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The present invention relates to a surf ace acoustic wave 

filter utilizing a shear horizontal (hereinafter abbreviated as SH) 

type surface wave, and more particularly, to a longitudinally 

coupled surface acoustic wave (hereinafter abbreviated as SAW) 

filter. 

2. Description of the Related Art 

A longitudinally coupled double-mode SAW filter utilizing a 

surf ace wave has been known as one type of various SAW devices. An 

example of this type of longitudinally coupled SAW filter is shown 

in Fig. 1. 

A SAW filter 51 has a construction in which first and second 

interdigital transducers (hereinafter abbreviated as IDTs) 53 and 

54 are disposed on a rectangular piezoelectric substrate 52. 

Reflectors 55 and 56 are disposed on both sides of the IDTs 53 and 

54 along the propagation direction of a surface wave excited by the 

IDTS 53 and 54. 

In the SAW filter 51, one of the comb-shaped electrodes 53a 

of th~ IDT 53 is an input end, and one of the comb-shaped electrodes 
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54a of the other IDT 54 is an output end. The other comb-shaped 

electrodes 53b and 54b of the IDTs 53 and 54 are connected to the 

ground potential. 

When an input voltage is applied to the IDT 53, a surface wave 

is excited and propagates in a direction which is perpendicular to 

the direction in which an electrode finger of the IDT 53 extends. 

The surf ace acoustic wave is then reflected between the reflectors 

55 and 56, and becomes a standing wave. An output based on such 

a standing wave is extracted by the IDT 54. In this case, as a 

surface wave, a fundamental mode and a high-order mode 

(asymmetrical mode) are generated. Therefore, the SAW filter 51 

operates as a longitudinally coupled double-mode SAW filter. 

The conventional longitudinally coupled SAW filter 51 has the 

problem that the overall dimensions of the filter are excessively 

large because of the presence of the reflectors 55 and 56. Also, 

in the SAW filter 51, since an electromechanical coupling 

coefficient of a piezoelectric substrate 2 is not very large, only 

a narrow band filter can be achieved. 

An edge reflection type longitudinally coupled surface 

acoustic wave filter utilizing an SH-type surface wave shown in Fig. 

2 is disclosed in Japanese Laid-Open Patent Publication No. 9-

69751. This filter can allegedly solve the above problems 

experienced by the filter shown in Fig. 1. 

The SAW filter 61 shown in Fig. 2 includes a rectangular 

piezoelectric substrate 62. The piezoelectric substrate 62 has two 
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opposing edge surfaces 62a and 62b. First and second IDTs 63 and 

64 are disposed on the piezoelectric substrate 62. The IDTs 63 and 

64 have a pair of comb-shaped electrodes 63a and 63b, and 64a and 

64b, respectively, and the numbers of pairs of electrode fingers 

are almost the same. 

In order that an SH-type surface wave, such as a BGS 

(Bleustein-Gulyaev-Shimizu) wave, is excited and reflected between 

the two opposing edge surfaces 62a and 62b, one of a pair of 

outermost electrode fingers of the comb-shaped electrode 63a is 

arranged so as to be flush with the edge surf ace 62a of the 

piezoelectric substrate 62. In a similar manner, one of a pair of 

outermost electrode fingers of the comb-shaped electrode 64b is 

arranged so as to be flush with the edge surface 62b of the 

piezoelectric substrate 62. one of the comb-shaped electrodes 63a 

of the first IDT 63 is an input end, and one of the comb-shaped 

electrodes 64a of the IDT 64 is an output end, and the comb-shaped 

electrodes 63b and 64b are connected to a ground potential. 

When an input voltage is applied to the IDT 63, a surface wave 

is excited and propagates in a direction that is perpendicular to 

the direction in which the electrode fingers of the IDT 63 extends. 

That is, the surface wave propagates in a direction which connects 

the two opposing edge surfaces 62a and 62b. This surface wave is 

reflected by the edge surfaces 62a and 62b, and becomes a standing 

wave. An output based on this standing wave is extracted from the 

IDT 64. 
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Therefore, in the edge reflection-type SAW filter 61 

utilizing an SH-type surface wave, since a reflector is not 

required, a longitudinally coupled double-mode SAW filter has a 

greatly reduced overall size and a loss caused by the presence of 

a reflector does not occur. Thus, a surface acoustic wave filter 

having wider band characteristics can be achieved with this 

structure. 

However, in the SAW filter 61, there is a problem in that 

spurious responses which are dependent upon the distance between 

the two opposing edge surfaces 62a and 62b appear over the outside 

of the passband in the filter character is tics, and, in particular, 

relatively large spurious responses appear in a frequency region 

in the vicinity of a passband and outside the passband. This problem 

is specific to an edge reflection-type SAW filter. The SAW filter 

51 shown in Fig. 1 having the reflectors 55 and 56 does not usually 

suffer from such a problem since the spurious response can be 

suppressed by adjusting the material, thickness, width of the 

electrode fingers and number of the electrode fingers of the IDTs 

and reflectors or selecting an appropriate substrate. 

SUMMARY OP THE INVENTION 

To overcome the problems described above, the preferred 

embodiments of the present invention provide an edge 

reflection-type SAW filter utilizing an SH-type surface wave, which 

effectively suppresses spurious responses dependent upon the 
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distance between two opposing edge surf aces and achieves excellent 

filter characteristics while having a greatly reduced size. 

According to a preferred embodiment of the present invention, 

a surface acoustic wave filter includes a piezoelectric substrate 

having two opposing edge surfaces, and first and second 

interdigital transducers _each having a plurality of electrode 

fingers and being disposed on the piezoelectric substrate such that 

a shear horizontal surface wave excited by one of the first and 

second interdigital transducers is reflected between the two 

opposing edge surfaces to form a standing wave. Attenuation poles 

of frequency characteristics of the first and second interdigital 

transducers are adjacent to the frequency position of spurious 

responses determined by the distance between the two opposing edge 

surfaces. 

A ratio of numbers of pairs of electrode fingers of the first 

and second interdigital transducers is preferably in a range of 

about 1. 2: 1. 0 to about 1. 7: 1. O. A plurality of at least one of the 

first and second IDTs may be provided in the filter according to 

this preferred embodiment. 

In the surface acoustic wave filter in accordance with 

preferred embodiments of the present invention, preferably, the 

IDTs may be connected at a plurality of stages, and in that case, 

one of the first and second IDTs having a larger number of pairs 

of electrode fingers is an input side or an output side, and the 

other of the first and second IDTs having a relatively smaller 
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number of pairs of electrode fingers is used for interstage 

connection. 

According to preferred embodiments of the present invention, 

since the attenuation pole of frequency characteristics of the 

first or second IDT is adjacent to a position at which spurious 

responses determined by the distance between two opposing edge 

surfaces appear, it is possible ·to effectively suppress the 

spurious level determined by the distance between the two opposing 

edge surfaces, and thereby, excellent filter characteristics are 

obtained. Also, since the SAW filter in accordance with preferred 

embodiments of the present invention is an edge surf ace 

reflection-type SAW filter utilizing an SH-type surface wave, a 

reflector is not required. Therefore, it is possible to provide 

a band filter having a greatly reduced size and excellent filter 

characteristics. 

According to another pref erred embodiment of the present 

invention, since the ratio of the numbers of pairs of electrode 

fingers of the first and second IDTs is in a range of about 1.2:1 

to about 1.7:1, the attenuation pole of frequency characteristics 

of the first and second IDTs ~s adjacent to the position of the 

spurious responses determined by the distance between two opposing 

edge surfaces. As a result, it is possible to effectively suppress 

the spurious responses determined by the distance between two 

opposing edge surfaces. 

" For the purpose of illustrating the present invention, there 
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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 example of a 

conventional longitudinally coupled SAW filter. 

Fig. 2 is a perspective view showing a conventional 

longitudinally coupled SAW filter of an edge surface 

reflection-type. 

Fig. 3 is a plan view showing a SAW filter according to a first 

preferred embodiment of the present invention. 

Fig. 4 is a view showing the filter characteristics of the 

SAW filter of the first preferred embodiment. 

Fig. 5 is a view showing the filter characteristics of the 

longitudinally coupled SAW filter shown in Fig. 9. 

Fig. 6 is a view illustrating the relationship between the 

frequency characteristics of an IDT in a conventional 

longitudinally coupled SAW filter of an edge surface 

reflection-type, and the position at which spurious responses 

determined by the distance between edge surfaces appear. 

Fig. 7 is a view illustrating the relationship between the 

frequency characteristics of first and second IDTs in the SAW filter 

of the first preferred embodiment, and the position at which 

spurious responses determined by the distance between edge surfaces 
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appear. 

Fig. 8 is a view showing the relationship between the ratio 

of the numbers of pairs of electrode fingers of the first and second 

IDTs and a spurious peak level in the SAW filter of the first 

preferred embodiment. 

Fig. 9 is a plan view showing a SAW filter according to a 

second preferred embodiment of the present invention. 

Fig. 10 is a view showing filter characteristics of the SAW 

filter shown in Fig. 9. 

DETAILED PESCBIPTIOR OF P8EFER8ED £MBODIMERTS 

Hereinafter, the preferred embodiments of the present 

invention are explained in detail with reference to the drawings. 

Fig. 3 is a plan view showing a longitudinally coupled 

double-mode SAW filter utilizing a BGS wave according to a first 

preferred embodiment of the present invention. A SAW filter 1 

includes a piezoelectric substrate 2. The piezoelectric substrate 

2 can be formed from LiNb03 , LiTa03 , a piezoelectric single crystal 

such as quartz crystal, or a piezoelectric ceramic such as lead 

zirconate titanate. In this preferred embodiment, the 

piezoelectric substrate 2 is preferably formed from lead zirconate 

titanate (PZT). 

The piezoelectric substrate 2 has two opposing edge surfaces 

2a and 2b. The edge surfaces 2a and 2b are arranged to be 

substantially parallel to each other. 
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A first IDT 3 and a second IDT 4 are disposed on the top surface 

2c of the piezoelectric substrate 2. The IDT 3 has a construction 

in which comb-shaped electrodes 3a and 3b are arranged such that 

electrode fingers of the comb-shaped electrodes 3a and 3b are 

interdigitated with each other. In a similar manner, the IDT 4 has 

a construction in which comb-shaped electrodes 4a and 4b are 

arranged such that electrode fingers of the comb-shaped electrodes 

4a and 4b are interdigitated with each other. The electrode fingers 

of the IDTs 3 and 4 are preferably arranged to extend substantially 

parallel to the edge surfaces 2a and 2b. 

One of a pair of outermost electrode fingers of the IDT 3 

is formed so as to be flush with the edge surface 2a. In a similar 

manner, one of a pair of outermost electrode fingers of the IDT 4 

is formed so as to be flush with the edge surface 2b. 

An input electrode Sa is provided in the comb-shaped 

electrode 3a so as to be connected thereto, and a grounding 

electrode Sb is provided in the comb-shaped electrode 3b so as to 

be connected thereto. In a similar manner, on the IDT 4 side, an 

output electrode 6a is provided in a comb-shaped electrode 4a so 

as to be connected thereto, and a grounding electrode 6b is provided 

in a comb-shaped electrode 4b so as to be connected thereto. 

The IDTs 3 and 4, and the electrodes Sa, Sb, 6a and 6b are 

preferably formed from a metallic material, such as aluminum. The 

formation of these electrodes can pe performed by a well-known 

method, such as photolithographic technology and a thin-film 
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deposition technique. 

The SAW filter 1 of this preferred embodiment is preferably 

constructed such that a ratio of the numbers of pairs of electrode 

fingers of the first IDT 3 to that of the second IDT 4 is set within 

the range of about 1.2:1 to about 1.7:1. Note that, in this 

specification, a number of pairs of electrode fingers of an IDT is 

calculated based on two adjacent electrode fingers having one space 

therebetween being a half ( O. 5) pair. Thus, two electrode fingers 

which belong to one of a pair of comb-shaped electrodes and one 

electrode finger which belongs to the other of the pair of 

comb-electrodes and is interposed between th"e two electrode fingers 

are regarded as one pair. In the preferred embodiment shown in Fig. 

3, the number of pairs of electrode fingers of the IDT 3 is 30, and 

the number of pairs of electrode fingers of the IDT 4 is 23. Thus, 

the ratio of the numbers of pairs of electrode fingers of the first 

IDT 3 to that of the second IDT 4 is set at about 1 • 3 : 1 • As a result, 

spurious responses determined by the distance between the two 

opposing edge surfaces 2a and 2b can be suppressed, and satisfactory 

filter characteristics can be obtained. This will now be described 

with reference to specific experimental examples of pref erred 

embodiments of the present invention. 

The SAW filter 1 is prepared such that the IDT 3 having 30 

pairs of electrode fingers and the IDT 4 having 23 pairs of electrode 

fingers are disposed on the piezoelectric substrate 2, preferably 

formed of PZT, having a distance between the two opposing edge 
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surfaces 2a and 2b which is about 2.75 mm, with the width of the 

electrode fingers being about 12.94 µm and the pitch of the 

electrode fingers being about 25. 88 µm. The filter characteristics 

of the SAW filter 1 are shown by the solid line in Fig. 4. The broken 

line in Fig. 4 is such that the scale of the vertical axis of the 

characteristics of the solid line is enlarged 10 times, and the 

scale of the horizontal axis thereof is enlarged 5 times. 

For a comparison, the SAW filter 61 shown in Fig. 9 is 

manufactured to the same specifications as that described above 

with reference to the example of preferred embodiments of the 

present invention except for the numbers of pairs of IDTs. In the 

SAW filter 61, the number of pairs of electrode fingers of the IDT 

63 is 26. 5, and the number of pairs of electrode fingers of the IDT 

64 is 26.5, so that the ratio of the numbers of pairs of electrode 

fingers of the IDTs 63 and 64 is 1: 1. The filter characteristics 

of this SAW filter 61 are shown by the solid line in Fig. 5. The 

broken line in Fig. 5 is such that the scale of the vertical axis 

of the characteristics of the solid line is enlarged 10 times, and 

the scale of the horizontal axis thereof is enlarged 5 times. 

As is clear from a comparison between the characteristics 

shown in Figs. 4 and 5, relatively large spurious responses 

indicated by the arrows Al to AS appear outside the passband in the 

filter characteristics shown in Fig. 5, in particular, in 

frequencies lower than the passband. In comparison with this, in 

the filter characteristics shown in Fig. 4, it can be seen that the 
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spurious level at the position corresponding to the above-described 

spurious responses is considerably small. That is, while the level 

(hereinafter referred to as a spurious level) of the largest 

spurious response Al in Fig. 5 of the above-described spurious 

responses is about 12 .1 dB, in the characteristics of the SAW filter 

1 of this preferred embodiment shown in Fig. 4, the spurious peak 

level is about 24. 6 dB. It can be seen that the spurious peak level 

can be suppressed by about 14.5 dB compared to the SAW filter 61. 

As described above, the fact that the spurious responses are 

effectively suppressed in the SAW filter 1 of this preferred 

embodiment is c·onsidered to be attributed to the following reason. 

In the longitudinally coupled SAW filter of an edge 

reflection type filter, the distance R between two opposing edge 

surf aces can be expressed by the following when the wavelength of 

the SH-type surface wave is denoted as A., and the numbers of pairs 

of electrode fingers of the first and second IDTs are denoted as 

N1 and N2 , respectively, and.the distance between the IDTs is denoted 

as y, 

R = A x (N1 + N2 } + y 

Therefore, it can be seen that the spurious response 

dependent upon the distance R between two opposing edge surfaces 

depends upon (N1 + N2 ). As a result, in the conventional SAW filter 

61, when a main response used for the filter characteristics is of 

a 2Nth order, as shown in Fig. 6, a response of 2N±(4n-2)th order 

( n=l, 2, ••• ) indicated by the broken line A does not occur due to 
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the symmetry of the polarities of the electrodes, but spurious 

responses are generated at an order other than that. Of the spurious 

responses, the spurious responses corresponding to an attenuation 

pole of the frequency spectrum indicated by the solid line B or a 

point of the larger attenuation of the spectrum are suppressed. 

However, the response of 2N±(2n+l)th order (n=l, 2, ... ) determined 

by the distance R between the two opposing edge surfaces indicated 

by the solid line c is generated where the attenuation of the IDT 

spectrum is small. As a result, this response appears as a spurious 

response of the filter characteristics. 

In contrast, in the SAW filter 1 of this preferred embodiment, 

as shown in Fig. 7, the spurious responses determined by the 

distance between edge surfaces correspond to the attenuation poles 

as indicated by the solid lines B, or correspond to the points with 

a larger attenuation as indicated by the solid lines B'. Therefore, 

only a very small spurious respo·nse appears in the filter 

characteristics. 

As is clear from Fig. 7, in this preferred embodiment, the 

attenuation poles in the frequency characteristics of the IDT 3 or 

the IDT 4 are located in the vicinity of the position where the 

spurious responses determined by the distance R between edge 

surfaces appear. Therefore, it is possible to suppress the level 

of the spurious responses determined by the distance R between edge 

surfaces. 

In the manner described above, in order that the attenuation 
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poles of the IDT 3 or the IDT 4 are arranged adjacent to the position 

at which the spurious responses determined by the distance R between 

edge surfaces appear, as shown in Fig. 7, the frequency 

characteristics of the IDT 3 on the input side are deviated from 

the frequency characteristics of the IDT 4 on the output side. In 

this preferred embodiment, this is achieved by setting the ratio 

of the numbers of pairs of electrode fingers of the IDT 3 to that 

of the IDT 4 at 1.3:1. 

In other words, in the construction including the first and 

second IDTs 3 and 4, if the numbers of pairs of electrode fingers 

of the first and second IDTs 3 and 4 are made different, and if the 

respective frequency characteristics are made different, it is 

possible to deviate the attenuation pole which appears in the 

frequency characteristics of the first and second IDTs 3 and 4. 

Therefore, by setting the numbers of pairs of electrode fingers of 

the first and second IDTs 3 and 4 so that these attenuation poles 

are made adjacent to the position at which the spurious responses 

determined by the distance R between edge surf aces appear and 

preferably matched to the position, the spurious responses 

determined by the distance R between edge surf aces can be suppressed 

effectively. 

Based on the above-described results, the ratio N1/N2 of the 

numbers of pairs of electrode fingers of the first and second IDTs 

3 and 4 were made different in various ways, and to what degree the 

spurious level outside the passband is suppressed was measured. The 
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results are shown in Fig. 8. The horizontal axis indicates the ratio 

N1/N2 of the numbers of pairs of electrode fingers of the first and 

second IDTs 3 and 4 and the vertical axis indicates the spurious 

peak level of the spurious level outside the passband. 

As is clear from Fig. 8, if the ratio of the numbers of pairs 

of electrode fingers of the first and second IDTs 3 and 4 is set 

at about 1. 2: 1 to about 1. 7: 1, it can be seeri that the spurious peak 

level can be suppressed by 10 dB or more compared to the case where 

the numbers of pairs of electrode fingers of the first and second 

IDTs are equal. Therefore, in the SAW filter 1, by setting the ratio 

of the numbers of pairs of electrode fingers of the first and second 

IDTs 3 and 4 at about 1.2:1 to about 1.7:1 as described above, it 

can be seen that it is possible to effectively suppress spurious 

responses outside the passband, in particular, the spurious 

responses determined by the distance R between edge surfaces, which 

appear in frequencies lower than the passband. 

Note that, in the SAW filter 1, one of the first IDT 3 and 

the second IDT 4 is an IDT on the input side, and the other of the 

first and second IDTs 3, 4 is an IDT on the output side. However, 

any of the IDTs 3 and 4 may be the input side and the output side. 

Furthermore, it was confirmed by the inventors of the present 

invention that, when the SAW filter 1 is connected to another SAW 

filter so as to form a plural-stage construction, satisfactory 

filter characteristics are obtained by arranging the IDT 3 side 

having a larger number of pairs of electrode fingers to be an 

111m1ifnr 
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input-side or output-side IDT and by using the second IDT 4 with 

a smaller number of pairs of electrode fingers for inte.rstage 

connection. This is considered to be attributed to the fact that 

impedance matching becomes satisfactory. 

The SAW filter in accordance with preferred embodiments of 

the present invention is not limited to a filter, such as the SAW 

filter 1, which includes one first IDT 3 and one second IDT 4, and 

a plurality of at least one of the first and second IDTs 3 and 4 

may be disposed. Fig. 9 is a plan view showing a preferred 

embodiment in which one first IDT and two second IDTs are provided. 

In a SAW filter 11 shown in Fig. 9, a first IDT 13 is disposed 

on a top surface 12c of a piezoelectric substrate 12 which is 

constructed similarly to the piezoelectric substrate 2. Second 

IDTs 14 and lS are disposed on both sides of the IDT 13. 

The IDT 13 includes comb-shaped electrodes 13a and 13b 

arranged such that respective electrode fingers are interdigitated 

with each other. An input electrode 16a is arranged to be connected 

to the comb-shaped electrode 13a, and a grounding electrode 16b is 

arranged to be connected to the comb-shaped electrode 13b. The IDTs 

14 and lS include comb-shaped electrodes 14a and 14b, and !Sa and 

!Sb, respectively. output electrodes 17a and 18a are arranged to 

be connected to the comb-shaped electrodes 14a and lSa, 

respectively. Also, grounding electrodes l 7b and l8b are arranged 

to be connected to the comb-shaped electrodes 17b and 18b, 

respectively. 
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one of a pair of outermost electrode fingers of the IDT 14 

is arranged so as to be flush with the edge surface 12a. In the 

same way, one of a pair of outermost electrode fingers of the IDT 

15 is arranged so as to be flush with the edge surface 12b. 

The SAW filter 11 is constructed so as to operate as a 

longitudinally coupled double-mode SAW filter·of an edge surface 

reflection-type utilizing a BGS wave. 

In the SAW filter 11 of this preferred embodiment, a number 

N1 of pairs of electrode fingers of the first IDT 13 is preferably 

set at 7, and a number N2 of pairs of electrode fingers of each of 

the second IDTs 14 and 15, which are IDTs on the output side, is 

preferably set at 5. That is, the ratio of the numbers of pairs 

of electrode fingers of the first and second IDTs is set at about 

7:5 which is equal to about 1.4:1. 

The filter characteristics of the SAW filter 11 are shown by 

the solid line in Fig. 10. The broken line in Fig. 10 is such that 

the scale of the vertical axis of the characteristics of the solid 

line is enlarged 10 times, and the scale of the horizontal axis 

thereof is enlarged 5 times. 

As indicated by the solid line in Fig. 10, also in the SAW 

filter 11, it can be seen that spurious responses in the frequencies 

lower than the passband are suppressed, and the spurious peak level 

is set at about 18 dB. Although not particularly shown in Fig. 10, 

in the SAW filter 11, when the number of pairs of electrode fingers 

of IDTs 15 and 16 in tbe center was set at 7, which is equal to that 
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of the IDT 14, the spurious peak level was 10 dB. Therefore, in 

the SAW filter 11, by setting the ratio of the numbers of pairs of 

electrode fingers at about 1. 4: 1 as described above, it can be seen 

that the spurious peak level can be suppressed by 8 dB compared to 

a SAW filter corresponding to a filter such that the numbers of pairs 

of electrode fingers of all three IDTs are equal. 

Although in the SAW filters 1 and 11 of the above-described 

preferred embodiments, a filter utilizing a BGS wave as an SH-type 

surface wave is described, in addition to the BGS wave, other 

SH-type surface waves, such as a Love wave or a leakage surface 

acoustic wave, may be used. 

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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Wbat is claimed is: 

1. An edge reflection type longitudinally coupled surface 

acoustic wave filter utilizing an SH-type surface wave, comprising: 

a piezoelectric substrate having two opposing edge surfaces; 

and 

first and second interdigital transducers each having a 

plurality of electrode fingers and being arranged on the 

piezoelectric substrate such that a shear horizontal surface wave 

excited by one of the first and second interdigital transducers is 

reflected between the two opposing edge surfaces to form a standing 

wave; wherein 

attenuation poles of frequency characteristics of the first 

and second interdigital transducers are adjacent to the frequency 

position of spurious responses determined by the distance between 

the two opposing edge surfaces. 

2. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 1, wherein a ratio of a 

numbers of pairs of electrode fingers of the first and second 

interdigital transducers is in a range of about 1.2:1.0 to about 

1.7:1.0. 

3. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 1, wherein a plurality of 

at least one of the first and second interdigital transducers are 

- 19 -



11111111111111 11111 11111111111 
* C L M S * 

provided. 

4. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 1, wherein the one of the 

first and second interdigital transducers having a larger number 

of pairs of electrode fingers is an input side or an output side, 

and the other of the first and second interdigital transducers 

having a relatively smaller number of pairs of electrode fingers 

is used for interstage connection. 

5. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 1, wherein the substrate 

is made of at least one of LiNb03 , LiTa03 , a piezoelectric single 

crystal and a piezoelectric ceramic. 

6. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 1, wherein the edge surfaces 

are substantially parallel to each other. 

7. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 1, wherein the electrode 

fingers of the first and second interdigital electrodes are 

substantially parallel to the edge surfaces. 

8. An edge reflection type longitudinally coupled surface 
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acoustic wave filter according to claim 1, wherein an outermost one 

of the electrode fingers of one of the first and second interdigital 

electrodes is flush with one of the edge surfaces of the substrate. 

9. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 1, wherein the number of 

electrode pairs of the first interdigital transducer is 3 0 and the 

number of electrode pairs of the second interdigital transducer is 

23. 

10. An edge reflection type longitudinally coupled surface 

acoustic wave filter utilizing an SH-type surface wave, comprising: 

a piezoelectric substrate having two opposing edge surfaces; 

and 

first and second interdigital transducers each having a 

plurality of electrode fingers and being arranged on the 

piezoelectric substrate such that a shear horizontal surface wave 

excited by one of the first and second interdigital transducers is 

reflected between the two opposing edge surfaces to fonn a standing 

wave; wherein 

a ratio of a numbers of pairs of electrode fingers of the first 

and second interdigital transducers is in a range of about 1. 2: 1. O 

to about 1.7:1.0. 

11. An edge reflection type longitudinally coupled surface 
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acoustic wave filter according to claim 10, wherein attenuation 

poles of frequency characteristics of the first and second 

interdigital transducers are adjacent to the frequency position of 

spurious responses determined by the distance between the two 

opposing edge surfaces. 

12. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 10, wherein a plurality of 

at least one of the first and second interdi_gital transducers are 

provided. 

13. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 10, wherein the one of 

the first and sec.end interdigital transducers having a larger 

number of pairs of electrode fingers is an input side or an output 

side, and the other of the first and second interdigital 

transducers having a relatively smaller number of pairs of 

electrode fingers is used for interstage connection.· 

14. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 10, wherein the substrate 

is made of at least one of LiNb03 , LiTa03 , a piezoelectric single 

crystal and a piezoelectric ceramic. 

15. An edge reflection type longitudinally coupled surface 
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acoustic wave filter according to claim 10, wherein the edge 

surfaces are substantially parallel to each other. 

16. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 10, wherein the electrode 

fingers of the first and second interdigital electrodes are 

substantially parallel to the edge surfaces. 

17. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 10, wherein an outermost 

one of the electrode fingers of one of the first and second 

interdigital electrodes is flush with one of the edge surfaces of 

the substrate. 

18. An edge reflection type longitudinally coupled surface 

acoustic wave filter according to claim 10, wherein the number of 

electrode pairs of the first interdigital transducer is 30 and the 

number of electrode pairs of the second interdigital transducer is 

23. 
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