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BACKGROUND ART
10 To obtain a desired frequency response, a surface acoustic wave filter is
widely used among mobile communication apparatuses. The surface acoustic

wave filters used in the RF stage, in particular, include a ladder filter having

resonators connected in a ladder configuration and a longitudinal mode filter
utilizing a mode through acoustic coupling. Since loss of the filter in the RF
15  stage directly affects sensitivity of the mobile communication apparatus, low-
loss performance is demanded of the filter. Moreover, semiconductor device
such as an IC has become adopting balanced input/output in recent years for
noise reduction, thus requiring the surface acoustic wave filter used in the RF
stage to be balanced accordingly.
20 A description is hereinafter-provided' of a conventional longitudinally
coupled surface acoustic wave filter having a balanced input/output port.
Fig. 12 illustrates the.conventional longitudinal mode sﬁrface acoustic
‘wave filter.
| In Fig. 12, the surface acoustic wave filter includes first, second and third
25 1nterdigital transducer electrodes (hereinafter referred to as IDT electrodes)
1202, 1203, 1204 and first and second reflector electrodes 1205, 1206 on

piezoelectric substrate 1201.



First IDT electrode 1202 has upper electrode fingers coupled to first
‘termnal 1207 of the bal anced port, and |ower electrode fingers coupled to
. second term nal 1208 of the bal anced port. Second and third |IDT el ectrodes
1203, 1204 each have, on the same side, % electrode fingers coupled to
unbal anced port 1209, and el ectrode fingers on the other side of these |IDT
el ectrodes 1203, 1204 are grounded. By having the structure described

above, the surface a tjc ve_filter obtained has f£he unbal.anced_and
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a spacing between first IDT electrode 1202 and each of second and third IDT .
electrodes 1203, 1204 1is deviated substantially by A/4 from a periodic structure.
Fig. 12 illustrates the structure in which the spacing is deviated by +A/4.

15 With this structure, however, piezoelectric substrate 1201 has a large free
surface portion between the IDT electrodes due to the increased spacing
between first IDT electrode 1202 and each of second and third IDT electrodes
1203, 1204, thereby causing propagation loss which results in increased filter
loss. Known measures taken against this problem include a structure such as

20 shown in Fig. 13 in which the area of the free surface portion of piezoelectric ’
-substrate 1201 is reduced by means of metal electrodes 1301, 1302 or the like.

Japanese Patent Unexamined Publication No. H05-267990 discloses a
structure having a M4 spacing between centers of the respective adjacent
electrode fingers of first and second IDT electrodes 1202, 1203. In other words,

25  this structure has a deviating amount of -A\/4 and as shown in F 1g. 14, includes
part 1401 connecting the respective adjacent electrode fingers of first and second

IDT electrodes 1202, 1203 and part 1402 connecting the respective adjacent



3 electrode fingers of flrst and third IDT el ectrodes 1202, 1204. In this
'structure, the upper electrode fingers of first |DT electrode 1202 are
. grounded, while the |ower electrode fingers thereof are coupled to
unbal anced port 1403, so that this surfdce acoustic wave filter has the
ports both unbal anced. However, the 5 bal anced port such as shown in Fig.
12 cannot be i npl enented because the second and third IDT el ectrodes are
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DISCLOSURE OF THE INVENTION
A surface acoustic wave filter includes a piezoelectric subst_rate, and a
15 - plurality of interdigital transducer electrodes (IDT electrodes) and a plurality of
reflector electrodes disposed on the piezoelectric substrate. Each of the IDT
electrodes is an interdigital electrode including a plurality of opposed electrode
- fingers, and each of the reflector electrodes is formed of an arrangement of a
plurality of electrode fingers. The IDT electrodes and the -réﬂector electrodes
20 are arranged in close relation along a propagation direction of a surface acoustic
- wave. The IDT electrode includes a primary excitation region having N2
electrode finger pitches, where A is a wavelength of the surface acoustic wave.
The primary excitation region of at least one of the IDT electrodes is phase-
shifted from the primary excitation region of another IDT electrode by a certain
25 amount in accordance with a desired passband frequency response. The IDT
electrode includes at least one secondary excitation region having electrode

finger pitches different from the A/2 pitches, and/or at least one of the reflector



4 electrodes. includes electrode finger pitches different fromthe AJ2
pitches. The surface acoustic wave filter thus has a propagation path

havi ng reduced discontinuity and hence lowloss filter characteristics. 5
BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 41lustrates a surface acoustic
wave filter in accordance with a first exenplary enbodi ment of the present
invention. Fig. 2Ais an enlarged view illustrating electrode fingers
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10 -)/A4, and Fig. 2B is an enlarged view ﬂlustrating_electrode fingers arranged at
pitches varying stepwise in secondary excitation regions when the deviating
amount is -A/4.

Fig. 3A is an enlarged view ilustrating electrode fingers arranged at
equal pitches in secondary excitation regions when the deviating amount is +)\/4,

15 and Fig. 3B is an enlarged view illustrating eléctrode fingers arranged at pitches
vérying stepwise in secondary excitation regions when the deviating amount is
N4,

Fig. 4 illustrates a filter in accordance with the first embodiment of the
present invention.

20 Fig. 5A shows filter characteristics when n1=n2=3, Fig. 5.B shows filter
characteristics when n1=n2=5, and Fig. 5C shows filter characteristics when
nl=n2=7.

Fig. 6 shows measured characteristics of a filter when nl=n2=5 and
measured characteristics of a conventional filter. |
25 ‘Fig. 7A illustrates a surface acoustic wave filter in accordance with a

second exemplary embodiment of the present invention, and Fig. 7B illustrates

‘another surface acoustic wave filter in accordance with the second embodiment.



% Fig. 8 illustrates a surface acoustic wave filter in accordance with a

third exenplary enbodi nent of the present invention. Fig. 9 illustrates a
surface acoustic wave filter in accordance with a fourth exenplary

enbodi ment of the present invention. 5 g. 10 illustrates a surface
acoustic wave filter in accordance with a fifth exenplary enbodi nent of
the present invention. Fig. 11 illustrates a surface acoustic wave filter
i n accordance V\Ffé.' SilRisKlles HLH c@@éoﬁ@@@@'a%rﬁltéﬁ int:gk%optiﬁfc%%ithna\é&ggaon'
Fig. 12 illustrates a conventional surface acoustic wave filter. 1 1 g.
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10 Fig. 13 illustrates another conventional surface acoustic wave filter.

Fig. 14 illustrates still another conventional surface acoustic wave filter.

BEST MODE FOR CARRYING OUT THE INVENTION
FIRST EXEMPLARY EMBODIMENT

15 Fig. 1 schematically illustrates a surface acoustic wave filter in
accordance with the first exemplary embodiment.

In Fig. 1, a pattern of interdigital electrodes each including opposed
electrode fingers is formed on piezoelectric substrate -101, wher_eby a surface
acoustic wave can be excited. The surface acoustic wave filter formed is a

20 longitudinally coupled type including ﬁrst, second and third IDT electrodes 102,
103, 104 and first and second reflector electrodes 105, 106 on -piezoelectric.
substrate 101.

In the surface acoustic wave filter mentioned above, the upper electrode

fingers of first IDT electrode 102 are coupled to first terminal 114 of a balanced
25  port, while the lower-electrode fingers of this IDT electrode 102 are coupled to
second terminal 115 of the balanced port. The upper electrode fingers of second

IDT electrode 103 are coupled to unbalanced port 116, while the lower electrode



6° fingers thereof are grounded. Simlarly, the upper electrode fingers of

third |1DT electrode 104 are coupled to unbal anced port 116, while the

_ lower electrode fingers thereof are gro%gded. This surface acoustic wave
filter thus includes the unbal anced and “bal anced ports. 5 First 1DT

el ectrode 102 is divided into three regions including first excitation

regi on 107, second excitation region 108 and third excitation region 109.
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excitation region 111.

Second excitation region 111 of second IDT electrode 103 is located

adjacent to first IDT electrode 102. Third IDT electrode 104 is divided into two

| regions including first excitation region 112 and second exeitation region 113.

15 Second excitation region 113 of third IDT electrode 104 is located adjacent to
first IDT electrode 102.

First excitation regions 107, 110, 112 of first, second and third IDT
electrodes 102, 103, 104 are referred to as primary excitation regions.
Throughout these primary excitation regions, a spacing (hereinafter referred to

20 as an electrode finger pitch) between respective centers of the adjacent electrode
fingers is set at M2, where A is the wavelength of the surface acoustic wave to be
excited. The second and third excitation regions in first, second and third IDT

“electrodes 102, 103, 104 are referred to as secondary excitation regions.

A spacing between an excitation center of first excitation region 107 of.

25  first IDT electrode 102 and an excitation center of first excitation region 110 of
second IDT electrode 103 is deviated by amount o from the A/2 periodic

structure. Similarly, a spacing between the excitation center of first excitation



structure. Simlarly, a spacing between the excitation center of first
excitation 7 region 107 of first IDT electrode 102 and an excitation

. center of first excitation region 112 of _third IDT electrode 104 is

devi ated by anmount a fromthe AJ2 period?c structure. In other words, the
peri odi c arrangenent of the electrode fingers in primary excitation region
110 of second IDT el ectrode 103 is phase 5 shifted by a fromthe periodic
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el ectrodes 102, when eV|at|ng anou ese cases,
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region 113 of third IDT electrode 104 each have electrode finger pitches dlﬂ'erent

from the M2 pitches. With the structure described above, the IDT electrode
converts an electric signal, input from the unbalanced or balanced port, to the

15 surface acoustic wave, which is confined between the reflector electrodes, so
that a standing wave 1s generated on the piezoelectric substrate, and
consequently, a plurality of resonance modes is formed. Value a is optimized so -
as to couple the pfimary and tertiary resonance modes together, whereby
desired filter characteristics is obtained. |

20 Referring to the accompanying drawings, a description is provided next of
respective adjacent portions of first and third IDT electrodes 102, 104. Fig. 2
includes enlarged views each illustrating the respective adjacent portions of first
and third IDT electrodes 102, 104 when deviating amount a=-M4. In each of
these cases, third excitation region 109 of first IDT electrode 102 and second

25  excitation region 113 of third IDT electrode 104 each have three electrode
fingers.

'In each of these cases, the distance between centers of the respective -



fi ngers. In each of these cases, the distance between centers of the
respective 8 fingers nearest to each other in first excitation regions

107, 112 of the first and third IDT el ecgrodes is 7X12-V4. Fig. 2A
|IIustrates the el ectrode fingers arranged at equal pitches in excitation
regions 109, 113 of first and third | DT el ectrodes 102, 104. 5 Since there
are seven finger-to-finger spacings for the six electrode fingers, every -
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structure illustrated by
the difference between the respective electrode finger pitches of first and third.

excitation regions 107, 109 as well as between the respective electrode finger

pitches of first and second excitation regions 112, 113 is about 7%. Thus, a
resulting structure has reduced discontinuity. The application of the same
15 structure to the respective adjacent pbrtions of first and third IDT electrodes
102, 104 allows the surface acoustic wave filter to have as a whole a
substantially periodic structure having reduced discontinuity along a
propagation direction.
Fig. 2B illustrates the electrode fingers arranged at pitches varying
20 stepwise in excitation regions 109, 113 of first and third IDT electrodes 102, 104.
In this case, the discontinuity can be reduced by optimizing electrode
finger pitches L1, L2, L3, L4. For example, setting A/2>L1>L2>L3>L4 can
reduce the discontinuity between the adjacent fingers. | |
If L1=L2=L3=L4 in Fig. 2B, this is similar to the structure illustrated by
25 Fig. 2A.
If L1=L2+#L3=L4 in Fig. 2B, excitation regions 109, 113 include two

different kinds of electrode finger pitches. Even in this case, the discontinuity



25 Fig. 2A. If L1=L2*L3=L4 in Fig. 2B, excitation regions 109, 113 incl ude
two different kinds of electrode finger pitches. Even in this case, the

. discontinuity 9 can be less than that ofya conventional case, whereby bul k
radi ation | oss can be reduced, and the f?lter can have reduced | oss as a
whol e. A description is provided next of cases where deviating anmount
a=+Al4. Fig. 3 includes enlarged views each illustrating the respective
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the respective electro I nger pitc of first an excltation

regi ons 107%y k88 0ASepRns 1Y, 182 VEEKL HiRS JRPOREA THT Qbagbdads Hidggy. 20
8 ?ﬁ 1%2 ?% 'S abod?gggi Thus,

pitches of first and second excitation regions 1

a resypting strpet wine asraARAUARH eficBAB! FRBEEY arfdtyeAPAL Idofhl PltHes!
E 3ﬂt Ird | DT

sane structure to the respective agj acent portions of first an

el ectrodes cl@ZatibH4eplonS 100! 183 SREHARAARMEFE INEVAelirbd&102, 104.

Since there are seven finger-to-finger spacings for the six electrode ﬁngérs,
every electrode. finger pitch is (TA/2+N4)/7. Thereforé, the ratio of the electrode
finger pitch of first excitation region 107 to the electrode finger pitch of third

15 excitation region 109 of first IDT electrode 102 as well as the ratio of the
electrode finger pitch of first excitation region 112 to the electrode finger pitch of
second excitation region 113 of third IDT electrode 104 is 1.071. Accordingly ,
the difference between the respective electrode finger pitches of first and third
excitation regions 107, 109 as well as between the respective electrode finger.

20 pitches of first and second excitation regions 112, 113 1s abbut 7%. Thus, a
resulting structure has reduced discontinuity.

The apphcation of the same structure to the respective adjacent portions
of first and third IDT electrodes 102, 104 allows the surface acoustic wave filter
to have as a whole a substantially periodic structure having reduced

25  discontinuity along the propagation direction.

Fig. 3B illustrates the electrode fingers arranged at pitches varying

stepwise in excitation regions 109, 113 of first and third IDT electrodes 102, 104.



to have _as a whole a substantially periodic structure having reduced 25
di scontinuity along the propagation direction. Fig. 3B illustrates the
. electrode fingers arranged at pitches vagping stepwi se in excitation
regions 109, 113 of first and third IDT el'ectrodes 102, 104. 10 1In the
case of Fig. 3B, the discontinuity can be reduced by optim zing el ectrode
finger pitches L1, L2, L3, U For exanple, setting ?J2<L1<L2<L3<L4 can
reduce the gj NQIV X t : -adi th : 1=12=] 3= § N
Frg. a5, ookt DBl IRE RIS DRUANG AR bl SOARES by (pedTisp wigfold

L1=L2#L3=L4ﬁﬁgbfbach§s8u?>m,tﬁ%,ie;m. r §Q)-0RS, A9, sbiting rxg%gﬁg<mQL3QL&f&ﬂle“t

ki nds of electrode finger pitc Even iIn I S case, I scontinuity

can be | esseddhad chdalscBhrihlifty SROVEN tRDahjcBReanpbRY Y the bulk radiation
tly, the 11

| oss can be reduced. Consequen ter cdn have reduced |oss as a

whol e. 10 Next, 0.3 Gt RLITON: J B PRV L ded: .af ¢ s@fﬁjc.d

excitation regilgr%ge%?;,]“%—l&gﬂgf F%g?rb)g’/ tﬂ%%sglglg?aﬁo g“?%;ﬁéczgﬁ&ﬂg{/e nfam}l

el ectrode fF;%gg%s, while respective second excitation regions 111, 113 of
dthird

second an | DT el ectrodes 103, 104 each have n2 el ectrode fingers.
It istob t f4 £stp:l,LDhp el.ec e

el el:tsr oge ?i Ege?g,ﬂl\%ﬂ?%%ms%c%fn?aﬁg ;5%3” cfcﬁ%'rfﬁqﬁgé%ﬁg%ta@ggefsl%tlg&lgé%y%gach
have a t ot glifRfedPkinhs Ut eRIErdde ;Pietshe%homehrin':ﬂ}ﬂs cz‘i"sehttﬂg d%c%hﬁﬂgllﬂfys )

'm%eﬁ'
bet ween centers of the respective Tingers nearest to each other 1n

excitation &60hOkssBin %%Qtoﬁfthé lebivertithA%588 dwhEleb lﬁcﬁﬁm%ﬁg% tl e3 as

wel | as between centers e respective fingers nearest to ea r in

first excit@ld edd®@b@NSCHALequbhelyOind ﬁft%f ﬁ:i’ﬁ'ﬂaﬂfggﬁ oS 8€L0HAS, 20 102,

104 is (nl+n2+1) X/ 2X14. It 1s to be note ere t eviating anount a is

?gu ?lr 02’[@ +;<]£L4) ‘/’A\"g@éktt, Hede8ctiption is providalbf &sedvih&BGecohd atl & Ridd Bk ation
regions 108, 109 of first IDT electrode 102 each have n1 electrode fingers, while
respective second excitation regions 111, 113 of second and third IDT electrodes
103, 104 each have n2 electrode fingers. It is to be noted here that first IDT
electrode 102 has a total of N1 electrode ﬁngers; while second and third IDT

15  electrodes 103, 104 each have a total of N2 electrode fingers.

As shown in Fig. 4, the distance between centers of the respective fingers
nearest to each other in first excitation regions 107, 110 of first and second IDT
electrodes 102, 103 as well as between centers of the respective fingers nearest
to each other in first excitation _regions 107, 112 of first and third IDT electrodes

20 102, 104 1s (n1+n2+1)A/2+0\/4. It is to be noted here that deviating amount a is
. equal to +AM4 when there is “+” in front of A/4 and -A/4 when there is “-” in front
of M4.

When the electrode fingers are arranged at equal pitches in excitation
regions 108, 111 of first and second IDT electrodes 102, 103 as well as in

25  excitation regions 109, 113 of first-and third.IDT_ electrodes 102, 104, there exist .
(n1+n2+1) finger-to-finger spacings in excitation regions 108, 111 as well as in

excitation regions 109, 113, so that every electrode finger pitch is



When the el ectrode fingers are arranged at equal pitches in excitation
regions 108, 111 of first and second IDT el ectrodes 102, 103 as well as in
. 25 excitation regions 109, 113 of first qqd third I DT el ectrodes 102, 104,
t here exist (nl+n2+1) finger-to-finger spacings in excitation regions 108,
111 as well as in excitation regions 109, 113, so that every el ectrode
finger pitch is 11 {(nl+n2+1)?J2+AJ4}/(n1+n2+1). Therefore, the ratio of

the el ect rq@m#ﬁmngﬁmghwbzemﬁ Therbfore! tIRXFAtIPHT IR dI6ItARSHASD pitd.
112 of IDT electrodes 102, 103, 104 to the electrode finger pitch of each

of excitatidgacRefGRst dlStatibhlregl@® 1043105 114 f {BTRledt20des11025 188! 04 B S

structure, -the discontinuity can be mnimzed, by appropriately selecting

nl and n2. thRecleelr8at ik pidh ATkAPR bE edektioh NRGidNE 808, ae- 10d, - 113 is
bet ween the discontinuity and the filter characteristics. In other words,

the increapg/fdmpMn@hPn2 results in reduced discontinuity, but results in
an unsatisfactory filter not having a desired passband frequency response

because510 the nypdhethi®Etrdlcasde! olle dfdchaBhaityWanhe AfhRhIFeAEBy appRigtifalt of

the filter characteristics, in the first excitation region of each of the

| DT el ect r edesetindeCheasRbn2C CPhi BHYionGIMYELSE! 12 id 8&teERTHERBS d fradb-otnd
n2 results in a filter having increased discontinuity and increased | oss

caused by HdrivebadhetdidfortinuitP@nd e filRerFilBSacteisties! | I8Tthet worlls ! &e

characteristics when nl and n2 are varied. |In each of these graphs, the

vertical axhérealeWn RASANAY noh AL A Stddired ( istoMHALILPN bGP AedGIt8! 1S tdnCS)
on two different scales. Specifically, Fig. S5Aillustrates the passing

charact er i sinsatistieory"iRBE ndt halifl a Wsirkl pHscBASSE fEdifieAdP sédhdnse because

characteristics when nl=n2=5, and Fig. 5C 20 illustrates thé passing

charactigri sheCsuMbeR dflelbdTdde Angead WhidedetdrnPifel NESBaiN PWHNES thalbk and
n2 increase, the attenuation increases accordingly.
characteristics, in the first excitation region of each of the IDT electrodes

decreases accordingly. Conversely, the decrease in nl and n2 results in a filter

having increased discontinuity and increased loss caused by bulk radiation or
the hike.

15 Figs. 5A-5C illustrate filter characteristics when nl and n2 are varied.
In each of these graphs, the vertical axis shows passing characteristics
(attenuation characteristics) on two different scales.

Specifically, Fig. 5A illustrates the passing characteristics when n1=n2=3,
Fig. 5B illustrates the passing characteristics when n1=n2=5, and Fig. 5C

20 illustrates the passing characteristics when n1=n2=7. As can be seen from
these drawings, as nl and n2 increase, the attenuation increases accordingly.
This is because the number of electrode fingers in each of first excitation regions
107, 110, 112 becomes smaller with respect to the number of electrode fingers in
the secondary excitation region(s). In this case, the first IDT electrode has a

25  total of 31 electrode fingers, and the second and third IDT electrodes each have a
total of 19 electrode fingers.

Of the total number of electrode fingers of each of the second and third



This is because the nunber of electrode fingers in each of first excitation
regions 107, 110, 112 becones smaller with respect to the nunber of

. electrode fingers in the secondary eXC|E§t|on region(s). In this case, the
first IDT electrode has a 25 total of 317€lectrode fingers, and the second
and third IDT el ectrodes each have a total of 19 electrode fingers. O the
total nunber of electrode fingers of each of the second and third 12 |DT

el ectrodes,jriPeldariaes, e RhfHer WRIEHAMRS ﬁngé}stﬁeth%eé&aﬂd%itﬁ%h%g{o%' on
accounts for (n2)/N2 3719=0.158 in the case of Fig. 5A, (n2)/N2=5/1920.263

in the casg.Qfinfd §r @BYNBRB/{RD). iﬁg‘rﬂ/tﬂlg‘cgsg’@)@ HiB. 5)516_?_1%%2@5/15"9 :963Gn

the total nunber of electrode fingers of the first el ectrode, the

number  of qh@%%@g@?ﬁgfm%{@g /Nir@/igc@@@sqﬁqhuahw?mg f5@ . ‘U?f{lf‘egﬂo%ls
accounts for +nl )7N1=(3+3)/31=0.194 in the case o A,

(nl+nl)/ N15 l’%lﬁﬁﬁ();ll éﬁﬁgcﬁ%ae'ﬁh%érg%fQﬁé%ﬂt Iﬁ’lgeleéﬁodémﬁle number of electrode

(nl+nl)/ N1=(7+7)/31=0.452 in the case of Fig. 5C shown by Figs. 5A-5C
the atlgnuatidhsi N CA6ES Ldofd! 2hna t Mt%ﬁ R1=R&gidns | taccSuhtdS for
pref erabl e t’h%t}sthe nunber eI ectrode |ngeers |r(1) thgggll%sse%on%%ry or

?ES') ) o<1/ TSP PTRE- rapeisyion, R SF IR OB L R0 iny d
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there is an i nproyeRseh 9} §§ §RB-5, fﬁH%tﬁe‘i‘nda DR intred¥®s ¥oS 1 ggt ot

deviating the first excitation regions of the first, second an

el ectrodes v@bfeﬂ §=ROEY I Tt RTRUS r@f@:f‘éﬁl@%h&f‘ﬁme ﬁﬁﬁ&'b%%?ﬁl'eéﬁrb&éﬁ?i ei-é‘ﬁl the

| ongi t udi nal e surface acoustic wave ter using t prinary and

tertiany ”%@@&deﬁ’;’/r ém{atl&p}éﬁbﬁ{ EQicE&‘?nt%' R85 fsBALE. RLBANREY/3tde

secondary excitation regions first, second and third ID eI ectrodes

20 reduces BANGAPHVCLALISAL nSEaBdAE fRders BEOR) AVT LR Jdengers form the

subst anti al I y

| DT

Fig. 6 shows measured characteristics (a) of a filter when n1=n2=5 and
measured characteristics (b) of a conventional filter. As can be seen ﬁom Fig. 6,
there is an improvement of 0.5 dB or more in loss.

15 As described above, deviating the first excitation regions of the first,
second and third IDT electrodes by the certain amount affords the
characteristics of the longitudinal mode surface aéoustic wave filter using the
primary and tertiary modes. Further, optimizing the electrode finger pitches of
the secondary excitation regions of the first, second and third IDT electrodes

20 | reduces the discontinuity, so that all the electrode fingers form the substantially
continuous periodic structure, thus reducing the loss caused by the bulk
radiation resulting from discontinuity of acoustic impedance.

In the above desCription, the same number of electrode fingers is used in
the secondary excitation region.of each of the first, second and third IDT

25 electrodes. However, the number of fingers in the secondary excitation region
may be optimized according to the total number of ﬁngers of each of the IDT

electrodes. In other words, an optimum excitation condition can be obtained by



continuous periodic structure, thus reducing the |oss caused by the bulk
radi ation resulting fromdiscontinuity of acoustic inpedance. In the above
~description, the same nunber of electrodefingers is used in the secondary
excitation region of each of the first, é%ond and third IDT 25

el ectrodes. However, the nunber of fingers in the secondary excitation
regi on may be optim zed according to the total nunber of fingers of each of

the I DT el gGkkRd8s-ditBr BloRehowor ds, an optimum excitation condition can be
obtai ned by 13 IQ%B% ng I}11 %ﬁlf er fromn2. The first excitation region of

the first IDT elpgl &i&‘gﬁeié?a‘iﬁ}ﬂ Aleibh GY&Béggiﬁsﬁllj’%‘gi%]c%#d'éqg‘dfe%té&w&lﬁ_%i ¥€
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S
3 1n this case, 0SS reducti 15 cause

di sconti nui th G20 RRicR 6 BAE GshlaRR hRLaREL g AL AGAE Db PihEfer. CAh®
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i nproved as long as the ratio acent electro nger
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characteristics ¢ t al ned en a“signal 1 nput anc

116 and OoujiRtindeOLA HetWel s A0 ED TR QbdL NP PIGE o RRE haPlithed piirdald

i nput from
each of IDT electrodes 103, 104 coupled to the unbalanced port such that

ANM2>L1=L2=L3<L4 in Fig. 2B. Although the increase in 14 results in the slight
decrease in each of electrode finger pitches L1, L2, L3 in this ca-se, loss reduction |

15 caused by the discontinuity can be prevented, and the balancing characteristics

can be improved as long as the ratio between the adjacent electrode finger

pitches of the. IDT electrode ranges from 0.8 to 1.2. An ideal balancing

characteristics can be obtained when a signal input from unbalanced port 116

and output to first terminal 114 of the balanced port and a signal input from

20 unbalanced port 116 and output to second terminal 115 of the balanced port are

of the same amplitude and oppositely phased. The balancing characteristics

practically deviates from an ideal value due to, for example, a parasitic

component between the IDT electrodes. However, the balancing characteristics

can be improved by changing the parasitic component between the IDT

25  electrodes through adjustment of the electrode finger pitches.
The present embodiment has referred to the electrode finger pitch only.

In addition to the electrode finger pitch, a metallization ratio (the ratio of an



20 ‘unbal anced port 116 and output to second terminal 115 of the bal anced
port are of the sane anplitude and oppositely phased. The bal anci ng

~ characteristics practically deviates froman ideal value due to, for
exanpl e, a parasitic conponent between lfe | DT el ectrodes. However, the
bal anci ng characteristics can be inproved by changing the parasitic
conponent between the IDIT 25 el ectrodes through adjustnent of the

ot Lhten S I R R B W e A .
oLl o 51 (0 e Gl Sahodl S SCLAEE, LLBBSS, S0 80415
e 1 9 ELBEERGP b0 B BRRRRHBo Bl BBk 9 S bbbt SR | o
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bring the ectrode, fi nger width of the. secondary excitation regions,close
Do e BF cdTBoheher Thanr it ot Petn e RREPS Erins D8 Mo fhdrng het e
| ectrode finger, pitch t nmetallization ratio.th t aken, i nf o, account
For St eauceaiateshngat wilth 4fiBel Beandad ittt ekions tags o o Rlshae oo
the electrqde finger pitches of the surface aco Lc.wave filter are set
LoC et ve. Singep by ob i PrRtr S Bitati Tresenn, WHICH dactroft Soest phch
advant ages can_.be obtai ned even en the input/outpyt direction is. .
feversed. fh ﬂwe@@?%ﬁaﬁﬁsaiwim %s takan, itgaeguph dor, spdiced Diepptinuity,
unbal anced g rts. However, gpﬁ orts nmay both be unbal anced or bal anced.
The sim | ath %§S§89§WH§88§“% Bgnobtained even when the input/out put

o ectLg 1 e e A 00 BBl S R Sl bR old B
]E Ih |e't 2: eﬁgin ;[%(Ia %\éf gék%wpgec Z)gpljoid?cats.r%r(]:tur%f o}: rt]ﬁ‘e F%)rrgsseen tirlvre]a\lll ircl)gli, ?ﬂe ts(l)m ar
advantages can be obtained even when the input/output direction is reversed.
The present embodiment has referred to the balanced and unbalanced
ports. However, the ports may both be unbalanced or balanced. The similar
15 advantages can be obtained even when the input/output direction is reversed as
long as the electrode finger pitches of the surface acoustic wave filter are set to
define the periodic structure of the preéent invention.
The application of the present invention to a filter using a leaky surface
acoustic wave can enhance the effect of reducing the bulk radiation loss. With
20 the leaky surface acoustic wave, the proportion of the bulk radiation loss
generally increases in wave mode conversion due to the presence of
discontinuity, so that the filter is likely to have increased loss as a whole.
However, the application of the present invention can reduce the bulk radiation
loss. |
25
SECOND EXEMPLARY EMBODIMENT

Fig. 7A schematically illustrates a surface acoustic wave filter in



acoustic wave can enhance the effect of reducing the bulk radiation |oss.

- Wth 20 the |l eaky surface acoustic wave, the proportion of the bul k

radi ation | oss generally increases in wave node conversion due to the
presence of discontinuity, so that the }®Iter is likely to have increased
" loss as a whole. However, the application of the present invention can
reduce the bulk radiation [loss. 25 SECOND EXENPLARY ENBCDINENT Fig. 7A

schemati cal | | ustr.at a surface gcoustic . ,wave filter accordance
with the sé’&ﬁ?rdia@mﬁ?}a?@e oo aempIor erbopHBEHL | ﬁhmﬁf?rbtrfnvreﬂ i8Ry, 7A,

a pattern of in g el ectrodes each.constructe el ect,r ode
fingers is for Igﬁ Jﬁﬁ&e%BéFt@EPro H‘@ﬁ‘g‘ﬁtﬁlﬁg gr@ilesm ggcgﬁ&pgegposed
acoustic vva e is, excited. The, sur f.ace acoustlc Ve | t forned S a
oot udi nsr s, Bree gﬁpgom?%@c PHGPIREOAIPTIEY SURSEHE 3% vherehy| ppurtace

el ectrodes 702, .703, 704 and, first, second, third and fourth reflector

el ect r odes 2FguStigyave 3pgxc on piezoelectric substrate 701. The second

{ :”?if" r”‘g’fnf et or ‘Pikceti §€rte£%a;s tewgre @ég?o%%?%%ﬁﬂqwetuoﬁnaﬁdégﬁﬁiﬁ' S
702,..70 d

Eegﬁééﬁd?.segsugaagflﬁé‘t?aeéoe?twiiﬁvﬂdéﬂ ofs5isopis 102 QQ,S?JLQ '@ﬁﬁgg?' <kone.

oi  ohes. and VALt soiror deetraed 1 SlgR: 46 ‘é@fﬁ%h RlRGE SyRpAte

Third and fourth reflector electrodes 705, 706 of .the present enbodi nent
are simlar’dn structure to respective refl ector el ectrodes 105, 106 of
the f1 st embodigent;, | hat MRG0 SRS iSIiASe R5RYS hoa ™S ThIGST
10 embodiment in that first reflector electrode 707 is disposed between first and
second IDT electrodes 702, 703 and that second reflector electrode 708 is
disposed between first and third IDT electrodes 702, 704. This arrangement
can reduce discontinuity of a periodic structure defined by electrode ﬁnger
pitches and can hence reduce loss of the surface acoustic wave filter. Third and
15 fourth reflector electrodes 705, 706 of the present embodiment are similar in
structure to respective reflector electrodes 105, 106 of the first embodiment.

In the above-mentioned surface acoustic wave filter, the upper electrode
fingers of first IDT electrode 702 are coupled to first terminal 709 of a balanced
port, while the lower electrode fingers of this IDT electrode 702 are coupled to -

20 second terminal 710 of the balanced port. The upper electrode fingers of second
IDT electrode 703 are coupled to unbalanced port 711, while the lower electrode
fingers thereof are grounded. Similarly, the upper electrode fingers of the third
IDT electrode are coupled to unbalanced port 711, while the lower electrode
fingers thereof are grounded. This surface acoustic wave filter thus includes

25  the unbalanced and balanced ports.

Throughout IDT electrodee 702, 703, 704 , the electrode finger pitch 1s set

at M2. A spacing between an excitation center of first IDT electrode 702 and an



fingers of first IDT electrode 702 are coupled to first termnal 709 of a
bal anced port, while the |ower electrode fingers of this |DT el ectrode 702
are coupled to 20 second term nal 710 of_the bal anced port. The upper

el ectrode fingers of second |IDT electr 703 are coupled to unbal anced
port 711, while the |ower electrode fingers thereof are grounded.
Simlarly, the upper electrode fingers of the third |DT electrode are

coupl ed t 0 UAPALANGER P Leddr T ISt Ofe HOYSS dBLBELd BY im0 orh tReeOf

are groundgﬁf 'S sur ace acoustil ¢ wav e us 1 n
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el ectrode er pltc FelSet i'ng between an excitation
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| DT el ectr evi ate y “anoun ) rom perrodic stru

Simlarly, f [
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t t XIZR i
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Fespect | veriger Selte 1 1 eacﬁlsz%ﬁ Bt oBR Wnors0t hHALHEAIY hilrs
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secon re ctrodes are arrange

T 78'; 15 r{t@ﬁ?fﬁﬁf %ﬁé{tﬁ%m?%sﬁtes%%ﬁ%%t ORE LA slactpece
flnger fkmg%ﬁeggag é@kﬁgepdggw%hese_reflecyor el ectrodes 707, 708.
v 16 of

15 The efo € ra ectrode finger pitch of each of |1DT

el ectrodes 702, 1 égge%‘é'$ér‘;78}§é %?ec?l'o(?fét ﬁﬂg&sfd%%h & fift Ha §26RAYeflector

reflector electro
electrodes 707, 708 are arranged at equal pitches, every electrode finger pitch of

these reflector electrodes 707, 708 is {(Nr+1)A/2+A/4}/(Nr+1) because there exist
(Nr+1) finger-to-finger spacings in each of these reflector electrodes 707, 708.
15 Therefore, the ratio of the electrode finger pitch of each of IDT electrodes 702,
703, 704 to the electrode finger pitch of each of reflector electrodes 707, 708 1s 1-
1/{2(Nr+1)}. With reflector electrodes 707, 708 each hlaving four or more
electrode fingers, every electrode finger pitch of reflector electrodes 707, 708 is
0.9M/2 or more, and the discontinuity can be limited to within 10%. |
20 In cases where the deviating amount is +A/4, the ratio of the electrode
finger pitch of each of IDT electrodes 702, 703, 704 to the electrode finger pitch
of each of reflector electrodes 707, 708 is 1+1/{2(Nr+1)};. With reflector
electrodes 707, 708 each having four or more electrode fingers, every electrode
finger pitch of reflector electrodes 707, 708 is 1.2M2 or less, and the
25  discontinuity can be limited to within 10%.
In the present embodiment, the electrode fingers of first and second

reflector electrodes 707, 708 are arranged at equal pitches. However, those



1/{2(Nr+1)}. Wth reflector electrodes 707, 708 each having four or nore

el ectrode fingers, every electrode finger pitch of reflector electrodes
707, 708 is 0.9X/2 or nore, and the discontinuity can be limted to within
10% 20 In cases where the deviating amodiht is +XJ4, the ratio of the

el ectrode finger pitch of each of IDT el ectrodes 702, 703, 704 to the

el ectrode finger. pitch of each of reflector el ectrodes 707, 708 is

1+1/{2(Nr+1)}. ‘Wth refl ect | ect i Q7. 708 h_havi f .
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Second IDT electrode 703 is divided into two regions including first excitation.
region 724 and second excitation region 725. Second excitation region 725 of
second IDT electrode 703 is located close to first IDT electrode 702. Third IDT

15 electr_ode 704 is divided into two regions including first excitation region 726 and
second excitation region 727. Second excitation region 727 of third IDT
electrode 704 is located close to first IDT electrode 702.

Throughout first excitation regions 721, 724, 726 of IDT electrodes 702,
703, 704, a spacing (electrode finger pitch) between respective centers of the

20 adjacent electrode fingers is set at A/2, where A is the wavelength of the surface
acoustic wave to be excited.

A spacing between an excitation center of first excitation region 721 of
first IDT electrode 702 and an excitation center of first excitation region 724 of
second IDT electrode 703 is deviated by a certain amount from the A/2 periodic

25  structure. Similarly, a spacing between the excitation center of first excitation
region 721 of first IDT electrode 702 and an excitaﬁon center of first excitation

region 726 of third IDT electrode 704 is deviated by the certain amount from the



second excitation region 727. Second excitation region 727 of third IDT

el ectrode 704 is located close to first IDT electrode 702. Throughout first
excitation regions 721, 724, 726 of IDT electrodes 702, 703, 704, a
spacing (el ectrode finger pitch) bet weenl espective centers of the 20

adj acent electrode fingers is set at X/2, where X is the wavel ength of the
surface acoustic wave to be excited. A spacing between an excitation
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certain arm nt fromthe 18 ?J2 periodic structure. In ot her words,
opti m zi ng20Kan g(?étrode flnger pitches of first and second reflector
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embodiment, the ratio between the adjacent electrode finger pitches ranges from
0.8 to 1.2 in consideration of an advantage obtained by improving balancing
characteristics, loss reduction caused by the discontinuity can be prevented, and
the balancing characteristics can be improved.

15 The first IDT electrode is deviated by -A/4 or +M4 from the second and
third IDT electrodes. However, thé deviating amount is not limited to these
values. The deviating amount is one of pafameters determining a passband of
the filter and is therefore optimized in accordance with the desired filter
characteristics.

20 The present embodiment has referred to the electrode finger pitch only.

As in the first embodiment, in addition to the electrode finger pitch, a
metallization ratio of the electrode ﬁnger can be changed, too.
The present embodiment has referred to the balanced and unbalanced
ports. However, the ports may both be unbalanced or balanced.
| 25 As long as the electrode finger pitches of the surface acoustic wave filter
are set to define the periodic structure of the present invention, the similar

advantages can be obtained even when an input/output direction is reversed.



15 The first IDT electrode is deviated by -AJ4 or +X14 fromthe second and
third I DT el ectrodes. However, the deviating anount is not limted to these
_ values. The deviating anobunt is one of paranmeters determ ning a passband of
the filter and is therefore optim zed i t%ccordance with the desired filter
characteristics. 20 The present enbodi nent has referred to the el ectrode
finger pitch only. As in the first enbodinment, in addition to the

el ectrode fingef, pitch, a | 1ization ratio of el ectr L can
be changed, too &Wh@‘g?@g@&n‘%@ﬁ&ﬁeﬁﬁﬁ mﬁ@gt“lo@f %3 ﬁfeetr ouﬁlﬂ% agl(aa?ig% cég'lgﬁ{acﬁ d
unbal anced ports. However, the port.s ot.h beunbal ancgd or bal anced.
25 As | ong25ustieVare CRr abaprs, ere‘g?ﬁtﬁ%%g%?ng%@ugﬂ?&gglg ngg%SUSti c wave
filter are set to define the periodic structure of the present invention,
the simlar advantages can be obtained even when an input/output direction
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first and second reflector electrodes 804, 805 on piezoelectric substrate 801.

The third embodiment of this invention differs from the first embodiment

in that the surface acoustic wave filter has the two IDT electrodes. This can
reduce discontinuity of a periodic structure defined by electrode finger pitches,
15 and can hence reduce loss of the surface acoustic wave filter.

In the above-mentioned surface acoustic wave filter, the upper electrode
ﬁngefs of first IDT electrode 802 are coupled to unbalanced port 810, while the
lower electrode fingers of this IDT electrode 802 are grounded. The upper
electrode fingers of second IDT electrode 803 are coupled to unbalanced port 811,

20 while the lower electrode fingers thereof are grounded. Similarly, the upper
electrode fingers of a third IDT electrode (not shown) are coupled to unbalanced
port 811, while the Jower electrode fingers thereof are grounded. This surface
acoustic wave filter thus includes the ports both unbalanced.

First IDT electrode 802 is divided into two regions including first

25 excitation region 806 and second excitation region 807. ~ Second excitation
region 807 of this IDT electrode 802 is located adjacent to second IDT electrode

803.



15 and can hence reduce | oss of the surface acoustic wave filter. In the
above- nenti oned surface acoustic wave filter, the upper electrode fingers
~of first IDT electrode 802 are coupled to unbal anced port 810, while the

| ower el ectrode fingers of this IDT el ec€Pode 802 are grounded. The upper
el ectrode fingers of second IDT el ectrode 803 are coupl ed to unbal anced
port 811, 20 while the |lower electrode fingers thereof are grounded.
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| ocat ed adj nt to second IDT electrode 803. 20 Simlarly, second |IDT
el ectrode ‘is divided into two regions including first excitation region
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electrode finger pitch of second excitation region 807 so that the ratio between
these electrode finger pitches ranges from 0.9 to 1.2.
In second IDT electrode 803, the electrode finger pitch of first excitaﬁon
- region 808 differs from each electrode finger pitch of second excitation region
15 809 so that the ratio between these electrode ﬁngér pitches ranges ﬁom 0.9 to
1.2. In other words, all the electrode finger pitches of the surface acoustic wave
filter range from 0.9M/2 to 1.20/2 to define a substantiaﬂy periodic structure.
A description is now provided of a case where second excitation regions
807, 809 of IDT electrodes 802, 803 have nl electrode fingers and n2 electrode _
20 fingers, respectively. When deviating amount o=-A/4, the distance between
centers of the respective fingers nearest to each other in first excitation regions
806, 808 of first and second IDT electrodes 802, 803 1s {(nl+ﬁ2+1)k/2-)d4}. In
cases where the electrode fingers of second excitation regions 807, 809 of IDT
electrodes 802, 803 are arranged at equal pitches, there exist (n1+n2+1) finger-
25  to-finger spacings in these regions 807, 809, so that every electrode finger pitch

of these regions 807, 809 is {(n1+n2+1)A/2+M4}/(n1+n2+1). Therefore, the ratio

of the electrode finger pitch of first excitation region 806 to the electrode finger



region 808 differs fromeach el ectrode finger pitch of second excitation
region 15 809 so that. the ratio between these el ectrode finger pitches
~ranges from0.9 to 1.2. In other words, all the electrode finger pitches of
the surface acoustic wave .filter range2¥rom 0.9X12 to 1.2X12 to define a
substantially periodic structure. A description is now provided of a case
where second excitation regions 807, 809 of IDT el ectrodes 802, 803 have

nl el ectrode fingers and n2 .el ectrod 2 i S, , respecsivel y. e
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el ectrode A{RGEFH of these regions 807, 809 is
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fingers in second 0exci tation regions 807, 809 of IDT electrodes 802, 803
bei ng f our wabhagpllge. every electrode finger pitch of these regions 807, 809
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707, 708 I%ng%;- 1}/)i (?l'gnéf+2§-c|—ﬁ') %f third and fourth reflector electrodes 707, 708 1is

1+1/{2(n1+n2+1)}.

With the sum (n1+n2) of electrode fingers in second excitation regions 807,

809 of IDT electrodes 802, 803 being four or more, every electrode finger pitch of
15 these regions 807, 809 is 1.2M/2 or less, and the discontinuity can be limited to
within 10%.

In the present emb.odjment, the electrode fingers of second excitation
regions 807, 809 of first and second IDT electrodes 802, 803 are arranged at
equal pitches. However, those electrode fingers may be arranged at pitches

20 varying stepwise such as noted in the first embodiment, or second excitation
regions 807, 809 may each include two or more different kinds of electrode finger
pitches different from the /2 pitches.

The first excitation region of the first IDT electrode is deviated by -A/4 or
+)\/4 from the first excitation region of each of the second and third IDT

25 electrodes. However, the deviating amount is not limited to these values. The
deviating amount is one of parameters determining a passband of the filter and

is therefore optimized in accordance with desired filter characteristics.



Wth the sum (nl +n2) of electrode fingers in second excitation regions 807,
809 of |IDT el ectrodes- 802, 803 being four or nore, every el ectrode finger
_pitch of 15 these regions 807, 809 is 1.2X/ 2 or |less, and the

di scontinuity can be linmited to wthin 39% In the present enbodiment, the
el ectrode fingers of second excitation regions 807, 809 of first and
second | DT el ectrodes 802, 803 are arranged at equal pitches. However,
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18 acoustic wave tan enhance the effect of reducing b radiation loss.

FOURTH EXEMPLARY EMBODIMENT
Fig. 9 schematically illustrates a surface acoustic wave filter in
accordance with the fourth exemplary embodiment.

15 InFig. 9, a pattern of interdigital electrodes each constructed of opposed
electrode ﬁngers 1s formed on piezoelectric substrate 901, whereby a surface
acoustic wave can be excited. The surface acoustic wave filter formed is a
longitudinal mode type including first and second IDT electrodes 902, 903 and
ﬁrst, second and third reﬂectbr electrodes 904, 905, 906 on piezoelectric

20  substrate 901.

The fourth embodiment differs from the third embodiment in that third .
reflector electrode 906 is disposed between first and second IDT electrodes 902,
903. This can reduce discontinuity of a periodic structure defined by electrode
finger pitches and can hence reduce loss of the surface acoustic wave filter.

25 In the above-mentioned surface acoustic wave filter, the upper electrode
fingers of first IDT electrode 902 are coupled to unbalanced port 907, while the

lower electrode fingers of this IDT electrode 902 are grounded. The upper



Fig. 9 schematically illustrates a surface acoustic wave filter in
accordance with the fourth exenplary enbodinent. 15 In Fig. 9, a pattern of
_interdigital electrodes each constructed of opposed electrode fingers is
formed on piezoelectric substrate 901, mﬁéreby a surface acoustic wave can
be excited. The surface acoustic wave filter formed is a |ongitudinal node
type including first and second I DT el ectrodes 902, 903 and first, second
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el ectrode QC%ESSeéa wheft thE giee%tr%%e fingers of third reflector electrode 906 are arranged at
equa] pitches, there exist (Nr+1) finger-to-finger -spacings in this reflector
- electrode 906, so that every electrode finger pitch of this reflector electrode 906
is {(Nr+1)A/2+\/4}/(Nr+1).
15 Therefore, the ratio of the electrode finger pitch of each -of IDT eléétrodes
902, 903 to the electrode finger pitch of third reflector electrode 906 is 1-
1/{2(Nr+1)}. With third reflector electrode 906 having four or more electrode
fingers, every electrode finger pitch of this reflector electrode 906 is 0.9A/2 or
more, and the discontinuity can be himited to within 10%.
20 In cases where the deviating amount is +M\/4, the ratio of the electrode
finger pitch of each of IDT électrodes 902, 903 to the electrode finger pitch of
third reflector electrode 906 is 1+1/{2(Nr_+1)}. With reflector electrode 906
having four or more electrode fingers, every electrode finger pitch of this
reflector electrode 906 1s 1.2A/2 or less, and the discontinuity can be limited to-
25  within 10%.
In the present embodiment, the electrode fingers of third reflector

electrode 906 are arranged at equal pitches. However, those electrode fingers



equal pitches, there exist (Nr+1) finger-to-finger spacings in this
reflector electrode 906, so that every electrode finger pitch of this
~reflector electrode 906 is {(Nr+l)X12+X14)/(Nr+1). 15 Therefore, the ratio
of the electrode finger pitch of each of 2ADT el ectrodes 902, 903 to the
el ectrode finger pitch of third reflector electrode 906 is 1- 1/{2(Nr+l)}.
Wth third reflector el ectrode 906 having four or nore el ectrode fingers,
every el ectrode, finger pitch of ,this reflector .electyode 906, s 0,9X}32 or
nore, and tIH@ydP‘éc%%fr‘Pﬁgﬁi&pcpéI‘Fh% VARIPE oSBT tﬁuﬁflla%n%dl B A€ Ther e
t he deviatiqg qgg$nt is +X14, the ratio of the electrode finger pitch of
each of | DPBPRUMSHes 002, 903 to the el ectrode finger pitch of third
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el ectrode finpger pitches of..the.regions adjacent to this reflector
el ectrode a‘@ﬂgle ‘*ﬁ%‘fi@t ¢ £BPHar ?ﬂ%algtlaﬁ?'ar advantages. 10 The first 1DT

el ectr ci%e s de\‘i‘}%at %gsthDT)glgctggde+}s‘] é‘leifira%gﬁ tbg}e)\ﬁf 34 Urq\/él B‘-Bm the second IDT

electrode. However, the deviating amount is not limited to these values. The

deviating amount is one of parameters determining a passband of the filter and
is therefore optimized in accordance with desired filter characteristics.

The present embodiment has referred to the electrode finger pitch only.

15 As in the first embodiment, in addition to the electrode finger pitch, a
metallization ratio of the electrode finger can be changed, too.

The present embodiment has referred to the ports both unbalanced.
However, the ports may not necessarily be unbalanced.

The application of the present invention to é filter using a leaky surface

20 acoustic wave can enhance the effect of reducing bulk radiation loss.

Further, as long as the electrode finger pitches of the surface acoustic
wave filter are set to define the periodic structure of the present invention, the
similar advantages can be obtained even when an input/output direction is
reversed.

25
FIFTH EXEMPLARY EMBODIMENT

Fig. 10 schematically illustrates a surface acoustic wave filter in



el ectrode. However, the deviating amount is not limted to these val ues.
The deviating anount is one of paraneters determning a passband of the
~filter and is therefore optimzed in accordance with desired filter
characteristics. The present enbodi nent Bas referred to the el ectrode
finger pitch only. 15 As in the first enbodinent, in addition to the

el ectrode finger pitch, a netallization ratio of the electrode finger can
be changed, too "The pL ge enbodi rent has referred to the ports both
unbal anced. accpEdaResrwithibe Sifth exemplaryie §§%¥ily be unbal anced. The
application of the present invention using a | eaky rface , 20
acoustic wave caﬁ’l E%&ﬁc% patieraof é‘éﬁeré%g"faé@ ’Fﬂjleﬁﬁﬁgh camstaustsA OILfJGBBOSGd
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invention, the simlar advanta o bt ai ned even when an
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schenatlcally illustrates a_surface acoustic wave filter in_ 25 _accordance
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el ectrodes each construct ed opposed electrode fingers is formed on
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excited. The surface acoustic wave filter forned is a 5 longitudinally
coupl ed typtQ7dO08ionpiezqedectrigsubstrate BPOY fourth and fifth I DT

el ectrodes 1002, %Bg 1004, 1005, 1006 and first and second refl ector
el ectrodes 1007n thsoabeye- wie@?eéﬁé@wfasesafsgﬁ%ﬂ@vm‘@ier the tupper electrode

of firot, HRarR oot fpurth sd St | DTcrlectroies 100be0000380R & coupledddt o

10 unbalanced port 1009, while the lower electrode fingers of these IDT electrodes

1002, 1005, 1006 are grounded. The lower electrode fingers of second and third

IDT electrodes 1003, 1004 are coupled to unbalanced port 1010, while the upper.

electrode fingers thereof are grounded. The surface acoustic wave filter thus

includes five IDT electrodes and the ports both unbalanced.

15 First IDT electrode 1002 is. divided into three regions.including first .

excitation region 1011, second excitation region 1012 and third excitation region

1013. In this IDT electrode 1002, first excitation region 1011 is located
between second and third excitation regions 1012, 1013.

Second IDT electrode 1003 is divided into three regions including first

20 excitation region 1014, second excitation region 1015 and third excitation region

1016. In this IDT electrode 1003, first excitation region 1014 is located
between second and third excitation fegions 1015, 1016.

- Third IDT electrode 1004 is divided into three regions including first

excitation region 1017, second excitation region 1018 and third excitation region

25 -1019. In this IDT electrode 1004, first excitation region 1017 is located
between second and third excitation regions 1018, 1019.

Fourth IDT electrode 1005 is divided into two regions including first



10 unbal anced port 1009, while the |ower electrode fingers of these |IDT

el ectrodes 1002, 1005, 1006 are grounded. The | ower el ectrode fingers of

~second and third |DT electrodes 1003, 1004 are coupled to unbal anced port
1010, while the upper electrode fingers2fhereof are grounded. The surface

acoustic wave filter thus includes five IDT electrodes and the ports both

unbal anced. 15 First IDT electrode 1002 is divided into three regions
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26 excitaty region 1020 and second excitation region 1021. Second
excitationt“ﬁ%gion 1021 of this IDT electrode 1005 is | ocated adjacent to

d IDT I rode, 1003. Fifth |1DT el.ect 06 Js-di.yided int t WO
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fingers is set at A/2, where A is the wavelength of the surface acoustic wave to be

excited.

A spacing between an excitation center of first excitation region 1011 of
first IDT electrode 1002 and an excitation center of first excitation region 1014

15 of second IDT electrode 1003 is deviated by amount o from the A2 periodic
structure. Similarly, a spacing between the excitation center of first excitation
region 1011 of first IDT electrode 1002 and an excitation center of first excitation
region 1017 of third IDT electrode 1004 is deviated by amount a from the \/2
periodic structure.

20 A spacing between the excitation center of ﬁrst excitation region 1014 of
second IDT electrode 1003 and an excitation center of first excitation region
1020 of fourth IDT electrode 1005 is deviated by amount f from the M2 periodic
structure. Similarly, a spacing between the excitation center of first excitation
region 1017 of third IDT electrode 1004 and an excitation center of first

25  excitation region 1022 of fifth IDT electrode 1006 is deviated by amount § from
the A/2 periodic structure.

As noted in the above-described configuration, deviating the first



through fifth I DT el ectrodes 1002, 1003, 1004, 1005, 1006, a spacing (an

10 el ectrode finger pitch) between respective centers of the adjacent
_electrode fingers is set at X/2, where X is the wavel ength of the surface
acoustic wave to be excited. A spacing Bét ween an excitation center of
first excitation region 1011 of first IDT electrode 1002 and an excitation
center of first excitation region 1014 15 of second |IDT el ectrode 1003 is
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characteristics since the deviating amount is one of parameters determining a
passband of the filter.
In the present embodiment, each area having the electrode finger pitches
different from the A2 pitches may be formed of a reflector electrode or a
15 combination of the reflector electrode and the secondary excitation regions of the
| IDT electrodes, as described in the first and second embodiments.
The present embodiment has referred to the ports bpth unbalanced.

However, at least one of the ports may be balanced.

20 SIXTH EXEMPLARY EMBODIMENT
Fig. 11 schematically illustrates a surface acoustic wave filter in
accordance with the sixth exemplary embodiment.
In Fig. 11, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is formed on piezoelectric substrate 1101, whereby a surface
25 acoustic wave can be excited. The surface acoustic wave filter formed 1s a
longitudinally coupled type including first, second and third IDT electrodes 1102,

1103, 1104 and first and second reflector electrodes 1105, 1106 on piezoelectric



di scontinuity of acoustic inpedance. The deviating amount of the first
excitation region is set at a or 10 However, the deviating anount is

. optimzed in accordance with desired flg% characteristics since the

devi ating amount is one of paraneters d E%rmnlng a passband of the
filter. In the present enbodi nent, each area having the el ectrode finger
pitches different fromthe ?J2 pitches may be fornmed of a reflector

el ectrode or glgﬁnblnatlon of the reflector electrode and the secondary
excitation‘#@@Fﬁﬁ the |DT electrodes as described in the first and
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el ectrfe giter thus includes the unbalanced and balanced ports.

First IDT electrode 1102 is divided into three regions including first

excitation region 1107, second excitation region 1108 and third excitation region
1109. In this IDT electrode 1102, first excitation region 1107 is located between
second and third excitation regions 1108, 1109.

15 Second IDT electrode 1103 is divided into three regions including ﬁr.st
excitation region 1110, second excitation region 1111 and third excitation region
1112. In this IDT electrode 1103, first excitation region 1110 is located between

-second and third excitation regions 1111, 1112, and second excitation regi.on 1111

is located adjacent to first reflector electrode 1105.

20 Third IDT electrode 1104 is divided into three regions including first
excitation region 1113, second excitation region 1114 and third excitation region .
1115. 1In this IDT electrode 1104, first excitation region 1113 is located between
second and third excitation regions 1114, 1115, and third excitation region 1115
is located adjacent to second reflector electrode 1106. _ |

25 Throughout first excitation regions 1107, 1110, 1113 of IDT electrodes
1102, 1103, 1104, a spacing (an electrode finger pitch) between respective

centers of the adjacent electrode fingers is set at A/2, where A is the wavelength



fingers of third IDT electrode 1104 are coupled to unbal anced port 1118,
while the Iower electrode fingers thereof are grounded. This surface
acoustic wave 10 filter thus includes the unbal anced and bal anced ports.
First IDT electrode 1102 is divided into2fhree regions including first
excitation region 1107, second excitation region 1108 and third excitation
region 1109. In this IDT el ectrode 1102, first excitation region 1107 is
| ocat ed beggeﬁn §Fcond aqd thir? Bxcit.t'on regions 1108, 1109. 15 Second
| DT el ect r i€ PyBIace ageustfeayn i) Pe fESECY-egi ons i ncl udi ng first
excitation region 1110, .second excitation regio 111 and.third exgjtation
ogion | 1112° 1 i\ ERREE BETRPER Ao B CPNEE Of SRS} EXOTRHOR SGE0R HIOTo0N <

| ocat ed bet wee cond.and third excitation regigns, 1111, .1112, and segcond
excitation ﬁ%@?@ﬁ&%@dq L10%znd ag exgjtabencepterofiupt %cflwet&rblfegé%&ﬁ%fg

1105. 20 Third | ectrode 1104 is divided into three regions, including
first exci*ﬁ??%ﬁhﬁ@ﬁ%ﬁﬁrﬁ%§}%ge’§o gviak ﬁﬁiiaﬁpqlﬁg%ﬁroﬂ%&‘ea & PRPPEIC
excitation region 1%%? hn this. IDJ] el ectrode 1104, first (ta citation.

egi on 11 FFECHRER SR I R PALRE BRHM S the Pt £RIEBAT DR Driations,
roi ector gt b ottt T ertudanbilz 470 3p cawinbian con o5 FSREoHELGHon
1110, 1113 of .1 DT, el egtr.o 1102, 1103 1104, a spacing (an el ectrod
finger pit CREBel bebl Flgggﬁiﬂ‘ slectiods: Eille ﬁrg%‘ﬂeteaﬁﬁéa@émuréq & dF o Moger s
is set at al2, where X is the wavel ength 29 of the surface acoustic wave
to be exci tREFOAC SFUEFWE- bet ieen an excitation center of first excitation
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axci 1 alPon ddfebexeRarion desione bl aATOy bitbed T tFede P 108e df040e
1102 and anI‘}?é( g)i(éi z}tgo%ncecneig;['% ﬁ?‘ét é)i(critsz;[tio%xggtxc?lg il?TO of the second IDT electrode
-1s deviated by a certain amount from é reflection center of first reflector
electrode 1105. Similarly, the excitation center of first excitation region 1113 of
the third IDT electrode 1s deviated by a certain amount from a reflection center
15  of second reflector electrode 1106. The deviating amounts are optimized in
accordance with a passband frequency response.
Here, the distance between the excitation center of first excitation region
1110 of | the second IDT electrode and the reflection center of first reflector
electrode 1105, and the distance between the excitation center of first excitation
20 region 1113. of the third IDT electrode and the reflection center of second
reflector electrode 1106 are optimized by setting electrode finger pitches
different from the M2 pitches throughout second and -third excitation regions
1111, 1115 of second and third IDT electrodes 1103, 1104. This can reduce
discdntinuity and also reduce discontinuity that results when the electrode
25  finger pitches of the reflector electrodes differ from those of first excitation

regions 1107, 1110, 1113 of IDT electrodes 1102, 1103, 1104.

As noted in the above-described configuration, deviating the first



region 1113 of third IDT electrode 1104 is deviated by anount a fromthe
?J2 periodic structure. The reflector el ectrodes have el ectrode finger
pitches different fromthose 10 of first excitation regions 1107, 1110,
1113 of 1DT el ectrodes 1102, 1103, 1104. 30The excitation center of first
excitation region 1110 of the second IDT electrode is deviated by a
certain anount froma reflection center of first reflector electrode 1105.

Simlarly, the excitation t of first. Ci ,Lon.region 1113 of @ the
third | O dPstiabioReresionsof zﬁég{rﬁgf %?ceeataaﬁﬁaﬁéﬁwﬂ%ﬁ?@eﬁm é& Feffan
center 15 of second.reflgector electrode 1106. e, devi ati n moupt s e
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el ectrode 1105, and the djstan bet ween the excitation center of first
excitation gectre gﬁlgﬂmﬁ%ﬁs o he ﬁP@&nP@fﬁ@I B b PERUeT Aty Fegionsal
center qof secopd. reflector gl de 1106 are optim zed by settin
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and third excitation regions, 1111, 1115, second and third. 1DT

el ect rodes gl,ectlr?aa. ngers form 2 sybetantiplle sontinpeys Pargdyy) dxuctigecthus
di scontinuity that results n the electrode 25 finger pitches qf the,
reflector eleducmglossgapped %‘&mtmw resyiting @H%ﬁp@wmw&g iogﬁgoqsm,
1110, 1113,pf IPT el ectrodes 1102, 1103, 1104. As noted in the

above- descr %Afi guration, deviating the first 30 excitation regions

of the first, segond,and third |IDT .el egtrodes by the certajn .anoynt
affords characte b%tdeégrlpgapegeﬁtrafwsﬁo?o the vahalapeel pnd balanced, parts

acousti e filt usi n r,mary an ertiary nodes. Further, optim zing
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IDT electrodes and the reflector electrodes have the electrode finger pitchés.
different from the A/2 pitches. However, the electrode finger pitches of reflector
electrodes 1105, 1106 and the regions of the IDT electrodes that are adjacent to

15 respective reflector electrodes 1105, 1106 may be the only finger pitches.
different from the M2 pitches.

The present embodiment may be applied to not only the filter including
the three IDT electrodes but also filters including those, such as described in the
third, fourth and fifth embodiments, which include two IDT e]eétrodes' and five

20 IDT electrodes, respectively and a filter having IDT electrodes to the number
other than two, three and five. With such an IDT electrode structure also, by
optimizing.electrode finger pitches to reduce discontinuity of the propagation
path, the similar advantages can be obtained.

In each of the foregoing embodiments, some 6f the electrode finger pitches

25  of the IDT electrode or the electrode finger pitches of the reflector electrode are
set different from the A/2 pitches for reduced discontinuity. However, both the

reflector electrode and the IDT electrode may include the electrode finger



the el ectrode fingers forma substantially continuous periodic structure,
thus reducing |oss caused by bul k radiation resulting fromdiscontinuity

. of acoustic inpedance. The description has referred to the unbal anced and
bal anced ports. 10 However, the ports n%§ bot h be unbal anced. In the
present enbodi nent, all of the secondary excitation regions of the |1DT

el ectrodes and the reflector el ectrodes have the el ectrode finger pitches
different fromt Al 2 pitches ver, the electrode f.inger pitches of
refl ector p@F@%fB@ﬁ??“i ,tﬁiééfgﬁﬁh?%@rFﬁ V%ﬁg&ﬁg)qHEnPbT el ectrodes t hat
are adjacent to 15 respective reflector electrodes 1105, 1106 may be the
only finger pitches different fromthe al2 pitches. The present enbodi nent
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apparatus can be improved.



havi ng .al 2 el ectrode finger pitches of at |east one IDT electrode is phase-

shifted fromthat of other IDT electrode by a certain anpunt in accordance

. with a desired passband frequency respongg, and as a result realizes a | ow
| oss surface acoustic wave filter. By adépting this surface acoustic wave

filter, a 10 sensitivity of a high-frequency apparatus such as a nobile

comuni cation apparatus can be inproved. 32 CLAINB 1. A Iongltudlnally

coupl ed surface acoustic wave filter §9ﬂ$4§% a piezoelectric

substrate; and 5 a plurality of interdigl transducer el ectrodes (IDT

el ectrodes) and a plurality of reflector electrodes disposed on the

pi ezoel ectric substrate wherein each of the IDT electrodes is an

i digital el 24 | f | de f
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close relation a on%p &ggpegﬁgatﬁ%%qr%treggﬁ%on of a surface acoustic wave

wherein the IDT ele ry excrtatlon reglon havi ng X/ 2
el ectrode finger pitc , r t|c
wive. whor ef not he ot PREHE R i i dige 5?%# ?e‘r%oat%ﬁmi Aty B
el ectrodes is ifted fir xci.tatio f anot her
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frequency response,,and mherel a.second
region using at |eatPe {GHB ¥ 9 gl t ‘f&jciié ejﬁ%} PHE r‘%f?lecltlg gagt ge&tmﬁgvi ng
el ectrode f.i ifferent, fr the AJ2 pitches between one of
ot her |1DT etpg%dﬁ%%g pj OQPQPP%M{%IFC%PQ%FP%%S in the primary excitation
region at a side nev)she}e(inttﬂe Ibq:r electrodes and the reflector electrodes are arranged

10 1in close relation along a propagation direction of a surface acoustic wave,

wherein the IDT electrode includes a primary excitation region

having M2 electrode finger pitches, where A is a wavelength of the surface

acoustic wave,
wherein the primary excitation region of at least one of the IDT
15 electrodes i1s phase-shifted from the primary excitation region of another IDT
electrode by a certain amount in accordance with a desired passband frequency
response, and
wherein the filter has a secondary excitation region using at least the
IDT electrode and the reflector electrode having electrode finger pitches
20 different from the M2 pitches between one of ot}ter IDT electrode and the
reflector electrode in the primary excitation region at a side next to the IDT
electrode.
2. The surface acoustic wave filter according to claim 1, wherein all of the
electrode finger pitches of the surface acoustic wave filter fall within a range of
25 0.8W2to 1.20/2.
3. The surface acoustic wave filter according to claim 1, wheremn the

surface acoustic wave is a leaky surface acoustic wave.



el ectrode. 2. The surface acoustic wave filter according to claim1,
wherein all of the electrode finger pitches of the surface acoustic wave
filter fall within a range of 25 0.8x/2 to 1.2XJ2. 3. The surface acoustic
wave filter according to claiml, wher ei B3t he surface acoustic wave'is a

| eaky surface acoustic wave. 33 4. The surface acoustic wave filter
according to claim1, mherein the 1 DT el ectrode adjacent to an out er nost
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mhereln t he rality of I DT electrodes includes a first IDT el ectrode and
secoéd ﬂﬁ&ﬁégectrode adj acent to the first IEW el ectrode, the reflector
?E?CZ{ ect ode artt TSaREHE HoRruE e Rl 165 Tg R 1uvPREiBbcond |1 DT
econd 10T QFeE? ;s T, B sm‘ﬁ?é%‘st e adiaR °”3?’ﬁcfé$att€%er FhEse. Paging
the i st A ReRERBE i heeaBrgRal FrmlBRa 2 ah R Wi et v M %
at least one of the reflector electrodes has electrode finger pitches
10 different from the M2 pitches.
6. The surface acoustic wave filter according to claim 1, wherein:
the plurality of IDT electrodes includes a first IDT electrode and a
second IDT electrode adjacent to the first IDT eleétrode,
the reflector electrodes include a first reflector electrode adjacent to
15  the first IDT electrode and a second reflector electrode adjacent to the second
IDT electrode,
the respective primary excitation regions of the first and second IDT
electrodes are phase-shifted from each other by the certain amount in
accordance with the desired passband frequency response, and
20 the first and second IDT electrodes include, on the respective
adjacent sides of the first and second IDT electrodes, the respective secondary
excitation regions each having the electrode finger pitches different from the A/2
pitches.
7. The surface acoustic wave filter according to claim 6, wherein the
25  electrode finger pitches of at least one of the secondary excitation regions of the

IDT electrode include two or more different kinds of electrode finger pitches.

8. The surface acoustic wave filter according to claim 6, wherein the



adj acent sides of the first and second |IDT el ectrodes, the respective
secondary excitation regions each having the el ectrode finger pitches
different fromthe X12 pitches. 7. The rface acoustic wave filter
according to claim®6, wherein the 25 elégtrode finger pitches of at |east
one of the secondary excitation regions of the |IDT electrode include two
or nore different kinds of electrode finger pitches 8. The surface

f rdi I d
pitohes of ¢ %t{oﬁsﬁn%%éﬁ% He Adefrrc e Rt SRR S o
The surface acoustic wave filter according to

L AR il o i o o e

anot her gnd inc east §Pg%\2f %couf% “fﬁveg? Fa cecoé 5’55% av]\%lve Oﬂﬂ%re%n the
2000 19 L o o R e SR RO il L O
ol ectrofe A0Tyerete ARESELE s uRer ﬁaﬁ.laweea%%‘%‘e%e%% "2t east ELe of
:Pltl DTd'f;gﬂﬁs B Pt dis rie 5'%37 Ui P Tl Iﬁﬂi%%rew&e
ncl udeq a Hcpette heeriifies o SRIEHG onba? it Sh@ndly Bl o Bribagirdal
adj acent t%ﬂtgferespectlve sides of the first IDT electrode, the plurality

of refl ect ctrodes includes a first and second reflector el ectrodes

di'sposed on resricirctIthe O%lce a%bl(xjs Stic Qjavtehﬁltérhfa\ggorl [1)1Tg t§ Ic eﬁtlﬁ ; SFherein the

10 number of electrode fingers of the secondary excitation regions of at least one of
the IDT electrodes accounts for 1/3 or less of the total number of electrode
fingers of the IDT electrode.

12. The surface acoustic wave filter according to claim 1, wherein:
the plurality of IDT electrodes includes a first IDT eiectrode and a

15 second and third IDT electrodes adjacent to the respective sides of the first IDT

electrode,

the plurality of reflector electrodes includes a first and second
reflector electrodes disposed on respective outer sides of the three IDT
electrodes,

20 the primary excitation region of the first IDT electrode is phase-
shifted from the respective primary excitation regions of the second and third
IDT electrodes by the certain amount in accordance with the desired passband
frequency response, and

the IDT electrode includes, on the side thereof adjacent to another

25 IDT electrode, the secondary excitation region having the elecfrode finger

pitches different from the A/2 pitches.

13. The surface acoustic wave filter according to claim 12, wherein the



20 the primary excitation region of the first IDT el ectrode is phase-
shifted fromthe respective primary excitation regions of the second and

. third |IDT electrodes by the certain amount in accordance with the desired

passband frequency response, and the | D¥el ectrode includes, on the side
t hereof adjacent to another 25 IDT el ectrode, the secondary excitation
region having the electrode finger pitches different fromthe ?/2 pitches.
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10 electrode finger pitches of at least one of the secondary excitation regions of each
of the IDT electrodes are all equal.

17. The surface acoustic wave filter according to claim 12, wherein the
number of electrode fingers of the secondary excitation regions of at least one of
the IDT electrodes accounts for 1/3 or less of the total number of electrode

15 fingers of the IDT electrode.
18. The surface acoustic wave filter according to claim 1, wherein:
the IDT electrodes include five IDT electrodes arranged in close
relation,
the primary excitation region of the IDT electrode is phase-shifted by
20 the certain amount in accordance with the desired passband frequeﬁcy response,
and
the IDT electrode includes, on the side thereof adjacent to another
IDT electrode, the secondary excitation region having the electrode finger
pitches different from the A/2 pitches.
25 19. The surface acoustic wave filter according to claim 18, wherein the
electrode finger pitches of at least one of the secondary excitation regions of the

IDT electrode include two or more different kinds of electrode finger pitches.



the primary excitation region of the IDT electrode is phase-shifted by 20
the certain anmount in accordance with the desired passband frequency _
response, ~and the |IDT el ectrode includes, on the side thereof adjacent to
another |IDT el ectrode, the secondary exsPt at i on regi on having the

el ectrode finger pitches different fromthe X/ 2 pitches. 25 19. The
surface acoustic wave filter according to claim 18, wherein the electrode
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excitation i pn f the . IDI electrode vary stepwi se. 21. The surface
acoustic mégzﬁeg$ﬁP@F‘3538V3WW§eto claim 18, wherein the 5 electrode
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10 23. The surface acoustic wave filter according to claim 18, wherein the
number of electrode fingers of the secondary excitation regions of at least one of -
the IDT electrodes accounts for 1/3 or less of the total number of electrode
fingers of the IDT electrode.

24. The surface acoustic wave filter according to claim 1, wherein:

15 the plurality of IDT electrodes includes a first and second IDT

electrodes,

at least one of the reflector electrodes 1s disposed between the first
and second IDT electrodes,

the respective primary excitation regions of the first and sécond IDT

20 electrodes are phase-shifted from each other by the certain amount in

accordance with the desired passband freqﬁency response, and
the reflector elecfrode has electrode finger pitches different from the
M2 pitches.
25. The surface acoustic wave filter according to claim 24, wherein the

25 electrbde finger pitches of the reflector electrode include two or more different

kinds of electrode finger pitches.

26. The surface acoustic wave filter according to claim 24, wherein the



and second | DT el ectrodes, the respective primary excitation regions of the
first and second IDT 20 el ectrodes are phase-shifted from each ot her by
the certai-n amobunt in accordance with the desired passband frequency
response, and the reflector electrode had7el ectrode finger pitches
different fromthe al2 pitches. 25. The surface acoustic wave filter
according to claim?24, wherein the 25 electrode finger pitches of the

reflector electrode inclu t r e different ..kinds of electyrode
fnger bt t EroBs gt wiresdl Serriondbarrid (EDB aRRGUIeT &7 24,
wherein the 37 el ﬁctrode finger pitches of the reflector electrode differ
from one anBfH& &P YIficr ease stepwi se. 27. The surface acoustic wave

filter accordin claiml, wherein: t plural.ity of .1 DI e] ectrodes
el adea oot I o St Sk adbgtie g tlferbttlip e Slaimol SRS of
refl ector el ectrodes ingcludes irst a second reflector . el ectro t he
second | DT el ect rodé‘q glcqrgggx %ﬁnﬁ)’h GZGCHO%?? eigges ﬁ'ﬁ& facprd th‘%cfi@g‘r ode
acr oss ;éhe first reflector electrode, 10 the third IDT electrode is |ocated

on a seCondl€ftBRASS the first IDT el ectrode across the second reflector

el ectrode, ‘the pringr xcitatipn reqion of the first |IDI glectrqde is
phase. shifted frontheh@inEalfacp! velproRaslpctapdss aprlies o Bie and: FeroBdcond
and third IBT el ectrodes by the certain anbunt in accordance with the
desired padEhERi®r e18etFqdeSuency response, and each of the first and second

reflector el .ect ' Odealehggcogld%’f‘Oquct;cl)(ﬂaglesr located on a first side of the first IDT

electrode across the first reflector electrode,
10 the third IDT electrode is located on a second sidé of the first IDT
electrode across the second reflector electrode,
the primary excitation region of the first IDT electrode is phase-
shifted from the respective primary excitation regions of the second and third
IDT electrpdes by the certaih amount in accordance with the desired passband
15 frequency response, and
each of the first and second reflector electrodes has electrode finger
pitches different from the A/2 pitches.

28. The surface acoustic wave filter according to claim 27, wherein the

electrode finger pitches of at least‘one of the first and second reflector electrodes
20 include two or more different kinds of electrode finger pitches.

29. The surface acoustic wave filter according to claim 27, wherein the
electrode finger pitches of at least one of the first and second reflector electrodes
differ from one another and increase stepwise.

30. The surface acoustic wave filter according to claim 1, wherein:

25 .the plurality of IDT electrodes includes at least five IDT electrodes,
the plurahity of reflector electrodes includes at least four reflector

electrodes each disposed between the IDT electrodes,



pitches different fromthe X/ 2 pitches. 28. The surface acoustic wave
filter according to claim27, wherein the electrode finger pitches of at

| east one of the first and second reflector electrodes 20 include two or
nore different kinds of electrode finger3§itches. 29. The surface acoustic
wave filter according to claim 27, wherein the electrode finger pitches of
at |least one of the first and second reflector electrodes differ from one

According to o m e RABHES e SQHoRC Rt ot iy P AR Bhot e
ncl udes ar@adte PeRRRRER et o Poaubrfin 1B Efiiod®y Bl ubE e or
phase. ohi 1 {EROPPbHH Ter okt B e B A Ao e St HEPOREY et r ode
esponse,  and at 1 CHIeAhaTEr Of AP FERTCIR SICCEioEs e e b RaoTa B O hger
Filter BoodPlPHuasom BRMVAETHRE, 6 n the i ectrode finger pitches of the
finger pitches. 2 hegutiafe aiedtic, TR0F i B ping LR " BerePaing so,
e AR PR DAL P B bS5 HeckiBBe il o 6 SOt B o
kinds of electrode finger pitches.
32. The surface acoustic .wave filter according to claim 30, wherein the

10 electrode finger pitches of the reflector electrode differ from one another and

mcrease stepwise.



