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ANVENTION 1. Field of the Invention The present invention relates
to a surface acoustic wave
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The present invention relates to a surface 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.

. scripti of the late

A longitudinally coupled double-mode SAW filter utilizing a
surface 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 the IDT 53 is an input end, and one of the comb-shaped electrodes
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~filter utilizing a shear horizontal (hereinafter abbreviated as SH) type
Surface wave, and nore particularly, to a longitudinally coupled surface
acoustic wave (hereinafter abbreviated as SAW filter. 2. Description
of the Related Art A longitudinally coupled doubl e-node SAWTfilter
utilizing a surface wave has been known as one type of various SAW
devices. An exanple of this type of longitudinally coupled SAWfilter is
shown in Fig. 1. A SAWTfilter 51 has a construction in which first
and seéedm®df 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 i:o the IDT 53, a surface wave
is excited and prdpagates in a direction which is perpendicular to
the direction in which an electrode finger of the IDT 53 extends.
The surface acoustiC'wéve is then reflected between the reflectors
55 and 56, and bécomes a standing wave. An output based on such
a standing wave is extracted by the IDT 54. 1In 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 reflectién type longitudinally coupled surface
a}coustic 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..l.

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

piezoelectric substrate 62. The piezoelectric substrate 62 has two
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interdigital transducers (hereinafter abbreviated as IDTs) 53 and 54 are
di sposed on a rectangul ar piezoelectric substrate 52. Reflectors 55 and 56
are di sposed on both sides of the IDIs 53 and 54 along the propagation
direction of a surface wave excited by the |1DTs 53 and 54. : In the
SAWTfilter 51, one of the conb-shaped el ectrodes 53a of the IDI 53 is an

I nput end, and one of the conb-shaped el ectrodes

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 thé numbers of pairs of electrode fingers
are almost the same.

In order that an SH-type surface wave, such as a BGS
(Bléustein-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 surface 62a 6f the
piezoelectric substrate 62. In a similar manner, one of a pair of
outermost electrode fingers of ﬁhe 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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2 54a of the other IDT 54 is an out put end. The other conb-shaped :
el ectrodes 53b and 54b of the IDTs 53 and 54 are connected to the ground

potenti al . When an input voltage is applied to the IDT 53, a surface
wave 1s excited and propagates in a direction which is perpendicular to
the direction in which an electrode finger of the IDT 53 extends. The
surface acoustic wave is then reflected between the reflectors 55 and 56,
and becones a standi ng wave. An output based on such a standing wave is
extracted byThegefpres4in| thehedgeaseflastionstypec8AWalilterf&hdanent al

node and a hi gh-order node
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
haviﬁg 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 ﬁpon the distance between
the two opposing edge surfaces 62a and 62b appear over the outside
of the passband in the filter characteristics, and, in particular,
relatively large spurious responses appear in a frequency region
in the vicinity of a ﬁaassband 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 OF THE I TIO

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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(asynnetrlcal node) are generated. Therefore, the SAWfilter 51 operates
as a longitudinally coupl ed double- node SAWfilter. The conventi onal
| ongi tudi nally coupled SAWfilter 51 has the problemthat the overal
di rensions of the filter are excessively |arge because of the presence of
the reflectors 55 and 56. Also, in the SAWfilter 51, since an
el ectronmechani cal coupling coefficient of a piezoelectric substrate 2 is
not very large, only a narrow band filter can beachi eved. An edge
r ef | ecdilstangecbebwgen v @pppsdagpédde surfmres anduacth teves extielllent
utilizing an SHtype surface wave shown in Fig. 2 is disclosed in Japanese
Lai d- Ofdd teat ehardgitlenistiios Mhil® 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 oppbsing 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 1.7:1.0. 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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.69751. This filter can allegedly soIVQ t he' above probl ens experienced by

the filter shown in Fig. 1. The SAWfilter 61 shown in Fig. 2
includes a rectangul ar piezoelectric substrate 62. The piezoelectric
substrate 62 has two opposi ng edge surfaces 62a and 62b. First

and second I DIs 63 and 64 are dlsposed on the piezoelectric substrate 62.
The 1 DTs 63 and

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 surface
reflection-type SAW filtér 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 preferred 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 is 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 betwéen two

opposing edge surfaces.

For the purpose of iliustrating the present invention, there

- This Sheet Has Been Rep Iaced




64 have a pair of conb-shaped el ectrodes 63a and 63b, and 64a and 64b,
respectively, and the nunbers of pairs of electrode fingers are alnost the
sarne. In order that an SH—type surface wave, such as a BGS

(Bl eust ei n- Gul yaev- Shi m zu) wave, is excited and refl ected between the two
opposi ng edge surfaces 62a and 62b, one of a pair of outernost el ectrode
fingers of the conb-shaped electrode 63a is arranged so as to be flush
with the edge surface 62a of the piezoelectric substrate 62. In a simlar
manner , isnshownaipathe odrawings wevera Ecforms dhickrarefptésenolp- shaped

el ectrode 64b is arranged so as to be flush with the edge surface 62b of

t he 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 longitudinélly coﬁpled 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 conventibnal
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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pieioelectric substrate 62. One of t he .conmb- shaped el ectrodes 63a of the
first IDT 63 is an input end, and one of the conb-shaped el ectrodes 64a of
the IDT 64 is an output end, and the conb-shaped electrodes 63b and 64b
are connected to a ground potenti al . 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 el ectrode
fingers of the IDT 63 extends. That is, the surfate wave propagates in a
di recti 8RP&BILeh connects the two opposing edge surfaces 62a and 62b. This
surface wave is reflected by the edge surfaces 62a and 62b, and becones a
standing wavEigAn8ois pajwll&wseuowmnghtlse stelak innstaie bexweehr gheegdatiom t he
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.

D_DES ON OF FER ODIMENTS

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 LiNbO,, LiTa0,, 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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| DT 64. Therefore, in the edge reflection-type SAWfilter
.61 wutilizing an SHtype surface wave, since a reflector is not required,
a longitudinally coupled doubl e-nbde SAWfilter has a greatly reduced
overall size and a | oss caused by the presence of a reflector does not
occur. Thus, a surface acoustic wave filter

A first IDT 3 and a second IDT 4 are disposed on the top surface
2c of the piezoelectric substrate 2. The IDT 3 hés 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 5a is provided in the comb-shaped
electrode 3a so as to be connected thereto, and a grounding
electrode 5b 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 t6 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 5a, 5b, 6a and 6b are
preferably formed from a metallic material, such as aluminum. The
formation of these electrodes can be perfbrmed by a well~known

method, such as photolithographic technology and a thin-film

_ . . ‘This Sheet Has Been Repl

A i




havi ng wi der band characteristics can be achieved with this structure.
However, in the SAWfilter 61, there is a problemin that spurious
responses whi ch are dependent upon the di stance between the two opposing
edge surfaces 62a and 62b appear over the outside of the passband in the
filter characteristics, and, in particular, relatively |arge spurious
responses appear in a frequency region in the vicinity of a passband and
out si de_t he passband. This problem is specific to an edge reflection-type
SAW f i | {@pPos TRioxpeehnige. 51 shown in Fig. 1 having the reflectors 55 and
56 does not usually suffer:-fromsuch a problem since the spurious response
can be 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 ad_jacent electrode fingers having one space
therebetween being a half (0.5) pair. Thus, two electrode fingers
which belong to one of a pair of comb-shaped electrodes and one
electrode fingerlwhich belongs to the other of the pair of
comb-electrodes and is interposed between the 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 preferred
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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suﬁpressed by adjusfing the material, thickness, width of the electrode
fingers and nunber of the electrode fingers of the IDIs and reflectors or

sel ecting an appropriate substrate. SUMVARY OF THE | NVENTI ON To
overcone the problens described above, the preferred enbodinents of the
present invention provide an edge reflection-type SAWfilter utilizing an
SHtype surface wave, which effectively suppresses spurious responses
dependent upon the -

: surfaces 2a and 2b which is about 2.75 mm, with the width of the

electrode fingers being about 12.94 pm and the pitch of the

. electrode fingers being about 25.88 um. 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 A5 appear outside the passband in the
filter characteristics shown in Fig. 5, in particular, in
frequencies lower than the passbénd. In comparison with this, in

the filter characteristics shown in Fig. 4, it can be seen that the
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5 d‘i stance between two opposing edge surfaces and achi eves excel | ent
filter characteristics while having a greatly reduced si ze.
According to a preferred enbodi nrent of the present invention, a surface
acoustic wave filter includes a piezoelectric substrate having two
opposi ng edge surfaces, and first and second interdigital transducers each
having a plurality of electrode fingers and being disposed on the
pi ezoel ectric substrate such that a shear horizontal surface wave excited
by one sPuniQus ievelatdtheaasition cenrgspandingisdtbeabove-defsicadbed
bet ween the two
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 considered 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

surfaces 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 secdnd IDTs are denoted as |
N, and N,, respectively, and the distance between the IDTs is denoted
as vy,

R=M\x (N1+.Nz) + v

Therefore, it can be seen that the spurious response
dependent upon the distance R between two opposing edge surfaces
depends upon (N, + N,). 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=1, 2, ...) indicated by the broken line A does not occur due to
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oppbsi ng edge surfaces to forma standjng wave. Attenuation poles of
frequency characteristics of the first and second interdigital transducers
are adjacent to the frequency position of spurious responses determ ned by

t he di stance between the two opposing edge surfaces. A ratio of
nunbers 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 1.7:1.0. A
plurality of at |east one of the first and second | DTs may be provided in
the filuhe syEmeWhef dhe ipolgridfies af dalimelegiirodes, but rspurdcas f ace
acoustic wave filter in accordance with

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

. responses, the spurious reSponsés 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+1)th order (n=1, 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 response 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. Ther'efo're, 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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preferred enbodi nents of the present invention, preferably, the |DTs may
be connected at a plurality of stages, and in that case, one of the first
and second | DTs having a | arger nunber of pairs of electrode fingers is an
i nput side or an output side, and the other of the first and second | DTs

having a relatively smallier nunber of pairs of electrode fingers
I's used for interstage

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 fre-'quency.
characteristics of the IDT 3 on the input side are deviated from
the frequency characteristics of the IDT 4 on the output side. 1In
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
seco'nd 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 surfaces appear and
preferably matched to the position, the spurious responses
determined by the distance R between edge surfaces can be suppressed
effectively.

Based on the above-described results, the ratio N,/N, 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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connecti on. According to preferred enbodi nents 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 -
determ ned by the di stance between two opposing edge surfaces appear, it
I's possible to effectively suppress the spurious |evel determ ned by the
di stance between the two opposing edge surfaces, and thereby, excellent
filter characteristics are obtained. Al so, since the SAWfilter in

accor dFRENES AXBrEIAD a8 Figw8di RBsthortzaneabazdsnindinates sheiratde edge -

surface reflection- ;er SAW il ter ut|I|Z|ng an SHtype surface wave, a
N,/N, 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 spurioué 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 seen that the spurious peak
level can be sﬁppressed 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 filtér 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

) . ThlsI Shiet Iliiilllsliiinllleﬁaced




reflector is not required. Therefore, it is possible to provide a band
filter having a greatly reduced size and excellent filter characteristics.
Accordi ng to another preferred enbodi nent of the present invention, since
the ratio of the nunbers 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
pol e of frequency characteristics of the first and second |IDTs is adjacent
to the position of the spurious responses deternined by the distance

bet weeri RN s 9Ty ouspyd-sddeadds. and byrusing, the secpondsiplet twith

effectively suppress the spurious responses determnm ned by the distance
bet weerd tSMller number of pairs of electrode fingers for interstage

connection. Thls is considered to be attributed to the fact that
impedance matching becomes satisfactory.

The SAW filter in accordance with preferred embodiments of
phe 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 15 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 electtode 13a, and a grounding electrode 16b is
arranged to be connected to the comb-shaped electrode 13b. The IDTs
14 and 15 include comb-shaped electrodes 1l4a and 14b, and 15a and
15b, respectively. Output electrodes 17a and 18a are arranged to
be connected to-thelcomb—shaped electrodes 14a and 15a,
respectively. Also, grounding electrodes 17b and 18b are arranged

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

respectively.

: [
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opfwosi ng edge surfaces. For the purpose of illustrating the present

.dnvention, there 7 1s shown in the
drawi ngs several forns which are presently preferred, it being understood,
however, that the invention is not Ilimted to the precise arrangenents and

instrumentaliti es shown.

One of a pair of outermost electrode fingers of the IDT 14
is arranged so as to be flush with the edge surface 12a. 1In the
same way, one of a pair of outermost electrode finge_rs of the IDT
15 is arranged so as to belflush 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
N,- of pairs of electrode fingers of the first IDT 13 is preferably
set at 7, and a number N, 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 ﬁhe.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 the center was set at 7, which is equal to that

_ This Sheet Has Been Re,ilaced
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BRI EF DESCRI PTI ON OF THE DRAW NGS . Fig. 1is a perspective view
showi ng an exanple of a conventional |ongitudinally coupled SAWfilter.

Fig. 2 is a perspective view showi ng a conventional |ongitudinally coupled
SAWTfilter of an edge surface reflection-type. Fig. 3 is a plan
view showing a SAWfilter according to a first preferred enbodi nent of the
present invention. Fig. 4 is a viewshowng the filter

characteristics of the SAWfilter of the first preferred enbodi nent.
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 finger_s 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 understbod that the scope of the invention

is not to be limited except as otherwise set forth in the claims.

—_—
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Fig. 5is a view showing the filter characteristics of the longitudinally

.coupled SAWfilter shown in Fig. 9. Fig. 6 is aviewillustra

the rel ationship between the frequency characteristics in a
conventional longitudinally coupled SAWfilter of an edge sur “ﬂ“
reflection-type, and the position at which spurious r \‘m\ ed
by the di stance between edge surfaces appear. F _ a visew”

illustrating the relat'qnghip bet ween the frequency chdracteristics of
first aﬁ@é&x%ﬁﬁﬁiiﬁﬁﬂihﬁkhe SAWTfilter of the first preferred enbodi nent,
and the position_at which _spurious responses determ ned by the distance
bet ween edge lsur PRcgdge reflection type longitudinally coupled surface
acoustic wave filter utilizing an SH-type surface wave, comprising:
a piezbelectric substrate having two opposing edge surfaces;
and
first and second interdigital transducers each having a
plurality of electrode fingers andlbeing arranged on the
piezoelectric substrate such that a shear horizontal surface wave
excited by one of the first and sedond interdigital transducers is
reflected between the fwo 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
R —
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8 éppear. Fig. 8 is a view showing the relationship between the
ratio of the nunbers of pairs of electrode fingers of the first and second
| DTs and a spurious peak level in the SAWfilter of the first preferred

enbodi nment . Fig. 9 is a plan view showi ng a SA IT to
a RRLLLLL

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_éccording to claim 1, wherein the substrate
is made of at least one of LiNbO,, LiTaO,, 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 typé longitudinally coupled surface

_ | This Sheet Has Been Replaced
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second preferred enbodi nent of the present invention. .:" 10

O == v

view show ng filter characteristics of the SAW filter shown in Fi 9.
DETAI LED DESCRI'PTI ON OF PREFERRED EMBODI MENTS Hﬁlﬁllm }m E‘!ll
preferred enbodi nents of the present invention are ex

with reference to the draw ngs. Fig. 3 is a plan view showing a

| ongi tudinally coupled double-node SAWTfilter utilizing a BGS wave

according to a first referred enbodi nept ,of th resent invention. A SAW
ey Aot i biave,£4 E SrAdRard NG S0 1AL 1o, WHRECEH ST EREEERPE LT 1 ot ¢

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

[ @A
I A

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 30 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, comprisings:

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

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.

11. An edge reflection type longitudinally coupled surface

_ - This Sheet HasBeen Reﬂlaced :
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2 can be formed fromLiNoQerr], LiTaQerr], a piezoelectric singte crystal

.such as quartz crystal, or a piezoelectric ceramc su nat e
titanate. In this preferred enbodi nent, the piezoel eﬁmﬂﬂlmm@”m,gm
preferably formed fromlead zirconate titanate (PZT)

pi ezoel ectric substrate 2 has two opposi ng edge surfaces 2a and 2b. The

edge surfaces 2a and 2b are arranged to be substantially parallel to each
ot her -

' 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 interdigital 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 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.

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 LiNbO,, LiTa0,, a piezoelectric single

crystal and a piezoelectric ceramic.

15. An edge reflection type longitudinally coupled surface

—_—
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A first IDT 3 and a second IDT 4 are disposed on the_top surface 2c of the
"pi ezoel ectric substrate 2. The IDT 3 has a construction in which

conb- shaped el ectrodes 3a and 3b are arranged such th 5uumm1lmuuMMPers
of the comb-shaped el ectrodes 3a and 3b are interdigi

other. In a simlar manner, the IDT 4 has a construction®n*whlfch® *

conb- shaped electrodes 4a and 4b are arranged such that el ectrode fingers

of the conb- hape odes 4a_and 4b rdigitated with each
ot her. $figY @ éﬁtwﬁﬁﬁ f?ié%?sac?ﬁr@+ﬁﬂlfﬁsa%a {ﬁ @ ere R F%1 §49¢ r anged
to extend %ubstantlal %

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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parallel to the edge surfaces 2a and 2b. One of a pair of outernost
_electrode fingers of the IDT 3 is fornmed so as to be flush with the edge
surface 2a. In a simlar manner, one of a pair of outernost el ectrode
fingers of the IDT 4 is fornmed so as to be flush with the edge surface 2b.
An input electrode 5a is provided in the conb-shaped electrode 3a so as to
be connected thereto, and a grounding electrode 5b is provided in the

manner, ABRRACE BRCHRE; BastrsuRR, o7 Crectr ode EQQ{? brovided in a

comb- shaped ehRClige o df180i8n fong b imaiTy Coupied Surdhdeadbastic"?

el ectrode 6b 8?|H% n long Y ple ic
wave filter utilizing an SH-type surface wave includes 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.
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.

*
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in a conb shaped el ectrode 4b so as to be connected thereto. The
IDTs 3 and 4, and the el ectrodes 5a, 5b, 6a and 6b are preferably forned
froma metallic material, such as aluminum The formation of these

el ectrodes can be perforned by a well-known nethod, such as

phot ol i t hographi c technology and a thin-film

10
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deposi tion technique. The SAWTfilter 1 of this. preferred enbodi nent
is preferably constructed such that a ratio of the nunbers of pairs of

el ectrode 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 nunber of pairs of electrode fingers of an IDT is

cal cul at ed based on two adj acent el ectrode fingers having one space

t her ebet ween being a half (0.5) pair. Thus, two electrode fingers which
bel ong to one of a pair of conb-shaped el ectrodes and one el ectrode finger
whi ch belongs to the other of the pair of conb-electrodes and is

I nt erposed between the two el ectrode fingers

FIG.3
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are regarded as one pair. In the preferred enbodi nent shown in Fig. 3, the
nunmber of pairs of electrode fingers of the IDT 3 is 30, and the nunber of
pairs of electrode fingers of the IDT 4 is 23. Thus, the ratio of the
nunbers of pairs of electrode fingers of the first |IDIT 3 to that of the
second IDT 4 is set at about 1.3:1. As a result, spurious responses

determ ned 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 wth reference to specific
experinmental exanples of preferred enbodinments of the present invention.
The SAWfilter 1 is prepared such that the IDT 3 having 30

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

. fingers are disposed on the piezoelectric substrate 2, preferably forned
of PZT, having a distance between the two opposi ng edge surfaces

2a and 2b which is about 2.75 mm wth the width of the ,electrode fingers

bei ng about 12.94 [err]mand the pitch of the electrode fingers being

about 25.88 [err]m The filter characteristics

FIG.5
0~
i A2
0ra5 A4 A? ¢
| b
= -
z
- 40
o)
= -
3 |
Z 60t )
< a
| 80 |- |
i
: !
|
1m 1 1 )] | g 1 1: 1 [l ]
39 £9 59(SOLID LINE)
47 49 " S1(BROKEN LINE)

FREQUENCY (MHz)

Thls Sheet Has Been. Reﬂll




of the SAWfilter 1 are shown by the solid Iine in Fig. 4. The broken—H-ne
in Fig. 4 is such that the scale of the vertical axis ofTh'ish;ge
characteristics of the solid Iine is enlarged 10 tines, etHaSBee" cRlagsd
the horizontal axis thereof is enlarged 5 tines. n,_'
t he SAWfiIte F%sﬁown in Fig. 9 is manufactured to the

specifications aS that described above wth reference to the exarrpl e of
preferred enbodinents of the present invention excCept for the nugbers of
pairs of IE$. In the SAWTfilter 61, the nunber of pairs of electrpde

fingers of Qe IDT 63 is 26.5, and the nunmber of pairs of electrodg

fingers onre IDT 64 is 26.5, so that o of the nunbers of.wpairs
of eI ectro@e '
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flngers of the IDIs 63 and 64 is 1:1. The filter characteristics of this
SAWfilter 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 tinmes, and the scale of the horizontal
axis thereof is enlarged 5 tines. As is clear froma conparison

bet ween the characteristics shown in Figs. 4 and 5, relatively |arge
spurious responses indicated by the arrows Al to A5 appear outside the
passband in the filter characteristics shown in Fig. 5, in particular, in.
frequencies | ower than the passband. In conparison with this, in the
filter characteristics shown in Flg 4, it can be seen that the
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12 spurious level at the position corresponding to the above-descri bed
“spurious responses is considerably snmall. That is, while the |evel
(hereinafter referred to as a spurious level) of the |argest spurious
response Al in Fig. 5 of the above-described spurious responses is about
12.1 dB, in the characteristics of the SAWfilter 1 of this preferred
enbodi nent shﬁtg tr Fig. 4, the spurious peak
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| evel is about 24.6 dB. It can be éeen t hat the strl ous peak |l evel can be
s‘uppressed by about 14.5 dB conpared to the SAWf;:lter 61. As
descri bed above, the fact that the spuri ous responses are effectively
stippressed in the SAWfilter 1 off this prefer ment is COI’ISI der ed
to be attributed to the follow ng reason. dgﬁ?h/t@lm .
coupled SAWTfilter of an edge reflectign typ illeseniption Pa, dsttal%:
bet ween two opposi ng edge surfaces canibe exjp Sdaim(d)y t@ggdo ﬁeq/\%e
the wavel ength of the SHtype surface wave ijs iiBnaving (s;isp eda“
nunmbers of pairs of electrode fingers of th Abitrnd sgﬁya% PT e
denoted as Nerr] and N err], respectively, [and the distarce oW the
| DTs i s denoted DATE OF RECEIPT . Hlllﬁﬁ’

CE Acou T :

BACKGROUND OF THE INVENTION
ield o e Inve
The present invention relates to a surface acoﬁstic 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.

escription of the ated Art

A longitudinally coupled double-mode SAW filter utilizing a
surface wave has been known as one type of various SAW devices. An
example of this type of longitudinally coupled SAW filtef 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 the IDT 53 is an input end, and one of the comb-éhaped electrodes
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as [err], R=1[err] x (Nlerr] + Nerr]) + [err] - Therefore,
can be seen that the spurious response dependent upon the distance R
bet ween two opposi ng edge surfaces depends upon (N err] + Nerr]). As a
result, in the conventional SAWfilter 61, when a main response used for
the filter characteristics is of a 2Nth order, as shown in Fig. 6, a
response of 2N err](4n-2)th order (n:12 2, ...) indicated by the broken
| i ne A does not occur due to- .

54a of the other IDT 54 is an output end. The other comb-shaped
electrodeé 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 surface 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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13 the symretry of the polarities of the electrodes, but spurious
responses are generated at an order ot her than that. O the spurious
responses, the spurious responses corresponding to an attenuation pole of
the frequency spectrumindicated by the solid line B or a point of the

| arger attenuation of the spectrum are suppressed. However, the response

of 2N[err](2n+l)th order (n=1, 2, ...) determined by the distance R
between the two opposing edge surfaces <ndicated by the so: : dline C |s|t
generated_ where the attenuati on Qf the LDI spectrumijs small. As a result,
this r esp%ﬂg‘ésb'b%e%q%e &u isggsamei 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 electfode 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 surface 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. Qne of the coﬁ\b-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 propagétes in a direction that is perpendicular to
the direction in which the electrode fingers of the IDT 63 extends.
That is, the surface wave propagateé 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
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response of the filter characterlstlcs In contrast, in the SAW
filter 1 of this preferred enbodlnent 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 response appears in the filter
characteristics. As is clear fro#LFig 7, in this preferred

enbodi nent, the nuat i on g |l es,in thfkfrequen characteristics of the

IDT 3 or the IBﬁeﬁ g PECy o8¢ bhe| RdIRIS ?ﬂ?%?nb¥ PRSABSTHIERE vibere t he

utilizing an SH-type surface wave, since a reflector is not
required, a longitudinally coipled double-mode SAW filter has a
greatly reduced overall siée 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 characteristics, 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 OF 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
REPLACEMENT SHEET
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spurious responses determ ned by the di stance 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.
the manner described above, in order that the attenuation
of the IDT 3 or the IDT 4 are arranged adj acent to the position

I n
pol es

5
distance between two opposing edge surfaces 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 piezoelectrié 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 finger.s of the first
and second interdigital transducers is preferably in a range of
about 1.2:1.0 to about 1.7:1.0. 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 sﬁages, 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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at which the spurious responses determ ned 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 enbodinent, this is
achieved by setting the ratio of the nunbers 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 i ncluding the first and ond IDTs 3 and 4, if the nunbers

of pairs nﬂié}?t&fﬁ f]quJef Sélégt!{cpc\f%effr J St and. seco %éogrrf:g{ _eggs 4§a£rgde

made different, and respec
different.oddndction.

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 thé
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 surface
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 preferred 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 is adjacent to the position of the
spurious responses determined by the dis_tance between two opposing
edge surfaces. As a result, it is possible to effectively suppress
the spurious responses determined by the distance betwéen' two
opposing edge surfaces.

For the purpose of illustrating the present invention, there
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possible to deviate the attenuation pole whi ch appears in the frequency
characteristics of the first and second IDTs 3 and 4. Therefore, by
setting the nunbers of pairs of electrode fingers of the first and second
IDTs 3 and 4 so that these attenuation poles are nade adjacent to the
position at which the spurious responses determ ned by the distance R

bet ween edge surfaces appear and preferably matched to the position, the
spuri ous responses deternined by the dfst ance R bet ween edge surfaces can
be suppresse ef fect

th d i bed Its,
Che ratioiff ShP warﬂle WFranings, AEESEAL, Poths VBECH; 860, BESSPRRLR! < of

the first an secqn . . .
gerreg, it lBemg 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 én edge surface
reflectiothype.

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 filtér 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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3 and 4 were made different in various ways, and to what degree the
spurious | evel outside the passband is suppressed was neasured. The

results are shown in Fig. 8. The horizontal axis indicates the ratio
Nferr]/Nerr] 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

| evel of the spurious |evel outside the epassba_nd.

appear.

Fig. 8 is a view showing the rela.tionship 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.

ETAILED SCRIPTION OF PREFE D DIMENTS

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 LiNbO,, LiTaO,, a piezoelectric single crystal
such as quartz crystal, or a piezoelectric ceramic such as lead
zirconate titanate. 1In this preferred embodiment, the
piezoelectric substrate 2 is preferably formed from lead zirconate
titanate (PzT). |

The piezoelectric subétrate 2 ﬁas 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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As is clear fromFig. 8, if the ratio -of the nunbers 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 seen that the spurious peak |evel can be suppressed
by 10 dB or nore conpared to the case where the nunbers of pairs of

el ectrode fingers of the first and second |DTs are equal. Therefore, in
the SAWfilter 1, by setting the ratio of the nunbers of pairs of-

el ectrode fingers of the first and sece#® IDTs 3 and 4 at about 1.2:1 to
about 1.7:1 as degcribed agove it can be seen that it is possible to

ef fectively suppt£d&s @0d 3 sesansbIDE & aradisposadendihe top surface

articular, the urjous _responses determ ned by the distance R between
gdge surf§3é§¥ Rﬁgohiezoelectélc substrate 2. Thg'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 thé 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 5a is provided in the comb-shaped
electrode 3a so as to be connected thereto, and a grounding
electrode 5b is provided in the comb-shaped electrode 3b so as to
be connected thereto. 1In 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 5a, 5b, 6a and 6b are
preferably formed from a metallic material, such as aluminum. The
formation of these electrodes can be performed by a well-known

method, such as photolithographic technology and a thin-film
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appear in frequencies |ower 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 IDITs 3 and 4 may be the input side
and the output side. Furthernore, it was confirned by the inventors of the
present invention that, when the SAW{ilter 1 is connected to another SAW
filter so as to forma pIuraI-stage'coﬂélxuction, satisfactory filter

unber  of HRCFL R RECRRIAEeR nger o To be an o o N9 @ tareer

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 adjaceht electrode fingers having one space
therebetween being a half (0.5) pair. Thus, two electrode fingers
which belong to one of a pair of comb-sheped electrodes and one
electrode finger which belongs to the other of the pair of
comb-electrodes and is interposed between the 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 preferfed
embodiments of the present invention.

The SAW filter 1 is prebared 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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16 input-side or output-side IDT and by using the second IDT 4 with a
simal | er nunber of pairs of electrode fingers for interstage connection.
This is considered to be attributed to the fact that i npedance matching
becones satisfactory. The SAWfilter in accordance with preferred
enbodi mrents of the present inventionis not limted to a filter, such as
the SAW filter 1, which includes one fiist | DT -3 and one second IDT 4, and

surfaces 2a and 2b which is about 2.75 mm, with the width of the
-electrode fingers being about 12.94 um and the pitch of the

electrode fingers being about 25.88 um. The filter characteristics
of the SAW filter 1 are shown by the solid 1ine 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 respornses
indicated by the arrows Al to A5 appear 6utside 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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a plurality of at least one of the first and second IDIs 3 and 4 nay be
disposed. Fig. 9 is a plan view showing a preferred enbodi nent i n which
one first IDT and two second | DTs are provided. - In a SAWfilter 11
shown in Fig. 9, a first IDT 13 is disposed on a top surface 12c of a

pi ezoel ectric substrate 12 which is constructed simlarly to the

pi ezoel ectric substrate 2. Second |DTs.14 and 15 are di sposed on both
sides of the |IDT 13. The 1 DT 13 | udes conb-shaped el ectrodes 13a

a0, 130 SHE005ds, U5l ek b BB ESh DB b E LR Ut
comb- shapeghi fidd d8pbidesH ¥ An¥i%e1dH1S EnSTL T OFRatl®s | Shile 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 séurious peak
level is about 24.6 dB. Ii: 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 considéred 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
surfaces 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
N, and N,, respectively, and the distance between the IDTs is denoted
as vy,

R=Ax (N, + N,) +y

Therefore, it can be seen that the spurious response
dependenf upon the distance R between two opposing edge surfaces
depends upon (N, + N,). 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 6rder

(n=1, 2, ...) indicated by the broken line A does not occur due to
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arranged to be connected to the conb-shaped el ectrode 13b. The |
15 i nclude conb-shaped el ectrodes 14a and 14b, and 15a and 15b,
respectively. Qutput electrodes 17a and 18a are arranged to be
to the conb-shaped el ectrodes 14a and 15a, respectively. Al so,

DTs 14 and

connect ed
gr oundi ng

el ectrodes 17b and 18b are arranged to be connected to the conb-shaped

el ectrodes 17b and 18b, respectively._}13

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 2Nx(2n+1)th order (n=1, 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 spur;ous response 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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One of a pair of outernpst electrode fingers of the IDT 14 is arranged so
as to be flush with the edge surface 12a. In the sanme way, one of a pair
of outernost electrode fingers of the IDT 15 is arranged so as to be flush

with the edge surface 12b. The SAWfilter 11 is constructed so as to
operate as a longitudinally coupled double-npde SAWfilter of an edge
surface reflection-type utilizing a BGS, wave. In the SAWfilter 11

of this preferred enbodi ment, a nunberi-l-iql}err] of pairs of electrode

{1 ngers olpdiie bpite LBE 23,1 S, 0080 300 arsSholl aljadlie e SR bl E10D ©
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 _1; between edge surfaces appear and
preferably matched to the position, the spurious responses
determined 'by the distance R between edge surfaces can be suppressed
effectively. |

Baséd on the above-described results, the ratio N,/N, 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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t he second I DTs 14 and 15, which are |IDIs on the output side, is
preferably set at 5. That is, the ratio of the nunbers of pairs of .

el ectrode fingers of the first and second IDTs is set at about 7:5 which
i's equal to about 1.4:1. The filter characteristics of the SAW
filter 11 are shown by the solid Iine 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 tinmes, ah8 the scale of the horizontal axis

th f is_enl ed 5 tinmes. . As indicated by the solid line in Fig.
10, al so IFETHESAVP AHqWLInFig+ B- CEReBPTizantalorxLp dndieatessthmation

the frequebplt}htfsof 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 seen 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
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| ower than the passband are suppressed, and the spurious peak |level is set
at about 18 dB. Al though not particularly showmn in Fig. 10, 1in the SAW
filter 11, when the nunber of pairs of electrode fingers of IDIs 15 and 16
in the center was set at 7, which is equal to that

18 of the IDT 14, the spurious peak | evel was 10 dB. Therefore, in

e -
input-side or output-side IDT and by using the second IDT 4 with
a smaller number of pairs of electrode fingers for interstage
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 inﬁention is not limited to a filter, such as the SaAW
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 15 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 15 include comb-shaped electrodes 14a and 14b, and 15a and
15b, respectively. Output electrodgs 17a and 18a are arranged to
be connected to the comb-shaped electrodes 1l4a and 15a,
respectively. Also, grounding electrodes 17b and 18b are arranged

to be connected to the comb-shéped electrodes 17b and 18b,
REPLACEMENT SHEET
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the SAWfilter 11, by setting the ratio of the nunbers of pairs of

el ectrode fingers at about 1.4:1 as described above, it can be seen t hat
the spurious peak |evel can be suppressed by 8 dB conpared to a SAWfilter
corresponding to a filter such that the nunbers of pairs of electrode -

fingers of all three |IDTs are equal. Al though in the SAWfilters 1
and 11 of the above-described preferregd_enbodinents, a filter utilizing a
BGS wave as an SH-type surface wave i scribed, in add|t|o£n to the BGS
wave, other SHeyPLSY f %%V‘éﬁ 68281 8ctPYde "PYEqOF s B %ﬁ?

surface acoustic wave, p%Cj_ use& %ﬁlge p\r,\g%'/ eired enb s of

the inventignaPyRgd®eb as to be flush with the edge surface 12a. 1In 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
Nl. of pairs of electrode fingers of thefirst iDT 13 is preferably -
set at 7, and a number N, 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 character:.stlcs of the solid
line is enlarged 10 times, and the scale of the horz.zontal 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 the center was set at 7, which is equal to that
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di scl osed, various nodes of carrying out the principles disclosed herein
are contenpl ated as being within the scope of the follow ng clains.
Therefore, it is understood that the scope of the invention- is not to be
limted except as otherw se set forth in the clains.

19 What is clainmed is: 1. An edge reflection type longitudinally
coupl ed surface acoustic wave filterjfdlizing an SH-type surface wave,
conpri si ng:

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 contémplated 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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a piezoelectric substrate having two opposi ng edge surfaces; and

first and second interdigital transducers each having a plurality of

el ectrode fingers and being arranged on the piezoelectric substrate such
that a shear horizontal surface wave excited by oné o e TIrst a

second interdigital transducers is reflected between edge
surfaces to forma standing wave; V\/nerf' n atteumlg'!ﬂ!ﬁnﬂgjam ’
frequency characteristics-of the firs d second inter It dlw ucers
are adjace@ﬁu%ﬂgEﬂﬁﬂEﬁﬁ@MEﬂﬁﬁ position of spurious responses determ ned by
t he di stanCe Det ween

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 iwo 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 acéording to claim 1, wherein a ratio of a
numbers of pairs of electrode fingers of the first and.secoﬁd
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
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t he two opposing edge surfaces. 2. An edge reflection type
longi tudinally coupled surface acoustic wave filter according to claiml,
wherein a ratio of a nunbers of pairs of electrode fingers of the first

and second interdigital transducers is in a range of 3
about 1.7:1.0. 3. An edge reflectlon type Iongﬂﬂmmmj“ "ﬁHJIled
surface acoustic wave filter according to claiml, wherein a plurali &y of
at | east one of the first and second & digital transducers are

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 LiNbO,, LiTaO,, 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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20 provi ded. 4. An edge reflection type longitudinally coupled
surface acoustic wave filter according to claiml1l, wherein the one of the

first and second interdigital transducers having a |ar I“) ﬂl airs
of electrode fingers is an input side or .an output si dgmlmm m""“ Im
_ * ¢ L M 5 *

21 -

e

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 couéled surface
acoustic wave filter according to claim 1, 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.

10. An edge reflection type longitudinally coupled surface
acoustic wave filtér 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

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.

11. An edge reflection type longitudinally coupled surface

REPLACEMENT SHEET
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and the other of the first and second interdigital transducers having a
rel atively smaller number of pairs of electrode finge

i nt er stage connecti on. 5. An edge reflectlon on |tud|naIIy
coupl ed surface acoustic wave filter according to cI ’Mﬁ ﬂ,’””m
substrate is made of at |east one of LiNb(Jerr], LiTa

pi ezoel ectric single crystal and a plezoelectrlc ceramc. 6. An
edge reflection type longitudinally ca&ﬁied surface acoustic wave filter

according 4 o4& I davd B ALl 6 s¥iPfns Wd 3¥65in 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 interdigital 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 second interdigital transducers having a larger
number of pairs of electrode fingers is ah 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 LiNbO,, LiTa0O,, a piezoelectric single

crystal and a piezoelectric ceramic.

15. An edge reflection type longitudinally coupled surface
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are substantially parallel to each other. 7. An edge reflection
type longitudinally coupled surface acoustic wave filter according to

claim1l1, wherein the electrode fingers of the first an :

interdigital electrodes are substantially parallel to ammﬁm “"Hmwml _

8. An edge reflection type longitudinally coupled surfacex ¢ L % s =+
23

L ot

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 ciaim 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 ac_:cording 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 fj;rst interdigital transducer is 30 and the
number of electrode pairs of the second interdigitai transducer is

23.
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21 acoustic wave filter according to claim1, wherein an outernost one

of

tthe el ectrode fingers of one of the first and second interdigital
el ectrodes is flush with one of the edge surfaces of the substrate.
9. An edge reflection type longitudinally coupled surface acoustic wave

filter according to claim1l1, wherein the nunber of

el ectrode pairs of the

first interdigital transducer is 30 and the nu”q?H of—eteet+ode—pai rs of
the second interdigital transducer is 23, IS SHEET HAS BEEN
o4 REPLACED

SURFACE ACOUSTIC WAVE FILTER

ABSTRACT OF THE DISCLOSURE

An edge reflection longitudinally coupled surface acoustic
wave filter utilizing an SH-type surface wave includes a
piezoelectric substrate having two opposing edge surfaces, and
first and second interdigital transducers each having a pluiality
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.
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 opposin§ edge surfaces.

Fig. 3
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10. An edge reflection type longitudinally coupled surface acoustic wave
filter utilizing an SHtype surface wave, conprising: a

pi ezoel ectric substrate having two opposi ng edge surfaces; and

first and second interdigital transducers each having a plurality of

el ectrode 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 reflhected between the two opposing edge
surfaces to forma standing wave; where+n
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a ratio of a nunbers of pairs of electrode fingers of the first
interdigital transducers is in-a range of about 1.2:1.0

and second
to about 1.7:1.0.

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

2
FIG. 3
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pol es of frequency characteristics of the first and second- interdigital
transducers are adjacent to the frequency position of spurious responses
determ ned by the di stance 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 |east one of the
first and second interdigital transducers are provided. 13. An
edge reflection type longitudinally couged surface

FIG. 4
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acoustic wave filter according to claim 10, wherein the one of the first

ahd second interdigital transducers having a |arger nunber of pairs of

el ectrode fingers is an input side or an output side, and the other of

the first and second interdigital - transducers having a relatively snaller

nunber of pairs of el ectrode fingers is used for interstage connection.
acoustic wave

14. An edge reflection type longitudinally coupled surface
is made of at | east

filter according to claim 10, wherein tQF substrate
one of LiNo(err], LiTagJerr], a piezoeteetric single crystal and a

pi ezoel ectric ceramc

FIG. 5

)
=) ’
Z
]
-
S
= !
E i !
E | , 1d] ‘
! |
80} 1 I
! }
s { |
f [
{
1% L _' 1 ! 1 ] 'l 1 ] ) ]
39 9 __ 59(SOLID LINE)
7 49 " -51(BROKEN LINE)
FREQUENCY (MHz)

h wﬁ_EPLACEﬁ%ﬁ.‘T SHEET
07 DEC W98 _}
-

|



2N-10

e
M.
—_—y Y 3 ¥ ¥ eelaew e es cm ut s e st S SUe EED o 4 e GE ey ST S B JMC y
Iﬂ zm ll\ lnl.f(l.ll.l'l. - v me - —
v} ™
m llllllllllllllllllll
& P
bl [ ~
S._o©
n o
T O
()] v he o e n w e v S e i e A e S o]
o 2 .
g <
oo % =
O - N . ~
>E 10 &
|ar lllllllllllllll
C— O
£°Z o
T oo
a
—_ o0 ® Q - <
28 S
Olmow Al ||||||||||||||||||
o0_ 0 m
Yaem. O “
c 3T o B U A )
- o
5= 2> 5 / ..ﬁM
S ™ @ > TS
awm.m
2E%s NOLLVANGLLLY NOILVNNZLLY
VoOC o
e © .—
T = = O
Ownwc
cas”°
<on
© (O]
* ep
LOM o« >
—AN G <

2N+10
FREQUENCY

NS

2N

2N-5



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 |langitudinally
coupl ed surface acoustic wave filter according to claim10, *wherein an
outernost one of the electrode fingers of one of the first and second
interdigital electrodes is flush wwth one of the edge surfaces of the

substrate. 18. An edge reflectkgf type longitudinally coupled
surface
FIG. 8
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acoustic wave filter according to claim 10, wherein the nunber of
electrode pairs of the first interdigital transducer is 30 and the nunber

of electrode pairs of the second interdigital transducer is 23.

FIG. 9
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TEXT OF THE ABSTRACT

edge surfaces (2a,2b).

fig.3

SURFACE ACOUSTIC WAVE FILTER

An edge reflection longitudinally coupled surface acoustic wave filter (1) utilizing an SH-type
surface wave includes a piezoelectric substrate (2) having two opposing edge surfaces (2a,2b),
and first and second interdigital transducers (3,4) each having a plurality of electrode fingers
and being arranged on the piezoelectric substrate (2) such that a shear horizontal surface wave
excited by one of the first and second interdigital transducers (3,4) is reflected between the two
opposing edge surfaces (2a,2b) to form a standing wave. Attenuation poles of frequency
characteristics of the first and second interdigital transducers (3,4) are adjacent to the
frequency position of spurious responses determined by the distance between the two opposing
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