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FI ELD The present invention relates to |ongitudinally co8fadmbar2@se
acoustic wave filters each delivering | ow1oss performance. BACKGROUND ART
10 To obtain a desired frequency response, a surface ac ' filter
Is wdely used anong nobil e conmuni cati on appar at uses. The surface
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bal anced i nput/output in recent years for noise reduction, req
the surface acoustic stage to be b BRced
accordingly. 20 A desgﬁ\iﬁ‘%%ﬁﬁ%ﬁs&&w@‘fw&ﬁ@ $i ded of a conventional
| ongitudinally coupled surface acoustic wave filter having a bal anced
i nput/out put port. Fig. 12 illustrates the conventional |ongitudinal node

sur%aciﬁ?ﬁz‘?};ﬁg filter. In Fig. 12, the surface acoustic wave filter

I nc and third 25 interdigital transducer el ectrodes
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wave filters each delivering low-loss performance.

|ng

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 deséription 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 surface acoustic
wave filter.
In Fig. 12, the surfacé acoustic wave filter includes first, second and third
25 interdigital transducer electrodes (hereinafter referred to as IDT electrodes)
1202, 1203, 1204 and first and second reflector electrodes 1205, 1206 on

piezoelectric substrate 1201.



1202, 1203, 1204 and first and second reflector electrodes 1205, 1206 on

pi ezoel ectric substrate 1201. 8 Decenber 2005 2 First | @Detaubaer@fes 1202
has upper el ectrode fingers coupled to first termnal 1207 of the bal anced
port, and |lower electrode fingers coupled to second term nal 1208 of the
bal anced port. Second and third I DT el ectrodes 1203, 1204 each have, on the
same side, 5 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 acoustic
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l'oss which results in increased filter 0ss. Known neasures taken agai nst
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area of the free surface portion of piezoelectric

S unbalanced and balanced ports.

In the above-described surface acoustic wave filter, a difference between

10 resonance frequencies of primary and tertiary modes is used for securing a pass
bandwidth for the filter.  To obtain broadband characteristics, it is known that
a spacing between first IDT electrode 1202 and each of second and third IDT
electrodes 1203, 1204 is 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. Kn(-)wn 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 strﬁcture has a deviating aﬁmunt of -A/4 and as shown in Fig. 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



substrate 1201 is reduced by neans of netal electrodes 1301, 1302 or the
| i ke. Japanese Patent Unexam ned Publication No. HO5- 2639%genibsc@ses a
structure having a ?J4 spacing betmeen centers of the respective adjacent
el ectrode fingers of first and second3I DT el ectrodes 1202, 1203. In ot her
words, 25 this structure has a deviating anmount of -X 4 and as shown in
Fig. 14 I ncl udes part 1401 connecting the respective adjacent el ectrode
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that thi e Csurface acgustic wave fil as the ports both unbal anced.

Hovever o, tge BRNBHAECHPOT ﬁltéi-l Hhs2$hs Nsoves 1BbthT GnbddneénBlovR&ek MRhement ed
because the second and third |IDT el ectrodes are connected with the first

| DT el eghalnfedbyort RalchSad 48bwnl A0 Figr @2 nReinol deyimplentattd Pechlise ahove
cases, the ratio of the spacing between the IDT electrodes to an el ectrode
finger petatd ahdtthérd IDTaledrsdedeatescdhectad @ith, thenfirsthED T péedtoatlecby -
structure is discontinuous. Consequently, filter characteristics degrades
due to,phmﬁ;b«HnﬂH@Z,ﬂwb&ﬁhaﬂWation of a surface acoustic wave. DI SCLOSURE
OF THE I NVENTI ON According to a first aspect of the present invention,

there is provndeathaof thegihoudi gasps.ytheouplie of sthef sracing bgsveen whod DT t er
conprising: a piezoelectric _substrate; and a pIurallt of | nter gltal

-~ transduedsctedes i Gaedlegirosic Snger pygaof the IDT electrode is 150r 0.5, an

periodic structure is discontinuous. Consequently, filter characteristics

degrades due to, for example, bulk radiation of a surface acoustic wave.

DISCLOSURE OF THE INVENTION

According to a first aspect of the present invention, there is provided a
longitudinally coupled surface acoustic wave filter comprising: a piezoelectric
substrate; and a plurality of interdigital transducer electrodes (IDT electrodes)
and a plurality of reflector electrodes disposed on the piezoelectric substrate,
wherein each of the IDT electrodes is an interdigital electrode including a
plurality of opposed electrode fingers, wherein the IDT electrodes and the
reflector electrodes are arranged in close relation along a propagation direction
of a surface acoustic wave, wherein the IDT electrode includes a primary
excitation region having A/2 electrode finger pifches, where X is a wavelength of
the surface acoustic wave, wherein 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 amount in accordance with a desired
passband frequency response, and wherein the IDT electrode includes, on a side -

thereof adjacent to another IDT electrode, a secondary excitation region having



and a plurality of reflector electrodes di sposed on the piezoelectric
substrate, wherein each of the IDT electrodes is an inte8 egimlar 260D®8ct r ode
including a plurality of opposed el ectrode fingers, wherein the IDT '
el ectrodes and the reflector electrodés are arranged in close relation

al ong a propagation direction of a surface acoustic wave, wherein the IDT
el ectrode includes a primary excitation region having A/2 el ectrode finger

bi tches, ubaks1EheeRpHENEl BB indion! [ B4R b dBYS A ERe N The

primary excitation region of at |east one
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by a certain anmount in accordance with a desi pass guency

response, diffegerith €on ntHeh@/4 PhiteesCly Adehosed! lb&%enpﬂl@_ﬁj’ldeeleét?@&%o‘cis
adj acent to another IDT electrode, a secondary excitation region having 8

Decenber 3@dldishédeThetsuothee ficogsic wave fidter dhiis @ignhate aPpropseMan phiishes,
and a condition that the reflector electrodes having two or nore different
ki nds of ledwang redieeflidagpontipivityleasl hetickflewdoss fitamnthidiacdrtipst ches is

di sposed between the IDT electrodes is established. The surface acoustic
wave filter thus may have a propagation path having reduced discontinuity
and hencelﬁlt %b%fs filter characteristics. BRI EF DESCRI PTI ON OF THE

DRAW NGS & FCRETIOQN OB TEHE DRAWINGS St i ¢ wave filter in accordance
with a first I‘exegpjtlar errbod{ygent of the pregent invention. Fig. 2Ais an
enl ar ged vi ew 1’1 Gt PEERS 2PederoaRustiigere Blteniyascosdancegwith pifirshes in

secondary _exchtation t.eqgions,when the. devi.ating anount is -X 4, and Fig.
exRmpIyd Fabediprn QL e presgrbinveptighe k

2B is an @nrargedVi '88e fingers arranged at

Fig. 2A is an enlarged view illustrating electrode fingers arranged at
equal pitches in secondary excitation regions when the deviating amount is
-A/4, and Fig. 2B is an enlarged .view illustrating electrode fingers arranged at
pitches varying stepwise in secondary excitation regions when the deviating
amount is -A/4.

Fig. 3A is an enlarged view illustrating electrode fingers arranged at
equal pitches in seéondary excitation regions when the deviating amount is +\/4,
and Fig. 3B is an enlarged view illustrating electrode fingers arranged at pitches
varying stepwise in secondary excitation regions when the deviating amount is
+)\/4. |

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

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

nil=n2=7.



pitches varying stepwi se in secondary excitation regions when the deviating
anount is -X/4. Fig. 3Ais an enlarged view illustrating &Decembete200bnger s
arranged at equal pitches in secondarx excitation regi ons when the

devi ating amount is +X/4, and Fig. 3B*fs an enlarged viewillustrating
~electrode fingers arranged at pitches varying stepw se in secondary
excitation regions when the deviating amount is +A/4. Fig. 4 illustrates a

f11ter I accordans aninidiGufad shaRRBONIENLe T sl wRLESELABYER! o0

Fig. 5A shows filter characteristics n2=3

char act eringhiweddh@RadtériBicdof ABshvendionaCrikBPws filter characteristics when
nl=n2=7. 8 Decenber 2005 4a Fig. 6 shows neasured characteristics of a

filter when nlER2= dldstraRasareefebai@abas iviveCEltef id SQRBMBR:ORRN §ilter.
Fig. 7Aillustrates a surface acoustic wave filter in accordance wth a

second exexphdeyxemphngi emhodiaferitd the gresintiinventionandR:. FRilldBrates
illustrates another surface acoustic wave filter in accordance with the
second errsdhersurfag Sesetiberavedier ib decordaBcee Witlstheadeesnd esiboflgentacoust i ¢
wave filter in accordance with a third exenplary enbodi ment of the present
invention. Fig. 9 illustrates a surface acoustic wave filter in accordance
with a fourth



exenpl ary enbodi mrent of the present invention. 5 Fig. 10 illustrates a
surface acoustic wave filter in accordance with a fifth &Rsagmbgn2005
enbodi ment of the present invention. Fig. 11 illustrates a surface acoustic
wave filter in accordance with a sixth exenplary enbodi ment of the present
invention. Fig. 12 illustrates a conventional surface acoustic wave filter.
10 Fig. 13 illustrates another convéntional surface acoustic wave filter.
Fig. 14 illustrates still another conventional surface acoustic wave
filter. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON FI RST EXEMPLARY

EMBODI MENT 15 Fig. 1 schematically illustrates a surface .acouysti,c wave
filter in &egct ’g]éﬁﬁfét‘?fﬁ% purfage agopgtic gi’@?rﬁftﬁw" %?FBB‘Eﬂnr‘Fﬁﬁ‘f‘. f“?fﬁ'l’ffig. 1, a
pattern of interdjgjtal electrodes.each.including opposed electrode

fi nger seXeRmPHY) gRboifae dresant IRV at e 101, whereby a surface
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exemplary embodiment of the present invention.
Fig. 12 illustrates a conventional surface acoustic wave filter.
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 elecfrodes each including opposed
electrode fingers is formed on piezoelectric substrate 101, whereby 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 coupl ed to unbal anced port 3Dgcembgr2806he

| ower el ectrode fingers thereof are grounded. This surface acoustic wave
filter thus includes the unbal anced and bal anced ports. 5 First I1DT

el ectrode 102 is divided into three regions including first excitation
region 107, second excitation regiof 108 and third excitation region 109. .
In first IDT electrode 102, first excitation region 107 is |ocated between-
second and third excitation regions 108, 109. Second |IDT el ectrode 103 i-s
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regionsl’glfirst, second and third IDT electrodes 102, 103, 104 are
referred to as secondary excitation regions.

In first IDT electrode 102, first excitation region 107 is located between
second and third excitation regions 108, 109. Second IDT electrode 103 is -
10 divided into two regions including first excitation region 110 and second

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 sécond excitation 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 A2, where A is the waveléngth of the surface acoustic wave to be
excited. The second and third excitation regions in first, second and third IDT
elecfrodes 102, 103, 104 are referred to as secondary excitation regions. -

A spaciﬁg 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 A2 periodic

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



A spaci ng between an excitation center of first excitation region 107 of

25 first IDT electrode 102 and an excitation center of fi¥Becaresr240fon

. region 110 of second IDT electrode 103 is deviated by amount a fromthe
?J2 periodic structure. Simlarly, a spacing between the excitation center
of first excitation 8 Decenber 2005 7 region 107 of first |IDT el ectrode
102 and an excitation center of first excitation region 112 of third IDT
el ectrode 104 is deviated by anobunt a fromthe X/ 2 periodic structure. In
ot her words, the periodic arrangenent of the electrode fingers in 5 primry
excitation region 110 of second |IDT el éctrode 103 is phase- shifted by a
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acoustic wave, which is confined betvieen the reflector el ectrodes, so that

a st an\hgés R \Rindydsistatba depiont N2 bf 6aAEIPT Electrsd®904akHhageghifted

- consequently, a plarality of Fesonance nodes is fornmed. Value a is
‘optin Zed s draan the sawplie dringepidntesfytheneleteodé dingerseiip panmey rexdgstion
t oget her, whereby desired filter characteristics

10 region 107 of first IDT electrode 102.

Second and third excitation regions 108, 109 of first IDT electrode 102,
second excitation region 111 of second IDT electrode 103 and second excitation
region 113 of third IDT electrode 104 each have electrode finger pitches different
from the A/2 pitches. With the structure described above, the IDT electrode

15 converts an electric signal, input from the unbalanced or balanced port, to the
surface acoustic wave, which is confined between the reflector electrodes, so that a |
standing wave is generated on the piezoelectric substrate, and consequently, a
‘plurality of resonance modes is formed. Value o is optimized so as tb couple the
primary and tertiary resonance modes together, whereby desired filter characteristics

20 is obtained.

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 éach illustrating the respective adjacent portions of first
and third IDT electrodes 102, 104 when deviating amount a=-A/4. In each of

25 these cases, third excitation region 109 of first IDT electrode 102 and second
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



20 is obtained. Referring to the acconpanying draw ngs, a description is
provi ded next of respective adjacent portions of first aRBdebmnber 2005

el ectrodes 102, 104. Fig. 2 includes enlarged views each illustrating the
respective adjacent portions of first and third IDT el ectrodes 102, 104
when devi ating amount a=-?J4. |In each of 25 these cases, third excitation
region 109 of first IDT electrode 102 and second excitation region 113 of
third IDT el ectrode 104 each have three el ectrode fingers. In each of these
cases, the distance between centers of the respective 8 Decenber 2005 8
forgers nearest to each other in first excitation regions 107, 112 of the
first and third |IDT electrodes is 78/ 2-X/4. 5 Fig. 2Aillustrates the

el ectrode forgers arranged at equal pitches in excitation regions 109, 113
of first and third IDT electrodes 102, 104. Since there are seven

forger - tfydeps ﬂ@ére%cédeﬁsotﬁé’rr inf faet %k&tzﬁicﬁpferg@&% [OMIErsof gicefinét ahahir@de
forger pitch is (/X/'2-X/4)/7. Therefore, the ratio ‘of the electrode fi nger

pitch ofnjpéléémﬂég{stmz_mmregl on 107 to the electrode finger pitch of third
10 excitation region 109 of first IDT electrode 102 as well as the ratio of

i nBer pi t ohif 2Ae hﬁhtaﬁf{%c- Esf Flsripds: sheeis Al ot B, B 0a " s
bi t ches CSPUOEErekiens, G 10gci Dot Poh AOg: Shed 1&‘?’?"18%5%@“%'8??6 % weon
regi ons. 112oHEEo U ra‘b’gei*%o ot ok el"Spa ihes, foF b8 o AEARE” ’efﬁ*é‘* =
dirscont igQuiyt ¥lectd8e MRddrCaidtPls QTAIR/4A e Therefore, the ratio of the electrode
finger pitch of first excitation region 107 to the electrode finger pitch of third
10 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 0.929. Accordingly,

the difference between the respectlve electrode finger pitches of first and third
excitation regions 107, 109 as well as between the respective electrode finger
15 pitches of first and second excitation regions 112, 113 is about 7%. Thus, a
| resulting structure has reduced discontinuity. The application of the same
structure to the respective adjacent portions of first and second IDT electrodes- 102,
103 allows the surface acoustic wave filter to have as a whole a substantially
periodic structure having reduced discontinuity aleng a propagation direction.
20 Fig. 2B illustrates the electrode fingers arranged at pitches varying stepwise in
excitation regions 109, 113 of fist and third IDT electrodes 102, 104.
In this case, ﬂle discontinuity can be reduced by optimizing electrode finger
pitches LI, L2, L3, L4. For example, setting A/2>L1>L2>L3>L4 can reduce the
discontinuity between the adjacent fingers. |
25 If LI=L2=L3=L4 in Fig. 2B, this is similar to the structure illustrated by Fig.
2A.



structure to the respective adj acent portions of first and second | DT

el ectrodes 102, 103 allows the surface acoustic wave fil 8&ecerober2d@5as a
whol e a substantially periodic structure having reduced discontinuity

al ong a propagation direction. 20 Fig. 2B illustrates the el ectrode forgers
arranged at pitches varying stepwise in excitation regions 109, 113 of
first and third IDT el ectrodes 102, 104. In this case, the discontinuity
can be reduced by optim zing el ectrode finger pitches LI, L2, L3, L4. For
exanpl e, setting X/ 2>L 1>L2>L3>L4 can reduce the discontinuity between the
adj acent fingers. 25 If L1=L2=L3=L43an Fig. 2B, this is simlar to the
structure illustrated by Fig. 2A 8 Decenber 2005 8a If L1=L2#L3=L4 in
Fig. 2B, excitation regions 109, 113 include two different kinds of

el ectrode forger. pitches. Even_in this case, the disconting%ﬁy 5 10 15

20 25 8 DecentdLerLirlehin big) MBsexeitatiomepgiens 0B ohhAkmaidaiwease,
wher eby bul k radiation | oss can be, reduced, .and the filter can have

r educeddifissentkings g glectrode) mger pitches.i Even oy ithisqcasex theo diseqaBnauiper e
degiating anount a=+Al 4.
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5 Fig. 3 includes enlarged views each illustrating the respective adjacent
portions of first and third IDT el ectrodes 102, 104 wherd Reeanbet 2005 each
of these cases, third excitation region 109 of first IDT el ectrode 102 and
second excitation region 113 of third IDT el ectrode 104 each have three

el ectrode fingers, and the distance between centers of the respective
fingers nearest to each other in first excitation regions 10 107,112 of
the first and third IDT electrodes is 77i/2+X/4. Fig. 3Aillustrates the

el ectrode fingers arranged at equal pitches in excitation regions 109, 113
of the first and third IDT el ectrodds 102, 104. Since there are seven
finger-to-finger spacings for the six electrode fingers, every electrode
finger pitch is (7a,/2+x./4)/7. Therefore, the ratio of the el ectrode
finger qantbd lessSthah that of 2xonvattiomal roagé,owhegbyt bulkheadationt tasdecani bger
pitch of third excitation region 109 of first |IDT electrode 102 as well as
the ratreducsd, andthsi fdter canbave redyeed fass @hagrhaler st excitation region 112 to
the el ectrode finger pitch of second excitation region 113 of third IDT

el ectrode hoddéséﬁﬂt_-i&Y Bis provicdi maky oft Besedi Where tfeviatiipt Wagsunt he=tR&pect i ve

el ectrode nger pitches of first and third excitation regions 20 107, 109

asgwel IFjgs3 hedludaenldiged fvactdchallabeatiigpde tipugtve pdjacbrispartions o firsand
second excitation regions 112, 113 is about 7% Thus, a resulting structure

has r egdcgirdilDdorddcmedey . 102hel G whemntoi=ei/4f In heachaof theseucasese thipd t he
respecti ve adjacent portions of first and second IDT el ectrodes 102, 103
al | ows exbitation regien dO9ustt first WBIeeleitrode 102 andvsecand ez6itatiovhtggiom 113 of
- substantially periodic structure having reduced discontinuity along the
pr opagahird ADA elkectrpder 104 edok davertheodlectrade fingers, and the distance between
centers of the respective fingers nearest to each other in first excitation regions
10 107,112 of the first and third IDT electrodes is 7A/2+A/4.
Fig. 3A illustrates the electrode fingers arranged at equal pitches in
 excitation regions 109, 113 of the first and third IDT electrodes 102, 104.
Since there are seven finger-to-finger spacings for the six electrode fingers, every
electrode finger pitch is (7A/2+A/4)/7. Therefore, the ratio of the electrode finger pitch
15 of first excitation region 107 to the electrode finger pitch of third
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
20 107, 109 as well as between the respective electrode ﬁn_gér pitches of first and
second excitation regions 112, 113 is about 7%. Thus, a resulting structure has
reduced discontinuity.
The application of the same structure to the respective adjacent portions of first
and second IDT electrodes 102, 103 allows the surface acoustic wave filter to have as

25 a whole a substantially periodic structure having reduced discontinuity along the

propagation direction.



Fig. 3Billustrates the electrode fingers arranged at pitches varying
stepwise in excitation regions 109, 113 of first and t hi8®ec@abes2802 r odes
102, 104. 5 10 15 20 25 8 Decenber 2005 10 In the case of Fig. 3B, the
di scontinuity can be reduced by optim zing electrode finger pitches LI,

L2, L3, L4. For exanple, setting XJ2<LI <L2<L3<L4 can reduce the

di scontinuity between the adjacent fingers. If L1=L2=L3=L4 in Fig. 3B, this
is simlar to the structure illustrated by 5 Fig. 3A If L1=L2 * L3=L4 in
Fig. 3B, excitation regions 109, 113 jnclude two different kinds of

el ectrode finger pitches. Even in thi§ case, the discontinuity can be |ess
than that of the conventional case, whereby the bulk radiation |oss can be
reduced. Consequently, the filter can have reduced |loss as a whole. 10

regi one 1082188 st Y tSicRle RS PTREL APRRDAeS Pl RS B o7 e
whi | d dthird
o SR AL TP IO Ueckbley 02 190 spoond and (1T

hege that first IDT electrode 102 has a total of Nl electrode fingers,
whil e second and third IDT 15 el ectrodes 103, 104 each have a total of N2

el ectrode fingers.

10

15

20

25



As shown in Fig. 4, the distance between centers of the respective fingers
nearest to each other in first excitation regions 107, 118 Dscembers00and
second I DT 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 el ectrodes 20 102, 104 is (nl+n2+1) X12XJ4. It is
to be noted here that deviating anodft a is equal to +XJ4 when there is
"+" in front of XJ4 and -X14 when there is "2."' in front of W Wen the

el ectrode fingers are arranged at equal pitches in excitation regions 108,

oxci at FbAG ORI ROR> BESigeainhdy S e bt BrobbeieRgalndS 104

117 oo HEre OO LE t T8 7 a8 ShaE ARBAELA A R Toue
Therof ot thE ARphRSRRRT bR shf At BBER T 10 Gaehor T v st

ol oot rode 11 RaB L Fon AT digy S ohls P 6 DR YhiiaPy o0 102

11/{g(nlggn3al)}. 5 Wth this structure, the discontinuity can be mnimzed,
by appropé]i ately selecting nl and n2. The selection of nl and n2 is

det ermi ned by pyiradesefh inPely HRatiba CRBIdRUIGY, ARdidciad kb er

2 é »
characteristics: In ot her words, the increase in nl" and n2 results in_
r educed gefes6kinaY of ¥lechtble HASEN pitcHel. aBven 1 BhisTha€ 1thE Midcbhfifhitpot havi ng

a desired passband frequency response because 10 the nunber of el ectrode
_fingerscanBe ¢dssGhh/tERO66tHR dRVEnth@idl cate, Wigerkby tRé bulk radiation loss
can be reduced. Consequently, the filter can have reduced loss as a whole.

10 Next, a déscription 1s provided of cases where second and third excitation
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 regioné 107, 112 of first and third IDT electrodes
- 20 102,104 is (n1+n2+1)A/2+A/4. It is to be noted here that deviating amount « is
equal to +A/4 when there 1s “+” in front of A/4 and -A/4 when there is “-” in front

of M4.

When the electrode ﬁngefs 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



characteristics, in the first excitation region of each of the |IDT

el ectrodes decreases accordingly. Conversely, the decrea8®ecemb¢r 20§ n2
results in a filter having increased discontinuity and increased | oss
caused by bulk radiation or the like. 15 Figs. S5A-5Cillustrate filter
characteristics when nl and n2 are varied. 1In each of these graphs, the
vertical axis shows passing charactBtistics (attenuation characteristics)
on two different scales. Specifically, Fig. 5Aillustrates the passing
characteristics when nl=n2=3, Fig. 5Billustrates the passing

2 T AT RS el AR L% o
" SFShat R bR, R BT AR RS R e TG 0ERSe e,

112 becgnes, smal | with respect to the. n f r ' rs in the
Zecondafolif3 8&?&??‘5& %tr%q é’éﬁcénsi{s) ?CEH %P?’hcfr}gtlggglggo el(gr flgﬁ ?ﬁ gg;gsterode has a
5 total 3 trode fingers, and the second and third |IDT el ectrodes

each haheﬂgxnigﬁgﬁﬁbf 19 electrode fingers. O the total nunber of

el ectrode fi rs.:0 ' ;

el ectrodes, Wﬁg‘tﬁﬁs tgﬁ&%?e,gpgrg%r%%@gﬁ@ﬁaﬁge% ééis’m%%tggsi oﬁz ot
regi on. n rdn 33419=0. ' v

(n9) 1 rpePith "R ahfind. TN T TR ol dhd 22 1R e 1 e
case of ggev&bteﬁiﬁie hcdnltfuitgt Ahd R/ BRGE cRArRtaaticodeld bile wordt, the first | DT

eleptro. e nunber of électrode 5 fingers in the second and third
EXCl t at i RPedR0IPP aRQONDSshI®E in reduced discontinuity, but results in an
unsatisfactory filter not having a desired passband frequency response because
10 the number of electrode fingers, which determines a main part of the filter
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 like.
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 nl=n2=5, and Fig. 5C
20 illustrates the passing characteristics when n1=n2=7. As can be seen from
these drawingé, 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 eleci:rode has a
25  total of 31 electrode fingers, and the second and third IDT électrodes each have a
total of 19 electrode fingers.

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



(nl +nl)/N1=(3+3)/31=0.194 in the case of Fig. 5A (nl+nl)/Nl=(5+5)/31=0.323
in the case of Fig. 5B, and (nl+nl)/Nl=(7+7)/31=0. 452 i n8 Diecerober2005 Fi g.
5C. As shown by Figs. 5A-5C, the attenuation increases to a | arge extent:
when nl =n2=7. It is thus preferable that the nunber of electrode fingers in
the 10 secondary excitation region(s) accounts for 1/3 or less (i.e.
(nl+nl)/NI<1/3 or (n2)/N2<1/3) of the total nunber of fingers of the |IDT
el ectrode. Fig. 6 shows neasured characteristics (a) of a filter when

nl =n2=5 and neasured characteristics (b) of a conventional filter. As can

b f Fig. 6, h ' ) '
Ao desdDIThelactassiive fhelevper 0§ elostrols IREESE thet TG T SUREROTRE 11 1ot
ohar notERRs dar GO S Taimine feacotonie: Boe NN/ I ) er usi ng
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fnger SHpen ‘iltsfré@ ”érgﬁarap‘?);ﬁé TER0TE deteop el RimBod of Aecfodic [ Ode
r edyci t he l.os th L ' ' [
R 8 uBtuaol ARE b | Eadlaldionsshapl | bBgbiem s

diﬁbont . | nce. abov cription, the sane
nunber e I . R e } @b [ f
cach o IEEDATIS B IREO Ll SretBSEiof fip. SACIFERPRESYBLIOMAIM | PO 0 Do
of i NGgE3aldol g 56 CANCAIYnTYRILEI1/B1E6952 1 BRY 8 oPPId BCzEd according (o
the total nunber”of fingers of each Of the IDT electrodes. In other words,

-an opti mum axcifbi 89 FRJbALSE) ARNaREneRiIGH BRdekits BolRIFecxt8RDS 13
when n1=n2=7. It is thus preferable that the number of electrode fingers in the
10 secondary excitation region(s) accounts for 1/3 or less (i.e. (n1+n1)/N1<1/3 or

(n2)/N2<1/3) of the total number of fingers of the IDT electrode.

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 from 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 acoustic.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 deécription, the same number of electrode fingers is -used n
the secondary excitation region of each of the first, second and third IDT

95 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



making nl differ fromn2. The first excitation region of the first IDT

el ectrode is deviated by -?/4 or +X/ 4 fromthe respectiv8Deacembersdd0st at i on
regions of the second and third IDT 5 el ectrodes. However, the deviating
amount . is not limted to these values. The deviating amount is one of
paranmeters determ ning a passband of the filter and is therefore optim zed
I n accordance with desired filter characteristics. In the present

enbodi ment, the surface acoustic wave filter is configured to have the
unbal anced and bal anced ports. In this 48ructure, bal ancing characteristics
10 of the bal anced port beconmes an essential paraneter. The bal anci ng
characteristics can be inproved by, for exanple, slightly increasing

di st ancendldnpel diffen fiomaR. | DT el ectrode 102 coupled to the bal anced port
and each of IDT electrodes 103, 104 coupled to the unbal anced port such

he sl gnt e wRC el Regf 'ZBé?ﬁd&lﬁi‘ﬁﬁ%“JIé?SstﬁEﬁ?@% S ctefaref 5" e B
andt ho i B FBF cRGheRFe; EYT QCI?a%r?% LEER e 1 SEF G, “aB B E Y
R AT s{"f%ﬁetg;@%@ 'v%E‘{erg."ﬁe Shen a

st gnal  isBpukinkr ATbURAOH ARE Gk pgfémetéﬁsfigg%ﬁ?“ AR ol b YRE TRa! add 4 of

t he bal ance ort and a si.gnal 1T nput f anced port out put

to Seco'fsdthtegeﬁ‘gﬂse"tgitu&%éd ﬂ{ ?é&?dﬁﬁle%? @leﬁférdtﬁlf’érech‘afacfté}fstléa”e anpl | t ude and

opposi tel The bal ancing characteristics practically deviates from
pp y

‘an ideal vajuehdustedent EMbo@AHR! The SsurRicRShidusticOwRAYES hepqg Eé‘d | DT
el'ectrodes. However, the bal ancing characteristics can e |nprove

changi ngy h&&@m@mldd&d@ammdwﬁ@ﬁm@maﬁr@ltﬁﬂéﬂ&ﬁgéhm&mﬁcs

adj ustnent of the 25 electrode finger pitches.
10 of the balanced port becomes an essential parameter. The balancing characteristics

E

U

can be improved by, for example, slightly increasing distance L4 between first IDT .
electrode 102 coupled to the balanced port and each of IDT electrodes 103, 104
coupled to the unbalanced port such that A/2>L1=1.2=L.3<I4 in Fig. 2B. Although the
increase in 14 results in the slight decrease in each of electrode finger pitches LI, L2, L3
15 in this case, the loss can be reduced as a result of reduced discontinuity, 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 balahcing characteristics can be improved by changing
the parasitic component between the IDT electrodes through adjustment of the

25 electrode finger pitches.



8 Decenber 2005 13a The present enbodi nent has referred to the el ectrode
finger pitch only. In addition to the electrode finger p$Depember 2005
netallization ratio (the ratio of an 5 10 15 8 Decenber 2005 14

el ectrode finger width to the finger-to-finger spacing) can be changed,
too. For. exanple, since the electrode finger pitch of secondary
excitation regions 109, 113 is smaller than the el ectrode finger pitch of
primary excitation regions 107, 112 in Fig. 2A, setting the nmetallization
rati o of secondary excitation regjon§ 109, 5 113 larger than that. of
primary excitation regions 107, 112 aa bring the electrode finger wdth
of the secondary excitation regions close to the electrode finger wdth of
the primary excitation regions. Wth the electrode finger pitch and the

e R
of the pRaBeft ' her B, Sher figh, *Gopkfalizaiof 8. Wis SRS SEAR When
th% i nput/output direction is reversed. The present enbodi nent has referred
to~t he bal anced and unbal anced ports. However, the ports may both be

unbal anced or bal anced. The simlar 15 advantages can be obtai ned even
when the input/output direction is reversed as

10

15



l'ong as the electrode finger pitches of the surface acoustic wave filter
are set to define the periodic structure of the present §Rgesmba005he
application of the present invention to a filter using a | eaky surface
acoustic wave can enhance the effect of reducing the bulk radiation |oss.
Wth 20 the |eaky surface acoustic wave, the proportion of the bulk

radi ation | oss general ly increasesl#n wave node conversion due to the
presence of discontinuity, so that the filter is likely to have increased
| oss as a whole. However, the application of the present invention can

: gﬂ:ﬁzﬁfegépﬁé 'f‘l?ls%{‘}%f{itﬂi{@&hg"ﬂ?%?f-gféﬁf%r@%%@%@é@ﬁ%%@% LGember 2005
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cobet 1 HrbmEeY ih%ﬁﬁ@%ﬁeﬁecﬂd%ﬁﬂa%g?01%’3268?%?%%%@?@9%2{??%%?@@ H2e surface
acoust i Lt .St ' ' : hdncl udi
first, b 4620, setlifie the BRIz n 1480 JrUELIHRIATY SORMAE B 1091 1T N0

t hi t - 1070 o 1070 ' I '
Sobdr 208 a8y thanf thEC bPprith iy EAMERIo heeidtD 1070012 CIR g e o e

first eﬂegtl%ﬂbmﬂgﬁﬁ%ddmoftdh%tse&ﬂﬁ&y @bt f5dPFebRC65200 the ldctrodesposed
bet ween first and

finger width of the primary excitation regions. With the electrode finger pitch

and the metallization ratio thus taken into account for reduced discontinuity,

the loss can be reduced further.

10 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 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 present 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 ha\}e 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



second | DT electrodes 702, 703 and that second reflector electrode 708 is
di sposed between first and third | DT el ectrodes 702, 704. 8 PecemberZ2988enent
can reduce discontinuity of a periodic structure def i ned by el ectrode
finger pitches and can hence reduce | oss of the surface acoustic wave
filter. Third and 15 fourth reflector el ectrodes 705, 706 of the present
embodi nent are similar in structurdto respective reflector electrodes
105, 106 of the first enbodinent. In the above-nentioned surface acoustic
wave filter, the upper electrode fingers of first IDT electrode 702 are

| ower

glogg![ ?%ﬁa}‘?é‘zhﬁg{}ft%?én %‘%ngélgg F8 8 Ceo"g?& oup‘fntlcfgf"lélt‘]%ﬁl second
er ni na

| DT eIectr038q§§ Fe&¥;nce§dgf aﬁﬁ%yggﬁgg Sﬁ%r§%§%%gﬂ§%dpﬂ£%ﬁ%&¥oagfond
g ectrog trtf(#eg{%ﬁerrs dlsefiroﬁgad Bn° ﬁ&gﬂ@&ﬁg su%h {eaFZbY’w E;%bg%’%grﬁt@ct rode

:‘Nlhnlgers S(f elecP e are coup ed to nce ort 711,
ile t fingers thereof are grounded Thi s surface
acoustrg%ﬁgegg;vg%grc us includes 25 the unbal anced and bal anced ports.

Thr %nghout Il §lride’ 20GStid Yave Meer HPfed 108 lgbﬁﬁrhﬂgﬂy fcb%%@d tppd ch i s set

2. A spacr ng between an excitation center of first el ectrode 702

a“d. an % t, SARd ahd BN 1P eRRtRE 202,035 P60 AAd I, @b@mid ode 703 is
deviated by a unf afromthe X, /2 periodic structure. Srnrlarly, a

spaci ngiHeRt m&ibl&ﬂ?r&le@wr%uéc@fbdee OBr708f 708, 1796 ohPlezoeleetrid aubstra®® and an
excitation center of third IDT el ectrode 704 is deviated by 5 anount a

f rom thgop</ 2 periodic structure. A description is now provided of a case
where the deviating amount is
The second embodiment of this invention differs from the first
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 simil_ar n
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 ther_eof 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 electrodes 702, 703, 704 , the electrode finger pitch is set

at 2. A spacing between an excitation center of first IDT electrode 702 and an



-X'4. \When the nunber of electrode fingers of each of the first_ and second
refl ector electrodes is N, the distance between centers &Mecp@b ective
fngers nearest to each other in first and second I DT el ectrodes 702, 703
‘as well as 10 centers of the respective fngers nearest to each other in
first and third IDT electrodes 702, 704 is {(Nr+l)?,/2-X/4}. In cases
where the el ectrode fngers of each of first and second reflector

el ectrodes 707, 708 are arranged at equal pitches, every el ectrode finger
pitch of these reflector electrodes 707, 708 is {(Nr+l)? 2+-X4}/(Nr+l)
because there exist (Nr+l1) 15 finger-t'o-finger spacings in each of these
reflector electrodes. 707, 708. Therefore, the ratio of the el ectrode
finger pitch of each of IDT electrodes. 702, 703, 704 to the electrode
finger pkeitdtionf cadethobsecoant IBF electriode (703 dedlevinzed byameurit-a/fanNhelA/2 .
Wth reflector electrodes 707, 708 each having. four or nore el ectrode

f i nger spedodioystregture. rymslariyn ge sp3sing (besween the exeiatton cepteacaf finst I0Ds | s

0.97?/ 2 oy nore, d the 20 .discontjnuity.c i mte Wt hin % In
Cases vilscBoiE T Ghandram g< Qi Pt gt hiff IR oeles o 06 if ebilel B e,
pitch o e . 703, 704 to the electrode finger pitch
off%achggﬁﬁﬁggﬁ%%bgﬁéé%éﬁgﬁﬁggggnﬁgﬁ?'708 s 1+1/{2(Nr+l)}. Wth reflector
el ectrodes 707, 708 each having four or nore el ectrode fingers, every.
el ectrode 25 flesagiptiopi icmow providedt of al easer ovhese 7ie, deorting ampunt 2isor
| ess, and the discontinuity can be limted tg within 10%_8 Decenber 2005
16a | n tMé. prWhent thenpummbeeref clersrasice fingetse of ovaghr of other first and dsesendnd
:reflector. electrodes 707, 708 are arranged at equal pitches. However,
those reflector electrodes 1s Nr, the distance between centers of the respective fingers
nearest to each other in first and second IDT electrodes 702, 703 as well as
10 centers of the respective fingers nearest to each other in first and third IDT electrodes
702, 704 is {(Nr+1)A/2-1/4}.

In cases where the electrode fingers of each of first and second reflector
electrodes 707, 708 are arranged at equal pitches, every electrode finger pitch of these
reflector electrodes 707, 708 is {(Nr+)A2+A4}/(Nr+l) because there exist (Nrt+l)

15 finger-to-finger spacings in each of these reflector electrodes 707, 708. 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 is 1-V/ {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 0.9A/2 or more, and the

20 discontinuity can be limited to within 10%.

~ 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 MHI/{2(Nr+l)}. With reflector
electrodes 707, 708 each having four or more electrode fingers, every electrode

25 fmger pitch of reflector electrodes 707, 708 is 1.1A/2 or less, and the discontinuity |
can be limited to within 10%.



5 10 15 20 25 8 Decenber 2005 17 electrode fingers may be arranged at
pi tches varying stepw se such as noted in the first enbo8iDeeemberd00p he
reflector electrode nmay have two or nore different kinds of electrode
finger pitches. The electrode finger pitches of first and second reflector
el ectrodes 707, 5 708 differ fromthose of first, second and third IDT

el ectrodes 702, 703, 704. However, |IDT electrodes 702, 703, 704 may each
be divided into a plurality of regions to change the el ectrode finger
pitches of each region adjacent to reflector electrode 707 or 708. As
shown in Fig. 7B, first IDT el ectrodel@®2 is divided into three regions
including first excitation region 721, second excitation region 10 722 and
third excitation region 723. In first IDT electrode 702, first excitation
region 721 is |ocated between second and thjrd excgijation regipons 722, 723.
Second | DT b the prsgentrersbpdingent; theyelegtrde \fwgeésgpg st aad seconyl reflegtor
excitation region 724 and secqnd excitation_region 725. Second excitation
regi on ¢iEstredes ZQL08 arorreanges ap gaualgatchss. RWEYer, thasse to first | DT

el ectrode 702. Third IDT 15 electrode 704 is divided into two regions
induding first excitation region 726 and second excitation region 727.
Second excitation region 727 of third IDT electrode 704 is |ocated cl ose
to first I1DT el ectrode 702.

10

15

20

25



Thr oughout first excitation regions 721, 724, 726 of |DT el ectrodes 702,
703, 704, a spacing (electrode finger pitch) between respééFW@@ ee08r s of
the 20 adjacent electrode fingers is set at 1J2, where X is the mavelength
of the surface acoustic wave to be excited. A spacing between an
excitation center of first excitation region 721 of first |IDT el ectrode
702 and an excitation center of fird¥ excitation region 724 of second |DT
el ectrode 703 is deviated by a certain amount fromthe X/ 2 periodic 25
structure. Simlarly, a spacing between the excitation center of first

of 11 r st SRredfBpfta ey B aftdsihd o bifth R Vh e FRARARGL AR S RURRH 27, C5LY
t he Cer{}?édﬁ:s%op Itdxﬁxéﬂtmomﬁe ve ecmgét{&ﬁoxia vﬁ/etgv R rx#)%'(ﬁﬂélteﬂl cture. In

ot her wor m zing the nger I'rst and second

reflectg%mgfggk%agggﬁﬁgg pﬁQy% and the electrode f mger pitches of regions

722 727 of e I DI electrodes as a whole affords the simlar

advant ages. 'Phel BRcHHd® Engef pfLESS 6CARt 1IN refldRor Bleb26d 77, €Ct r 0de
and the nunber of forgers of the IDT electrode are not limted

specs f i ¢@8 |df& oY thoRBldf Hré€ hebdiid ad@SthiOIDTId&trddes el #08,st04s. Al so
the reflector electrodes shown in Fi gs. 7A and 7B may be’ grounded The

sur f aceHagever, IDTVElv@réddst @2, 03! T4 Bis&ith IThividddeiito asplafdlity @fr ed to
have 10 the bal anced and unbal anced ports, so that if, simlarly to the
first epdpishisdthanghthe ¢laétradd®igurgitchbe ofeljchaegioneldigiendttereflectger pit ches
ranges from0.8 to 1.2 in consideration of an advantage obtai ned by

Ui npr ovi elgctrada 0T og 70Bar Astshowat inCEig. (7he firkERT cdertivader®@uisativideda r esul t

of reduced discontinuity, and the bal anci ng
into three regions including first excitation region 721, second excitation region

10 722 and third excitation region 723. In first IDT electrode 702, first excitation
region 721 is located between second and third excitation regions 722, 723.
Second IDT electrode 703 is divided into two regions including first exciﬁtion
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  electrode 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 ﬁhger pitch) between respective centers of the

20 adjacent ele.ctrode 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 émount from the M2 periodic

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

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



characteristics can be inproved. 15 The first IDT electrode is deV|ated by
-214 or +214 fromthe second and third IDT el ectrodes. HORS¢Ember
deviating anmount is not limted to these values. The deviating anount is
one of paraneters determ ning a passband of the filter and is therefore
optim zed in accordance with the desired filter characteristics. 20 The
present enbodi nent has referred to the el ectrode fnger pitch only. As in
~the first enbodinent, in addition to the electrode fnger pitch, a
metallization ratio of the electrode fnger can be changed, too. The present
enbodi nent has referred to the bal anced and unbal anced ports. However, the
ports may both be unbal anced or bal ant®d. 25 8 Decenber 2005 18a As |ong
as the electrode forger pitches of the surface acoustic wave filter are
set to define the periodic structure of the present invention, the simlar
5 advant ages can be obtai ned even when an input/output direction is

reverseg;) %e%&f%@ﬁfct@r@o oftier WiGrdaP @éthﬁ?ztih #'thOblechBde fﬁr‘t’gﬁf‘bu Reseot ﬁPéi to a

filter usi eaky surface acoust]l wave can ennhance e eftfect of

reduci “%@%&dd%‘éﬂé&tb@@leh&éées 707, 708 aitE Ve AREBISER MEl'}iTch'és lof Segiéns 722,

schematically illustrates a surface acoustic wave frlter in accordande
wi th theg2s sl 727 oMHADT elrbesdesaRta wholk Affordsthe Rimila:RIvahtages.

5 The number of electrode fingers of the reflector clectrode and the number
of fingers of the IDT electrode are not limited specifically and are optimized for
desired filter characteristics. Also the reflector electrodes shown in Figs. 7A
and 7B may be grounded.

The surface acoustic wave filter of the present embodiment is configured to have

10 the balanced and unbalanced ports, so that if, similarly to the first 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, the
loss cén be reduced as a result of reduced discontinuity, and the balancing
characteristics can be improved.

15 The first IDT electrode is deviated by -A/4 or +A/4 from the second and

third IDT 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 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



I'n Fig. 8, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is formed on piezoel ectric substrate 808Degmehes3(0%
surface acoustic wave can be excited. The surface acoustic wave filter
formed is a longitudinal node 10 type including first and second |IDT

- el ectrodes 802, 803 and first and second reflector electrodes 804, 805 on

pi ezoel ectric substrate 801. The third enbodi nent of this invention differs
fromthe first enmbodinent in that the surface acoustic wave filter has the
two I DT el ectrodes. This can reduce ggécontinuity of a periodic structure
defined by el ectrode finger pitches, can hence 15.reduce |oss of the

surface acoustic wave filter. In the above-nentioned surface acoustic wave
filter, the upper electrode fngers of first IDT el ectrode 802 are coupl ed

to unbal anced port 810, ile the lower,electrode .fngers of this T

el ectrode 852 Iong % éﬁ‘?}ﬁg‘?ﬁoﬁ%gﬂgﬁ%vp“@h@%t othe Purtass: §c@f3%§e@’(?ﬁﬂ hEﬁfT

el ectrode 803 ar oupl,ed ta ynbal anced rt 811, i.le the | gwer, .

el ect r off€ 1Sﬁbetps%§§n?h ed?]enga’é g&%ﬂ%dgpthsP?&?&&%v%t?&stﬁ’& SHDHA% | ¢ er
thys includes the ports .both unbal anced.. First . lDI. el.ectrode 802 is

i decRavRTEREdR o B el ey e PG AR igpu bt dretlio IS ENSR e and second
excitation region 807. Second excitation region 807 of this IDT electrode
802 is |l ocated adjacent to second IDT el ectrode 803. 8 Decenber 2005 20
Simlarly, second IDT electrode 803 is divided into two regions including
first excitation region 808 and second excitation region 809. Second
excitation region 809 of this IDT electrode 803 is |ocated adjacent to

“first IDT electrode 802. 5 Throughout first excitation regions 806, 808 of
first and second IDT '



el ectrodes 802, 803, the electrode forger pitch is set at X/ 2. A spacing
between an excitation center of first excitation regi on $Pgceanberi208% | pr
. electrode 802 and an excitation center of first excitation region 808 of
- second | DT electrode 803 is deviated by ambunt a fromthe V2 periodic
structure. In first IDT electrode 802, the 10 el ectrode finger pitch of
first excitation region 806 differs fromeach el ectrode finger pitch of
second excitation region 807 so that the rati o between these el ectrode
finger pitches ranges fromO0.9 to 1.2. 1pn second |IDT el ectrode 803, the
el ectrode finger pitch of first excitation region 808 differs from each
el ectrode forger pitch of second excitation region 809 so that 15 the
rati o between these el ectrode finger pitches ranges fromO0.9 to 1.2. In
ot her wor dsThalkppli¢asionl eftthe puesenit nejeantiont totrefilterf using aslgak y serfaee aequstic wave
filter range from 0.9,/2 to 1.2,/2 to define a substantially periodic
struct um.ve.car.lemhméhqﬂfmﬁfr@mmtmﬂﬁwdjé@rblpsa case where second
excitation regions 807, 809 of IDT electrodes 802, 803 have nl el ectrode
forgers and n2 el ectrode forgers, 20 respectively. Wen deviating anount

each’ ot MERPEXEMI AR EMBAIN A ons 506, 808 of first and. second 1DT
Forer s of Beeort Sxsmaelly T dRsietor Bt  AotiaiectAStes 6D, o3
Spaci nosostian et 1 oy SG5bary G ok Bedleiopt srBeBhuc 11 noer pi ton
The ratio ot e & ceprbamt gL Coptpdes et (SRR o IBEREAC |
the el gethode ﬁh&;@%ei% Bk %W%Ezgagariczéhbstrate 801, whereby a surface acoustic
wave can be excited. The surface acoustic wave filter formed is a longitudinal mode
10  type including first and second IDT electrodes 802, 803 and 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, and can hence
15  reduce loss of the surface acoustic wave filter.
In the above-mentioned surface acoustic wave filter, the upper electrode fingers
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, while the lower electrode fingers
20 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 excitation
region 806 and second excitation region 807. Second excitation region 807 of this ID’lj

electrode 802 is located adjacent to second IDT electrode 803.



pitch of second excitation region 807 of first IDT el ectrode 802 as well as
the ratio of the electrode finger pitch of first excitat8decemfeo0808 to
the el ectrode finger pitch of second excitation region 809 of second |IDT
el ectrode 803 is 1-1/{2(nl +n2+1)}. 5 Wth the sum (nl+n2) of el ectrode
fingers in second excitation regions 807, 809 of |IDT electrodes 802, 803
being four or nore, every electrode finger pitch of these regions 807, 809
is 0.9X/2 or nore, and the discontinuity can be limted to wthin 10%
Whaen the deviating amount is +X/ 4, the pgtio of the electrode ringer pitch
of the 10 primary excitation region to the electrode finger pitch of the
secondary excitation region is 1+1/{2(nl +n2+1)}. Wth the sum (nl +n2) of
el ectrode fingers in second excitation regions 807, 809 of |DT electrodes
802, 803 beSimiladyrsesonddDEl elactnogde R03cisrdistidedi mge twpi negionsfincluding fissfi ons
807, 809 is 1.1 X/2 or less, and the discontinuity can be limted to within
10% 15 exeitatien pgicie 808 amdrtcomd excitationgegion: 3 gqcngéregcmtmemmn 809
excitation regions 807, 809 of first and second |DT el ectrodes 802, 803
are arr ofdbis Ing elgatrpde 803 e kocatedoackigeant te fisstd DY electrode 803r gers may be
arranged atTgirtches varying stepw se _such as noted in the first

enb@di nent , Torougheuhd fisstciexaitation r egionss &7, 8889 ofmjirstacmd; secertk Vo or
nore different kinds of electrode fjnger pitches different fromthe X 2

pi t ches elentrodae %02 0%+ elerpda igsh mitchy e set b A/Z DA SPaeing obetwiegn

ol ect  od8, DIboBr Cont e Ol SE ERHpTIoaBREIDn 0 engf RPIDR0 ClesTHE 2 dnds,
fiTter aRaerdiaing enioob Py aton tei A0S oo HaLl RGdq 805 15
charact %reivisattécf By a?nol:l)l% W from a%)eo;ﬂ periodic structure. In first IDT electrode 802, the
10 electrode finger pitch of first excitation region 806 differs from each 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 excitation region
808 differs from each electrode finger pitch of second excitat_ioh region 809 so that
15 the ratio between these electrode finger pitches ranges from 0.9 to 1.2. In other
words, all the electrode finger pitches of the surface acoustic wave filter range from
0.92/2 to 1.2A/2 to define a substantially 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 fingers,
20 respectively. When deviating amount a=-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 is {(nHn2+l)A/2-A/4}. In cases where the electrode
fingers of second excitation regions 807, 809 of IDT electrodes 802, 803 are arfanged
~ at equal pitches, there exist (nH+n2+1) finger-to-finger spacings in these regions 807,
25 809, so that every electrode finger pitch of these regions 807, 809 is {(nl+n2+l)7»/_2=l=_-
A/4}/(nl+n2+1). Therefore, the ratio of the electrode finger pitch of first excitation

region 806 to the electrode finger



22 The present enbodiment has referred to the electrode fin gltch onIy
As in the first enbodinent, in addition to the el ectrode ?Fﬁﬁ a
netallization ratio of the electrode finger can be changed, too. The
present enbodi nent has referred to the ports both unbal anced. 5 However,
the ports may not necessarily be unbal anced. As long as the el ectrode
finger pitches of the surface acoustic wave filter are set to define the
periodic structure of the present invention, the simlar advantages can be
obt ai ned even when an input/output direggion is reversed. The application
of the present invention to a filter using a | eaky surface 10 acoustic
wave can enhance the effect of reducing bulk radiation | oss. FOURTH
EXEMPLARY EMBCDI MENT Fig. 9 schematically illustrates a surface acoustic
wave. fipitehr of secondexcitation regioh 80Aeoff faust i/IBTeedmtpﬂ)@ §02apweilasthe ratio ph Fi g.
9, a pattern of interdigital electrodes each constructed of opposed

el ect r othe dleatradesfingerfpifaheof Hrst peitatmeragion Q&b@thfa@l@cwie finger piigh af
surface acoustic wave. can be excited. The surface acoustic wave filter
formed sesond exengiion segian S segprd INT) alectreds 803 1s k{2 pdébndt T

el ectrodes 902, 903 and first, second and third reflector electrodes 904,
905, 906 on piezoelectric 20 substrate 901. ; The fourth enbodi nent

differs from third e di in that third reflector eIectro 06 is
di $posed bét" e o SHQY (lalﬁagt;égeﬁ'&ctr@ﬁe dyeiccopd excyafio ﬁ) peduce

and carb Bt a0t sfrelrofeS 805 3 beut faicondutre, Fechu ef?)t 558 Ghad B oS
' these regions 807, 809 is 0.9A/2 or more, and the discontinuity can be limited to
within 10%.
When the deviating amount is +A/4, the ratio of the electrode ringer pitch of the

10 primary excitation region to the electrode finger pitch of the secondary excitation

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

With the sum (nl+n2) of electrode fingers in second excitation regions 807, 809 of

IDT electrodes 802, 803 being four or more, every electrpde finger pitch of these regions

807, 809 is 1._ 1A/2 or less, and the discontinuity can be limited to within 10%.

15 In the present embodiment, 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 varying stepwise such as
notéd 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 A/2 pitches.

20 The first excitation region of the first IDT electrode is deviated by -A/4 or +A/4
from the first excitation region of 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.



25 In the above-nentioned surface acoustic wave filter, the upper el ectrode
fingers of first IDT el ectrode 902 are coupled to unbal anBgcgaber 2607,
while the I|lower electrode fingers of this IDT el ectrode 902 are grounded.
The upper 8 Decenber 2005 23 electrode fingers of second |IDT el ectrode 903
are coupl ed to unbal anced port 908, while the |ower electrode forgers

t hereof are grounded. This surface2&coustic wave filter thus includes the
ports both unbal anced. 5 Throughout first and second |IDT el ectrodes 902,
903, the electrode finger pitch is set at X/ 2. A spacing between an

 th nger pitc g be f
Cecona 1 O FEerrshy cuetimbilhRs FERRRITo e MARAE BRLERN Ayaen 2, Cui c

Struct yre,, Aulegerd BRSO BRAHETo Fhe? oREABINNEAGrt PRoIeY] at O

anount e nunber o ectrode forgers of the third reflector

! * ATE, Hiler e : rd ret
near os tiialRatRn Bhtio bP e SRR TR R CRIAEB I 1T ST0Y 52 A3y T

cases ‘mere'rht"fpx{%k&&t Eﬁggdifxﬁélﬂeh% Ghfeldtd’ B thefpded Botiehabhl2@6d.906 are

arranged at "equal pitc there exist (Nr+l) forger-to-forger spacings in

thig refleaker s A nS0fe cesRill BatunBRinke®! ectrode forger pitch of this
ref?iec?(i)(lr el ie)’(:tthrgk,ge 90 ?s {(Nr-l)%J2+-A/4}/(Nr ). 15 Therefore, the ratio

of the el echtqags hé H&Eéleé’ﬂrb&@ﬁﬁéeﬁ?i@&he@fofltﬁﬁsﬁfﬁeé aeslesic vR62, B3 to the
el ectrode finger pitch of third reflector electrode 906 is 1- 1/{2(Nr+l) }

W t h drhigefl th efefiaetthe wiriali¢ etimcAe dfathengrebentr imventionetlsl eintitaade
forgers, every electrode forger pitch of this reflector electrode 906 is
0:9V2 qidvafitiges caibe bbiainkdsevent when ay impit/dutptt direcsipntis rewersgda 10% 20 In
‘cases where the deviating amount is +X/ 4, the ratio of. the el ectrode

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

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

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

15 In Fig. 9, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is 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 reflector 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



finger pitch of each of IDT electrodes 902, 903 to the el ectrode forger

pitch of

third reflector electrode 906 is 1+1/{2(Nr+-1)}8 DagemnbereXlpect or

el ectrode 906 having four or nore el ectrode forgers, every el ectrode
finger pitch of this reflector electrode 906 is 1.1? 2 or less, and the

di scontinuity can be limted to within 25 10% 8 Decenber 2005 23a In the
present. enbodi nent, the electrode fingers of third reflector electrode 906
are arranged at equal pitches. However, those electrode fngers 5 10 15

20 25 8 Decenber 2005 24 may be arrgmed at pitches varying stepw se such
as noted in the first. enbodinent. The el ectrode finger pitches of third
reflector electrode 906 differ from those of first and second | DT '

el ectrodes

902, 903. However, |IDT electrodes 902, 5 903 may each be

di vi dedelentrodeafipgars ef secondflD¥leglecnede 30T ansrapapleddo anbalanesdepdrt AQ&rwhile ches

of each re

opti mi ztheg

?ion adj acent_to reflector electrode 906. In other words,

awes eleetode dingers theregfi awhgroundedhiThis synfacs: agoustiecwavidiltand t he

el ectrode finger pitches of the regions adjacent to this reflector
el ect r othaisamclgdes the ports both unbalanced.

5

10

15

20

25

Throughout first and second IDT electrodes 902, 903, the electrode finger pitch is
set at A/2. A spacing between an excitation center of first IDT electrode 902 and an
eXcitation center of second IDT electrode 903 is deviated by a certain amount from the
periodic structure. A description is now provided of a case where the deviating
amount is -A/4. When the number of electrode fingers of the third reflector electrode is
Nr, the distance between centers of the respective fingers nearest to each other in IDT
electrodes 902, 903 is {(Nr+))A/2-A/4}. In cases where the electrode fingers of third

reflector electrode 906 are arranged at 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+)A/2+-A/4}/(Nr+l). '

Therefore, the ratio of the electrode finger pitch of each of IDT electrodes
902, 903 to the electrode finger pitch of third reflector electrode 906 is 1-
I/{2(Nr+l)}. With third reflector electrode 906 having four or more électrode
fingers, every electrode finger pitch of this reflector electrode 906 is 0.9A/2 or
more, and the discontinuity can be limited to within 10%.

In cases where the deviating amount is +A/4, the ratio of the electrode
finger pitch of each of IDT electrodes 902 903 to the electrode finger pitch of
third reflector electrode 906 is IH+/{2(Nr+l)}. With reflector electrode 906
having four or more electrode fingers, every electrode finger pitch of this
reflector electrode 906 is 1.1A2 or less, and the discontinuity can be limited to within

10%.



whol e affords the simlar advantages. 10 The first |IDT electrode is

devi ated by -Al4 or +Al4 fromthe second | DT electrode. #bgecraber 2088
deviating .anount is not limted to these values. The deviating anount is
one of paraneters determ ning a passband of the filter and is therefore
optim zed in accordance with desired filter characteristics. The present
enbodi nent has referred to the electrode finger pitch only. 15 As in the
first enbodinent, in addition to the electrode finger pitch, a

metal lization ratio of the el ectrode flnger can be changed, too. The
present enbodi nent has referred to t hé3 Ports both unbal anced. However, the
ports may not necessarily be unbal anced. The application of the present
invention to a filter using a Ieaky surface 20 acoustic wave can enhance

the effect of reducing hul k radl n ss Furt | ong .a
el ectrode flnrdhePresentk dhment the FREEEd8 ENESES of ik, BTRPFloaredags « o

define the periodi,c structurge of. the present inventi he ||2£

advant a8&s cHFANEEdopa; né'(ﬁluése #RRSS- an qwefaoutgl%edl © 06159 Ingers
reversed. 25 FI FTH EXEMPLARY EMBODI MENT Fig. 10 schematically illustrates a
surface .acoustic wave filter in 8 December 2005 25 accordance with the
fifth exenplary enbodinent. In Fig. 10, a pattern of interdigita

el ectrodes each constructed of opposed electrode fingers is formed on
pi ezoel ectric substrate 1001, whereby a surface

10

15

20

25



acoustlc wave can be excited. The surface acoustic wave filter forned is a
5 1 ongi tudinal Iy coupled type including first, second, tHhtPgcensi2ffd and
fifth 1DT electrodes 1002, 1003, 1004, 1005, 1006 and first and second
reflector electrodes 1007, 1008 on piezoelectric substrate 1001. In the
above-nenti oned surface acoustic ve filter, the upper electrode . fingers
of first, fourth and fifth IDT el e¢trodes 1002, 1005, 1006 are coupled to
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 andthird q§§ %go 4 OUReQd it QnENRAltanced port
1010, \Hﬁﬂé’tﬁgaﬁlﬁ% éﬁg ro e ngtéa ;s!vqét%hgrg([é}gfééareegrgjndedﬁ?gThe surface

acousti &\é\ﬁy[?%&;:l ter thus includes five IDT electrodes and the ports both
unbal affice irst |DT electrode 1002 is divided into three regions

i ncluding fipgst t ot thilrefRetR We@iddet 900 Qiffek sBd@AN 1012 and
third exci tggx?oerl]eér%é)gileoﬂ;ﬁéqunmﬂllsn this lI.eDT el ec?rode 1002, first excitation

region ﬂQQeJoé*fﬁsd D5PLRAnd POTUERRAES 908l 5030 Homede L TDTleRichidles 9g2,0ns 1012,
1013. econ I'DT el ectrode 1003 |s di vided into three regi ons |nclud|ng

firgt of8 RxFedAHRODvIdRE iRt al Pl @@oﬁm dhainigo the elgétesdelfdderand third
excitation region 1016. Int eI ectrode 1003, first excitation

regi on pldhds iof daehafeibn bajtawwe@ﬂétdmamtc&bdé d08x c [h ajthen woeds,ons 1015,
1016. Third IDT electrode 1004 is divided into three regions including

first optigdibilg oFe redeptivde lidger piteched of xihi¢ abflector edgotrodd 048d ahe t hi r d
excitation region 25 1019. In this IDT el ectrode 1004, first excitation
T egi on eléttrode Singee giiteties bf the eegion< adycentdto this geflectirt aledtooder agaons 1018,
~1019. Fourth IDT electrode 1005 is divided into two regions including first
whole affords the similar advantages.
10 The first IDT electrode is deviated by -A/4 or +A/4 from 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 a 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
reveréed.
25
FIFTH EXEMPLARY EMBODIMENT

Fig. 10 schematically illustrates a surface acoustic wave filter in



8 Decenber 2005 26 excitation region 1020 and second excitation r%ﬁion
1021. Second excitation region 1021 of this IDT el ectroddé Pesembsi2f8cat ed
adj acent to second IDT electrode 1003. Fifth IDT el ectrode 1006 is divided
into two regions including first 5 excitation region 1022 and second
excitation region 1023. Second exci? tion region 1023 of this IDT

el ectrode 1006 is | ocated adjacent third I DT el ectrode 1004. Throughout
first excitation regions 1011, 1014, 1017, 1020, 1022 of first through
fifth IDT el ectrodes 1002, 1003, 1004, 1005, 1006, a spacing (an 10

el ectroﬁ@coframrwi@mmhﬂh%txwgﬁt.cemers of the adjacent

el ectrode fingers is set at )J2, where Xis the wavel ength of the surface

acoustic wavi Fig. 6, a Bxstbie6k inferdnail @&cﬁ%aw@éhhadangﬁﬁhﬁeatdfggp&s%m er of
first excitation region 1011 of first IDT electrode 1002 and an excitation

center @fecfrods fing¥f {safor@Bd lodgpiedoelédtfic shbstehteS BOPNdvidrdbehesirtpde 1003 is
devi ated by anmount a fromthe AJ2 periodic structure. Simlarly, a spacing

bet ween atdstiexwhtechnbec exdied. OThei giiface Xadoustié Waver BBbOforkRUlioh first |1DT
el ectrode 1002 and an excitation center of first excitation region 1017 of
third | Dhgitudiallydeuplitype ineladaie frity sesond) thiad,f foanth fed Hifth IPeri odi c
structure. 20 A spacing between the excitation center of first excitation
regi on élettrodés 1602 3003, 1100421005, 1006 and Gidstcant sevond eeflatoraslectrodeer of first
excitation region 1020 of fourth IDT el ectrode 1005 is devi ated by anpbunt
P from 26@7,41008 pamierpelectric substrate 1001.

In the above-mentioned surface acoustic wave filter, the upper electrode
fingers of first, fourth and fifth IDT electrodes 1002, 1005, 1006 are coupled to

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
bet:wéen second and third excitation regions 1015, 1016.

Third IDT eleétrode 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



structure. Simlarly, a spacing between the excitation center of first
excitation region 1017 of third IDT el ectrode 1004 and a$Dssemnber308
center of first 25 excitation region 1022 of fifth IDT el ectrode 1006 is
deviated by anmount O from the AJ2 periodic structure. As noted in the
above-descri bed configuration, devigéing the first 8 Decenmber 2005 27
excitation regions of the first thrtugh fifth I DT electrodes by the certain
anount affords characteristics representati've of the |ongitudinal node
surface acoustic wave filter wusing a plurality of nodes. Further,

opti m zRgedths RlgbGt 1096 @ bnPlekGBRPPedidle lﬁzi.egé&ﬁaﬁd-(e%cﬁﬁ?ﬂgxﬁ;y S

excitation regions) other than the first excitation regions o

t hrough rédibh g2BToehRict IDHESest86HEC 26051118 A0RHtEd UidjXoent Aot §2bnd! IDT he
‘el ectrode fingers forma substantially continuous periodic structure, thus

reduci ngleeeo8e ¢ooped by bulk radiation resulting fromdiscontinuity of
acoustic i npedance. The devi ating anount of the first excitation region is

set at a or RRHAPAVelectrodd 1008 fedividdddndBwotregfonepPirclidigg firdt accor dance
with desired filter characteristics since the deviating amount is one of

par apet excitativherdgion 1022 apdssdeand! enéitdtivm Fdgidre1023.n Sdeendrers@adiorembodi nent ,
each area having the electrode finger pitches different fromthe X/ 2
pi t ches regiyn 1623 of thed 1T etectrofié A00®is lotated adfheent tosthidolDT aletirode of t he
-reflector electrode and the secondary excitation regions of the IDI 15
el ectrod®84. as described in the second enbodi ment. The present enbodi nent
has referred to the ports both unbal anced. However, at |east one of the
‘ports may beThegughewdhirss|exvitatiErFioRYl ENBIOLA/ENM7, 1020, 1022 of first
through fifth IDT electrodes 1002, 1003, 1004, 1005, 1006, a spacing (an
10 electrode finger pitch) between respective centers o_f the adjacent electrode
" fingers is set at M2, 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 a 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 o from the A/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 B from the A/2 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



Fig. 11 schematically illustrates a surface acoustic wave filter in
accordance 20 with the sixth exenplary enbodinent. In Flé[kﬁgnbﬁfﬁﬁﬁtern
of interdigital electrodes each constructed of opposed electrode forgers
is formed on piezoelectric substrate 1101, whereby a surface acoustic wave
can be excited. The surface acoustic wave filter forned is a

| ongi tudi nally coupled type including#jirst, second and third IDT.

el ectrodes 1102, 1103, 25 1104 and first and second refl ector el ectrodes
1105, 1106 on piezoelectric 8 Decenber 2005 28 substrate 1101. In the
above- nentioned surface acoustic wave filter, the upper electrode flngers

of firsexdi@Tioalregionsoéthelfimt through GRhdDT clettiredes hyetheigestain ameuntraffords

bal anced port, while the |ower electrode fingers of this IDT el ectrQde 1102

are 5 c@hm@@nsm% sepsasentative eflthe ﬂmng@dmnlenmeaﬁé&pepmqustwhwwﬁ)&éﬁer

el ectrode fi nﬁ; of seq&gd | DT el ect.rode 1@03 are pled to unb? tﬁmced

port 11ugngyhpluraliy,ef g (ﬁléﬂ%qroﬁﬁ imzigs e ¢lee e %P yGhek Q]

Simlarly, r electrode f e of, third.l DT el ectrode. 110 ,

copl edr@cgé("%ﬁwgﬁcgﬁ Y prftat @Pl%egl ‘étf‘e’i than thgfir |f‘éi9&tfi§a% ng'r‘?Béroi tﬁﬂer eof

are gro d. Thi e acoust 10.filter .t I pcl.udes.t he

unbal anﬁ%gg%gﬁ’agﬁm’h E?é"ﬂo es f_qdp,g?s ISFonnuty, rﬁﬁzhaltfgg&'le el quﬁ(% %ﬁg‘?ﬁo

t hree rggions n n .0

L oa o' ETRA SRS Bobit s R OB AR riRos RERGhEY PRI O,

first e t econd and third

excit at ﬁ?ﬁét%dgggﬁgﬁ%ﬁgﬁﬁéﬁtm&@con%i% Lﬁﬁ)%a?%%t rode 1103 is divided

‘into three fqglRYftinaCamBuRPof i tirst excitation region is set at o or B. However,

10 the deviating amount is optimized in accordance with desired filter 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 A/2 pitches may be formed of a reflector electrode or a
combination of the-reflector electrode and the secondary excitation regions of the IDT

15 electrodes, as described in the second embodiment.
The present embodiment has referred to the ports both unbalanced. However, at

least one of the ports may be balanced.

SIXTH EXEMPLARY EMBODIMENT
Fig. 11 schematically illustrates a surface acoustic wave filter in accordance
20 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
acoustic wave can be excited. The surface acoustic wave filter formed is a
longitudinally cbupled type including first, second and third IDT electrodes 1102, 1103,

25 1104 and first and second reflector electrodes 1105, 1106 on piezoelectric



excitation region 1110, second excitation region 1111 and &ﬂ%rd e i%ati n
region 1112. In this IDT el ectrode 1103, first excitati of GPBﬂﬁﬁ@ 0 i

| ocat ed between second and third excitation regions 1111, 1112, and sec¢nd
excitation region 1111 is located adjacent to first reflector el ectrode;
1105. 20 Third IDT el ectrode 1104 is divided into three regions including
first excitation region 1113; secof® excitation region 1114 and third -
excitation region 1115. In this IDT electrode 1104, first excitation
region 1113 is | ocated between second and third excitation regions 1114,
1115, anq) hirﬂ @gcitation region 1115 is |located adjacent to second
.reflectﬁ?sgwg% } e 1106. 25 Throughout first excitation regions 1107,

1110, 1113 ﬁl;n HHRILIBVE R shifite aldiic dMh1tdr JRAGHPE éiplirbdect rode

finger pitc etween respecti centers o adj ac el ectrode fingers

'S sel fhedlZor WA P éléct%&AT%%?@%ﬁgﬁd[ﬁPmeferaﬁﬁé 125 QF 4 he surface

acousti C ve t e exclted. ng between an excitation center of

first eﬁgja}ﬁéd' ?&tr%he thd 18erobledirbdd fihkdks of tRIABledtkode 210L afe eXci tation

center o rrst excitation region 1110 of second IDT 5 electrode 1103 is

devi gt egdpdpled O UBtorA {eraihaINE1DY 8f PR ballinked tyort R uSpeH éleétride @ spaci ng
between the excitation center of first excitation region 1107 of first |IDT

el ect r ofggdrkQ2 servtdaDTesedtrele DID3CGABIc6hpled tb uhbhlagusd pert 1018, velgilon 1113 of
third IDT electrode 1104 is deviated by amount a fromthe X/ 2 periodic

St ruct ugl lowae elegfrodé fingere thedebDaiegrbanded:| Siinilacly, thengpeer elettebds di f f er ent
fromthose 10 of first excitation regions 1107, 1110, 1113 of IDT

-eliect r ofiagers1ddZhirl 1AL elbdddde Thed amxaiupddd tnuokalercedgfort 1118, velidé t at i on
region 1110 of the second IDT el ectrode is deviated

the lower electrode fingers thereof are grounded. This surface acoustic wave

10 filter 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 first
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 region 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. In this IDT electrode 1104, first excitation region 1113 is located between
second and third excitation regioné 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 A2, where A 1s the wavelength



by a certain anount froma reflection center of first reflector_ el ectrode
11105. Simlarly, the excitation center of first excitati 8Pacegben20013 of
the third IDT electrode is deviated by a certain amount froma reflection
center of second reflector electrode 1106. The 15 devi ating anounts are
optim zed in accordance wth a passband frequency response. Here, the

di stance between the excitation centepgof first excitation region 1110 of
the second IDT el ectrode and the reflection center of first reflector

el ectrode 1105, and the distance between the excitation center of first
excitation region 1113 of the third IDT electrode and the reflection

cent er of thesuofade aedustic wave o beexaittd. 1106 are optim zed by 20 setting

el ectrode finger pitches different fromthe X/ 2 pitches throughout second
and third Axspacing betweepiasrexcitation centes of firstewxsitationdegionld 0/ ot farse BT odes
1103, 1104. _This can reduce discontinuity and al so reduce discontinuity
that reslgrtradedR2iand amexeitatinpecanitergal fisst excaation regian rldil ek sgcondeHTodes

L ST T
ol 1 at PRAPIRE GTogh ety e gxaifation, Sy G PiRitaon DPERTLad Pbcels tBy THE
o suPRRRate d4BAcHId SncORRtoT SPnist gy ivargam R | Ly of gy, 11"
he 1 rSeCBRur 1§37 areB 15 pOt SRR InE M ERTRC kil T Tor
. e| ectrodes pediGRId Wetlodt? ﬂﬁ\}enéiéét}(odesf?née? %ﬁtcﬁ‘ésl different from those
10 of first excitation regions 1107, 1110, 1113 of IDT electrodes 1102, 1103, 1104. The
excitation center of first excitation region 1110 of the second IDT electrode is deviated
by a certain arhount from a reflection center of first reflector electrode 1105. Similarly,
the excitation center of first excitation region. 1113 of the third IDT electrode is deviated
by a certain amount from a reflection center of second reflector electrode 1106. The
15 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 region 1113 of the third IDT
electrode and the reflection center of second reflector electrode 1106 are optimized by
20  setting electrode finger pitches different from the A/2 pitches throughout second and
third excitation regions 1111, 1115 of second and third IDT electrodes 1103, 1104.
This can reduce discontinuity and also reduce discontinuity that results when the

electrode finger pitches of the reflector electrodes differ from those of first excitation

regions 1107, 1110, 1113 of IDT electrodes 1102, 1103, 1104.
25



the el ectrode fingers forma substantially continuous periodic structure,
thus reducing | oss caused by bul k radi ation resulting fr%ﬁ*ﬁ?%@%ﬂppﬁuity
of acoustic inpedance. The description has referred to the unbal anced and
bal anced ports. 10 However, the ports may both be unbal anced. In the
present enbodi nent, all of the secondary excitation regions of the |1DT
el ectrodes and the reflector electro have the el ectrode finger pitches
different fromthe Al2 pitches. However, the el ectrode finger pitches of
reflector electrodes. 1105, 1106 and the regions of the IDT el ectrodes that
are adj acentA$ onoted elibetha vabovg-deserthed| eonfigaration; odevietog nthie plirsthe
only finger pitches different fromthe a/2 pitches. The present enbodi nent
may be applied to not only the filter including the three IDT el ectrodes
but also filters including those, such as described in the third, fourth
and fifth enbodi ments, which include two I DT el ectrodes and five 20 |IDT
el ectrodes, respectively and a filter having IDT el ectrodes to the nunber
other than two, three and five. Wth such an IDT el ectrode structure al so,
by optimzing electrode finger pitches to reduce discontinuity of the
propagation path, the simlar advantages can be obtained. In each of the
foregoi ng enbodi nents, sone of the electrode finger pitches 25 of the IDT
el ectrode or the electrode finger pitches of the reflector electrode are
set different fromthe A/2 pitches for reduced discontinuity. However, both
the reflector electrode and the IDT el ectrode may include the el ectrode
finger 8 Decenber 2005 31



pitches different fromthe V2 pitches for reduced discontinuity.

| NDUSTRI AL APPLI CABI LI TY The present invention proposes aS&eeemberd0por
mnimzing discontinuity 5 between IDT electrodes in a surface acoustic
wave filter in which a region having Al2 el ectrode finger pitches of at

| east one I DT el ectrode is phase- shifted fromthat of other |DT el ectrode
by a certain anmount in accordance #th a desired passband frequency
response, and as a result realizes a low loss surface acoustic wave
filter- By adopting this surface acoustic wave filter, a 10 sensitivity of

ot oved CHHERCHARRAFHRY R ofiq Al Mkl pTP HRIMERS b b BRALR' o¥r Face
acousti sname_amaseéha&gweﬁisﬁ&mgre&n@h?\zeosﬂ &%Lléh%t%{#ﬁ%‘ g&tdr%g sd,g%%egn 4 a

plurality of interdigital transducer electro :

pl ural i Lo RticheivesRi usthEFtiree anditoRRTF st hFuRhlgﬁgP};iﬁﬁHi%QhﬁlJbSt rate,

wherein each of the IDT electrodes is an"interdigita ectrode 1 ncluding a

pl ural i elcirbd® BRESEPitEhRIIAE SebibRgStier thAR AL HrkhExdifdliod! REldnA%ES and the
reflector electrodes are arranged in close relation along a propagation

diresti e fifstaseruhll aed HGQUEDT eleotBioles YMRiced thd BRcdRinaheeb tREeallNC! udes a
primary excitation region having X/2 electrode finger pitches, where ? is

a wavel egtlectrbdé Himgety forfie a anubbtntiallyecontinushie perbdich@radtuf@ rthusxci t at i on
region of at |east one of the IDT electrodes is
reducing loss caused by bulk radiation resulting from discontinuity of acoustic
mmpedance.
The description has referred to the unbalanced and balanced ports.
10 However, the pofts may both be unbalanced. |

In the present embodiment, all of the secondary excitation regions of the
IDT electrodes and the reflector electrodes have the electrode finger pitches
different from the A2 pitches. However, the electrode finger pitches of x;eﬂector
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 A2 pitches.

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

20 IDT electrodes, respectively and a filter having IDT electrodes to. the number
other than two, three and five. With such z;n 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 of 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



phase-shifted fromthe primary excitation region of another_ |DT el ectrode

- by a certain anount in accordance with a desired passbandDeceghes
“Tesponse, and wherein at |east one of a condition that the I DT el ectrode
i ncludes, on a side thereof adjacent to another |DT el ectrode, a secondary
excitation region having electrode _finger pitches different fromthe a/2
pi tches, and a condition that the réllector electrode havi ng two or nore
different kinds of electrode finger pitches different fromthe a/2 pitches
i s di sposed between the IDT electrodes is established. 2. The surface
acousti g -fel ge] ' in-.all of the electrode
finger gﬁt%?éﬁ%gfehgﬁgﬁg%%fgg z‘a%lgsug) ?E&%\A%e\tlle&%ﬁ%& all within a range of
0.8x12 to 1.2A12. 3. The surface acoustic wave filter according to claim
1, wherein the surface acoustic wave is a |leaky surface acoustic wave. 8

DecenberNBYETRIAS, APPICABHfifce acoustic wave filter according to claiml1,
wherein the IDT electrode adjacent to an outernost reflector el ectrode of

the refl ect oThepREERORIRENtibA PropiRes aWirikctiidifor MR APhingdiehuity t he
outernost reflector el ectrode, a secondary excitation region having

el ecs r odeyetwBGLIDPidlédtfriles iih fes@Thce’ 4QUsEiE Watd HilRirt inh@Richo- a TB&oaUr f ace
acoustic wave filter according to claiml1, wherein: the |IDT electrode

Jincl udes Havafe WXl alertreds ifingbt Pitchediop At axdtNenee IBTt s16¢tfodel id'PRAsAV t Ches
different fromthe ?J2 pitches, and at |east one of the reflector

el ect r odehifbak frehe thatasfeothenTBT gledteddesbyl iaf degtaan tamduminint dzordakhee pi t ches.
6. The surface acoustic wave filter according to claim1l, wherein:
: with a desired passband frequency response, and as a result realizes a low loss
surface acoustic wave filter. By adopting this surface acoustic wave filter, a
10 sensitivity of a high-frequency apparatus such as a mobile communication

apparatus can be improved.



the plurality of IDT electrodes includes a first |IDT el ectrode and a second
I DT el ectrode adjacent to the first IDT el ectrode, the reBRsseabeci®st rodes
_include a first reflector electrode adjacent to the first |DT el ectrode
"and a second reflector electrode adjacent to the second IDT el ectrode, the
respective primary excitation regions of the first and second | DT
el ectrodes -are phase-shifted from each, other by the certain anmount in
accordance with the desired passband frequency response, and the first and
second I DT el ectrodes include, on the respective adjacent sides of the
first and second IDT el ectrodes, the respective secondary excitation
r egi onsCEA®MShavi ng the el ectrode finger pitches different fromthe X/ 2
pitches. 8 Decenber 2005 34 7. The surface acoustjic wave filter according
to claim6, lherehhongiadinallycpuplad surfacgacoysticoyns fgter SPMPESIBE: one of t he
secondary excitati.on .rgg{)on% inglude two or nore different kinds of
el ectrode fihBEROFIPEESEDS surface acoustic wave filter according to

claim® Whefehhdti & S6ild:8 gtrafy ' BGNAuBL! COBErBleat (DAY ARGIR) b

secondary excitation regions st'epw se. urface acoustic wave

filter é‘gﬁﬁél WA réfectbrélBr tfodedhiRpeidd dhtbie pidzelacaitesibisagie pi tches of at
| east one of the secondary excitation regions differ from one another and

i ncrease st ephesin ¢hbh ofththesIDT adectemdwgsisi an usteedigitht electrodorideludingoac! ai m
6, wherein the electrode finger pitches of at |east one of the secondary
exci t at ploralite gf eprosgd elegtrpde fuggrs,

wherein the IDT electrodes and the reflector electrodes are arranged in close
relation along a propagation direction of a surface acoustic wave,

wherein the IDT electrode includes a primary excitation region having A/2
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 electrodes is
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 at 1east one of a condition that the IDT electrode includes, on a side
thereof adjacent to another IDT electrode, a secondary excitation region having electrode
finger pitches different from the A/2 pitches, and a condition that the reflector electrode
having two or more different kinds of electrode finger pitches different from the A/2
pitches is disposed between the IDT electrodes is established.

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 0.8A/2

to 1.2A/2.

3. The surface acoustic wave filter according to claim 1, wherein the

surface acoustic wave is a leaky surface acoustic wave.



11. The surface acoustic wave filter according to claim6, wherein the
nunber of electrode fingers of all of the secondary excitdDesembeardi0Bhs of
at least one of the IDT electrodes accounts for 1/3 or less of the total
nunber of electrode fingers of the IDT electrode. 12. The surface acoustic
wave filter according to claim1l1l, wherein: the plurality of |IDT el ectrodes
includes a first |IDT el ectrode and a cond and third IDT el ectrodes

adj acent to the respective sides of the first IDT electrode, the plurality
of reflector electrodes includes a first and second reflector el ectrodes
di sposed on respective outer sides of the three |IDT el ectrodes, the primary
‘excitation régi ofillef surfeeefdconstid Bavelfdter mcderding thelesn Ishitiarein thedidt he

respective primary excitation regions of the second and third Decenber
2005 3glectde|adidcentide sy onigEMOgt raslect B %‘g&ﬁr d %féoweﬁq?tfpass

desi red. passband f.requency f.es S and the | DT el egirode incl o]
the st deBRiERoER i BEPSR sl aRERAR e BRteriodt totles B GhEREE, gkl
excitatj . 0] I I i 1 i rent fromthe
32 pr ronneli G BRI A8 B Aithes LTRphy BohelIER.2 GAART BT, CT T
wherein the electrode forger pitches of at |east one of the secondary
excitation regions include two or nore different kinds of electrode finger
pi tches. 14.5 The Fherduafaee amwasisd ivavevilter ddcbtding trodaindi nghdreinc| ai m 12,
wherein the electrode finger pitches of at |east one of the secondary
excitation rthgildhE elegtyodes esea secondary excitation region having electrode

finger pitches different from the A/2 pitches, and

at least one of the reflector electrodes has electrode finger pitches different

from the A/2 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 electrode,
the reflector electrodes include a first reflector electrode adjacent to 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
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.



15. The surface acoustic wave filter according to claim12, wherein the
~electrode forger pitches of at |east one of the secondary8&esemberiZ0a5 .
regions differ from one another and increase stepw se. 16. The surface
acoustic wave filter according to claim 12, wherein the electrode finger
pitches of at |east one of the secondary excitation regions of each are all
equal . 17. The surface acoustic wave % | ter according to claim 12, wherein
the nunber of electrode ringers of all of the secondary excitation regions

of at |east pne ofpe biFaddPhcOhti! WAFESHREC AHYrdingOto HlanP®, |vlerehi thdie
total nunber of electrode fingers of -the |IDT el ectrode. 8 Decenber 2005

36 18. dlbetrade finge patchesof at leasteonkei dfithe sacondagi expitationlregiong inchinds BYan: t he

| DT el ectrodes include five IDI electrodes arranged in close relation, the
pri mar yoraxore differsat kiags efelsetredrelingsr pirhes r ode is phase-shifted by the
certain anount in accordance with the desired passband frequency response,
and the I DT el ectrode includes, on the side thereof adjacent to another |DT

el ectrode, tge s gl.ﬁfyﬁeée%gf%%v ggit&ggwgg@sw%@hﬁ%t "OREeli TBET

pitches difterent from itc urface acéoustic wave

filter geapsdl MagkP pitchésTol8at Wast ehe dfhehe stapidapdextitaimr rpgivabesrpl at
| east one of the seCondary excitation regions include two or nore

di f f er estépwiseds of el ectrode finger pitches. 20. The surface acoustic wave
filter according to claim 18, wherein the electrode fnger pitches of at
| east one of the secondary excitation regions vary

9. The surface acoustic wave filter according to claim 6, wherein the
electrode finger pitches of at least one of the secondary excitation regions differ from

one another and increase stepwise.

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

electrode finger pitches of at least one of the secondary excitation regions are all equal.

11. The surface acoustic wave filter according to claim 6, wherein the
number of electrode fingers of all 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 surfabe acoustic wave filter according to claim 1, wherein:
the plurality of IDT electrodes includes a first IDT electrode and a 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,
the priniary excitation region of the first IDT electrode is phase-

shifted from the respective primary excitation regions of the second and third



Stepwi se. 21. The surface acoustic wave filter according to claim18,

. wherein the electrode frger pitches of at |east one of thPeecsthondgdy
excitation regions differ from one another and increase stepw se. 22. The
surface acoustic wave filter according to claim 18, wherein the electrode
finger pitches of at |east one of the secondary excitation regions are all
equal . 23. The surface acoustic wave, filter according to claim18, wherein
t he nunber of electrode fingers of all of the secondary excitation regions

of at 'ﬁ%gteleét?odéfs b%r heie | deftafh QRGOSR ACopddice Hath a3 desirddepassdhnthe
total n er of electrode fingers of the IDT electrode. 8 Decenber 2005

37 24. ffb@esluyi@penmanmi c wave filter according to claim1, wherein the

plurality of 1DT electrodes includes a first and _second |DT el ectraodes, at
| east one ofthe HDT esleetceds ietludes; ceredhe side sherseli ashaceat o #rother P Tang

second _|IDT elegtrodes,,the respective prjnmar xcitatiaon reqgions pf the
first a‘ﬂECté%@'ong‘q secoriday ¢xgatadion, ée%ﬂ‘gsléqvéﬂg f dehcitrﬂ%gabﬁggt rPé‘FB%%/ t he
with the desired passband frequency response,

certain,. unt. in,a r dance
and thedlf’fré?eiﬂé?f’mm&ﬁg@?ﬂ 8 has two or nore different kinds of el ectrode
frrger pitches different fromthe Al12 pitches. 25. The surface acoustic

wave filter according to claim24, wherein the electrode fnger pitches of
the reflector electrode differ fromone another and increase step w se.

13. The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions

include two or more different kinds of electrode finger pitches.

14. The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions vary

stepwise.

15. The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions differ from

one another and increase stepwise.

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

electrode finger pitches of at least one of the secondary excitation regions of each are all

equal.

17. The surface acoustic wave filter according to claim 12, wherein the
number of electrode ringers of all 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.



26. The surface acoustic wave filter according to claim1l, wherein: the
plurality of IDT electrodes includes a first, second and $ReFemben005

el ectrodes, the plurality of reflector electrodes includes a first and
second reflector electrodes, the second IDT electrode is |ocated on a
first side of the first IDT electrode across the first reflector

el ectrode, the third IDT el ectrode is,located on a second side of the first
| DT el ectrode across the second refl ector electrode, the prinmary

excitation rpgi onmipf surfage hédustic Wale BltEAdcRfEng fo BAAAY; WAbleled from the.

respective primary excitation regions of the Second and third IDT 8
dDecenbgr 200the 1B eketddesdasiudy fived DEE eleatrodesaumgddninatosermhation, wi t h t he
esired passband frequency response, and each of the first and secqnd
reflector eltbeprivensy exaitationregionpirtbe dbiieledrade ig Phé@'%!ié%‘i BY ﬂ?“o%“’fﬁl nger

itch diff t fr h | t.ches. .. Th '
o L A oSS SRS L
east one O . . i
ot PR B, R96AES TS JRLeeF g S e apne

accor di 9g.48d&! MidNsteontdd@y eéititatibAe rdBioh ahaviMg Ofhel Blectlodet fiages pifthesides at
| east five ?%T el ectrodes; the pl uracl%ty of r%f | ector el ect rgdespi ncl udes
at | easdijffefsnt fiodd theOU/Dpitcledsect r odes each di sposed between the |DT

el ectrodes,
19. The surface acoustic wave filter according to claim 18, wherein the
electrode finger pitches of at least one of the secondary excitation regions include two

or more different kinds of electrode finger pitches.

20. The surface acoustic wave filter according to claim 18, wherein the

electrode finger pitches of at least one of the secondary excitation regions vary

stepwise.

21. The surface acoustic wave filter according to claim 18, wherein the
electrode finger pitches of at least one of the secondary excitation regions differ from

one another and increase stepwise.

22. The surface acoustic wave filter according to claim 18, wherein the

electrode finger pitches of at least one of the secondary excitation regions are all equal.

23.  The surface acoustic wave filter accordiﬁg to claim 18, wherein the
number of electrode fingers of all 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.



the primary excitation region of the IDT electrode is phase-shifted from
. the primary excitation region of another |IDT el ectrode b@DFPFén 2083 n
anount in accordance with the desired passband frequency response, and at
| east one of the reflector electrodes has two or nore different kinds of
el ectrode finger pitches different fromthe X/ 2 pitches. .29. The surface
acoustic wave filter according to clajin 28, wherein the electrode finger
pitches of the reflector electrode ditfer fromone another and increase

stepwi se. 24  The surface acoustic wave filter according to claim 1, wherein
the plurality of IDT electrodes includes a first and second IDT electrodes,
at least one of the reflector electrodes is disposed between the first and second
IDT electrodes,
the respective primary excitation regions of the first and second IDT
electrodes are phase-shifted from each other by the certain amount in accordancé
with the desired passband frequency response, and

the reflector electrode has two or more different kinds of electrode finger

pitches different from the A/2 pitches.

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

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

increase step wise.

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

electrodes,

the plurality of reflector electrodes includes a first and second reflector

electrodes, _ |
the second IDT electrode is located on a first side of the first IDT
electrode across the first reflector electrode,
the third IDT electrode is located on a second side 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
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electrodes by the certain amount in accordance with the desired passband
frequency response, and
each of the first and second reflector electrodes has two or more different

kinds of electrode finger pitches different from the A/2 pitches.

27. The surface acoustic wave filter according to claim 26, wherein the
electrode finger pitches of at least one of the first and second reflector electrodes

differ from one another and increase stepwise.

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

the plurality of IDT electrodes includes at least five IDT electrodes,

the plurality of reflector electrodes includes at least four reflector
electrodes each disposed between the IDT electrodes,

the primary excitation region of the IDT electrode is phase-shifted from the
primary excitation region of another IDT electrode by the certain amount in
accordance with the desired passband frequency response, and

at least one of the reflector electrodes has two or more different kinds of

electrode finger pitches different from the A/2 pitches.

29. The surface acoustic wave filter according to claim 28, wherein the
electrode finger pitches of the reflector electrode differ from one another and

increase stepwise.



