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ducer and that of the second transducer so that the frequency
characteristic of the SAW filter is shown This invention relates to a
surface acoustic    in Fig. 15 (c). wave filter (SAW filter) used as a
delay-line, a filter  It is clear from the Fig. 15 (c), that the fre- and
so on, more particularly, to a SAW filter which   5   quency characteristic
of the SAW filter has pass- has an electrode structure for preventing third
har-  bands not only in the vicinity to [err] but also in the monics.
vicinity to [err] in which so-called third harmonics During the past few
years there has been an      appears. This third harmonic is to be a cause
of increasing use of SAW filters for Picture Intermedi-  the characteristic
degradation of the SAW  filter, ate Frequency (PIF) circuit of TV receivers
and the   10  especially it is considered to be very important for demand
for the filter will continue to increase.    TV receivers and so on. A
basic structure of the SAW  filter is con-        In order to prevent the
third harmonics, it is structed with a first transducer of an input
electrode  known that one of the transduers is constructed and a second
transducer of an output electrode      with a solid electrode. The solid
electrodde in this facing to the first transducer on a piezoelectric  15
case means an unweighted electrode in which the substrate comprising
lithium tantalate [err] lith-  width of the electrode and the space between
the ium niotate oxide [err] quartz and so on.       electrodes are equal in
size to each other. Each of these transducers comprises a comb-         For
manufacturing the above structure of the shaped anode electrode of a
plurality of electrode  SAW filter, the electrode should be formed in such
fingers and a comb-shaped cathode electrode of a   20   a way that the
width of the electrode is completely plurality of electrode fingers
crossing each other.  equal to the space between the electrodes in size,
Generally, a desired choice of a frequency       which has problems of
requiring a very accurate characteristic can be realized by making a
different  manufacturing technique, decreasing its yield of length of
electrode fingers of the anode and cath-  production and increasing its
manufacturing cost. ode electrodes forming at least one of the first  25
US-A-3,813,618 discloses a technique for sup- transducer and the second
transducer.               pressing residual peaks in a narrow-band electro-
The transducer with a different length of the    mechanical filter.
However, this technique is to electrode fingers is generally called as
Apodized   pass only specified peaks among a plurality of electrode (the
weighted type electrode) and the     primary peaks in a periodic filter.
This reference other transducer with a constant length of the elec-  30
does not suggest the suppression of third har- trode fingers is called as
an unweighted electrode.  monics. A center frequency fo in a passband of a
An object of the invention is to provide an frequency amplitude
characteristic of the SAW filter  improved surface acoustic wave filter
which re- which is constructed with the Apotized electrode    duces third
harmonics and has an improved fre- and the unweighted electrode, will be
determined   35  quency characteristic. as follows. In other words, the
unweighted elec-        Another object of the invention is to avoid the
trode has an electrode pitch (the distance between  accurate. electrode
manufacturing process for the the approximate centers of the adjacent
electrode   filter which can be made easily and which does not fingers)
which is defined by the center frequency   have third harmonics. [err] On
the other hand, the Apodized electrode has   40  Still another object of
the invention is to pro- an electrode pitch which is defined by a frequency
vide the filter having no third harmonics, at low in the vicinity to the
center frequency [err] When    cost. both of the first and second
transducers are con-       One aspect of the present invention provides a
structed with the Apodized electrode, it is general  surface acoustic wave
filter, comprising: a piezo- to arrange between the transducers a
multi-strip  45  electric substrate; a first transducer including coupler
with a pluralityt of electrode fingers having  comb-shaped electrodes with
a plurality of elec- a constant space in between.
trode fingers crossing each other formed on one The frequency
characteristic of the conven-      major surface of the piezoelectric
substrate; and a tional SAW filter using the above multi-strip coupler
second transducer including comb-shaped elec- will be explained with
reference to Fig. 15 (a) and a   50  trodes with a plurality of electrode
fingers crossing frequency characteristic of the second transducer   each
other formed on the one major surface of the is shown in Fig. 15 (b).
piezoelectric substrate and being faced to the first As it is understood
from the drawings in Fig. 15  transducer; wherein a frequency amplitude
char- (a) and (b), frequencies [err]are to be a     acteristic of the
filter has a frequency passband in passband (a frequency passband) of both
the first  55   a vicinity to the frequency amplitude characteristic and
second transducers. The frequency character-    of a frequency [err]
wherein an electrode pitch of the istic of the SAW filter is expressed by
the product  first transducer and that of the second transducer of the
frequency characteristic of the first trans-  comply with; 2   



3                 EP 0 278 765 B1                         4 [err]
wherein [err] stands for a frequency passband width of the first
transducer, [err] for the center frequency of wherein [err] stands for the
frequency passband       [err] for a frequency passband width of the width
of the first transducer, Af2 for the frequency    5   second transducer,
and [err] for the center frequency passband width of the second transducer,
[err] for the  of [err] . frequency of the first transducer defining the
elec-   Fig. 1 is a type plan for explaining an embodi- trode pitch of the
first transducer, and f2 for the    ment of the SAW filter according to the
present frequency of the second transducer defining the        invention;
electrode pitch of the second transducer.      10      Fig. 2 (a) through
Fig. 2 (c) are the frequency A second aspect of the present invention pro-
characteristic diagrams for explaining the effect vides a surface acoustic
wave filter, comprising: a    of the embodiment shown in Fig. 1;
piezoelectric substrate; a first transducer including  Fig. 3 (a) through
Fig. 3 (c) are the frequency comb-shaped electrodes with a plurality of
elec-       characteristic diagrams for explaining the effect trode fingers
crossing each other formed on one   15   of the embodiment shown in Fig. 1;
major surface of the piezoelectric substrate; and a    Fig. 4 is a type
plan for explaining another second transducer including comb-shaped elec-
embodiment of the SAW filter according to the trodes with a plurality of
electrode fingers crossing  present invention; each other formed on the one
major surface of the      Fig. 5 (a) through Fig. 5 (c) are the frequency
piezoelectric substrate and being faced to the first  20  characteristic
diagrams for explaining the effect transducer; wherein the filter has a
frequency pass-   of the embodiment shown in Fig. 4; band width [err] whose
the center frequency is [err]       Fig. 6 is a type plan for explaining
another wherein an electrode pitch of the first transducer     embodiment
of the SAW filter according to the and that of the second transducer comply
with;         present invention; 25     Fig. 7 (a) through Fig. 7 (c) are
the frequency [err]
of the embodiment shown in Fig. 6; or
Fig. 8 (a) through Fig. 8 (c) are the frequency characteristic diagram for
explaining the effect [err]
Fig. 9 is a type plan for explaining another wherein [err] stands for a
frequency passband width      embodiment of the SAW filter according to the
of the first transducer, [err] for the center frequency of  present
invention; [err] for a frequency passband width of the         Fig. 10 is a
type plan for explaining another second transducer, [err] for the center
frequency of  35  embodiment of the SAW filter according to the [err] for
the frequency defining an electrode    present invention; pitch of the
adjacent electrode fingers of the sec-    Fig. 11 (a) through Fig. 11 (c)
are the frequency ond transducer.
characteristic diagrams for explaining the effect A third aspect of the
present invention provides   of the embodiment shown in Fig. 10; a surface
acoustic wave filter, comprising: a piezo-   40  Fig. 12 (a) through Fig.
12 (c) are the frequency electric substrate; a first transducer including
characteristic diagrams for explaining the effect comb-shaped electrodes
with a plurality of elec-       of the embodiment shown in Fig. 10; trode
fingers crossing each other formed on one        Fig. 13 is a type plan for
explaining another major surface of the piezoelectric substrate; and a
embodiment of the SAW filter according to the second transducer including
comb-shaped elec-   45     present invention; trodes with a plurality of
electrode fingers crossing  Fig. 14 is a patially enlarged plan view of the
each other formed on the one major surface of the      electrode for
explaining another embodiment of piezoelectric substrate and being faced to
the first  the SAW filter according to the present inven- transducer;
wherein the filter has a frequency pass-  tion; and band width [err] whose
the center frequency is [err]  50   Fig. 15 (a) through Fig. 15 (c) are the
frequency wherein an electrode pitch of the first transducer
characteristic diagrams for explaining a conven- and that of the second
transducer comply with;        tional SAW filter. Referring to the
drawings, embodiments of the [err]
55  be explained. or
Fig. 1 shows the electrode construction of the [err]
embodiment of the SAW filter. 3    5                  EP 0 278 765 B1
6 As shown in Fig. 1, a surface acoustic wave           In case of SAW
filter as shown in Fig. 1, in filter 101 comprises a first transducer 103
formed    order to prevent the production of third hamonics, a 



on a piezoelectric substrate 102 of lithium tantalate  frequency passband
in the vicinity to the frequency oxide [err] lithium niobate oxide [err]
lith-  [err] of the first transducer 103 should not overlap ium tetraborate
[err] quartz and so on, a multi-   5   with a frequency passband in the
vicinity to the strip coupler 104 by which a surface acoustic wave
frequency  [err] of the second transducer 105 (de- existed from the first
transducer 103 is put in on-  fined as "condition [err] way, a second
transducer 105 for receiving the           As to Fig. 2 (a) of the first
transducer 103, the surface acoustic wave formed in the position of
passband in the vicinity to the frequency amplitude about point symmetry to
the first transducer 103.  10  characteristics of fo are symmetrical to
each other Hereupon, a frequency amplitude characteristic    about the
frequency [err] as the center of the sym- of the SAW filter 101 has a
frequency passband in     metry. the vicinity to the frequency amplitude
characteris-     Therefore, tic of a frequency [err] The first transducer
103 comprises an elec-   is   [err]  (1) trode of aluminum in which one end
of a plurality of electrode fingers 112 crossing each other is elec-   is
taken, trically short-circuited by a bus bar 111 to con-        third
harmonics of the first transducer 103 struct a comb-shaped electrode 113.
commence with: The crossing structure of the electrode fingers  20 112 is
so called "weighted" so that the first trans-  [err]  (2) ducer 103 is
formed as Apodized electrode. The first transducer 103 is the Apodized
elec-    In the same way, as to Fig. 2 (b) of the second trode which has a
frequency passband width of        transducer 105, the passbands in the
vicinity to the [err] a frequency passband in the vicinity to the   25
frequency amplitude characteristic of [err] and that of frequency
characteristic of the frequency [err] and an   [err] are symmetrical to
each other about the fre- electrode pitch [err] of the 1/4 wave length X of
the    quency 2f2 as the center of the symmetry. surface acoustic wave
corresponding to a frequen-        Threfore, cy [err] The multi-strip
coupler 104 comprises an elec-   30   [err]  (3) trode of aluminum in which
each of a plurality of electrode fingers 114 is arranged with a constant
is taken, electrode pitch [err] defined by the frequency fo.          third
harmonics of the second transducer 105 The second transducer 105 comprises
an elec-      end with: trode of aluminum in which one end of a plurality
of   35 electrode fingers 116 crossing each other is elec-    [err]  (4)
trically short-circuited by a bus bar 115 to con- struct a comb-shaped
electrode 117. The crossing         Now, in order to satisfy the above
condition structure of the electrode fingers 116 is so called   [err] the
formula (4) should be less than or equal to "weighted" so that the second
transducer 105 is  40  the formula (2) so that the formula is: formed as
Apodized electrode. The second transducer 105 is the Apodized         [err]
Af2, a frequency passband in the vicinity to the frequency amplitude
characteristic of the frequency   45  The formulas (1), (2) are substituted
for the fo and an electrode pitch P2 of the 1/4 wave length   above
formula: [err] of the surface acoustic wave corresponding to a frequency
f2.                                         [err] and f2 which define the
electrode pitch of the first  50   (5) transducer 103 and that of the
second transducer 105 respectively.                                     is
given. First, it will be explained when the frequencies      Next, it will
be explained when the frequencies [err] have the relation of [err].
[err]have the relation of [err] with reference to Fig. 2 (a) shows the
frequency characteristic of  55   Fig. 3. In Fig. 3 (a), the first
transducer 103, and Fig. 2 (b) shows the frequency characteristic of the
second transducer     [err]  (6) 105. 4    7                 EP 0 278 765
B1                      8 is taken,
of the SAW filter without the multi-strip coupler. third harmonics of the
first transducer 103 end     In Fig. 4, a surface acoustic wave filter 101
with:                                               comprises a first
transducer 201 formed on a pi- 



ezoelectric substrate 102, a second transducer 203 [err]  (7)
5   for receiving a surface acoustic wave 202 exited from the first
transducer 201 formed on a piezo- In Fig. 3 (b),
electric substrate 102 to face the first transducer 201. Hereupon, a
frequency amplitude characteris- [err]  (8)
tic of a frequency fo. to      The first transducer 201 is a so-called
unweigh- is taken,                                           ted electrode
with a constant width in which the third harmonics of the second transducer
105     adjacent two electrode fingers are in pairs to be a commence with:
double electrode. The first transducer 201 has a center frequen- [err]
(9)                       15  cy of [err] a frequency passband width of
[err] and an electrode pitch [err] of the 1/4 wave length [err] of the Now,
in order to satisfy the condition [err] the    surface acoustic wave
corresponding to the center formula (7) should be less than or equal to the
frequency fo. formula (9) so that the formula is:                     The
second transducer 203 is Apodized elec- 20  trode which has a frequency
passband width of [err]                            [err] a frequency
passband in the vicinity to a [err]                              frequency
amplitude characteristic of a frequency [err] and an electrode pitch [err]
of the 1/4 wave length The formulas (6), (8) are substituted for the above
[err] of the surface acoustic wave corresponding to a formula:
25  frequency f2. It will be explained about frequencies fo and f2 [err]
which define the electrode pitch of the first trans- [err]
ducer 201 and that of the second transducer 203, [err] (10)
hereafter. 30      First, it will be explained when the frequencies is
given.                                           [err] has the relation of
fo > f2. Now, the formulas (5) and (10) are combined         Fig. 5 (a)
shows a frequency characteristic of sothat:
the first transducer 201 and Fig. 5 (b) shows a frequency characteristic of
the second transducer [err]  (11)                35  203. In order to
satisfy the condition [err] the follow- is given.
ing formula is obtained from Fig. 5: In other words, when the electrode
pitches of the first and second transducers are determined re-
[err](21) spectively by the frequencies [err] to satisfy   40 the formula
(11), an extremly good characteristic as  wherein, shown in Fig. 2 (c) and
Fig. 3 (c) can be obtained without having the production of third harmonics
to  [err]  (22) the frequency characteristic of the SAW filter 101 shown in
Fig. 1.                               45   Now, the formula (22) is
substituted for the formula Although the multi-strip coupler is used in the
(21): above mentioned embodiment, the invention is not restricted to the
embodiment and can also be a      [err] SAW filter without the multi-strip
coupler.         [err](23) Hereinafter, it will be explained another em-
so bodiment of SAW filter without multi-strip coupler      Then, the same
way is applied to the relation according to the present invention. In the
following,  of fo < f2 so that: the same codes are used for the indentical
parts in Fig. 1.                                             [err]  (24)
When the multi-strip coupler is not used, one   55 of the transducers
comprises the weighted type      and the formulas (23) and (24) are
combined so electrode and the other comprises the unweighted    that:
electrode. Fig. 4 illustrates the electrode structure 5    9
EP0278765B1                         10 [err]  (25)
width [err] of the first transducer 301, the center frequency [err] and the
frequency passband width [err] 



is given.                                           of the second
transducer 303, and the frequency [err] Now, when [err] in Fig. 5 is
considered to cor-     defining the electrode pitch. respond to [err] in
Fig. 3,[err] is substituted for the   6  First, it will be explained when
the frequencies formula (25) which results in the same as the
[err]have the relation of [err] formula (11).
Fig. 7 (a) shows a frequency characteristic of Furthermore, another
embodiment according to    the first transducer 301 and Fig. 7 (b) shows a
the invention will be explained with reference to   frequency
characteristic of the second transducer Fig. 6 to Fig. 9. In the following,
the same codes   10  303. are used for the indentical parts in Fig. 1.
In case of the SAW filter as shown in Fig. 6, in In Fig. 6, a surface
acoustic wave filter 101    order to prevent a production of third
hamonics, a comprises a first transducer 301 formed on a pi-    frequency
passband in the vicinity to the frequency ezoelectric substrate 102, a
multi-strip coupler 302  [err] of the first transducer 301 should not
overlap by which a surface acoustic wave exited from the   15   with a
frequency passband in the vicinity to the first transducer 301 is put in
on-way, a second     frequency [err] of the second transducer 303 (de-
transducer 303 for receiving the surface acoustic   fined as "condition
(A2)"). wave formed in the position of about point sym-         As to Fig.
7 (a) of the first transducer 301, a metry to the first transducer 301.
passband in the vicinity to a frequency [err] has a Hereupon, a frequency
amplitude characteris-  20  center frequency 3fo and a frequency passband
tics of the SAW filter 101 has a center frequency [err]  width [err] so
that the frequency passband com- of a passband and a frequency passband
width of     mences with: Afo. The first transducer 301 comprises an elec-
[err]  (31) trode of aluminum in which one end of a plurality of  25
electrode fingers 312 crossing each other is elec-      As to Fig. 7 (b) of
the second transducer 303, trically short-circuited by a bus bar 311 to
con-   a passband in the vicinity to a frequency amplitude struct a
comb-shaped electrode 313.                 characteristic of [err] and that
of [err] are symmetrical The crossing structure of the electrode fingers
to each other about the frequency [err] as the center 312 is so called
"weighted" so that the first trans-  30  of the symmetry. ducer 301 is
formed as Apodized electrode.              Therefore, The first transducer
301 is the Apodized elec- trode which has a frequency passband width of
[err]  (32) Afo, a center frequency fo of the frequency pass- band width
[err] and an electrode pitch PN of the   35  is taken, 1/4 wave length
[err] of the surface acoustic wave          third harmonics of the second
transducer 303 corresponding to the frequency [err]                  end
with: The multi-strip coupler 302 comprises an elec- trode of aluminum in
which each of a plurality of     [err]  (33) electrode fingers 314 is
arranged with a constant  40 electrode pitch [err] defined by the frequency
[err]         Now, in order to satisfy the above condition The second
transducer 303 comprises an elec-    (A2), the formula (33) should be less
than or equal trode of aluminum in which one end of a plurality of  to the
formula (31) so that the formula is: electrode fingers 316 crossing each
other is elec- trically short-circuited by a bus bar 315 to con-   45
[err] struct a comb-shaped electrode 317. The crossing structure of the
electrode fingers 316 is so called     The formulas (32) is substituted for
the above "weighted" so that the second transducer 303 is     formula:
formed as Apodized electrode. The second transducer 303 is the Apodized
50  [err] electrode which has a frequency passband width of   [err]34)
[err] a frequency passband in the vicinity to the frequency amplitude
characteristics of a frequency      Next, it will be explained when the
frequency [err] [err] and an electrode pitch [err] of the 1/4 wave length
and [err] has the relation of [err] with reference to [err] of the surface
acoustic wave corresponding to a   55   Fig. 8. frequency [err]
As to Fig. 8 (a) of the first transducer 301, a Then, it will be explained
a relation of the     passband in the vicinity to the frequency amplitude
center frequency fo and the frequency passband      characteristic [err]
has a center frequency [err] and a 6    11                 EP 0 278 765 B1
12 frequency passband width [err] so that the fre-      tric substrate 102
to face the first transducer 401. 



quency passband ends with:                              Hereupon, a
frequency amplitude characteristic of the SAW filter 101 has a frequency
passband in [err]  (35)                                   the vicinity to
the frequency amplitude characteris- 5   tic of a frequency fo. As to Fig.
8 (b) of the second transducer 303,      The second transducer 402 is a
so-called un- a passband in the vicinity to the frequency am-     weighted
electrode with a constant cross width in plitude characteristic of [err]
and that of [err] are sym-  which the adjacent two electrode fingers are in
metrical to each other about the frequency [err] as  pairs. to be a double
electrode. the center of the symmetry.                     10      The
second transducer 402 has a center fre- Therefore,
quency of [err] a frequency passband width of [err] and an electrode pitch
[err] which is formed by the [err]  (36)
electrode fingers 411 of the 1/4 wave length [err] of the surface acoustic
wave corresponding to the is taken,                                      15
center frequency [err] third harmonics of the second transducer 303
The first transducer 401 comprise Apodized commence with:
electrode which has a frequency passband width of [err] a frequency
passband in the vicinity to the [err]  (37)
frequency fo and an electrode pitch P7 of the 1/4 20   wave length [err] of
the surface acoustic wave cor- Now, in order to satisfy the condition [err]
the  responding to the frequency fo. formula (35) should be less than or
equal to the        This case coincides with a case when the formula (37)
so that the formula is:                following formula is applied to Fig.
7 and Fig. 8: [err]              25  [err](41) The formulas (36) is
substituted for the above for-    It will be explained about frequencies
[err] mula:                                               which define the
electrode pitch of the first trans- ducer 401 and that of the second
transducer 403 [err]        30  respectively, hereafter. [err]   (38)
First, it will be explained when the frequency [err] and [err] have the
relation of fo > [err] In other words, when the first and second tran-
According to Fig. 7, a passband of the fre- sducers are formed so as to
satisfy the formulas    quency characteristic [err] of the first transducer
(34) and (38) respectively, an extremely good char-  35  commences with:
acteristics as shown Fig. 7 (c) and Fig. 8 (c) can be obtained without
having the production of third har-  3fo - Afo/2  (42) monics to the
frequency characteristic of the SAW filter 101 shown in Fig. 6.
A passband of the frequency characteristic [err] Although the multi-strip
coupler is used in the   40  of the second transducer ends with: above
mentioned embodiment, the invention is not restricted to the embodiment and
can also be a      [err] (43) SAW filter without the multi-strip coupler.
Hereinafter, it will be explained another em-       Now, in order to
satisfy the condition [err] the bodiment of the SAW filter without the
multi-strip  45  formula (43) should be less than or equal to the coupler
according to the present invention. In the  formula (42) so that the
formula is: following, the same codes are used for the identical parts in
Fig. 6.                                    [err] When the multi-strip
coupler is not used, one of the transducers comprises the weighted type
50   Then: electrode and the other comprises the unweighted electrode. Fig.
9 illustrates the electrode structure  [err]  (44) of the SAW filter. In
Fig. 9, a surface acoustic wave filter 101    is given. comprises a first
transducer 401 formed on a pi-  55    This results in the same as that the
formula ezoelectric substrate 102, a second transducer 402  (35) is
substituted for the formula (34). for receiving a surface acoustic wave 202
exited        The same way applies to the relation of [err] from the first
transducer 401 formed on piezoelec-  so that 7    13                 EP 0
278 765 B1                    14 a center frequency [err] and a frequency
passband [err]  (45)                     width [err] so that a frequency
passband ends with: 



is given. This results in the same as that the      [err]   (52) formula
(41) is substituted for the formula (38).  5 Furthermore, another
embodiment according to        Now, in order to satisfy the condition (A2),
the the invention will be explained with reference to   formula (52) should
be less than or equal to the Fig. 10 to Fig. 13. In the following, the same
codes  formula (51) so that the formula is: are used for the identical
parts in Fig. 6. The SAW filter shown in Fig. 1 0 has a structure   10
[err] modified from the second transducer shown in Fig. 6.
Then: Herein, a frequency amplitude chgaracteristic of the SAW filter 101
has a center frequency [err] of a  [err]   (53) passband and a frequency
passband width [err]  15 In Fig. 10, the second transducer 501 com-
is given. prises an electrode of aluminum in which one end        Next, it
will be explained when the frequencies of a plurality of electrode fingers
512 crossing each  [err] have the relation of [err] with reference other is
electrically short-circuited by a bus bar 511  to Fig. 12. to construct a
comb-shaped electrode 513. The   20      As to Fig. 12 (a) of the first
transducer 301, a crossing structure of the electrode fingers 512 is so
passband in the vicinity to the frequency [err] has a called "weighted" so
that the second transducer     center frequency 3fo and the frequency
passband 501 is formed as Apodized electrode.                width [err] so
that a frequency passband ends with: This second transducer 501 is the
Apodized electrode which has a frequency passband width of  25  [err]  (54)
[err] a center frequency passband [err] of the fre- quency passband width
[err] and an electrode pitch        As to Fig. 12 (b) of the second
transducer 501, Ps of the adjacent electrode fingers 512 of the     a
passband in the vicinity to the frequency [err] has about 1/4 wave length X
of the surface acoustic     a center frequency [err] and a frequency
passband wave corresponding to the frequency [err]        30   width [err]
so that a frequency passband commen- Then, it will be explained about a
relation of a  ces with: center frequency [err] and a frequency passband
width [err] of the first transducer 301, a center     [err]  (55) frequency
[err] and a frequency poassband width [err] of the second transducer 501
35       Now, in order to satisfy the condition (A2), the First, it will be
explained when the frequencies  formula (54) should be less than or equal
to the [err] have the relation of [err].             formula (55) so that
the formula is: Fig. 11 (a) shows a frequency characteristic of the first
transducer 301 and Fig. 11 (b) shows a    [err] frequency characteristic of
the second transducer   40 501.
Then: In case of the SAW filter shown in Fig.10, in order to prevent the
production of third hamonics, a  [err] (56) frequency passband in the
vicinity to the frequency [err] of the first transducer 301 should not
overlap   45  is given. with a frequency passband in the vicinity to the
In other words, when the first and second tran- frequency [err] of the
second transducer 501 in the   sducers are formed so as to satisfy the
formulas same way as Fig. 6 (defined as "condition (A2)").   (53) and (56)
respectively, and extremely good As to Fig. 11 (a) of the first transducer
301, a  characteristics as shown Fig. 11 (c) and Fig. 12 (c) passband in
the vicinity to the frequency [err] has a   so  can be obtained without
having the production of center frequency 3fo and a frequency passband
third harmonics to the frequency characteristics of width [err] so that a
frequency passband commen-      the SAW filter 101 shown in Fig. 10. ces
with:                                               Although the
multi-strip coupler is used in the above mentioned embodiment, the
invention is not 3fo - Afo/2  (51)                              55
restricted to the embodiment and can also be a SAW filter without the
multi-strip coupler. As to Fig. 11 (b) of the second transducer 501,
When the multi-strip coupler is not used, the a passband in the vicinity to
the frequency [err] has  first transducer 601 comprises the weighted type 8
15                 EP 0 278 765 B1                    16 electrode and the
second transducer 602 com-        2. The surface acoustic wave filter of
claim 1, prises the unweighted electrode. The same may           wherein
the electrode pitch of a plurality of the 



apply to this case that the first and second trans-     adjacent electrodes
of the first transducer and ducers are formed so as to satisfy the formulas
the electrode pitch of a plurality of the adjacent (53) and (56)
respectively.                    5        electrodes of the second
transducer are de- Furthermore, although the first transducer of
fined by a space of the 1/4 wave length [err] of the embodiment shown in
Fig. 4 to Fig. 9 com-          the surface acoustic wave corresponding to
the prises a double electrode, the first transducer may    frequencies
[err]. comprise a solid electrode. Fig. 14 shows a structure of a solid
electrode,  10  3. The surface acoustic wave filter of claim 1, in which a
formal shaped electrode 701 comprises        wherein at least one of the
frequency [err] of the a pair of comb-shaped electrode 711 crossing each
first transducer and the frequency f2 of the other. This comb-shaped
electrode 711 is formed        second transducer approximately corresponds
as that one end of a plurality of electrode fingers    to the frequency
[err] of the filter. 712 is electrically short-circuited by a bus bar 713.
is The width [err] of the electrode fingers 712 may    4. The surface
acoustic wave filter of claim 3, not always be the same as the space (gap)
[err]            wherein the electrode pitch of the electrode between the
electrode fingers 712 in size. Further-    fingers of the transducer
approximately cor- more, the unweighted electrode 701 has an elec-
responding to the frequency [err] is defined by a ) trode pitch Ps with a
space of the 1/2 wave length  20  space of the 1/4 wave length X of the
surface [err] of the SAW filter corresponding to the center
acoustic wave corresponding to the frequency frequency [err]
[err] Claims                                              5. The surface
acoustic wave filter of claim 3, 25      wherein the electrode pitch of the
electrode 1. A surface acoustic wave filter, comprising:          fingers
of the transducer approximately cor- a piezoelectric substrate (102);
responding to the frequency [err] is defined by a a first transducer (103)
including comb-        space of the 1/2 wave length X of the surface shaped
electrodes with a plurality of electrode     acoustic wave corresponding to
the frequency fingers crossing each other formed on one   30      [err]
major surface of the piezoelectric substrate (102); and
6. A surface acoustic wave filter, comprising: a second transducer (105)
including comb-           a piezoelectric substrate (102); shaped
electrodes with a plurality of electrode        a first transducer (301)
including comb- fingers crossing each other formed on the one  35   shaped
electrodes with a plurality of electrode major surface of the piezoelectric
substrate        fingers crossing each other formed on one (102) and being
faced to the first transducer       major surface of the piezoelectric
substrate (103);                                              (102); and
wherein a frequency amplitude characteris-          a second transducer
(303) including comb- tic of the filter has a frequency passband in a   40
shaped electrodes with a plurality of electrode vicinity to the frequency
amplitude characteris-    fingers crossing each other formed on the one tic
of a frequency [err]                              major surface of the
piezoelectric substrate the filter being characterized in that an
(102) and being faced to the first transducer electrode pitch of the first
transducer and that    (301); of the second transducer comply with;      45
wherein the filter has a frequency pass- band width [err] whose the center
frequency is [err]                 fo: the filter being characterized in
that an wherein [err] stands for the frequency passband       electrode
pitch of the first transducer and that width of the first transducer, Af2
for the fre-  so  of the second transducer comply with; quency passband
width of the second trans- ducer, [err] for the frequency of the first
trans-     [err] ducer defining the electrode pitch of the first
transducer, and [err] for the frequency of the         or second transducer
defining the electrode pitch   55 of the second transducer.
[err] wherein [err] stands for a frequency passband 9    15
EP 0 278 765 B1                    16 electrode and the second transducer
602 corn-       2. The surface acoustic wave filter of claim 1, prises the
unweighted electrode. The same may           wherein the electrode pitch of
a plurality of the apply to this case that the first and second trans-
adjacent electrodes of the first transducer and 



ducers are formed so as to satisfy the formulas         the electrode pitch
of a plurality of the adjacent (53) and (56) respectively.
5       electrodes of the second transducer are de- Furthermore, although
the first transducer of       fined by a space of the 1/4 wave length [err]
of the embodiment shown in Fig. 4 to Fig. 9 com-          the surface
acoustic wave corresponding to the prises a double electrode, the first
transducer may     frequencies [err] comprise a solid electrode. Fig. 14
shows a structure of a solid electrode,  10    3. The surface acoustic wave
filter of claim 1, in which a formal shaped electrode 701 comprises
wherein at least one of the frequency [err] of the a pair of comb-shaped
electrode 711 crossing each       first transducer and the frequency f2 of
the other. This comb-shaped electrode 711 is formed         second
transducer approximately corresponds as that one end of a plurality of
electrode fingers     to the frequency [err] of the filter. 712 is
electrically short-circuited by a bus bar 713.   15 The width [err] of the
electrode fingers 712 may    4. The surface acoustic wave filter of claim
3, not always be the same as the space (gap) [err]            wherein the
electrode pitch of the electrode between the electrode fingers 712 in size.
Further-     fingers of the transducer approximately cor- more, the
unweighted electrode 701 has an elec-         responding to the frequency
[err] is defined by a trode pitch [err] with a space of the 1/2 wave length
20  space of the 1/4 wave length [err] of the surface [err] of the SAW
filter corresponding to the center         acoustic wave corresponding to
the frequency frequency fo.                                           [err]
Claims                                              5. The surface acoustic
wave filter of claim 3, 25      wherein the electrode pitch of the
electrode 1. A surface acoustic wave filter, comprising:          fingers
of the transducer approximately cor- a piezoelectric substrate (102);
responding to the frequency [err] is defined by a a first transducer (103)
including comb-         space of the 1/2 wave length [err] of the surface
shaped electrodes with a plurality of electrode     acoustic wave
corresponding to the frequency fingers crossing each other formed on one
30      [err] major surface of the piezoelectric substrate (102); and
6. A surface acoustic wave filter, comprising: a second transducer (105)
including comb-           a piezoelectric substrate (102); shaped
electrodes with a plurality of electrode         a first transducer (301)
including comb- fingers crossing each other formed on the one   35  shaped
electrodes with a plurality of electrode major surface of the piezoelectric
substrate        fingers crossing each other formed on one (102) and being
faced to the first transducer       major surface of the piezoelectric
substrate (103);                                              (102); and
wherein a frequency amplitude characteris-          a second transducer
(303) including comb- tic of the filter has a frequency passband in a   40
shaped electrodes with a plurality of electrode vicinity to the frequency
amplitude characteris-    fingers crossing each other formed on the one tic
of a frequency fo:                              major surface of the
piezoelectric substrate the filter being characterized in that an
(102) and being faced to the first transducer electrode pitch of the first
transducer and that    (301); of the second transducer comply with;
45          wherein the filter has a frequency pass- band width Afo whose
the center frequency is [err]                      [err] the filter being
characterized in that an wherein [err] stands for the frequency passband
electrode pitch of the first transducer and that width of the first
transducer, [err] for the fre-  50  of the second transducer comply with;
quency passband width of the second trans- ducer, [err] for the frequency
of the first trans-     [err] ducer defining the electrode pitch of the
first transducer, and f2 for the frequency of the         or second
transducer defining the electrode pitch   55 of the second transducer.
[err] wherein [err] stands for a frequency passband    17
EP 0 278 765 B1                     18 width of the first transducer, [err]
for the center      [err] frequency of [err] for a frequency pass- band
width of the second transducer, [err] for the     or center frequency of
[err] for the fre- quency defining an electrode pitch of the adja-   5
[err] 



cent electrode fingers of the second trans- ducer.
wherein [err] stands for a frequency passband width of the first
transducer, fo for the center 7. The surface acoustic wave filter of claim
6,         frequency of [err], for a frequency pass- wherein the electrode
pitch of a plurality of the   10  band width of the second transducer, and
[err] for adjacent electrodes of the second transducer        the center
frequency of [err] is defined by a space of the 1/4 wave length X of the
surface acoustic wave corresponding to    Patentansprlkche the frequency
[err] i5  1. Akustisches OberflAchenwellen-Filter, das auf- 8. The surface
acoustic wave filter of claim 7,         weist: wherein the frequency [err]
defining the electrode         ein piezoelektrisches Substrat (102); pitch
of a plurality of the adjacent electrodes of      einen ersten Transducer
(103), der kamm- the second transducer approximately corre-
f6rmige Elektroden mit einer Vielzahl von ein- sponds to the frequency
[err] and the second   20      ander gegenUberliegenden Elektrodenfingern
transducer comprises an unweighted electrode        umfaBt, die auf einer
HauptoberflAche des pie- with a constant cross width.
zoelektrischen Substrats (102) gebildet sind; und 9. The surface acoustic
wave filter of claim 6,             einen  zweiten  Transducer (105), der
wherein the electrode pitch of a plurality of the   25  kammformige
Elektroden mit elner Vielzahl adjacent electrodes of the second transducer
von einander gegentberliegenden Elektroden- is defined by a space of the
1/2 wave length [err]      fingern umfa~t, die auf der einen Hauptoberfll-
of the surface acoustic wave corresponding to       che des
piezoelektrischen Substrats (102) ge- the frequency [err] of an unweighted
electrode         bildet sind, und der dem ersten Transducer with a
constant cross width.                30      (103) gegen0berliegt; wobei
die Amplitude/Frequenz-Kennlinie 10. The surface acoustic wave filter of
claim 8 or      des Filters einen Frequenz-DurchlaBbereich in 9, wherein
the electrode pitch of a plurality of    der NAhe der Frequenz fo hat; the
adjacent electrodes of the first transducer         dadurch gekennzeichnet,
daB der Elektro- is defined by a space of the 1/4 wave length X   35
denabstand des ersten Transducers und der of the surface acoustic wave
corresponding to       Elektrodenabstand des zweiten Transducers the
frequency [err]                                   die Bedingung 11. A
surface acoustic wave filter, comprising:           [err] a piezoelectric
substrate (102);        40 a first transducer (301) including cob-
erfUllen; dabei ist Af, die Frequenz-DurchlaB- shaped electrodes with a
plurality of electrode     bereich-Breite des ersten Transducers, Af2 die
fingers crossing each other formed on one
Frequenz-DurchlaBbereich-Breite des zweiten major surface of the
piezoelectric substrate        Transducers, f, die Frequenz des ersten
(102); and                                  45      Transducers, die den
Elektrodenabstand des a second transducer (501) including comb-
ersten Transducers festlegt, und f2 die Fre- shaped electrodes with a
plurality of electrode     quenz des zweiten Transducers, die den Elek-
fingers crossing each other formed on the one       trodenabstand des
zweiten Transducers fest- major surface of the piezoelectric substrate
legt. (102) and being faced to the first transducer  so (301);
2. Akustisches Oberflachenwellen-Filter gemAB wherein the filter has a
frequency pass-         Anspruch 1, wobei der Elektrodenabstand ei- band
width [err] whose the center frequency is        ner Vielzahl der
benachbarten Elektroden des [err]
ersten Transducers, und der Elektrodenab- the filter being characterized in
that an   55   stand einer Vielzahl der benachbarten Elektro- electrode
pitch of the first transducer and that    den des zweiten Transducers durch
ein Viertel of the second transducer comply with;               der den
Frequenzen f, bzw. f2 entsprechenden WellenlInge x der akustischen
Oberfl~chen- 10 1 111111 111111 III1 11111 111111I * C   L   N   S *    19
EP0278765B1                        20 K-'    welle festgelegt sind.
Frequenz, die eonen Elektrodenabstand der be- nachbarten  Elektrodenfinger
des  zweiten 3. Akustisches Oberflachenwellen-Filter gemAB
Transducers festlegt. 



Anspruch 1, wobel mindestens eine der Fre- quenzen f, des ersten
Transducers und f2 des   5   7. Akustisches Oberflachenwellen-Filter gemAB
zweiten Transducers ungefihr der Frequenz fo        Anspruch 6, wobei der
Elektrodenabstand ei- des Filters entspricht.
ner VieIzahl der benachbarten Elektroden des zweiten Transducers durch ein
Viertel der der 4. Akustisches Oberflachenwellen-Filter gemaB
Frequenz f, entsprechenden WellenlInge X der Anspruch 3, wobei der ungefihr
der Frequenz   10    akustischen Oberfilichenwelle festgelegt ist. fo
entsprechende Elektrodenabstand der Elek- trodenfinger des Transducers
durch ein Viertel   8. Akustisches Oberflfchenwellen-Filter gemle der der
Frequenz fo entsprechenden Wellen-          Anspruch 7, wobel die Frequenz
ft, die den Iange X der akustischen Oberfilchenwelle fest-
Elektrodenabstand einer Visizahl der benach- gelegt ist.
1s       barten Elektroden des zweiten Transducers festlegt, ungefahr der
Frequenz f, entspricht, 5. Akustisches Oberfllchenwellen-Filter gemaB
und der zweite Transistor eine ungewichtete Anspruch 3, wobei der ungefthr
der Frequenz         Elektrode mit einer konstanten Querbreite auf- fo
entsprechende Elektrodenabstand der Elek-        weist. trodenfinger durch
die Halfte der der Frequenz   20 fo entsprechenden Wellenlinge X der
akusti-      9. Akustisches Oberflachenwellen-Filter gemaB schen
Oberflachenwelle festgelegt ist.              Anspruch 6, wobei der
Elektrodenabstand ei- ner Viizahl der benachbarten Elektroden des 6.
Akustisches Oberflachenwellen-Filter, das auf-       zweiten Transducers
durch die HIifte der der weist:                                      25
Frequenz f1 einer ungewichteten Elektrode mit ein piezoelektrisches
Substrat (102);            einer konstanten Querbreite entsprechenden einen
ersten Transducer (301), der kamm-         Wellenlinge X der akustischen
Oberflachen- ftrmige Elektroden mit einer Vielzahl von ein-      welle
festgelegt ist. ander gegenOberliegenden Elektrodenfingem umfaft, die auf
einer Hauptoberfliche des pie-  so  10. Akustisches
Oberflachenwellen-Filter gemaB zoelektrischen Substrats (102) gebildet
sind;       Anspruch 8 oder 9, wobei der Elektrodenab- und
stand einer Vieizahl der benachbarten Elektro- einen  zweiten  Transducer
(303), der            den des ersten Transducers durch ein Viertel
kammformige Elektroden mit einer Vieizahl           der der Frequenz fo
entsprechenden Wellen- von einander gegenuberliegenden Elektroden-   36
linge X der akustischen Oberflachenwelle fest- fingern umfaft, die auf der
einen Hauptoberfil-     gelegt ist. che des piezoolektrischen Substrats
(102) ge- bildet sind, und der dem ersten Transducer       11. Akustisches
Oberflachenwellen-Filter, das auf- (301) gegenUberliegt;
weist: wobei das Filter eine Frequenz-DurchlaB-   4o       ein
piezoelektrisches Substrat (102); bereich-Breite Aot hat, deren
Mittenfrequenz fo         einen ersten Transducer (301), der kamm- ist;
f6rmige Elektroden mit einer Vieizahl von ein- dadurch gekennzeichnot, daB
der Elektro-         ander gogenaberliegenden  Elektrodenfingern denabstand
des ersten Transducers und der           umfa~t, die auf einer
Hauptoberflache des pie- Elektrodenabstand des zweiten Transducers  45
zoelektrischen Substrats (102) gebildet sind; die Bedingung
und einen zweiten Transducer (501), der 4fx- f 2 3fo + Afo/2 + Af /2
kammformige Elektroden mit einer Vielzahl von emander gegenOberliegenden
Elektroden- oder                                        60      fingern
umfaBt, die auf der einen Hauptoberfla- che des piezoelektrischen Substrats
(102) ge- 4fx- ti  3fo + Afo/2 - Af1 /2                       bildet sind,
und der dem  ersten Transducer (301) gegenUberliegt; erfOllen; dabei ist
Afo die Frequenz-DurchlaB-          wobei das Filter eine
Frequenz-DurchlaB- bereich-Breite des ersten Transducers, fo die  s6
bereich-Breite Afo hat, deren Mittenfrequenz fo Mittenfrequenz von Afo, Afi
die Frequenz-           ist; DurchlaBbereich-Breite des zweiten Transdu-
dadurch gekennzeichnet, daB der Elektro- cers, f, die Mittenfrequenz von
Aft, und fx die     denabstand des ersten Transducers und der 1 1
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d6finis par un espace de 1/4 die Bedingung
de la longueur d'onde X de l'onde acoustique 



de surface correspondant aux frequences f, et f1 9 fo - Afo  - Af /6
12. 5 oder                                             3. Filtre a ondes
acoustiques de surface selon la revendication 1, dans lequel au moins une
f1 2 fo + Ato /6 + Afi/6                            frdquence prise parmi
la frdquence fi du pre- mier transducteur et la frequence f2 du second
erfUllon; dabei ist Afo die Frequenz-DurchlaB-   10  transducteur
correspond approximativement a bereich-Breite des ersten Transducers, fo
die       la frequence fo du filtre. Mittenfrequenz von Afo, Afi die
Frequenz- DurchlaBbereich-Breite des zweiten Transdu-     4. Filtre A ondes
acoustiques de surface selon la cers, und fi die Mittenfrequenz von Aft.
revendication 3, dans loquel le pas d'6lectrode 16      des doigts
d'electrode du transducteur corres- Revendlcatlons
pondant approximativement & la frequence fo est defini par un espace de 1/4
de la longuour 1. Filtre a ondes acoustiques de surface compre-
d'onde X de l'onde acoustique de surface cor- nant:
respondant a la frequence fo. un substrat piezoelectrique (102);      20 un
premier transducteur (103) incluant des   5. Filtre a ondes acoustiques de
surface selon la electrodes conform6es on  peigne munies
revendication 3, dans lequel le pas d'6lectrode d'une pluralit6 de doigts
d'electrode se crol-      des doigts d'6lectrode du transducteur corres-
sant les uns les autres formees sur une surfa-      pondant
approximativement A la lfrquence 4o ce principale du substrat
piezoelectrique (102);  25  est defini par un espace de 1/2 de la longuour
et                                                  d'onde X de l'onde
acoustique de surface cor- un second transducteur (105) incluant des
respondent & la frequence fo. electrodes conform6es on  peigne munies d'une
pluralite de doigts d'electrode se croi-   6. Filtre & ondes acoustiques de
surface compre- sent les uns les autres formdes sur la surface   3o  nant:
principale du substrat pi6zodlectrique (102) et         un substrat
pikzotlectrique (102); faisant face au premier transducteur (103),
un premier transducteur (301) incluant des dans lequel une caracteristique
frdquence-       electrodes conform6es on  peigne munies amplitude du
filtre pr6sente une bande passan-      d'une pluralite de doigts
d'6lectrode se crol- to en frequence au voisinage de la caracteristi-  36
sent les uns les autres form6es sur une surfa- que frequence-amplitude
d'une frequence fo,         ce principale du substrat piezoelectrique
(102); le filtre etant caracteris6 en co qu'un pas      et d'6lectrode du
premier transducteur et on ce            un second transducteur (303)
incluant des que colui du second transducteur satisfont la       electrodes
conformees en  peigne munies relation suivante:                          40
d'une pluralite de doigts d'electrode se crol- sent les uns les autres
formdes sur la surface f - f2 Z 1/8 (Atf + At2),
principale du substrat piezoelectrique (102) et faisant face au premier
transducteur (301), oO Atf represente la largeur de la bande
dans loquel le filtre pr6sente une largeur passante en frequence du premier
transduc-   45     de bande passante de frdquence Afo dont la tour, Af2
represente la largeur de la bande         frequence centrale est fo;
passanto en frequence du second transduc-              le filtre etant
caracteris6 on ce qu'un pas tour, f, repr6sente la frequence du premier
d'electrode du premier transducteur et en co transducteur definissant le
pas d'electrode du      quo celui du second transducteur satisfont la
premier transducteur et f2 represente la fre-  50   relation suivante:
quence du second transducteur d~finissant le pas d'electrode du second
transducteur.             4f, - fI 2 Sfo + Afo/2 + Af, 1/2 2. Filtre a
ondes acoustiques de surface selon la       ou revendication 1, dans loquel
lo pas d'electrode   55 d'une pluralit4 d'electrodes adjacentes du pre-
4V. - fj S 3fo - Afo/2 - Afi /2, mier transducteur et le pas d'electrode
d'une pluralit4 d'electrodes adjacentes du second         oO Afo represente
une largeur de la bando 12                       I 0III  II    IIIU 11 1111
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frdquence du premier transduc-              dans lequel le filtre prdsente
une largeur tour, to repr6sente la fr~quence centrale de        de bande
passante en frdquence Afo dont la 



Afo, AfM repr~sente une largeur de la bande         frequence centrale est
fo, passante en frequence du second transduc-              le filtre dtant
caracterise en ce qu un pas tour, f, represente la frequence centrale de
Af1    8  d'electrode du premier transducteur et en ce et f, represente la
frequence ddfinissant un        quo celui du second transducteur satisfont
la pas d'6lectrode des doigts d'electrode adja-        relation: cents du
second transducteur. fV S to - AMo/6 - Afi/6 7. Filtre a ondes acoustiques
de surface selon la  io revendication 6, dans loquel le pas d'electrode
ou d'une pluralite d'dlectrodes adjacentes du se- cond transducteur est
d~fini par un espace de      fi 2 fo + afo/6 + Afi/6, 1/4 de la longueur
d'onde X de l'onde acousti- que de surface correspondant & la frequence
185   oO Ao represente une largeur de la bande fx.
passante en frequence du premier transduc- tour, fo represente la frequence
centrale de &  Filtre & aondes acoustiques de surface selon la      Afo,
Af, represente la largeur de la bande revendication 7, dans loquel la
frequence f,        passante en frequence du second transducteur
definissant le pas d'6lectrode d'une pluralite  20  et fi represento la
frequence centrale de Aft. des dlectrodes adjacentes du second transduc-
tour correspond approximativement a la fre- quence ft et le second
transducteur comprend une electrode non pond6ree prdsentant une largeur de
croisoment constanto.            28 9. Filtre a ondes acoustiques de
surface selon la revendication 6, dans loquel le pas d'electrode d'une
pluralite d'6lectrodes adjacentes du se- cond transducteur est d6fini par
un espace de   30 1/2 de la longueur d'onde X de l'onde acousti- que de
surface correspondant a la frequence fV d'une 6lectrode non ponderds
presentant une largeur de croisement constants. 35 10. Filtre  aondes
acoustiques de surface selon la revendication 8 ou 9, dans loquel le pas
d'electrode d'une pluralite d'electrodes adja- centes du premier
transducteur est defini par un espace de 1/4 de la longueur d'onde X de
40 l'onde acoustique de surface correspondant & la frequence fo. 11. Filtre
& aondes acoustiques de surface compre- nant:
45 un substrat pidzo6lectrique (102); un premier transducteur (301)
incluant des electrodes conformees en peigne munies d'une pluralite de
doigts d'electrode se crol- sant les uns les autres formres sur une surfa-
50 co principals du substrat piezoelectrique (102); et un second
transducteur (501) incluant des electrodes conformees on peigne munies
d'une pluralite de doigts d'6lectrode se croi-  m5 sant les uns les autres
formees sur la surface principals du substrat pidzo~lectrique (102) et
falsant face au premier transducteur (301), 13
|I~llllll~lll lll    


