoelectric substrate 2 in a square plane shape. The
piezoelectric substrate 2 is composed of a piezoelectric
material such as lead titanate zirconate series
piezoelectric ceramics, an LiNbo3 piezoelectric single
crystal or aﬁ LiTaO5 piezoelectric siﬁgle crystal. If the
piezoelectfic substrate 2 is composed of piezoelectric
eeramics, the piezdelecfiic substrate 2 is subjected to '

polarization processing in a direction indicated by an arrow

If the piezoelectric plate 21 is conposed of piezoelectric

1|



as a nethod of formng a thin filmconposed of a conductive material on the
upper surface of the piezoelectric plate 21 - 12 - PByFo=pFs SRH=a1S
evaporation, plating or sputtering and then patterni ng| tREPLAGEMENT SHEEITh
conb el ectrode 23 has el ectrode fingers 23a and 23b, ile the caEE

el ectrode 24 has a single electrode finger 24a. Letti _EPéﬁnyuéa eﬁmﬁ..
wavel ength of a surface wave, the w & Kk of the el ectrode gt T TSP
whil e a pPtas shown.

o

A pair of comb electrodes 3 and 4 is formed on an upper
surface 2a of the piezoelectric substrate 2. The comb
electrodes 3 and 4 constitute an interdigital transducer
(hereinafter abbreviated as an IDT). The comb electrodes 3
and 4 respectively have electrode fingers 3a to 3c and 4a to
4c.

In the end face reflection type surface wave resonator
1, AC voltages are applied from the comb electrodes 3 and 4,
whereby the BGS wave is excited, and the BGS wave propagates
in a direction indicated by an arrow X as shown. The BGS

~wave is reflected by both end faces 2b aqd 2c of the
piezoelect;ic substrate 2.

In the above described end face reflection type surface
wave resonator 1, a frequency spectrum determined by the IDT
and a frequency determined by the dimensions between the end
faces 2b and 2c are matched with each other, thereby to
obtain effective fesonance characteristics. In the surface
wave resonator 1, the surface wave is reflected between the
end faces 2b and 2&, whereby the resonance characteristics
are extracted, as described above. Therefore, the
smoothness of the end faces 2b and 2c and the dimensions
between the end faces 25 and 2c must be maintained with high
precision. The surface wave resonator 1 has been

conventionally fabricated through the following steps.
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d Pt

bet ween the adjacent electrode fingers is also A4, Thd

! . o} o e
el ectrode fingers 23a and 23b positioned on both sides i$ -P¥1¢EMEﬂhGHEET.
width [err]/8 of the electrode fingers 23a and 23b is adj ted(ﬂmf rq '
grooves 25 and 26 as described later. Specifically, elec ob%*f%ng&@! ...........

having the same width A/4 as that ol ghe electrode finger 24a™ar
formed in areas where the el ectrodefingers 23a and 23b are to be forned.

G ooves 25 and gfeckfeeding, faonshdwn nbhod perspect Xia Daardif tivg otder
maj or surface 21b of the piezoelectric plate 2 are then fornmed. The grooves

25 and 26 &rgs dASETectF QM PPAte 05 T 08 %féﬁbfé&?sar?@.btﬁé‘dat?&?ef&eé&ﬂ%& BGS
comb electrodes 3 and 4 are formed on the upper surface of
the piezoelectric plate 5, which constitute the IDT.
Thereafter, grooves 6 and.7 are formed downward from the
upper surface of the piezoelectric plate 5, thereby to form
the above described end faces 2b and 2c. That.is, in order
to accurately form the end faces 2b and 2¢c, the grooves 6
and 7 are formed by subjecting the piezoelectric plate 5 to
groove processing with high precision. Thereafter, a
piezoelectric plete portion below the bottoms 6a and 7a of
the grooves 6 and 7 is cut, teereby to obtain the surface
wave fesoﬁetor 1.

In the surface wave resonator 1, the width of the
electrode fingers 3a and 4c on both sides which are formed
along the end faces 2b and 2c out of the electrode fingers
.3a to 3c and 4a to 4c is set to one-half the width of the
other electrode fingers. That is, letting 2 be the
wa?elength of the surface wave, the width of the e;ectrode
fingers 3a and 4e is 1/8, and the width of the other
electrode fingers is 1/4. The electrode fingers 3a and 4c
are formed by pre§iously forming a plurality of electrode
fingers having a width of 1/4 and then forming the grooves

6 and 7 so that the width ef the outermost electrode fingers

is one-half the width A/4, that is, 4/8.



excited by applying AC voltages fromthe conb el ectrodes
refl ected. Therefore, the grooves 25 and 26 are formed ugi pgp
| i ke so that the end faces 22b and 22c are in such positijons ggéﬁﬁﬁﬁg
the width of the electrode fingers 23a and 23b to half, 416
of the electrode fingers 23a and 23l _iks-~determ ned as de ' o
REPLACEMVENT SHEET - 13 -

nd 24 is to be

........

The end face reflection type surface wave resonator 1
has the above descriﬁed structure. If the number of pairs
of electrode fingers constituting the IDT is decreased and
therefore, the width W of the surface wave resonator 1 is
decreased, however, the surface wave resonator 1 is liable

to be unstable when it is mounted on a case substrate, a

base of a hermetic seal case, a printed circuit board or the

like. If one comb electrode 13 constituting an IDT has two
electrode fingers 13a and 13b and the other comb electrode
.14 has only a single electrode finger 1l4a, as shown in Fig.
3, for example, the width W of a surface wave resonator 11
becomes mﬁch smaller than the thickness t of a piezoelectric
substrate.iZ. 'ConSequently, the surface wave resonator 11
becomes unstable if it is disposed on the piezoelectric
substratellz in a direction as shown. As a result, the
surface wave résonafor 11 is liable to fall so that an end
féce 12b or 12c¢c is directed downward, and electrical
connecting work.such as die bonding becomes difficult.
SUMMARY OF THE INVENTION -

An object of the present invention is to provide an end
face reflection type surface wave resonator and a metﬁod of
'fabricating'the same, in which the stability of chips is
enhanced even if the number of pairs of electrode fingers is
small, thereby to make it possible to perform work such as

‘die bonding stably and reliably.




Since the grooves 25 and 26 are provided in order to formthe end faces 22b
and 22c as described above, the direction in which the gry nd_ 26
extend is a direction orthogonal to the surface wave prop QEP[RGEmEN¥§Hé§¥ ‘
and is a direction parallel to the electrode fingers 23a,{| 23b a éET
Furthernore, as apparent fromFig. 4,5the bottoms 25a ang Zﬁa.nunﬁh ......... EEE !
grooves 25 and 26 are at such a deﬁrﬁ—“ not to |l ead to t¥e—othetr—aaior "
surface 21b. Tie @ndo\fase? Fefilectyon stypeasarfacer v@ve desomatort hat the
excited BGS wave can be reliably reflected by the end faces 22b and 22c.
Si nce t he aticrddmgiatiee thie PreSdnty Aavenmyiapatias anc@nd face reflection

type surféce wave resonator utilizing a surface wave of an
SH type, which comprises a piezoelectric substrate and an
IDT formed on one major surface of the piezoelectric
substrate, a groove being so formed as to extend from the
one major surface fo the other major surface of the
piezoelectric substrate and in a direction orthogonal to the
surface wave propagating direction in order to construct an
end faée on which the surface wave is to be reflected on at
least one side of the IDT.

As described in the foregoing, in the end face
.reflectioﬁ-type surface wave resonator according to the
present invention, the groove is formed on the major |
surface, on which the IDT is formed, of the piezoelectric
substrate so as to extend toward the other major surface and
in the diréction orthogonal to the surface wave propagating
direction, and at least one end face on which the surface
wave'is to be reflected is formed by forming the groove. In
the piezoelectric substrate, therefore, a piezoelectric
substrate pbrtion is connected to the outside of the groove.
Accordingly, the dimensions.in the surface wave propagating
direction bf the surface wave resonator, that is, the width
of the surface wave resénator is increased by the

piezoelectric substrate portion remaining outside the



surface of a piezoelectric substrate, the grooves 25 and
such a depth as to lead to the other mmjor surface 21b.
enbodi ment, therefore, the depth of the grooves 25 and 2
one-half the thickness t of the piezoelectric plate 21, 3
to formthe end faces 22b and 22c on_wgi ch the surface v
such as the BGS wave is to be reliabty reflected, however, it =
that the deptdowd, tthemstnoves s¥abaiid 226, tHealurfacd hmdemgéﬁonﬁtdﬂme end

faces 22b and 22c is-in the range of 1 [err] to 7 [err] with respect to the

wavel ength A SeetskdiPUes the PrbsEhtAlihvditiidm) R 1¢dst dhd tha

face on which the surface wave is to be reflected is formed
by forming at least one groove in the piezoelectric
substrate. Consequently, the width of the piezoelectric |
substrate portion outside the groove is controlled
irrespective of the dimensions between end faces for
obtaining resonance characteristics, thereby to make it
possible to provide an end face reflection tYpe surface wave
resonator which is stable in shape. Accordingly, it is
possible to enhance the stability of the surface wave
resonator in the handling of the surface wave resonator
including.électrical connecting work such as die bonding,
thereby to make it possible to enhance the productivity of
components or apparatuses using the end face reflection.type
surface wave resonator.

In addition, an end face reflection type surface wavé
resonator has end faces at the both sides of.an IDT. Thus,
a pair of the grooves are preferably formed so as to con-
struct the end faces at the both sides of the IDT. With the
pressent invention, however, only one end face of the end
faces may be formed'by'the formation of the groove, in which
case another end face is formed by cutting the piezéelectric
substrate accordiﬁg to the conventional method. According-

ly, with the present invention, at least one end face is



grooveé 25 and 26. The second grooves 27 and 28 are 14 prOV|ded so as to
separate a surface wave resonator obtained in the present
the other portions of the piezoelectric plate 21. Althoug
and 28 extend parallel to the grooves 25 and 26, the grooye
not be formed parallel to the grooves 25-and 26. Since it
.terms of standardi zation of the shape of products that th
t he surfacdowmed by forming at least one groove.

It is confirmed fhat work such as die bonding becomes
difficult if the width W of the above described surface wave
resonator is smaller than two-thirds the thickness t of the
piezoelectric substrate. Accordingly, the dimensions of the
piezoelectric substrate portion outside the groove is pref-
erably determined so that the width W of the sprface wave
resonator is larger than two-thirds the thickness t of the
piezoelectric substrate.

A method of fabricating a surface wave resonator
according to the present invention is a method of

~fabricating an end face reflection type surface wave
resonator,awhich comprises the steps of forming an IDT on a
piezoelectric plate, forming a groove extending from one
major surface to the other major surface of the
piezoelectric plate and in a direction orthogonal to the
surface wave propagating direction in order to construct an
end face on which a surface wave is to be reflected on at
least one side of the IDT in the surface wave propagating
direction, and dividing the piezoelectric plate in an area
outside the groove, thereby to obtain the end face
reflection type surface wave resonator.

In the method of fabricating the surface-wave resonator

according to the present invention, the IDT is formed on the

piezoelectric plate and the grodve is formed on at least one



resonator finally obtained is rectangul ar, however, the g { and 28
‘are preferably fornmed parallel to the grooves 25 and 25 § “_._~“w"”“
enbodi nent. Furthernore, the bottons 27a and 28a of the f
do not lead to the other major surface 21b. Specifically
resonating portion 29 accordlng t o-t@e-present enbodi ment=w
constructed by form ng the grooves 27 and 28 is connected to t he other
porti ons sifdé hef pitex GEIBCtas clgscrtibal aldve, |thersby g BAMNSHEMECT esonat i ng
portions each having a structures as shown in Fig. 4 are formed in a nother
2' ezo?al EGiHd Gerid e lon tieicH afts  shlrefadwnvaniteeriistta bec arefleatmsbur ed, for
xamnpl e,

The piezoelectric plate is divided in the area outside the

-----
------------------------
.

groove after the groove is formed. Consequently, it is

. possible to fabricate the end face reflection type surface
wave resonator according to the present invention having the
piezoelectric substrate portion outside the groove. In the
fabricating method according to the present invention, the
division is preferably made so that the width W of a
piezoeléctric substrate obtained by the division is larger
than two-thirds thé thickness t of the piezoelectric
substrate as described above.

In tﬂe method of fabricating the end face reflection
type surface wave resonator according to the present
invention, at least one groove is formed to form the end
face on which the surface wave is to be reflectéd, as
deséribed above, after which the piezoeiectric plate is only
divided outside the gfoove, thereby to make it possible to
provide the end face reflection type surface wave ;esonator

. according to the present invention. Accordingly, it is
_possible'to provide the end face reflection type surface
wave resonator superior in stability withbut increasing the
number of steps.

"More preferably, the division of the piezoelectric

plate outside the groove is made by forming a second groove



on t he not her pi ezoel ectric plate 21 without cutting each of the surface
wave resonating portions. -The above described surface wav
portion 29 is then cut in a portion below the bottons 27 zﬁﬁfhﬂ&ﬁMﬁNﬁ$ﬂfET
grooves 27 and 28, thereby to make it possible to obtain sur fge

resonator 30 as shown in Fig. 5. --95- In the end face éﬁkbct4 JW?Z
surface wave resonator 30, a piezoelectric substrate 22
t he aboveextending from at least one major surface to the other major

surface of the piezoelectric plate, thaf is, further forming
a second groove outside the groove formed in order to
construct the end face on at least one sidé of the IDT, and
dividing a piezoelectric substrate portion between the
bottom of the second groove newly formed and the other major
surface by exerting an external force or dividing the
piezoelectfic_substrate portion by machining. A method of
forming the second groove to divide the piezoelectric plate
is thus employed, thereby to make it possible to prepare a
structure in which a lot of iDTs are formed on one major
surface of a mother piezoelectric plate, as in the
conventioﬁél example, and a second groove for separating the
surface wave resonator is further formed after groove

~processing for forming the end face. In other words, it is
possible to obtain a structure in which a lot of surface
wave resonators are connected to each other through the
second groove newly formed. Consequently, it is possible to
measure the characteristics of each of the surface wave

. resonators, for example; in a state where the surface wave
resonators are connected to each other in the mother
piezoelectric plate.

In the surface wave resonator according to the present

inventibn, at least one end face on which the surface wave

.is to be reflected is constructed by forming the above



described cutting. An IDT which is constituted by the ahque descri bed conb

substrate 22. In addition, end faces 22b and 22c are corn
t he above descri bed grooves 25 and 26, whereby the surfccga

el ectrodes 23 and 24 is formed on one major surface of thPFBLR§Sﬁ§§$f

reflected between the end faces 22b.,and 22c. SpeC|f|caII FESONANCE

v

characteristics are determ ned by-tte—dt nensi ons of the IDT and the

di mensi odesdrbbedegnobte, eaddf thesp28hoahdcfic Snbshratehporhiaod, ishe

width of the surface wave resonator 30 becones the di stance W between outer

si de sur¢ageRed! ppbeiaelicehitsfdaubREr gk6operti ons 22d and 22e which exi st

out si de the grooves 25 and 26.
The fore901ng and other obJects, features, aspects and

'advantages of the present invention w111.become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTiON OF THE DRAWINGS

Fig. 1 is a perspective view showing a conventional end
face reflection type surface wavé resonator;

Fig. 2 is a perspective view for e#plaining the steps
of fabricating the conventional end face reflection'type
surface wé&e resonator;

Fig. 3 is a perspective view for explaining the
problems of the conventional.end face reflection type
surface wave resonator;

Fig. 4 is a perspective view for explaining the steps
of fabricating an end face reflection type surface wave
resonator according to an embodiment;

Fig. 5 is a perspective view showing the end face
reflection type surface wave resonator according to the
embodiment; and

Fig. 6 is a perspective view for explaining a modified
example of the end face reflection type surface wave

resonator according to the embodiment.



Accordlngly, the overall width Wof the resonator 30 can be nade | ar ger
‘than the thickness d of the pi-ezoel ectric substrate 22 e Lf _the nunber
of pairs of electrode fingers in the IDT is very small

di mensi ons d between the end faces 22b and 22c are snal
wave resonator 30 according to the—plesent embodi ment . |
performwork such as die bonding, The width Wof the sur

30 nust DESCRIGTIONnhQR THE- PﬁFFgBRFHeEMﬁPEEH§§?St of the plezoelectrlc

substrate 22. Consequently, the width Wis preferably
An embodiment will be described with reference to the

drawings, thereby to clarify the present invention.

"Fig 4 is a perspective view for explaining a method of
fabricating a surface wave resonator according to one
embodiment of the present invention.

A piezoelectric plate 21 is first prepareg. The
piezoelectric plate 21 is composed of piezoelectric ceramics
such as lead titanate zirconate series piezoelectric
ceramics or a piezoelectric single crystal such as an LiNbOgj
piezoelectric single crystal or an LiTaO3 piezoelectric
single crystal. If the piezoelectric plate 21 is composed
of piezoeléctric ceramics, the piezoelectric plate 21 is
subjected to polarization processing in a direction
indicated by an arrow P as shown. That is, the
piezoelectric élate 21 is subjected to polarization
processing in a difection parallel to a major surface 2la of
the piezoelectric plate 21.

A pair of comb electrodes 23 and 24 is formed on the
major surface 2la of the piezoelectric plate 21. The comb
electrodes 23 and 24 are composed of a conductive material
such as aluminum or copper. In addition, the comb
electrodes 23 and 24 can be formed by a suitable method such
as a method of forming a thin film composed of a conductive

material on the upper surface of the piezoelectric plate 21



16 determ ned so as to be larger than two-thirds the thic
pi ezoel ectric substrate 22. In.the fabricating nethod ac@oggp g
present enbodi nent, the width Wmay be determ ned by nmatcfjing t b@il
between the above described grooves 27 and 28 with the wi gtV i

the grooves 27 and 28, thereby to waf@ t possible to easiHz=—eant Lol He """ |
wi dth W Al though in the above desTribed enbodi ment, the second grooves 27
and 28 arlYf{3rPERCR$SE FUFhraf nPvarRratiResPbBting or sputtering and

then patterning the thin film.

The comb electrode 23 has electrode fingers 23a and
23b, while the comb electrode 24 has a single electrode
finger 24a. Letting 4 be the wavélength of a surface wave,
the width of the electrode finger 24a is 1/4, while a pitch
between the adjacent electrode fingers is also 1/4. The
width of the electrode fingers 23a and 23b positioned on
both sides is 8/4.

The width 2/8 of the electrode fingers 23a anq 23b is
adjusted in forming grooves 25 and 26 as described later.

~ Specifically, electrode fingers_having the same width 1/4
as that of.the electrode finger 24a are first formed in
areas where the electrode fingers 23a and 23b are to be
formed. Grooves 25 and 26 extending from the major surface
2la toward the other major Surface 21b of the piezoelectric
plate 2 are then formed. The grooves 25 and 26 are formed
in-order to form end faces 22b and 22c on which a BGS.wave
excited by applying AC voltages from the comb electrodes 23
and 24 is to be reflected. Therefore, the grooves 25 and 26
are formed using a dicer or the like éo that the end faces
22b and 22c¢ are in such positions as to reduce the width of
the electrode fingers 23a and 23b to half, whereby the width
of the electrode fingers 235 and 23b is determined as

describgd above.



and 26, and the pi ezoel ectric substrate portion bel-ow the bottons 27a_and

'28a of the grooves 27 and 28 is further cut to obtain tlhe eﬁﬂﬁh & :
30, the surface wave resonator 30 can be obta n%%#%.so %@*%thTn'

the piezoelectric plate 21 so that piezoelectric substragt orﬂimgcp
a certain width remai n outside the grooves 25 and 26 w { Gat qﬁgp

resonat or

Formng f

grooves 27 and 28. Furthernore, alilmk&ﬁii n the above described enbodi nent,

description wagifRee the ?rﬁddé(‘st Y5 dnid WE @reORpRovidBeds indloFadr e end

~face reflection type sur

ace wave resonator according to the present

i nvention gy, BNE dntP fcd® 2 @nd 22d QES described above, the

direction in which the grooves 25 and 26 extend is a
direction orthogonal to the surface wave propagéting
direction and is a direction parallel to the electrode
fingers 23a, 23b and 24a.

Furthermore, as apparent from Fig. 4, the bottoms 25a
and 26a of the grooves 25 and 26 are at such a depth as hot
to lead to the other major surface 21b. The grooves 25 and
26 must have a certain depth so that the excited BGS wave
can be reliably reflected by the end faces 22b and 22c.
Since the surface wave of an SH type propagates near the
surface oé a piezoelectric substrate, the grooves 25 and 26
need not have such a depth as to lead to the other major

surface 21b. In the present  embodiment, therefore, the

depth of the grooves 25 and 26 is approximately one-half the

thickness t of the piezoelectric plate 21, as shown. In
order to form the end faces 22b and 22c on which the surface
wave of an SH type such as the BGS-wave is to be reliably
reflected, however, it is desirable that the depth of the
grooves 25 and 26, that is, the height of the end faces 22b
and 22c is in the range of 1 2 to 7 2 with respect to the
wavelength 1.

"Second grooves 27 and'28 are then formed outside the

grooves 25 and 26. The second grooves 27 and 28 are



‘Addftionally, al t hough in the above described enbodi nent,
made of a structure in which the grooves 27 and 28 are fofjrggh iﬁi PE§7'
of the IDT in order to formthe end faces on which the B vaéA’ﬁs Uo]_%fél' f
REPLACEMENT SHEET - 17 - reflected, the groove i'n the prebankgi Hve

be formed on only one side of theilLﬁE;Specifically, a su AT et !

resonator 31 in which a groove 26 is formed on only one side )
provided so as to separate a surface wave Tresonator obtained

in the preseﬁt embodimént from the other portions of the
piezoelectric plate 21. Although the grooves 27 and 28
extend parallel to the grooves'ZS and 26, the grooves 27 and
28 need not be formed parallei to the grooves 25 and 26.
Since it is preferable in terms of standardization of the
shape éf products that the plane shape of the éurface wave
resonator finally obtained is rectangular, however, the

_grboves 27 and 28 are preferably formed parallel to the
grooves 25 and 25 as in the present embodiment.

Furthermore, the bottoms 27a and 28a of the grooves 27
and 28 do not lead to the other major surface 21b.
Specificaiiy, a surface wavé resonating portion 29 according
to the present embodiment which is constructed by forming

| the grooves 27 and ?8 is connected to the other portions of
the piezoelectric plate 21. 1If a lot of surface wave
resonating portions each having a structures as shown in
Fig. 4 are formed in a mother piezoelectric plate 21,
therefore, the characteristics can be measured, fo;'example,
on the mother piezoelectric plate 21 without cutting each of
the surface wave resonating portions. |

The above described surface wave resonating portion 29
is then cut in a portion below the bottoms 27a and 28a of
the grooves 27 and 28, therebf to make it possible to obtain

a surface wave resonator 30 as shown in Fig. 5.



of an | DT may be used, as shown in Fig. 6. Also in the case, the sane
effect as that in the above described enbodi ment is obt?“"“"———

wi dth of a piezoelectric substrate portion 22e outside |
controlled, thereby to nmake it possible to obtain an eng face? ép '
type surface wave resonator which +s15table in shape. - 3§Ur-5§ qxgﬂﬁii
resonator 31 shown in Fig. 6 is thesane as the surface W F “22)
shown in Fig. In ethemnd htdcd hmefirermticor? Goypel sd:efqneamastea(nesmasmxst rate
portion 22e are provided on only one side of the IDI. Consequently, the
same port3@nsa A5l dted d st te 2T anf ediigefrited by the above

---“—_—-‘v

N % P o ¢ ey

described cutting. An IDT which is constituted by the above
described comb electrodés 23 aﬁd 24 is formed on one majof
surface of the piezoelectric substrate 22. In addition, end
faces 22b and 22c are constructed by forming the above
described grooves 25 and 26, whereby the surface wave is
reflected between the end faces 22b and 22c. Specifically,
the resonance characteristics are determined by the
dimensions of the IDT and the dimensions d. between the end
faces 22b and 22c. On the other hand, the width of the
surface wave resonator 30 becomes the distance W between
outer side.surfacés of piezoeiectric substrate portions 224
and 22e which exist outside the grooves 25 and 26.
Accordingly, the overall width W of the resonator 30 can be
made larger than the thickness d of the piezoelectric
substrate 22 even if the number of pairs of electrode
fingers in.the IDT is very small and therefore, the
dimensions d between the end faces 22b and 22c are small, as
in the surface wave resonator 30 according to the présent
embodiment.

In order to stably-berform work such as die bonding,
the width W of the surface wave resoﬁator 30 must be larger
than two-thirds the thickness t of the piezoelectric

substrate 22. Consequently, the width W is preferably



‘and‘hence ‘the description thereof is not repeated. Al though the present

I nvention has been described and illustrated in detail j=t—tS—ttearly—
understood that the sanme is by way of illustration andﬂeREHpAeEMBNYSﬂEdTI_
not to be taken by way of limtation, the spirit and s¢lope of EgﬁCﬁr

i nvention being linmted only by the fgwns of - t he append eﬁmelal ..............

VWhat is Clained is: —_— somnmmm
determined so as to be larger than two-thirds the ‘thickness

t of the piezoelectric substrate 22. 1In the fabricating
method according to the present embodiment, the width w_mey
be determined by matching the distance betneen the above
described grooves 27 and 28 with the width W in forming the
grooves 27 and 28, thereby to make it possible to easily
control the width W.

Although in the above described embodiment, tne second
grooves 27 and 28 are formed after forming the grooves 25
and 26, and the piezoelectric substrate portion below the
bottoms 27a and 28e of the grooves 27 and 28 is further cut
to obtain the piezoelectric resonator 30, the surface wave
resonator 50 can be obtained also by cutting the
piezoelectric plate 21 so_that piezoelectric substrate
portions having a certain width remain outside the grooves
25 and 26 without forming the grooves 27 and 28.

Furthermore, althcugh in the above described
embodiment, description was made of a structure in which one
IDT is formed, the end face reflection type surface wave
resonator according to the present invention may have two or
more sets of IDTs.

Additionally, although in the above described
embodiment, description was made of a structure in which the
grooves 27 and 28 are formed on both sides of the IDT in

order to form the end faces on which the BGS wave is to be



1. An end face reflection type surface wave resonator utilizing a surface

wave of an SH type, conprising: a piezoelectric substrate;
interdigital transducer forned on one major surface of saidﬁEPBQQQYEETFH@ET

substrate, a groove being so forned as to extend fromthe e mi) drog‘pr@we
ooy

to the other major surface of said_pi,gzoel ectric substrat Ogﬂﬁ“r -----------------
direction orthogonal to the surface—%zvé-pro agating direction in order to
const r uctrafilected ackhe grpevd imcthe rpresenkvinventiprpaavibe cfemesd at
| east one side of said interdigital transducer. 2. The end face reflection
type surfoseconby conessidé oof the IDT. Specifically, a surface wave

resonator 31 in which a groove 26 is formed on only one side

of an IDT may be used, as shown in Fig. 6. Also in the

case, the same effect as that in the above described

embodiment is obtained. That is, the width of a

piezoelectric substrate portion 22e outside thg groove 26 is

controiled, thereby to make it possible to obtain an end

face reflection type surface wave resonator which is stable

in shape.

The surface wave resonator 31 shown in Fig. 6 is the

same as the surface wave resonator 30 shown in Fig. 5 except

that the gfoove 26 and the piezoelectric substrate portion

22e aré provided on only one side of the IDT. Consequently,

the same portions are assigned the same reference numerals

and hence, the description thereof is not repeated.

Although the present iﬁvention has been described and

illustrated in detail, it is clearly understood that the

same is by way of illustrétion and example only and is not

to be taken by way of-liﬁitation, the spirit and scope of.

the present invention being limited only by the terms of the

appended claims.



.according to claim1, wherein | ' formed as to extend from
the one najor surface to the ojﬂlﬂﬂ@@@mﬁwﬂmﬁe of sai djprezoetectri
substrate and in the direction «le surf ace |\WaERLAGEMEYRSHEGT
direction in order to construct end faces on which the s,rfacelyqygg!sﬁﬁg
be reflected on both sides of said-ipgesdigital transducgrBatg:..The. .énd:r ce
reflection tyge ﬁgrtacg wave resofator according to cl ai MM —whererm—Sarg——
groove | ¥hay L8 ftBiN€d; dSéxtend from the one major surface to the ot her

maj or surface of said piezoelectric substrate and in the direction
orthogonal tol. An end face reflection type surface wave resonator

"utilizing a surface wave of an SH type, comprising:

a piezoelectric substrate; and

an interdigital transducer'formed on one major surface
of said piezoelectric substréte,

a groove being SO formed as to extend from the one
major surface to the other major surface of said
piezoelectric substrate and in a direction orthogonal to the
surface wave propagating direction in order to céﬁstruct an
end face on which the surface wave is to be reflected on at
least one side of.said interdigital transducer.

2. The end face reflection type surface wave resonator

~according to claim 1, wherein

said groove is so formed as to extend from the one
major'surface to the other major surface of said
piezoelectric substrate'and in the direction orthégonal to
the surface wave propagating direction in order to construct
end faces on which the surface wave is to be reflected on
both sides of said interdigital transducer.

3. The end face reflection type surface wave resonator
according to claim 1, wherein

said groove is so formed as to extend from the one
major surface to the other major surface of said

piezoelectric substrate and in the direction orthogonal to



—_——

f 19- theW(s]urLaf[:ﬁ wavefpropagail"mm" m""ﬁ"““’t o(rjder toI construct an end
ace on ic e surface wav ed on on See
interdigital transducer. 4. Thé& efd face rsefkection typ §§F$%33WWMVSHEET
resonator according to claim1, wherein the width Wof gaid eqﬁ f

- el s-- pﬁEIQSS

reflection type surface wave resonatpg s |larger than t
the surface wave propagating direction in order to construct

t hi ckness t of said piezoelectric Substrate.

an end face on which the surface wave is to be reflected on
only one side of said interdigital transducer.

4.- The end face reflection type surface wave resonator
according to claim 1, wherein

the width W of said end face reflection type surface
wave resonator is larger than two-thirds the thickness t of
said piezoelectric substrate.

5. The end face reflection surface wave resonator
according to claim 1, wherein

the depth of said groove is in the range of 2 to 7 4
when 4 is taken as the wavelength of the surface wave.

6. A method of fabricating an end face reflection type
surface wave resonator, comprising the steps pf:

forming an interdigital. transducer on a piezoelectric
plate;

forming a first groove extending from oné major surface
to the other major surface of said piezoelectric plate and
in a direction orthogonal to the suiface wave propagating
direction in order to construct an end face on which a
surface wave is to be reflected on at least one side éf.said
_interdigital transducer in the surface wave propagating
direction;.and

'dividing said pie;oelectric plate in an. area outside

‘'said groove, thereby to obtain the end face reflection type



.5. ‘The end face reflecti rface mave resonat or according to claim1,
wherein the depth of sard ﬂl’i@ﬂﬂ lﬂ range of Ato 7 A Wnen [err] S
taken as the wavel ength o e 6. A net hodffs

end face reflection type surface meve resonator conpri L
formng an interdigital transducer-ozoa-plezoelectric p
first groove extending fromone nejor surface to the ot
sai d pi ezoetfade iwaye aesemaiton. a direction orthogonal H
propagating direction in order to construct an end face on which a

7. The method according to claim 6, wherein

said groove is so formed as to extend from the one
.major surface to the other major surface of said
piezoelectric plate and in the direction orthogonal to the
surface wave propagating direction in order to construct end
faces on which the surface wave is to be reflected on both
sides of said interdigital transducer.

8. The method according to elaim 6; wherein

said groove is so formed as to extend_from the one
major surface to the other major surface of said
piezoelectric plate and in the direction orthogohal to the
surface weve propagating direction in order to construct an
end faee on which the surface wave is to be reflected on
only one side of said interdigital transducer.

9. The method according to claim 6, wherein

the width W of said end face reflection type surface
wave resonator is larger than two-thirds the thickness t of
said piezoelectric plate.

| 10. The method according to claim 6, wherein

the depth of said groove is in the range of 4 to 7 2
when 2 is taken as the wavelength of the sgrface wave.

11. The method according to claim 6, wherein

said step of dividing said piezoelectric plate in an

area outside said groove is carried out by forming a second



.surface wave is to be reflect st one side of spig |
transducer in the surface wa Eﬂ EH , E’u ection; andthgpumdgméﬁy

pi ezoel ectric plate in an ar oove t her

end face reflection type
wave resonator. 7. The nethod aCCOLdQQQ to claim®6, wher

so forned as to extend fromthe one
groove extending from the one major surface to the other

major surface of said piezoelectric plate in the area
outside said groove and dividing a piezoelectric plate
portion below said second groove.

12. The method according to claim 11, whereih

said second groove is formed parallel to said first

groove.




.major surface to the other major surface of said piezoelectric plate and in
the direction orthogonal to the surface wave propagating direction in order
to construct end faces on which the surface wave is to Hected—an—hoth
sides of said interdigital transducer. 8. The nethod ac OBEIPII@EMEWSHEEﬁ
wherein said groove is so fornmed as-to extend fromthe ¢ne maﬂ)é t1p
the other major surface of said pigzoelectric plate andj|iDatehe, Iectl
orthogonal to the surface wave prepagating direction in ot
an end face on which the surface wave is to be reflected on only one side
of said interdigital _transducer
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9. The nethod according to claim®6, wherein the width Wof said end face

‘refl ection type surface wave resonator
t hi ckness t of said piezoelectric plate.

6, wherein the depth of said groove is in the range of
I's taken as the wavel ength of the surface wave.
claim6, wherein said step of divid ng said piezoel ectr
outside said groove is carried out™@y form ng a second

Is larger than two-thirds the

10. The net hodraccordrno-—to-orar
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,‘21: groove extending fromthe one major surface to the other major surface
of said piezoelectric plate in the area outside said grooye and dividing a
pi ezoel ectric plate portion bel ow said second groove. 12[ff‘>~ sthod .
according to claim 11, wherein said second groove is forffec
said first groove. '
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END FACE REFLECTION. TYPE SURFACE WAVE RESONATOR

ABSTRACT OF THE DISCLOSURE

An end face reflection tyﬁé surface wave resonator 30
utilizing a surface wave of an SH type which is constructed
by forming comb electrodes 23 and 24 on one major surface
22a of a piezoelectric substrate 22, which constitute an
IDT, and forming grooves 25 and 26 so as to extend from the
major surface 22a to the other major surface tp form a pair
of end faces 22b and 22c on which a surface wave is to be
h reflected and has piezoelectric plate portions 224 and 22e

outside the grooves 25 and.26.
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END FACE REFLECTION. TYPE SURFACE WAVE RESONATOR

ABSTRACT OF THE DISCLOSURE

An end face reflection type surface wave resonator (30) utilizing a
surface wave of an SH type which is constructed by forming comb electrodes
(23,24) on one major surface (22a) of a piezoelectric substrate (22),
which constitute an IDT, and forming grooves (25,26) so as to extend from
the major surface (22a) to the other major surface to form a pair of end
faces (22b,22c) on which a surface wave is to be reflected and has piezo-
electric plate portions (22d,22e) outside the grooves (25,26).

(Fig. 5)
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