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METHOD FOR MANUFACTURING SURFACE WAVE
THEE - E REFLECTION

BACKGROUND OF THE ;EEENTION'
' Field of the I £
5 This invention relates £0 a method for
manufacturing surface wave devices of an end-face
reflection'type which utilize an SH-type surface wave,
and more particularly to a manufacturing method in which
improves the process by which oppogite end reflecting
10 faces of the surface wave devica ara formed.

Prior Axt .

Surface acoustic wave devices of an end-face
reflection type which reflect SH-type surface waves
between copposite end faces of a piezoelectric substrate

15 are well known. One example of such a known surface
acoustic wave device will be explained by referrxing to
Fig. 1.

Suxrface wave resonator 1 comprises a
rectangular piezoelectric substrate 2 formed Erom a
20 single piezoelectric crystal. An interdigital
transducer, hereinafter referred to ag "the IDT", is
formed on a top surface 2a of the substrate 2. The IDT
comprises a set of comb-shaped electrodes 3, 4 which
include a plurality of electrode fingers 3a - 3¢ and
25 4a - 4c which are intexlaced with one other.
The distance between the electrode fingers 3a -
4c is preferably A/4, wherein A is the wavelength of a
surface wave to be oscillated. The width of the
electrode fingers 3c, 4a (which are located on opposite

SPEC\162404

is Sheet Has Been Replaced

T




f\REI:EIVBD 086/27 16:88 1996 AT 53308634 PAGE 3 (PRINTED PAGE 3)

"Q6£06A27H (K) 16:57 RE KKL'J&HW/& 4 11 P03
08/28/86  20:02 FAY 212 382 0888 OSTROLENK FABER @ 007031

ends of the substrate 2 relative to the direction of
propagation of the surface wave indicated by the arrow X)
is M8, while the width of the remaining elactrode
fingsrs 3a, 3b, 4b, 4c ie A/4. The outer edges of

5 electrode fingers 3c, 4a extend along the end faces 2c¢,
2b, respectively, of the piezoelectric substrate 2.
- An alternating curxent 1s applied to the comb-

shaped electrodes 3, 4, to generate a BGS wave which
propagates in the direction of arrow X and is reflected
10 between the opposite end faces 2b, 2c of the substrate 2.
The surfacs wave resonator 1 has resonant point f£x and an
anti-resonant point fa, as shown by the charxacteristic of
impedance vs. frequency in Fig. 2.
Since the surface wave resomator 1 causes the
15 BGS wave to oscillate between the opposite end faces of
the gubstrate 2, it is necessary to accurately form the
end faces 2b, 2¢. If the position of the end faces 2b,
2¢ is not accurate; the desired resonant characteristics
are not obtained. Also, if the end faceg 2b, 2¢ are not
20. . ....sufficiently flat, wnwanted spurious signals will occur.
In the conventional process for mﬁnufacturing a
surface wave resonator 1 of the end-face reflection type,
comb-shaped electrodes 3, 4 are formed on & piezoelectric
substrate 5 (Fig. 3) whose width is greater than the
25 width of the substrate 2 of the final produc:.
Thereaftery, the piezoelectric substrate § i1s cut along
the line A using a dicer to form an end face 2b (Fig. 1)
which is flush with the edge of the electrode fingex 4a.
In a similar manner, the opposite end face 3¢ is exposed
30 by cutting the piezcelectric plate 5 along the outer edge
of the electrode finger 3c to provide the piezoelectric
substrate 2 having the interdigiial electrodes 3, 4
formed thereon.
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That is, the conventional method for forming
end faces 2b, 2¢ requires the preparation of a
piezoelectric plate 5 which is larger than the final
‘plezoelectric substrate 2, and then accurately cutting
5 the piezoelectric plate 5 along outer edges of the

electyode fingers 3¢, 4a.

~ In the conventiconal manufacturing mathod, it isg
Aifficult to cut the a piezoelectric plate with accuracy
exactly along the outer edges of the electrode fingers

10 3¢, 4a with the result that it is diffiocult to obtain a
dasired resonant characteristic in the surface wave
resonator 1 of end-face reflection type.

Even 1f the accuracy at which the piezoelectric
plate 5 is cut is raised to ag high a degree aas possible,

15 it is very difficult to ac¢c¢urately cut the plezoelectric
plate § exactly along outer end edges of the electrode
digits 3c, 4a. If cutting is done inside the outer edge
of the electrode fingers 3¢, 4a, the electrode fingers
3¢, 4a are cut along with the piezoelectric plate 5. As

20- -~ -a~result, -chipping  fe-likely to-occur 4n--the -end faces
2b, 2t as shown by the arrow B in Fig. 4. If such
chipping occurs, the end face significantly degradea in
accuracy and it is not possible to achieve the desired
resonant characteristics.

25 One possible way to prevent this problem is to
ensure that the width of the electxode fingexs 3¢, 4a is
less A/8 when forming the comb-shaped electrodes 3, 4 and

.. then.cutring.the .substrate at a location which is at
leaat A/B to the left of the inner edge of the electrode

30 finger 3¢ and A/8 to the right from the innexr edge of the
electrode finger 4a so as to cut at locations outside of
the outer edge of the electrode fingers. Howevexr, if
the width of the electrode fingers 3c, 4a is made
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narrower than A/8, there ia a detexioxration in the
resonant characteristice of the resonator.

R ON ION
It ia therefore an object of the present
5 invention to provide s manufacturing method for a surface
- wave device of an and-face reflsction type, which is less
likely to result in chipping during the cutting of a
piezoelactric plate and which is capable of accurately
providing a desired resonant characteristic,

10 A method for manufacturing a surface wave
device of an end-face reflection type having interdigital
transducery formed on a piazoelectric substrate,
comprises the steps of:

forming an interdigital traneducer on a

15 piezoelectric plate, said interdigital transducer
generating a gurface wave which propogates along a
propogation direction upon the application of an
eneygilzing signal thereto, said interdigital transducer

. having . a plurality of interdigited electrode fingers

20 extending generally perpendicular to said propogation
direction and including an outermost paily of electrode
fingers relative to said propogation direction, said
outermost paix of electryrode fingers having a width of
A/8, N being the wavelength of said surface wave, and the

25 remaining said electrode fingexrs having a widch of A/4,
gsaid interdigital transducer having a width which is lees
than the width of said pilezoelectric plate; and

defining a pair of target areas in which to cut
said piezoeleéctric plate, each of sald target areas

30 extending from an outer edge of a respective one of said
outermost pair of electrode fingers to a position
A/B outwardly therefrom; and
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cutting said piezoelectric plate within said
target areas.

The resulting product is preferably of the type
which reflects an SH-type surface wave between opposite

] end faces of the surface wave davice. In this
specification, an SH-type surface wave refers to surface
- waves which have displacement perpendiculay to the
direction of propagation of the surface wave and contain
a component which is parallel to the surface of the
10 substxate, Examples of SH-type waves are a leaky wave, a
lobe wave and a BGS wave.

In the present invention, an IDT is preferably
first formed on a plezoelectric plate by a set of comb-
shaped electrodes each of which has one or more electrode

15 fingers. The electxode fingers arranged so as to
interleave into each other. Outermost electrode fingers
on the opposite sides of the plezoelectric plate relative
to a direction of propagation of a surface wave have a
width of A/8, and the remaining electrode fingers have a

20 . width of . A/4,

In the invention, it is possible to employ a
piezoelectric plate comprising an LiNbO, piezoelectric
plate of 41-degree rotated Y-plate X-propagation, an
LiNbO; piezoelectric plate of &4d-degree rotated Y-plate

28 X-propagation, or an LiTaQ, piezoelectxic plate of 36-
degree rotated Y-plate X-propagation, or a piezoglectric
plate formed of piezoelectri¢ cexamics.

A piezoelectric plate, which has a larger_ gize
than that of. the IDT as weasurxed along the direction of

30 surface-wave propagation, is used so as to making it
posieible to cut the piezoelectric plate to form the two
end faces of the surface wave devic¢e during a cutting
process carried out larter.
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The IDT is preferably foxmed of a conductive
material such as a wmetal, e.g., of aluminum, gold, or the
like. Although there is no limitation on the manner of
forming an IDT, it may be formed, fox example, by forming

5 a film of a conductive material over tha entire surface
of a piezoelectric plate, subjecting the conductive
" rmxterial ‘to light-exposure -masking ‘and-atching -the
conductive material. _

In the invention, the piezoelectric plate is

10 cut within a target area which extends ocutwardly from the
outermost electrode fingers to & position A/8, and
preferably 3A/32, outwavrdly thereof. The opposaite end
faces of the piezoelectyic platam are cut out by this
method to cause an SH-type surface wave to be reflected

15 by the outer electrodes. By cutting in this range,
chipping of the outermost finger electrodes is avoided,
thus providing favorable resonant characteristics.

The cutting of a piezoelectric plate may be
carried out using any suitable cutting apparatus.

20 B )24 TION_ O¥ DRA
For the purpose of illustrating the invention,
there is shown in the drawing a form whic¢h is presently
preferred, it being understood, however, that the
invention is not limited to the precise arxrangement and
25 instrumentality shown.
Fig. 1 is a perspective view of a conventional
surface wave resonator of an end-face raflection type.
' Fig. 2’ 1g 4 diag¥am $nodwing the resonant
characteristic of the surface wave yescnator shown in
30 Fig. 1. )
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Fig. 3 is a schematic plan view for explaining
the conventional process for manufacturing surface wave
resonator of the end-face reflaction type.

Pig. 4 18 a partial plan view of a surface wave

5 regsonator showing the occurrence of chipping when the
surface wava resonatoy is manufactured by the
.conventional.process.

Fig. 5 is a plan view of a surface wave
resonator for explaining a state of IDT formed on a

10 piezoelectric plate in accordance with one ewmbodiment of
the present invention.

Fig. € is a plan view of a surface wave
resonatoy of an end-face reflastion type manufactured
according to one embodiment of the present inventionm.

15 Fig. 7 is a graph illustrating the xesonant
characteristic of a surface wave resonstor of an aend-face
reflection type of one empirical example mznufagtured in
accordance with one embodiment of the present invention,
wherein the solid line shows a characteristic of

20 impedance vs. frequency and the broken line shows a

charactetrigtic ‘'of phase v€. frequency.

Pig, 8 is a diagram showing a xesonant
characteristic of a surface wave resonator of an end-face
reflection type of another empirical example manufactured
25 in accordance with one embodiment of the present

ipvention.

Fig. 9 is a graph illustrating the resonant
characteristic of a surface wave resonator of an end-face

vaefleation-type. where -the.position.of .cutting .is outside

30 the range of the present ilnvention.

Fig. 10 ig a graph illustrating the resonant
characterjistic of a surface wava resonator of an end-face
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reflection type whare the position of cutting is outside
the range of the present invention.
Fig. 11 is a graph illustrating the xesonant
characteristic of a surface wave resonator of an end-face
5 reflection type where the position of cutting is outside
the range of the present inventiern.
~ Fig. 12 is a graph illustrating the relation
' between the position at which the end faces are cut and
the resonant charac¢teristics of the resulting surface
10 wave resonators.

A method for wmanufacturing a surface wave
device of an end-face reflection type according to one
embodiment of the present invention will now be explained

15 with reference to Fig. 5 and Fig. 6.

First, an IDT is formed.on a piezoelectric
plate 11, as shownr in Fig. 5. In the present embodiment,
the piezoelectric plate 11 is preferably formed of LiNbO,
of 41-dagree rotation Y-plate X propagation which is

..w¥ectangular in plan shape. '

The IDT 12 is preferably fabricated by forming
an aluminum film over the entires top surface 1lla of the
piezoelectxi¢ plate 11 using a thin-£film formation
‘technique such as depositing, asputtering, orx plating of

25 aluminum, and further subjecting it to light exposure
masking and etching. The IDT 12 haa a get of comb-shaped
electrodes 13, 14 which include interlaced electrode
fingers 13a-13i and 14a-14i.

The outermost electrode fingexs 1l4a, 131 are

30 positioned at opposite ends of the substrate with respect

(4]
(=)

to the direction of propagation of the surface wave
generated by the suxface acoustic wave device and have a
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width of A/8, wherein A is the wavelength of a surface
wave to be oscillated. The remaining electrode fingers
13a - 13h, 14b - 141 have a width of A/4. The distance
between adjacent electrode fingers is also A&,

5 Afcex the cotmb ghapad electxodes 13, 14 have
been formed on the surface of the piezoslectric plate 11,
- the piezoelectric plate 11 is cut along the chain lines

D-D and E-E to provide a surface wave device 15 of the
end-face reflection type utilizing a leaky surface wave

10 of an SH type. The cutting is performed outside of the
outer edge of the electrode fingers 14a, 13i within a
range of A/8, and preferably 3A/32, from the ocuter edge
of those alectrode fingers.

The left end of the piezoelectrie plate 11 is

15 cut by cutting within a region extending Lrom an outer
(left) end edge of the electrode finger 14a to a position
within A/8 to the left thereof. That im, the cutting
along chain line D:D is performed within a region .
illustrated by hatching with multiple dots between the

20 line a-A, i.e., the line along the outer {(left) end edge
of the electxrode finger 1l4a, and the chain line C-C,
i.e., the line spaced from the outer end adge of the
electrode finger by A/8 and parallel with the line A-A.
Similarly, the cutting along the chain line E-E is

25 performed within a region of from an outer (right) end
edge of the electrode finger 13i to a position A/8 to the
right therxeof.

Consequently, only the piezoelectric plate 11

ig cut, reducing the likelihood that chipping will oceux.

30 By utilizing the region shown by the multiple-dotcted
hatching as a target (hereinafter “the target cutting
area") for the cutting operation, there is less
possibility of cutting the electrode finger, thereby
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reducing the possibility that chipping will occur
compared to the case where cutting is targeted at the
outer end edge of the electrode finger. '

In addition, a desired resonant characteristic

5 can be achieved using electrode fingers 14a, 131 having a
width of A/8B, i.e., the width of these electrode fingers
- ie¢ not thinner than A/8. '

Although only one IDT comprising one set of
comb-ghaped electrodes ig shown in the surface wave

10 device 15 of the end-face reflection type obtained by the
present embodiment, the manufacturing method of the
invention is applicable to = surface wave device of the
end-reflection type formed with two or wmore IDTs, such as
a surface wave filter of the end-face reflection type for

15 instance. .

Also, although an SH-type leaky wave is
preferably utilized in the surface wave resonator 16 of
the end-face reflection type obtained by the described
embodiment, other SH-type surface waves such as a BGS

20 wave or a lobe wave may be used. The material foxr the

....piezaelectric. plate.is. . gelected in_accardance with a
surface wave to be utilized.

As shown by the experiments described below,
the wmanufacturing method of the present invention

2s provides a surface wave device of the end-face reflection
type possessing a favorable resonant charactexistics.

A first surface wave device manufactured
according to the above-described process includes an
LiNbQ, piezoelectric plate 11 of 41-degree rotated Y-

30 plate, X-propagation. The IDT 12 was formed of an
aluminum film whose thickness was 1 pum. The width of
electrode fingers 13a - 13h, 14b - 14i was 30 gm. The
width of the first and second electrode fingers 14a, 131
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was 15 um. Tha IDT 12 included 1§ pairas of electrode
fingexs. The width of the target cutting area wae 1 pm
for each. :

It was ascertained that a favorable rasonant

5 charactexistic having less spurlousness responses was
provided when the end faces 11b, llc were cut at an area

- within a range of A/8 from the ocuter end edge of the

first/second electrode fingers, as shown in Fig. 7 which
is a graph showing the resonant characteristic of a

10 surface wave device of an end-face reflection type
obtained by the above-described embodiment. The solid
line shows the impadance vs. freguency characteristics of
the surface wave device and the broken line shows the
phase vs. frequency characteristics of the surface wave

15 device,

Various surface wave devices of the end-face
reflection type were made in accordance with the present
invention but the bositions of the cut end faces 11b, 1lic
were varied and their resonant characteristics were

20 measured. These tests indicated that the resonant
characteristics varied in different ways for different
cutting positions of the end faces. It was, however,
determined the resonant characteristics may generally be
categorized into four types of shown in Fig. 8 to Fig.

25 11,

The resonant characteristic shown in Fig. 8 has
an anti-resonant point fa which presents a high freguency
site and high anti-resonant impedance, and a resonant
point which exhibits a small resonant impedance.

30 Therefore, a sufficiently large band width with a large
impedance ratio is providad. The impedance ratio is
expressad ag:
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In
th
e resonant chavracterigtic shown in Fig. 9, the resonant
point shifts toward the low range side and the impedance
5 for the anti-resonant point is low go that the value of
- . -the.-bandwidth,. is. reduced. In addition, it will be

recognized that spurious characteristicsa shown by the
arrow Q appear in a freguency range higher than the
‘resonant pelnt. Particularly, it is understood that

10 spurious characteristics surpaseing Zero degree appears
in the phage characteristic.

The resonant charactexistic shown in Fig. 10
provides a resonant point and an antl-resonant point
which are split with a small impedance xatio and the

15 reasonant frequency is accordingly reduced. In addition,
it is recognized that the difference between the anti-
resonant frequency and the resonant frequency is small
resulting in a narrow bandwidth., Purther, there are
significant gspurious responses in the vicinity of the

20 ~ ‘reecnant point As well'as Batweenthe regonant potnt and
the anti-resonant point.

Tha resonant characterxiastic shown in Fig. 11,
exhlbits large spurious csecillations in the vicinity of
an anti-resonant point over a wide fregquency range with a

25 further reduced impedance ratio and thare is no clear
resonant characteristic is exhibited,

It will be understood from the foregoing that

anti-resonant impedance
'm?pedance xatio‘ ~ 20 log { resonant impeédance }

* - ~the -resonart .characteristice .are best .in .Filg. .8 .and gets
progressively worse through Fig. 11l.
30 Fig. 12 is a graph showing the relationship

between the resonant characteristic obtained and the
position at which the end faces are cut. In this graph,
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the resonant frequency of Fig. 8 is indicated by the mark
O, the rescnant frequancy of FPig. 9 is indicated by the
mark A, the resonant frequency of Fig. 10 is indicated by
the mark U, and the resonant frequency of Fig. 1l is

5 indicated by the mark x.

The horizontal axis denotes the position along
the chain line D-D in Fig. 5 where the plezoelectric
plate 11 is cut, while the vertical axis indicatesz the
position along the chain line E-E where the piezoelectric

10 plate 11 is cut. That is, the each cut position is
determined by measuring the distance from the outar edge
of the first or second electrode finger to the cut point.
The designation 0 in Fig. 12 indicates the exact position
of the outer sdge of the electrode fingers.

15 As is clear from Fig. 12, good resonant
characteristics marked with O are provided wherxe the cut
position lies in the range of A/8 from the fixst
electrode finger 14a toward the outer side and where the
second end-face cut position is within the range of A/8

20 - --from-the-geoond elestrode -finger.L3- toward..the outer
side. It is also understood that, in regione outglde of
this range, the raesonant charactexistic deteriorates and
thare are present a number of marks of O, x, and A.

It can therefore be undexstood from Fig. 12

25 that a favorable resonant characteristic is provided by
cutting the end-faces within a range of A/8 from the
outer edge of the first or second electrode finger. More
preferably, the end face should be cut within a distance
of 3A/32 from the outer edge of the electrode finger.

30 According to the present invention, opposite
end faces are formed by cutting a piezoelectxic¢ plate in
a range of up to A/8 from outex end edges of first and
second alectrode fingers on the opposite ends of an IDT
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after the IDT is formed on the pilezoelectric plate,

during manufacture of a surface wave device of an end-

face veflection type. It is therefore possible to

provide a surface wave device of an end-face raflection
5 type possessing a favorable resonant charactexlstic.

In addition, since the piezoelectric plate is
cut in a region outside of the ouﬁer edge of the
electrode fingere, the likelihood that chipping of the
piezoelectric plate will occur is reduced. That ig, in

10 the conventional manufacturing maethed for a surface wave
device of an end-face reflection type, cutting for
forming end faces has been carried out by targeting an
outer edge of electrode fingers on opposite ends of the
piezoelectric plate and chipplng is apt to occuxr in the

1s piezoelectric plate. In contrast, such chipping rarely
occurs when using the process of the present invention.

The present invention therefore can afford to
stably provide a surface wave device of an end-face
reflection type having a favorable rasonant

30 - o ~characteristic with-raduced-variation .in- characteristic,

The present invention way be embodied in othexr -
specific forms without departing from the spirit or
egsential ‘attributes thereof and, accordingly, reference
should be made to the appended claims, ¥ather than to the

25 foregoing specification, as indicating the scope of the
invention.
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WHAT 1S5 CLAIMED Ig: .

1. A method for manufacturing a surface wave
device of an end-face reflection type having interdigital
transducers formed on & piezoelectric substrate, sald
method comprising the steps of:

5 forming an interdigital transducex on a
piezoalectyric plate, éaid interdigital transducer
generating a surface wave which propogates along a
propogation direction upon the applic¢ation of an
energizing signal thereto, sald interdigital transducer

10 having a plurality of interdigited electrode fingers
extending generally pearpendicular to sald propogation
dilrection and including an cutermost pair of electrode
fingers relative to said pxopogation direction, said
outermost pair of electrode fingers having a width of

is A/8, N being the wavelength of said surface wave, and the
remaining said electrode fingers having a width of A/4,
said interdigital transducer having a width which is less
than the width of said piezoelectric plate; and

- Gefining -a pair of.target .areas in which

20 to cut said plezoealactric plate, each of said target
areas extending from an outex edge of a respective cone of
said outermost pair of electrode fingers to a position
A/8 outwardly therefrom; and

cutting said piezoelectric plate within
25 said target areas,

2. A method of manufacturing a surface wave
device mccording to claim 1, wherein said target arxeas
are generally rectangular in shape and extend in a
direction which is generaily perpendicular to said
5 propogation dixrection.
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3. A method of manufacturing a surface wave
device according to claim 1, wherein said target area
extends outwardly to a position 3A/32 from said outer end
edges of said ocutermost pair of electrode fingers.

4, A method of manufacturing a surface wave
- : " davice adéordiiig’ to tiaiw-3;-wherein -said- target--areas
are generally rectangular in shape and extend in a
direction which is generally pexrpendicular to said
5 propogation direction.

5. A method of manufacturing a surface wave
device according to claim 3, wherein said piezoelectric
plate isg formed of a plezoelectrie single crystal.

6. A method of manufacturing a surface wave
device according to claim 5, wherein said piezoelectric
plate comprises a ‘LiNbO,; piezoelectric plate of 41-degree .
rotated Y-plate X-propagation.

7. A method of manufacturing a surface wave
device according to claim 5, wherein said piezoelsctric
plate comprises an LiNbO, pilezoelectric plate of 64~
degree rotated Y-plate X-propagation.

8. A method of manufacturing a surface wave
device according to ¢laim 5, wherein said piezcelectric
plate comprises a LiTao,rﬁezoelactric'plane of 36-degree
rotated Y-plate X-propagation.

9. A method of manufacturing a surface wave
device according to claim 1, wherein said piezoelectric
plate is formed of a piezoeleéctric single crystal.
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10, A method of manufacturing a surface wave
device according to claim 9, wherein said piezoelectric
plate comprises a Lithg plezoelectria plate of 4l-degree
rotated Y-plate X-pxopagation,

11. A method of manufacturing a surface wave
device acdéording to elatm 9; wherein-said piescelectric
plate comprises an LiNbQ, piezoelectric plate of 64-
degree rotated Y-plate X-propagation.

12. A method of manufacturing a surface wave
device according to claim 9, wherein saild piezoelectric
- plate comprises a LiTaO; plezoelectric plate of 36-dagree
rotated Y-plate X-propagation.
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