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EDGE REFLECTION TYPE SURFACE ACOUSTIC WA VE DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a surface acoustic wave device for use as a 

resonator and a band filter, and more particularly, the present invention relates to an 

edge reflection type surface acoustic wave device which utilizes Shear Horizontal 

(SH} type surface acoustic wave. 

2. Description of the Belated Art 

Edge reflection type surface acoustic wave devices which utilize SH type 

surface acoustic waves such as BGS (Bleustein-Gulyaev-Shimizu wave) waves, 

Love waves, leaky waves and other such surface acoustic waves are known. In an 

edge reflection type suriace acoustic wave device, a surface acoustic wave is 

reflected between a pair of opposite edges of a surface acoustic wave substrate. 

Therefore, it is not necessary to provide reflectors at both ends of the ~y_rface 

acoustic wave substrate or on both sides in the surface acoustic wave propagation 

direction of the area in which interdigital transducers are located. Accordingly, a 

surface acoustic wave device having a reduced size can be provided. 

In an edge surface acoustic wave device including· a suriace acoustic wave 

substrate made of a piezoelectric single crystal, an unnecessary wave, such as a 

bulk wave or other undesirable wave, propagating from the surface of the substrate to 

the inner portion thereof and excited simultaneously with an SH type surface acoustic 

wave is reflected between the edges of the suriace acoustic wave substrat~ and 

causes a large ripple to be generated in an attenuation frequency characteri~tic. 

For example, a large ripple tends to occur in the top thereof, that is, in the pass band. 
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SUMMARY OF THE INVENtlON 

In order to solve the problems described above, preferred embodiments of the 

present invention provide an edge reflec;tion type surface acoustic wave device in 

which an SH type surface acoustic wave is utilized, and a ripple appearing in the 

frequency characteristic is prevented from occurring. 

An edge reflection type surface acoustic wave device according to a preferred 

embodiment ?f the present invention includes a surface acoustic yvave substrate 

made of a piezoelectric single crystal and having first and second opposite edges, 

and at least one interdigital transducer located on the surface acoustic wave 

substrate and being arranged such that a Shear Horizontal type surface acoustic . . . 

wave is reflected between the first and second opposite edges, wherein thE? surface 

acoustic wave substrate is made of an ion-implanted piezoelectric single crystal 

substrate. 

Preferably, the piezoelectric single crystal substrate is made of at least one of 

a 36° to 41° rotation Y plate LiTa03, a 41° rotation Y plate LiNb03, and a 64 ° rotation 

Y plate LiNb03• 

As the ions to be implanted, at least one of Ar ions, N ions, Be ions, B ions, -
and P ions are preferably used, and more preferably, P ions are used. 

A method of manufacturing an edge reflection type surface acoustic wave 

device according to a preferred embodiment of the present invention includes the 

steps of preparing a surface acoustic wave substrate made of a piezoelectric single 

crystal, implanting ions into the surface of the surface acoustic wave substrate, 

forming at least one interdigital transducer on the surface acoustic wave substrate, 

and cutting the surface acoustic wave substrate in the thickness direction to form first 

and second opposite edges. 

In the method of manufacturing an edge reflection type surface acoustic wave 

device according to a preferred embodiment of the present invention, preferably, the 
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piezoelectric single crystal substrate includ~s at least one of a 36° to 41° rotation Y 

plate LiTa03, a 41° rotation Y plate Li Nb03, and a 64 ° rotation Y plate Li Nb03• 

Further, in the method of manufacturing an edge reflection type surface 

acoustic wave device according to a preferred embodiment of the present invention, 

preferably, as ions to be implanted, at least one of Ar ions, N ions, Be ions, B ions, 

and P ions are preferably used when the ion implantation is carried out. 

More preferably, the above-described ion implantation is carried out under the 

conditions of an .acceleration voltage of about 50 keV to about 150 keV and an ion 

implantation quantity of about 1 x 104 ions/ cm2 to about 1 x 1016 ions/cm2
• 

For the purpose of illustrating the invention, there is shown in the drawings 

several forms which are presently preferred, it being understood, however,' that the 

invention is not limited to the precise arrangements and instrumentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing an edge reflection type longitudinally 

coupled surface acoustic wave device according .to a prefe.rred embodiment of the . 

present invention. 

FIG. 2 is a graph showing the attenuation-frequency characteristic of a 

conventional longitudinal surface acoustic wave resonator filter prepared for 

comparison to preferred embodiments of the present invention .. 

FIG. 3 is a graph showing the attenuation frequency characteristic of an edge 

reflection type longitudinally coupled surface acoustic wave device of EXAMPLE 1. 

FIG. 4 is a graph showing the attenuation frequency characteristic of an edge 

reflection type longitudinally coupled surface acoustic wave device according to 

EXAMPLE2. 

FIG. 5 is a graph showing the attenuation frequency characteristic of the edge 

reflection type surface acoustic wave device resonator filter of EXAMPLE 3. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The inventors of the present.invention have.discovered that large ripples 

generated in an attenuation frequency characteristic can be successfully minimized 

by using a surface acoustic wave subst~ate in which ions are implanted at the surface 

region of the surface acoustic wave substrate. In addition, the inventors have 

discovered that the impedance r~tio which is defined by the r~tio of the impedances 

at the resonance frequency and the anti-resonance frequency (in the case of a 

resonator) or insertion loss . (in the case of filter) are also improved by using a 

surface acoustic wave substrate in which ions are implanted at the surface region of 

the surface acoustic wave substrate. 

The reasons for the suppression of ripple in an attenuation frequency 

characteristic is. a result of the ion-implantation reducing a surface acoustic wave 

velocity at tl:le surface region of the surface acou~tic wave substrate, which shifts th~ 

attenuation frequency characteristic of the edge reflection type surface acoustic wave 

device as a whole but does not shift the frequency of the ripple, thereby successfully 

eliminating the ripple in the attenuation frequency characteristic. . Further, it is 

thought that the SH wave which generally includes a bulk wave tends to be converted 

into a Love wave or a Love-like wave which includes only SH wave components by as 

a result of using the surface aco.ustic wave which has a ion-implanted layer provided 

at the surface thereof and.having a surface acoustic wave ve!ocity which is lower than 

the remaining region of the surface acoustic wave substrate.· As a result, the bulk 

wave which causes the energy loss due to no contribution as a surface acoustic wave 

is reduced, whereby the insertion loss or the impedance ratio is greatly improved. 

The ion-implantation process generally is a well known and established 

technique, and it is not complicated to .prepare a surface acoustic wave substrate in 

which the surface region thereof is implanted with ions. So, it is possible to produce 

the edge reflection type surface acoustic wave device according to preferred. 

embodiments of the present invention without having to use a complicated and 

expensive process. 
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It is to be noted that, in a surface acoustic wave device Which utilizes a 

Rayleigh wave or other such surface acoustic wave, it is known that the surface 

acoustic velocity and the electromechanical coupling factor can be changed by use of 

an ion-implanted surface acoustic wave substrate by (for example, Japanese 

Unexamined Patent Publication Nos. 63-169806 and 6-303073). This is due to the 

fact that an ion implanted layer, into which ions are implanted, is provided at the 

surface portion of a piezoelectric· single crystal substrate constituting the surface 

acoustic wave substrate by ion implantation. When an ion-implanted surface 

acoustic wave sub~trate is used, the surface acoustic velo_city and an 

electromechanical coupling factor Kare reduced. Thus, it is disclosed that, in the 

case of a ladder type filter, for example, which is formed by utilization of ion 

implantation, the adjustment of frequency and that of a bandwidth can be achieved. 

This known technique is used to adjust frequency of the filter (for example, 

center frequency of pass-band or.the like) using _a Rayleigh wave, and therefore is 

quite different from the pre.sent invention. 

In addition, because the Rayleigh wave cannot be reflected by edges of a 

surface acoustic wave substrate, the surface acoustic wave device utilizing a 

Rayleigh wave requires grating reflectors. In this case, the reflection of the bulk - . 
wave does not cause the_ ripple in the attenuation frequency characteristic of the 

surface acoustic wave deyice. Furthermore, the Rayleigh wave is not changed or 

converted even when an ion-implanted surface acoustic wave substrate is used .. 

For these reasons, it is clear that the present invention is based on the unique 

discovery of the inventors of the present invention and that the surface acoustic wave 

device according to preferred embodiments of the present invention is quite novel 

and useful compared to the known technique described above. 

Hereinafter, various preferred embodiments of the present invention.will be 

more specifically described with reference to specific examples in connection with the 

drawings. 

5 



FIG. 1 is a perspective view showing an edge reflection type surface acoustic 

wave device resonator filter defining a surface acoustic wave device according to an 

example of a preferred embodiments of the present invention. 

An edge reflection type surface acoustic wave device resonator filter 1 

· preferably includes a surface acoustic wave su~strate 2. The surface acoustic wave 

substrate 2 is preferably made of a piezoelectric single crystal. The piezoelectric 

single crystal is preferably a piezoelectric single crystal substrate suitable for 

excitation of an SH type surface acoustic wave. Examples of such a piezoelectric 

single crystal_ substrate, includes an LiTa03 subs~rate, an LiNb03 substrate, or other 
. . 

such substrates. Preferably, the surface acoustic wave substrate 2 is made of at 

least one of a 36° to 41° rotation Y plate LiTa03, a 41° rotation Y plate LiNb03, and a 
.. 

64° rotation Yplate LiNb03 as a piezoelectric single crystal substrate. 

The surface acoustic wave.substrate 2 has a pair of opposite edges 2a and 2b .. 

On the upper surface 2c, first and second IDTs 3 and 4 are arranged in the surface 

acoustic wave propagation direction, that is, in the direction passing through the 

edges 2a and 2b. 

The IDTs 3 and 4 preferably include a pair of interdigital electrodes 3a, 3b, 4a, 

and4b, respectively. The interdigital electrodes 3a to 4b have plural el-ectrode 

fingers 3a1, 3a21 3b11 4a11 4b1, and 4b2 elongated perpendicularly relative to the 

surface acoustic wave propagation direction. · 

In the IDT 3, the electrode fingers 3a1 and 3~ and the plural electrode fingers 

3b1 are arranged so as to be inserted between each other in an interdigitated manner. 

Similarly, in the IDT 4, the electrode finger 4a1, and the electrode fingers 4b1 and 4b2 

are arranged so as· to be inserted between each other in an interdigitated manner. 

The electrode fingers 3a1 and 4b2 positioned on the both sides in the surface 

acoustic wave propagation direction of the electrode fingers 3a1 to 4b2 preferably 

have a width of about /.../8 in which /... represents the wave length of an SH type surface 

acoustic wave. The remaining electrode fingers 3~. 3b1, 4a1, and 4b1 preferably 
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have a width of about /.../4. Further, the width of the gap between adjacent electrode 

fingers in the_ surface acoustic wave propagation direction is preferably about /.../4. 

Further, the electrode fingers 3a1 and 4b2 on both sides in the surface acoustic 

. wave propagation direction are arranged so as to elongate along the edges defined 

by the edges 2a, 2b and the upper surface 2c, respectively. 

The above-described IDTs 3 and 4 are preferably formed by application of a 

metal film such as aluminum or other suitable material, and patterning the film. 

In the longitudinally coupled surface acoustic wave device resonator filter 1 of 

this example of preferred embodiments of the present invention, when an input signal 

is applied to the IDTs 3 and 4, a surface acoustic wave is excited by the IDTs 3 and 4. 

The excited surface acoustic wave is propagated in the direction passing through the. 

edges 2a and 2b and reflected from the edges 2a and 2b, so that zero mode and first 

mode vibrations are generated, and· both modes are combined to generate a. 

standing-wave. A filter characteristic is obtained from this standing,.wave .. 

Accordingly, the surface acoustic wave resonator filter1 operates as a longitudinally 

coupled type resonator filter.-

The characteristiCs of the edge reflection type surface acoustic wave device 
. ·-

resonator filter of this preferred embodiment result from the surface acoustic wave · 

substrate 2 including an ion-implanted piezoelectric single crystal substrate. As 

understood from the experimental examples described later, by using the ion­

implanted piezoelectric single crystal substrate, a ripple is prevented from being 

produced in a pass band in the attenuation frequency characteristics. In this case, 

as ions to be implanted, Al ions, N ions, Be ions, B ions, and P ion can be preferably 

used. More preferably, P ions are used .. 

Hereinafter, a method of producing an edge ·reflection type longitudinally 

coupled surface acoustic wave resonator fi.lter 1 of this preferred embodiment of a 

surface acoustic wave substrate 2 including an ion-implanted piezoelectric single 
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crystal substrate, and the effects will be described by explah2ition of a specific 

example. 

Experimental Example 1 

First, as a surface acoustic wave substrate 2, a piezoelectric single crystal 

substrate including a 36° rotation Y plate LiTa03 ~as prepared. P ions were 

implanted from the upper surface· of the substrate under the conditions of an 

acceleration voltage of about 140 keV and an ion implantation quantity of about 

5 x 1015/cm2
• Thereafter, ah Al film with a thickness of about 0.5 µm was formed ori 

the upper side of the piezoelectric single crystal substrate, IDTs 3 and 4 were formed 

via patterning. Next, the piezoelectric single crystal substrate was cut in the 

thickness direction to define opposite edges 2a and 2b. Thus, a surface acoustic 

wave resonator filter 1 having approximate dimensions of 1.4 x 2.0 x 0.35 mm, that is, 

having a distance between the edges 2a and 2b of about 0. 79 mm was obtained. 

This surface acoustic wave resonator filter 1 is the surface acoustic wave resonator 

filter of EXAMPLE 1. 

For comparison, an edge reflection type longitudinally coupled surface 

acoustic wave resonator filter was produced in the same manner as that of the above 

EXAMPLE .except that the above-described piezoelectric single crystal sttbstrate no~ 

implanted with ions was used. The longitudinally coupled surface acoustic wave 

resonator filter prepared for comparison is a CONVENTIONAL EXAMPLE. 

Further, edge reflection type longitudinal surface acoustic wave resonator 

filters were produced in the same manner as that of the above EXAMPLE except that 

Ar ions and B ions were used instead of P ions, respectively. The filter containing 

the piezoelectric single crystal substrate into which Ar ions were implanted is 

EXAMPLE 2. The filter containing the piezoelectric single crystal substrate into 

which 8 ions were implanted is EXAMPLE 3. 

FIGs. 2 to 5 show the attenuation frequency characteristics of the edge 

reflection longitudinally coupled type $Urface acoustic wave resonator filters of the 
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CONV~NTIONAL EXAMPLE arid EXAMPLES 1 to 3 prepared as described above. 

That is, FIG. 2 shows the results of the CONVENTIONAL EXAMPLE, FIG. 3 those of ·. 

EXAMPLE 1, FIG. 4 those of EXAMPLE 2, and FIG. 5 those of EXAMPLE 3. 

ExPerjmental Example 2 

A surface acoustic wave resonator filter 1 into which P ions were implanted 

was prep~red in the same manner·as that of EXAMPLE 1. The filter is EXAMPLE 4. 

The ed~~ surface reflection type longitudinally coupled surface acoustic wave 

resonator filter was prepared in the same manner as that for EXAMPLE 4 by using_ a 

piezoelectri~ single crystal substrate taken in the same lot was used, except that the 

ion implantation was not carried out. The filter is CONVENTIONAL EXAMPLE 2. 

The peak losses (minimum loss in ·a pass band) in the attenuation fre·quency. 

characteristics of the surface acoustic wave resonator filters of the above-described 

CONVENTIONAL EXAMPLE 2 and EXAMPLE 4 were measured. TABLE 1 shows 

the results. 

Similar to EXAMPLE 4 except that a piezo.electric single crystal substrate 

taken in another lot was used, by using the P ion implantation, an edge reflection type 

longitudinally coupled surface acoustic wave resonator filter was prepared as - -
EXAMPLE 5. Further, an edge reflection type longitudinally coupled surface 

acoustic wave resonator fil~er as CONVENTIONAL EXAMPLE 3 was produced in the 

same manner as that for EXAMPLE 5 except that no ions were implanted by using a 

piezoelectric single crystal substrate taken from the same lot as EXAMPLE 5. 

The peak losses of the surface acoustic wave resonator filters of EXAMPLE 5 

and CONVENTIONAL EXAMPLE 3 prepared as described above were measured. 

The results are shown in TABLE 1. 

Next, an edge reflection type longitudinally coupled surface acoustic wave 

resonator filter as EXAMPLE 6 was produced by use of a piezoelectric single crystal 

substrate into which Ar ions were implanted similar to EXAMPLE 2. Further, an 
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edge reflection type longitudinal surface acoustic wave resonator filter as 

CONVENTIONAL EXAMPLE 4 was produced to include a piezoelectric single crystal 

substrate taken from the same lot as that for the edge reflection type longitudinally 

coupled surface acoustic wave resonator filter of EXAMPLE 6, not carrying out the 

ion implantation. The peak losses of the surface acoustic wave resonator filters of 

EXAMPLE 6 and CONVENTIONAL EXAMPLE 4 were measured. The results are 

shown in TABLE 1. 

Further, the edge reflection type longitudinally coupled resonator filters as 

EXAMPLES 7 and 8 were produced in which B ions were implanted instead of P ions. 
. . . 

Moreover, surface acoustic wave resonator filters as CONVENTIONAL EXAMPLES 5 

and 6 were prepared by use of piezoelectric single crystal substrates taken from the 

same lot as that for the surface acoustic wave resonator filters of EXAMPLES 7 and 8, 

not carrying out ion implantation, respectiv.ely. The peak losses of the surface 

acoustic wave resonator filters of EXAMPLES 7 and 9 and CONVENTIONAL 

EXAMPLES 5 and 6 were determined, ·respectively. The results are shown in the 

following TABLE 1. 

TABLE 1 
PEAK LOSS (dB) 

CONVENTIONAL EXAMPLE 2 EXAMPLE4 · DIFFERENCE 
·------------------------------------ --------------------- ---------------------

- 3.340 1.990 .-.1.350 

CONVENTIONAL EXAMPLE 3 EXAMPLES DIFFERENCE ------------------------------------· -------~-------------· ---------------------
3.350 2.020 -1.330 

CONVENTIONAL EXAMPLE 4 EXAMPLES DIFFERENCE ------------------------------------ --------------------- ---------------------
3.490 1.930 - 1.560 

CONVENTIONAL EXAMPLE 5 EXAMPLE 7 DIFFERENCE 
------------------------------------ ---------------------· ---------------------

3.410 2.120 -1.290 

CONVENTIONAL EXAMPLE 6 EXAMPLES DIFFERENCE ------------------------------------· --------------------- ---------------------
3.100 1.860 - 1.240 
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As seen in TABLE 1, it is understood that in the case where the edge reflection 

type longitudinally coupled surface acoustic wave resonator filters were produced by 

use of the piezoelectric single crystal substrates taken from the same lot, according 

to preferred embodiments the present invention, the peak loss is decreased as 

compare with the CONVENTIONAL EXAMPLES including the piezoelectric single 

crystal substrates. taken from the same lot, respectively. In other words, in the case 

where the piezoelectric single crystal substrate into which ions are implanted, a ripple 

appearing in the pass band is suppressed and the loss in the pass band is reduced. 

As is apparent by comparison of FIG. 2 with FIGS. 3 to 5, in the edge reflection 

typ·e longitudinal surface acoustic wave resonator filters of the CONVENTIONAL 

EXAMPLE, a large ripple appears in the pass band as indicated by arrow A. On the 

. other hand, it is understood that in the attenuation frequency characteristics of the 

respective longitudinally coupled surface acoustic wave resonator filters of 

EXAMPLES 1 to 3 shown in FIGS. 3 to 5, such a large ripple does not occur in the 

pass bands, respectively. . Especially, in EXAMPLE 1 including th~ p.iezo~lectric 

single crystal substrate into which P ions were implanted, it is understood that the 

ripple in .the pass band is remarkably reduced, as shown in FIG. ·s. 

Accordingly, in the case where an edge reflection type longitudinally coupled 

· surface acoustic wave resonator filter includes a piezoelectric sing!~ crystal substrate 

into which ions are implanted according to preferred embodiments of the pr~sent 

invention, a large ripple appearing in a pass band is prevented from occurring, due to 

the ion implantation, and the reduction of loss can be realized. Excellent filt~r 

characteristics are obtained. 

The present invention can be applied not only to the above-described 

longitµdinally co1:1pled surface acoustic wave resonator filter, but widely applied to 

edge reflection type surface acoustic wave devices which utilize SH type surface 

acoustic waves. For example, the present invention can be applied to an edge 

reflection type transverse coupling type surface acoustic wave resonator filter, an 

edge surface acoustic wave· resonator or other similar device. In the case where the 
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present invention is applied to these various types of edge reflection type surface 

acoustic wave devices, a large ripple is pr~vented from appearing in a filter 

characteristic and also in a resonance characteristic by use of the ion-implanted 

piezoelectric single crvstal substrate. As a result, excellent filter characteristics and. 

resonance characteristic are obtained. 

While preferred embodiments of the invention have been disclosed, various 

modes of. carrying out the principles disclosed herein are contemplated as being 

within the scope of the following claims. Therefore, it is understood that the scope 

of the invention is not to be limited except as otherwise set forth in the claims. 
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What is claimed js: 

1. An edge reflection type surface acoustic wave device comprising; 

a surface acoustic wave substrate made of a piezoelectric single crystal and 

having first and second opposite edges; and 

at least one interdigital transducer provided on the surface acoustic wave . . 

substrate and arranged to generate a Shear Horizontal type surface acoustic wave 

which is reflected between the first and second edges; 

wherein the surface acoustic wave substrate is an ion-implanted piezoelectric 

single crystal substrate. 

2. An edge reflection type surface acoustic wave device according to Claim 1, 

wherein the piezoelectric single crystal substrate is one of a 36° to·41° rotation Y . . . 

plate LiTa03, a 41° rotation Y plate LiNb03 , and a 64° rotation Y plate LiNb03 ._ 

3. An edge reflection type surface acoustic wave device according to Claim 1, 

wherein the ions that are implanted include one of Ar ions,_ N ions, Be ions, B ions, 

and P ions. 

- 4. ·An edge reflection type surface acoustic wave device accordiffg to Claim.1, 

wherein the ions implanted by ion implantation are P ions. 

5. An edge reflection type surface acoustic wave device according to Claim 1, 

wherein the substrate is made of one of LiTa03 and LiNb03. 

6. An edge reflection type surface acoustic wave device according to Claim 1, 

further comprising a plurality of interdigital electrodes each including electrode 

fingers. 

7. An edge reflection type surface acoustic wave device according to Claim 6, 

wherein a first group of the plurality of electrode fingers have a width of about J.../8 and 
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a second group of the plurality of electrode fingers have a width of about A./4, wherein 

A. represents the wave length of the SH type surface acoustic wave. 

. . 
8. An edge reflection type surface acoustic wave device according to Claim 6, 

wherein the width of a gap between adjacent electrode fingers in the surface acoustic 

wave propagation direction is· about A./4. 

9. An edge reflection type surface acoustic wave device according to Claim 6, 

wherein the interdigital electrodes are made of metal. 

10. An edge reflection type surface acoustic wave device according to Claim 

1, wherein the ion implanted substrate has an ion implantation quantity of about 

1 x 104 ions/cni2 to about 1 x 1016 ions/cm2
• · 

11. A method of manufacturing an edge reflection type surface acoustic . . . 

wave device comprising the steps of: 

preparing a surface· acoustic wave substrate made of a piezoelectric single 

crystal; 

implanting ions into the surface of the surface acoustic wave substrate; 

- forming at least one interdigital transducer on the surface acoustic wave 

substrate; and 

cutting the surface acoustic wave substrate ·in the thickness direction to define 

a first and second edges. 

12. A method according to Claim 11, wherein the piezoelectric single crystal 

substrate is made of one of a 36° to 41° rotation Y plate LiTa03, a 41° rotation Y plate 

LiNb03, and a 64° rotation Y plate LiNb03• 

13. A method according to Claim 11, wherein the ions which are implanted 

into the piezoelectric single crystal substrate are one of Ar ions, N ions, Be ions, a· 
ions, and P ions. 
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14. The method according to Claim 11, wherein the ions implanted by ion 

implantation are P ions. 

15. The method according to Claim 11, wherein the substrate is made of one 

of LiTa03 and LiNb03. 

16. The method according to Claim 11, further comprising forming a plurality 

of interdigital electrodes each including electrode fingers on the substrate. 

17. The method according to Claim 16, wherein a first group of the plurality 

of electrode fingers have a width of about A/8 and a second group of the plurality of 

electrode fingers have a width of about /.../4, wherein ).. represe~ts the wave length of 

the SH type surface acoustic wave. 

18. The meth~d acco~ding to Claim 16, wherein the width of a gap between 

adjacent electrode fingers in the surface acoustic waye propagation direction is about. 

f../4. 

19. The method according to Claim 16, wherein the interdigital electrodes are 

made of metal. 

_ 20. The method according to Claim 1, wherein the ion implantation is carried 
. . 

out under the conditions of an acceleration voltage of about 50 keV to about 150 keV 

and an ion implantation quantity of about 1 x 104 ions/ cm2 to about 1 x 1Q16 ions/cm2
• 
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