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(57) Abstract: A vertical-coupling surface acoustic waver filter is composed of first to third IDT electrodes, and first and second
reflector electrodes. Each IDT electrode has a main excitation portion where the pitch of electrode fingers is 4 /2 where A isthe
= wavelength of the surface acoustic wave. The phases in the main excitation portions are shifted from one another by a given value
& depending on the desired passband frequency characteristics. Each IDT electrode has sub-excitation portions where the pitch of

electrode fingars is not A /2, The pitches of all the electrodes fingers constituting the surface acoustic filter lye in the range from 0.8
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[err]/2 to 1.2 [err]/2. Degradation of the | oss due to discontinuity
between the I DT electrodes is prevented. 8 Decenber_ 2005 1

DESCRI PTI ON SURFACE ACOUSTI C WAVE FI LTER 5 TECHNI CAL FI ELB Deremberd®it

i nvention relates to longitudinally coupled surface acoustic wave filters
each delivering | owl oss performance. desired
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| oss performance is demanded of the filter. Mreover, sem conductor device
such as an | C has becone adopting bal anced i nput/output in recent years for
noi se reduction, thus requiring the surface acoustic wave SPsempberZ¥g jn
the RF stage to be balanced accordingly. 20 A description is hereinafter
provi ded of a conventional |ongitudinally coupled surface acoustic wave
filter having a balanced i nput/output port. Fig. 12 illustrates the
conventional |ongitudinal node surfakte acoustic wave filter. In Fig. 12,
the surface acoustic wave filter includes first, second and third 25
interdigital transducer electrodes (hereinafter referred to as |IDT

el ectrodes) 1202, 1203, 1204 a ' second reflector el ectrodes
1205, 1206 on piezoelectric su@%ﬁ?&pghEggg. 8 Decenber 2005 2 First |IDT

el ectrode 1202 has upper electrode fingers coupled to first termnal 1207
of the bal anced port, and |l ower el ectrode fingers coupled to second

term nal 1208 of the b Igﬁﬂ@ﬂ@g i d | DT el ectrodes 1203,
1204 each have, on thqugﬁgggggg?b’ electygggL I ngers 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
abovey t pcrNi@AE FARpwsti c wave filter obtained has the wunbal anced and
bal anced ports. In the above-described surface acoustic wave filter, a

di fference beTNegresent invention relates to longitudinally coupled surface acoustic

wave filters each delivering low-loss performance.

BACKGROUND ART
10 To obtain a desired frequency response, a surface acoustic wave filter is
widely used among mobile communication apparatuses. The surface acoustic
wave filters used in the RF stage, in particular, include a ladder filter having
resonators connected in a ladder configuration and a longitudinal mode filter
utilizing a mode through acoustic coupling. Since loss of the filter in the RF
15 stage directly affects sensitivity of the mobile communication apparatus, low-
loss performance is demanded of the filter. Moreover, semiconductor device
such as an IC has become adopting balanced input/output in recent years for
noise reduction, thus requiring the surface acoustic wave filter used in the RF
stage to be balanced accordingly. |
20 A description is hereinafter provided of a conventional longitudinally
coupled surface acoustic wave filter having a balanced input/output port.
Fig. 12 illustrates the conventional longitudinal mode surface acoustic
wave filter.
In Fig. 12, the surface acoustic wave filter includes first, second and third
2b  interdigital transducer electrodes (hereinafter referred to as IDT electrodeé)
1202, 1203, 1204 and first and second reﬂector electrodes 1205, 1206 on

piezoelectric substrate 1201.



10 resonance frequencies of primary and tertiary nodes is used for securing
a pass bandwidth for the filter. To obtain broadband characteristics, it
is known that a spacing between first |DT el ectrode 1202 8dAercmhen?dgp
second and third IDT electrodes 1203, 1204 is deviated substantially by
X14 froma periodic structure. Fig. 12 illustrates the structure in which
the spacing is deviated by +A/4. 15 Wth this structure, however,

pi ezoel ectric substrate 1201 has a | &rge free surface portion between the
| DT el ectrodes due to the increased spacing between first IDT el ectrode
1202 and each of second and third IDT el ectrodes 1203, 1204, thereby

causi ng propagpéd pT! QeSroddi t90g %glﬁp%emlédafddgaﬁﬁ&rgldohﬁrea {oOfifst Known
nmeasures taken against this probleminclude a structure such as 20 shown in

Fig. 13 tetnRhCh20ef 3heDbLDindeliCpdrteand %\if@ﬁ%ldé%ﬂé Gihglbs Rb@FIBgI8CL i C
substrate 1201 is reduced by neans of metal electrodes 1301, 1302 or the

like. JsgponeésernbiabbI2ossiekabhlagded’pdiiti cati on No. HO5-267990 discl oses a
structure having a Al'4 spacing between centers of the respective adjacent

el ectrode fi r§eeond ahd third IDA sledanies d208)1204ath bdes ohAh sadndl3de,| N ot her
words, 25 this structure has a deviating anmount of -X14 and as shown in

Fig. 44, e]enm-bdejﬁngq:rambuﬁléd) 1o ambalaated goitt 1209 eapbelettredeafingae oh theect r ode
fingers of first and second |DT. electrodes 1202, 1203 and part 1402
connect i oiher sider oS these iNDT aldptrodes 10DA2Ot e Qﬁﬁﬁde&i eBychavdg thenger s of
first and third I DT el ectrodes 1202, 1204. In this structure, the upper
el ect r odetrietige desaibetli above) te sixface acmstipOpaver Sltgr obtadnetl hakithe t he
| ower el ect rode fi ngb rs thereof are coupled to unbal anced port 1403, so
t hat t hi gnbalanced 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. Known measures taken against this problem include a structure such as
20  shown in Fig. 13 in which the area of the free surface portion of piezoelectric
substrate 1201 1s reduced by means of metal electrodes 1301, 1302 or the like.

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

25 this structure has a deviating amount of -A/4 and as shown in 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



surface acoustic wave filter has the ports both unbal anced. However, the
bal anced port such as shown in Fig. 12 cannot be inpl enented because the
second and third I DT el ectrodes are connected with the fir&Peeepbeef®®t rode
by parts 1401, 1402, respectively. In gach of the above cases, the ratio
of the spacing between the IDT electrodes to an electrode finger pitch of
the IDT electrode is 1.5 or 0.5, and the periodic structure is

di sconti nuous. Consequently, filter characteristics degrades due to, for

exanpl e, RudkrddadididroRf BirstPaidd thidg IDACAdSlrbEesdN$B, 1202CHOBMREftetdid:
| NVENTI ON According to a first aspect of the present invention, there is

provi ded ahe luppgi eldtrade! Snges pf GistSIDT at@tadie UBI02Camay®uhidbd ewhilorhei Si ng:
a piezoelectric substrate; and a plurality of interdigital transducer

el ect r odedoéiDHleetred¢ finders) thepetd aae pbuplad it unbhlaretd poroi 408, actthatitiss

di sposed on the piezoelectric substrate, wherein each of the IDT

el ect r odesurfacarmdonsde dvgie dilter des r due ports| bdimginbalgnicedalHawevet, éhbposed
el ectrode fingers, wherein the IDT electrodes and the reflector electrodes
are arr angalpncad st ssuch| 2 phevaliantiza 19 eperpit boimpleraentednbecafise ther f ace

acousti c wave,. wherej DT el ectrode includes [i excitation
regi on haﬁ??ﬁﬁ‘dA?“F‘g tg}r Glectiogge Arpcprpeated FHER éﬁ%%}réggﬁ%a‘?}%?té ]E]y of

the surface_a ti ve erein the primary excitation region of at

| east onepaléii’gcﬁ@’ ?%ﬁ%‘*{cﬂf@&a@s i s phase-shifted fromthe primary
excitation regigQn ther 1DT el r b rt.al nt,. |
accordance wt Eﬁaea i@s?tsgge gﬁ%‘é"‘s ana’ ? ffiéeqr%glﬁc?/fypg%%ﬁ%é&gr%%%%g etlh SlnIrP r{‘ he | DT

el ect r ode o} AglHEE S0 aﬂ%l@ctfd&ézﬁfén%eﬁgﬁﬁw ofAPeAGPAE1tB0R0 94 H9 od &5, §hETHE 0de, a

secondary excitation region hav
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 M2 electrode finger pitches, where A is a wavelength of
the surface acoustic wave, wherein the primary excitation region of at least one
of the IDT 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



8 Decenber 2005 4 el ectrode finger pitches different fromthe A/ 2 pitches,
and a condition that the reflector electrodes having two or nore different
kinds of electrode finger pitches different fromthe At $P¢ PAVIN :
di sposed between the IDT electrodes is ,established. The surface acoustic
wave filter thus may have a propagation path having reduced discontinuity
and hence lowloss filter characteristics. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 illustrates a surface acoustic wave filter in accordance

with a firelectredefingar piteh@odiffeesit £bmt {1 PRGHERHes) M(Pﬁtdoﬁﬂmdﬂ thatZfel S an
enlarged view illustrating el ectrode fingers arranged at equal pitches in
secondary esflictartaleriradegihanmgntvancrt iner«ldifferéntrigindsofislectivrsde fifkds piddibsFi .
2B is an enlarged viewillustrating electrode fingers arranged at pitches
varying st &iffrert ifrpm ethendd? ypitohes t et idbvposed)i letwenhethet FBTdelicaiddeg isanount
is -A4. Fi 3A is_an enl arged view illustrating el ectrode fingers
arranged aft® a‘é]dﬁ}}fld gibe sygtace ﬁcg‘&%’n‘ﬁa?@/ﬁ@lﬁé ithuas mmy hayi opsondgationeth
devi ati ng ]?rmunt IS an enl ar ed viewillustrating

el ectrode ‘?“f’r(j‘ﬁrrg ;gdﬁ‘@&t’a‘f“tﬁiat ce\}a‘ff yospdilée ageripticecondar y
excitation regions when the deviating anmount is +X14 Fig. 4 illustrates a
filter in accordance with the first enbodi nent of the present invention.

Fig. 5A sheuprfilkSEREPAIGRIGH Il BRANINGRL=N2=3. Fig. 5B shows filter

Fig. 1 illustrates a surface acoustic wave filter in accordance with a first
exemplary embodiment of the present invention.

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 secondary excitation regions when the deviating amount is +A/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
+A/4.

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

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

ni=n2=7.



characteristics when nl=n2=5, and Fig. 5C shows filter characteristics when
n 1=n2=7. 8 Decenber 2005 4a Fig. 6 shows neasured characteristics_of a
filter when nl=n2=5 and neasured characteristics of a com/ 2005; | ter .
Fig. 7Aillustrates a surface acoustic ypve filter in accordance with a
second exenpl ary enbodi rent of the present invention, and Fig. 7B
illustrates another surface acoustic wave filter in accordance with the

second enbodi nent. 8 Decenber 2005 5 Fig. 8 illustrates a surface acoustic
wave filter in Higof ddioes michhumdt thardcteedseioplodry fArdrodinganh 1642t gngr esent
invention. Fig. 9 illustrates a surface acoustic wave filter in accordance

with a foumeasuredethsiragtorietitroefi nemventionddilparesent i nvention. 5 Fig. 10
illustrates a surface acoustic wave filter in accordance with a fifth
exenpl ary embodFientA dHlustratesra sunface mgewstiowaveiffterlin iactardaned esttaa
surface acousti.c wave filter_ in accordance with a sixth exenmplary
enbodi ment S&PRE fEeRPLEY fmbediment 9f thepresend invention; and Fig. EBrllusiratesal

surface acou%hi C &gf%e filter. 10 { . 13 iIIustr_a{lef1 anot her conventi onal
surface acHUZETE SWHIE F9oMsus Wayp dilte} An aceqrdance with dhe ppeondmpqdiment.
conventional surface acoustic wave filter. BEST MODE FOR CARRYI NG OQUT THE
| NVENTI ON



FI RST EXEMPLARY EMBODI MENT 15 Fig. 1 schematically illustrates a surface
acoustic wave filter in accordance with the first exenplary enbodipnent. In
Fig. 1, a pattern of interdigital electrodes each includiﬁggjl¥ St '
el ectrode fingers is fornmed 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 I DT el ectrodes 102, 103, 104 @&nd first and second reflector

el ectrodes 105, 106 on piezoelectric substrate 101. In the surface
acoustic wave filter nentioned above, the upper electrode fingers of first

| DT el ectrode,.102..4r oupled to first ) g%lgﬂﬁ .25
portl, \é\hi | e fﬁr‘{g‘ %8&5&%’?%@?’%& £ 35°% tgpg&%%ﬂ%%ﬁlnféﬁec rode SEg are
coupled to. s ﬁ%&i nced port. The upper el ectrode
:‘Nin_nlgershg eln?g%‘%nﬁ egﬁlé{:ﬁh%gﬁgéef%%ae?gbgbupl ed to unbal aP\(F:)ed port 116,
ile the lo ﬁl]?ﬁ%ﬂw'%@{}é Is ded.
Simlarly, t‘(@&.ﬁ%@%ﬁ%ﬁ’%& rode fi ngetlrcs of @ﬁﬁ%ﬁ%ﬂ%ﬁg@%?gﬁgﬂ%zugrg
coupl ed ﬁgg@ﬂgéhggﬁggmggfgf&é reddit kivenfign! Ower el ectrode fingers thereof

are grou rface acoustic wave filter thus. includes the

unbal ganced angsba) ANGAALR hrface debtistic wadh Ml@GhaeRddAR withdifftkled into

three regions including first excitation region 107, second excitation

regi on 19&mMary dthbshigeat bofheGreseddidrentidbhO.

Fig. 11 illustrates a surface acoustic wave filter in accordance with a sixth

D

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 electrodes 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



In first IDT electrode 102, first excitation region 107 is |ocated between
second and third excitation regions 108, 109. Second | DT el ectrode %93 S
10 divided into two regions including first excitation re}ﬁ?’l’ 6 203
second excitation region 111. Second excitation region 111 of second |IDT
el ectrode 103 is |located adjacent to first |IDT electrode 102. Third IDT
el ectrode 104 is divided into two regions including first excitation
region 112 and second excitation regfon 113. 15 Second excitation region
113 of third IDT electrode 104 is |ocated adjacent to first |IDT el ectrode
102. First excitation regions 107, 110, 112 of first, second and third IDT

el ectr Od%?ge%g TherkdP ml%oa{d%dr e{;ﬁﬁi‘iﬁ?y 'R ApplE INREHIE FhigeAL bPhiFETI ONS.

Thr ougho esé prinmary excitation régions, a spacing (hereinafter

referr edlﬁ@el%giraée 04 sf&@%mofdﬂwﬁgmm P&Q)nh,emm@ hé BRReCldcMedcent ers of

t he adj acent el ectrode gers Is set at 3J2, ere X is the wavel ength of

the surfgee 8¢RUILT Gre'BNRAINEEd DeThis %atfned actliticSearnditan tnishintkdexci t at i on
regions I1n first, second and third IDIT electrodes 102, 103, 104 are

r ef er r ediHeQuibalaRE6Q B8 dbrlaed haftsOn regi ons. A spacing between an
excitation center of first excitation region 107 of 25 first IDT el ectrode

102 gnd an ex@idrallyDreledrider 102 ié i disidedXatd ahidenrégign incliddingffirssecond | DT
el ectrode 103 is deviated by anobunt a fromthe )J2 periodic structure.
Si mi | ar | gxcitatiopasgiog 109t weond teeitation tegior b0f antd ahirdf excitation eegion ati on 8
Decenber 2005 7 region 107 of first IDT el ectrode 102 and an excitation
center of0%irst excitation region

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 second excitation region 113.

15 Second excitation region 113 of third IDT electrode 104 is located adjacent to
first IDT electrode 1902.

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 A/2, where A is the wavelength of the surface acoustic wave to be
excited. The second and third excitation regions in first, second and third IDT
electrodes 102, 103, 104 are referred to as secondary excitation regions. .

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

25 first IDT electrode 102 and an excitation center of first excitation region 110 of

second IDT electrode 103 is deviated by amount o from the A2 periodic

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



112 of third IDT electrode 104 is deviated by amount a fromthe X/ 2
periodic structure. In other words, the periodic arrangenent of the
electrode fingers in 5 primary excitation region 110 of s&d3ermper2005

el ectrode 103 is phase- shifted by a fromthe periodic arrangenment of the
el ectrode forgers in primary excitation region 107 of first |IDT el ectrode
102. Simlarly, the periodic arrangenent of the electrode fingers in
primary excitation region 112 of third IDT el ectrode 104 is phase-shifted
by a fromthe periodic arrangenent of the electrode fingers in primary
excitation 10 region 107 of first |IDT gl ectrode 102. Second and third
excitation regions 108, 109 of first | el ectrode 102, second excitation

of "t i vty JP2SF st AP 1eEL e 16p AT ARG ARAMIE L R BRaiOF Rt
from ¢ he 1 232 PUENIDT WdcbolBo104 1OV 830D BB 1o herklaiet  ode

15 converts an electric signal, 1nput from the unbal anced or nced port,

to the syiéRee BE ORI wordy CtheVpeRbdics anantdment BethBedleéthdd Thlgeed oA
el ectrodes, so that a standing wave is genérated on the piezoel éctric

subsg r at prinditgl cxefiaten eadibn, 110 oPkedoad YT MledtRileNBIZ & phawes shifiddbyag.
Value a I1s optimzed so as to couple the primary and tertiary resonance

nmodes t ofenhdic petiedieyrapsimend ofithe efectiode dntgers & primary @xcatvdt scgien.
Referring to the acconpanyi ng drawi ngs, a description is provided next of
respect i V@7 adjfast D Tlectrades 102. Simmiddriygrible phiiodid DFandenwint oddbe ek2{rodo4.
Fig. 2 includes enlarged views each illustrating the respective adjacent
por t i onsfiogersiinguwimairydexdifation irggiosl €t ebthaxl HO? elecinodentdd deephaser-shyftedrount
a7---X'4. In each of 25 these cases, third excitation region 109 of first
| DT el ecky g8 dramathgnperiedie mgrangement of the electrode fingers in primary excitation

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 td 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 o=-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



excitation region 113 of third IDT el ectrode 104 each have three el ectrode
fingers. In each of these cases, the distance between cent 5%
respective 8 Decenber 2005 8 forgers nearest to each otheﬁ FB(}S
excitation regions 107, 112 of the first and third IDT electrodes IS
7X12-?14. 5 Fig. 2A iIIustrates the el ectrode fingers arranged at equal
pitches in excitation regions 109, 113 of first and third |IDT el ectrodes
102, 104. Since there are seven finger-to-forger spacings for the six

el ectrode fingers, every electrode finger pitch is (7X12-X14)17.
Therefore, the ratio of the electrode forger pitch of first excitation
region 107 to the electrode forger pitch of third 10 excitation region 109
of first IDT electrode 102 as well asSthe ratio of the electrode finger
pitch of first excitation region 112 to the el ectrode finger pitch of
second excitation region 113 of third IDT electrode 104 is O,

Accor di ndingers neasestitp fcael ather ia fisleexcitabionaspions il0d, &1 2of tltﬁjﬁrstlaﬂéethlrd

pi t ches ib first .and g%{ excitation regions 107, 109 as wel |l as between
the resp TGhQ@%@%@?& ﬁorger 15 pitches of first and second excitation
regions 112, 113 is about 7% Thus, a resulting structure has reduced

di scpnti nui tm The aplpktrgesi tie thleéthﬁiesaﬁﬁger§t aahgdd 40 dghal rsisgiest live
adj acent porti ons of first and second IDT el ectrodes 102, 103 aI | ows t he

surface excitgtionc regioasf il0Per 113 bévdirsts adivhthiire AT bslertroted | ¥y02,perl4odi ¢
structure having reduced discontinuity along a propagation direction. 20
Fig. 2B il uSincattheret bre stwent finder-fo-fipgersspacingsgft thie pixt cleetoderfyigers,
T05 " oaevaty clecirode finger pich 1 (1A/2-M/4)/7. Therofore, the ratlo of the clectrode -
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 I’eSpCCt{VC 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 along a propagation direction.
20 Fig. 2B illustrates the electrode fingers arranged at pitches varying stepwise in
excitation regions 109, 113 ef first and third IDT electrodes 102, 104,
In this case, the discontinuity can be reduced by optimizing electrode finger
pitches LI, L2, L3, L4. For example, setting A/2>L1>1.2>1.3>L4 can reduce the
discontinuity between the adjacent fingers.
25 If LI=L.2=L3=14 in Fig. 2B, this is similar to the structure illustrated by Fig.
2A.



In this case, the discontinuity can be reduced by optim zing el ectrode

finger pitches LI, L2, L3, L4. For exanple, setting ?J2>L1>L2>L3>L4 can
reduce the discontinuity between the adjacent fingers. 2% Pgcembeq20p3_ 4
in 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 electrode finger pitches. Even in this
case, the discontinuity 5 10 15 20 25 8 Decenber 2005 9 can be less than
that of a conventional case, whereby bul k radiation | oss can be reduced,
and the filter can have reduced Iosssas a whole. A description is provided
next of cases where devi ati ng anount B~=+1,14. 5 Fig. 3 includes enl arged
views each illustrating the respective adjacent portions of first and thlrd
| DT el ectrodes 102, 104 when a +1,/4. In each of these cases, third

egion 113 of O 03 Bl KB oS BRI 08 SR b0,
and the gff?etrgrﬁcﬁmlasto\%eglectrode finger pitches. Even in this case, the discontinuity
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centers of the respective forgers nearest to each other in first excitation
regions 10 107,112 of the first and third IDT electrodes is 7712+1, 14.

Fig. 3Aillustrates the electrode fingers arranged at equa DedenbieesdQsn
excitation regions 109, 113 of the first and third IDT el ectrodes 102, 104.
Since there are seven finger-to-finger spacings for the six el ectrode
fingers, every electrode finger pitchis (7?1/2+1,/4)/7. Therefore, the
ratio of the electrode finger pitch 15 of first excitation region 107 to
the el ectrode finger pitch of third excitation region 109 of first I1DT

el ectrode 102 as well as the ratio of, the electrode finger pitch of first
excitation region 112 to the el ectroge finger pitch of second excitation
region 113 of third IDT electrode 104 is 1.071. Accordingly, the difference
bet ween the respective electrode finger pitches_of fjrst.and third

exci t at | ean bedlgofkam that f, a ropventional |case Wb@ﬁﬁé&rbltlkeraﬁl@éleadoﬁ%éam@ct r ode
finger pitches of fifkst an secpnd,excitati,on regions 112, 113 is about
7% Thusl,'edﬁc‘?‘géﬁfltﬂil%@ﬁ?tqaﬂ V?Ee(ﬁ'ggdquéﬁﬁ@é@mg?‘sconti nuity. The application
of the same structure to the respective adjacent portions of first and
second | DT eAedé¢scoigtion 1132 prabi@edalentvsoft besesunhane devmtiagi emaane dFt4/dr to
have as 25 a whol e a substantially periodic structure having reduced '
di sont i Kig. 8yincludegjenlarged prieps gach illnswating thegaspeotivendjacan portiors offiss t he
el ectrode fingers arranged at Z‘F:i t ches varyi n9 stepwi se in excitat ith?rnd

regi ons aeb thitd IRF glectendeantd2 n104 winn eiedvd.olecach2of fese cases

excitation region 109 of first IDT electrode 102 and second excitation region 113 of
third IDT electrode 104 each have three electrode 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+\/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 finger pitches of first and
second excitation regions 112, 113 is about 7%. Thus, a resulting structure has
reduced discontinuity.
The application of the same 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.



F

15 20 25 8 Decenber 2005 10 In the case of Fig. 3B, the discontinuity can
be reduced by optim zing electrode finger pitches L1, L2, L3, L4. Faor
exanpl e, setting ?J2<L1<L2<L3<L4 can reduce the discontiﬁd@%ﬁmﬁéﬁﬁ£§n t he
adj acent 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 include two different kinds of electrode finger pitches.
Even in this case, the discontinuity can be |less than that of the
conventional case, whereby the bulk radiation | oss can be reduced.
Consequently, the filter can have redgged | oss as a whole. 10 Next, a
description is provided of cases wheré“second and third excitation regions
108, 109 of first IDT electrode 102 each have nl el ectrode fingers, while
respective second excitation regions 111, 113 of second and third IDT

| d 03 I ' iavi h
el ectrodes |11ng' 3Bl0KisRAes tha¥RcREdE ftﬁtg%:{é%)&g?ﬁ%\ldagﬁrﬁtchbk vabyihg dapwist pd here

that first el ectrode 102 has a 1 el’ectrode Tingers, while

second apgbitaibn degi6ls 1055185 BEfifpeied (IRBIDT Qlbc@adh 10aVE0R total of N2

el ectrode fingers. As shown in Fig. 4, the distance bet ween centers of the
resgective 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
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to each other in first excitation regions 107, 112 of first and third IDT
el ectrodes 20 102, 104 is (nl+n2+1) J2?J4. It is to be noted here
deviating amount a is equal to +?J4 when there is "+" inS&lPesmbgr20034 and
-?J4 when there is "-" in front of 714. \Wen the el ectrode finger
arranged at equal pitches in excitation regions 108, 111 of first

t hat

S are
and

second | DT el ectrodes 102, 103 as well as in 25 excitation regions 109, 113
of first and third IDT el ectrodes 108 104, there exist (nl+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 8
Decenber 2+ +A141. (nl+n2+ r 2. o of the
el ect rodégg g‘gagegr% %@%hﬂﬁg&gﬁﬂ&é M# F‘%‘f Eé)f%‘%‘{cgﬂigno%?%?%nﬁs&%s@%110, 112
of IDT e 192, 130 4 : | [ each of
excitati ?ﬁ’&%‘égﬁgﬁ? %’8,1'%’1%/131 %‘%Og?gifggﬁlgﬂ’ %%é‘@%%éﬁ@j; <) EB%EI\QNC? h this

struct urgedlI_FEth' E&{Hdlﬁwl%éﬁﬁ%éﬁaﬁ%% '@?%Egs_ by appropriately selecting

nl and n2.

e selection’o mned by a trade-off

the di sconti nyiriyei2BA3tNg if iFid OB, ¢HRNASHEdrSthithS strudnit Thbstifed By
increase in nl and n2 results in'reduced discontinuity, but result

@Ay filter not having a desired passband frequency response

unsat fsf
because
the filt

n2 resul
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10" t he nunber of electrode fingers, which determ nes a nai

bet ween
t he
S in an

n part of

er CHa PP Lstle9n Fig. BB dktitstiort xedibnd 1100, 1Y iincludé twach of the
| DT el ectrodes decreases accordingly. Conversely, the decrease in nl and

tdiffdrentakihids bRélectrode finger pitches. Even in this case, the discontinuity
can be less than that of the conventional case, whereby the bulk radiation loss
can be reduced. Consequently, the filter can have reduced loss as a whole.

Next, a description is provided of cases where second and third excitation
regions 108, 109 of first IDT electrode 102 each have nl 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
electrodes 103, 104 each have a total of N2 electrode fingers.

As shown in Fig. 4, the distance between centers of the respective fingers
nearest to each other in first excitation regions 107, 110 of first and second IDT
electrodes 102, 103 as well as between centers of the respective fingers nearest
to each other in first excitation regions 107, 112 of first and third IDT electrodes
102, 104 is (n1+n2+1)A/2+A/4. 1t is to be noted here that deviating amount « is
equal to +A/4 when there is “+” in front of A/4 and -A/4 when there is “-” in front
of M4.

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



havi ng i ncreased di scontinuity and increased | oss caused by bul k radi ation
or the like. 15 Figs. 5A-5Cillustrate filter characteristics ghen nl and
n2 are varied. |In each of these graphs, the vertical axi $12 @ﬁapéing
characteristics (attenuation characteristics) on two different scales.
Specifically, Fig. S5Aillustrates the passing characteristics when nl=n2=3,
Fig. 5B illustrates the passing characteristics when nl=n2=5, and Fig. 5C
20 illustrates the passing char act erlilsti cs when n1=n2=7. As can be seen
fromthese drawi ngs, as nl and n2 increase, the attenuation increases
accordingly. This is because the nunber of electrode fingers in each of

first exehiftansesiiin mi®h, thirrdd2ueaareeunbdRiacHdgdr pspect Lo the

nunber o € sectondary excitation region(s). In this

case, t Nge dilh it alExALARH RRAABTARE L PLADOetolls el sl 1biBICT S, and

t he secon trodes eac ave a total of 19 el ectrode

fingers. il oielifoded ke YITBR of Yack | oF Eibsifor] k6 108, £ACNIOBT 118165 second and
cenber 2005 1

third 8 r I DT el ectrodes, the nunber of electrode fingers in
the secopdyexgiL@tipn region. accounts for (n2)1N2=3/19=0.158 in the case
of Fig. 5A, (n2)/N2"=5119=0.263 in the case of Fig. 5B, and

(n2) /32=71199;tRQRisl sirddbres B diREorftin@ity2an Yefmini@ided] By apmioptiatelpf
el ectrode fingers of the first IDT el ectrode, the nunber of electrode 5
fingers kdledtig Serand r20d Theiseltctiog of a1 and n2dgidetanrined by istrdde-off
(n1+nl)/N1=(3+43)/31=0.194 in the case of Fig. 5A (nl+nl)/Nl=(5+5)/31=0.323
in between the discontinuity and the filter characteristics. In other words, the
increase in nl and n2 results 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 n1 and n2 results in a filter
having increased &iscontinuity 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. bA illustrates the passing characteristics when n1=n2=3,
Fig. 5B illustrates the passing characteristics when ni=n2=5, and Fig. 5C
20 illustrates the passing characteristics when n1=n2=7. As can be seen from
these drawings, as nl and n2 increase, the attenuation increases accordingly.
This is because the number of electrode fingers in each of first excitation regions
107, 110, 112 becomes smaller with respect to the number of electrode fingers in
the secondary excitation region(s). In this case, the first IDT electrode has a
25  total of 31 electrode fingers, and the second and third IDT electrodes each have a
total of 19 electrode fingers.
Of the total number of electrode fingers of each of the second and third



the case of Fig. 5B, and (nl+nl)/Nl=(7+7)131=0.452 in the case of Fig. 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 el ectrodd?$cPyerditon the
10 secondary excitation region(s) accounts for 1/3 or less (i.e.

(nl+nl')/ N1<113 or (n2)/N2<1/3) of the total nunmber of fingers of the IDT
el ectrode. Fig. 6 shows neasured characteristics (a) of a filter when

nl =n2=5 and measured characteristi d (b) of a conventional filter. As can
be seen fromFig. 6, there is an inprovenent of 0.5 dB or nore in loss. 15
As descri bed above, deviating the first excitation regions of the first,
second a i certai DAt :

characte %E@égg%g?;{%%ﬁ@n%?ﬁ Sg}e?é.f)&%%(? g S ulglft](gl(e:gs acoues}ﬁt%ﬁé\llg\?%él?lsl ter using

h . . _ | abt « ¢
the pri %@Bx?t%ggg &g@i@%@lﬂ@f% Pt ORE of CF?&.' ,tz(;ggﬂN’.‘ZQ&’l@*@.%S gde finger

pi t ches y excitation regions o first, second and third

| DT el ecflfqugé Rﬁﬁ‘éﬁ Eﬁuﬁﬁ& I(xgllﬂilﬁj—'iﬂfgg—@wﬂﬁ%ttﬁe ca® 4iBE. 58| ofmesbggt r ode

fingers formt st ant continuous periodic structure, thus

reduci Ngpfifiged HESeQROREAN LM s IR ehd Bk IIVPdicairo@d) the HihilieR®f fleetiode

di scontinuity of acoustic inpedance. In the above description, the sane
nunbes ofin@rgCtin0dehd | BERRME | SndiSaHirdN etdAtiBACORGRINE excedblndtsi oferr egi on of
each of the first, second and third IDT 25 el ectrodes. However, the nunber
of finge+nny/Nhe(338YBTE@194 Axthelcasd e FikcBA,qnl+ml)/NE=(5p8)ia10@234ancording to
the total nunmber of fingers of each of the IDIT electrodes. In other words,
an opt i nhe caxe of Bigi 5B, oh@ilt+nd)iNda(V-Hip3bk0.452adtHe\cae dtignier 2005 13

As shown by Figs. 5A-5C, the attenuation increases to a large extent
when n1=n2=7. Itis 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 nl=n2=5 and
measured characteristics (b) of a conventional filter. As can be seen from Fig. 6,
there is an improvemeﬁt 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 description, the same number of electrode fingers is used in
the secondary excitation region of each of the first, second and third IDT

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

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



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

el ectrode is deviated by -714 or +714 fromthe respective first excitation
regions of the second and third I DT 5 el ectrodes. Fbmeverﬁl@%ﬁnﬁﬁﬁﬁgﬁing
amount is not limted to these values. The deviating anount 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 structure, balancing characteristics
10 of the bal anced port becones an essenl3al paraneter. The bal anci ng
characteristics can be inproved by, for exanple, slightly increasing

di stance L4 between first IDT electrode 102 coupled to the bal anced port
and each mdkin@il diffecfromied. 103, 104 coupled to the unbal anced port such
that X12>L1=L2=L3<L4 in F|g 2B. Although the increase in L4 results in

the slight d%‘g SRAIE ekbi n rég oﬁ'cﬁc{ﬁeoﬂfstffﬂ‘.?eéled%%&déh%sceigvl tehzb Lg /4! 1

this case, | ' 0oSs can uce resu reduc I SCO t|nU|ty,

and the hakh afchnghe Has h@é' tcé(&t%ﬂoﬁeregfyﬂssogf%ﬁsséc%%ﬂe@% { fd" AHTO

bet ween the adj acent ctro e forger pit e ranges

from 0. BelRirbdds. AMJwRRE, ﬂi@aﬂ@ﬁ?uiyi afinBGE fbt Hrhits] FMhER %lﬁéé negpghen a

signal input from unbal anced por 16 and output to first termnal 114 of
the bal ageeiitingrimemst & Sh@sH paraBidters ' déterffiniiPal pawBan® U thelfilidndngut put

to second termnal 115 of the Igal anced port are of the sane anplitude and

opposi t eigthehdoretbptihtiged i aeordiice Pafteddsaed filice shateetistie. | y deviates from
an ideal val ue due to, for exanple, a parasitic conponent between the |1DT

el ectrodes. oty giresenb ecrhbddinenng tleh ausfterdcotistics wave Hitarniy curfighnyd
changing the parasitic conponent between the |IDT el ectrodes through

adj ust metd hafe theainbalanced and balanced ports. In this structure, balancing characteristics

10 of the balanced port becomes an essential parameter. The balancing characteristics
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=L2=13<1.4 in Fig. 2B. Although the
increase in L4 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 balancing characteristics can be improved by changing

the parasitic component between the IDT electrodes through adjustment of the

25 electrode finger pitches.



25 el ectrode finger pitches. 8 Decenber 2005 13a The present enbodi nent has
referred to the electrode finger pitch only. In addition to the el ectrode
finger pitch, a nmetallization ratio (the ratio of an 5 10 3MBeosmberdfper
2005 14 electrode 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 regions 109, 5 113 |arger than that of
primary excitation regions 107, 112 Cﬁlg bring the electrode finger wdth
of the secondary excitation regions c e to the electrode fi nger w dth of
the primary excitation regions. Wth the electrode finger pitch and the
metal lization ratio thus taken into account for reduced discontinuity, the
| oss can be - t 0 i Iit,ches of
the surface g@%ﬂ%ﬁ%é}ft \L/\g}ar{l/lg&%l e31 ng%% aljregé}g%(f%? éﬂ‘gee?%‘ﬁg&{%gﬁéé‘lr ?gtglﬁc&g&'r E@t ure
of the p kavgat i erska | VARLAGERI i v when
t he inputﬁﬁgﬁ%a%uttgdlﬁ%egﬁ&gr?q@s@g\el?er@fecg? a#hlglefor eselr‘i)tqua gdﬁﬁrréeﬁ% as(ﬁre erred
to tHe bal anced and unbal anced

10

15



ports. However, the ports may both be unbal anced or bal anced. The sim | ar
15 advant ages can be obtai ned even when the input/output direction is
reversed as long as the electrode finger pitches of the s¥Peeabscdl¥stic
wave filter are set to define the periodic structure of the present

I nvention. The application of the present invention to a filter using a

| eaky surface acoustic wave can enhance the effect of reducing the bulk
radiation |l oss. Wth 20 the | eaky dérface acoustic wave, the proportion of
the bul k radiation | oss generally increases in wave node conversion due to
the presence of discontinuity, so that the filter is |likely to have

_ | ' filter
nventi eculiR® il L Er e BN kol SRRe) €L bR et Rl PR

I hO o | [+ : ' fil
s Do CRRBIE 51568 e PRERRNE Bk T b B AR o R, Y ot O
in 8 De | darite i (i The Second exermpla g
eac conetr b A o B el oct i

substrat;g Fi@leAWaatiabYihe Melalidasionaatis Tfisccot@iey efcititin! Rgions 100 surface

acoustic wave filter fornmed is a longitudinally coupled type including

I ihr Sg) SAGOREe@ thddithdt P hrih6! ERIRSIoR0REIHR3107 0% Bish firimy theecond,
ird and fourth reflector el ectrodes 707, 708, 705, 706 on piezoelectric
subst r atgectrode finger width of the secondary excitation regions close to the electrode

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 mput/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 have increased loss as a whole.
However, the application of the present invention can reduce the bulk radiation
loss.

25
SECOND EXEMPLARY EMBODIMENT

Fig. TA schematically illustrates a surface acoustic wave filter in



701. The second enbodi ment of this invention differs fromthe first 10
enbodi nent in that first reflector electrode 707 is di sposed between first
and second | DT el ectrodes 702, 703 and that second refl edtldscc@beritl§de 708
Is disposed between first and third IDT el ectrodes 702, 704. This
arrangenment can reduce discontinuity of a periodic structure defined by

el ectrode finger pitches and can hence reduce |oss of the surface acoustic
wave filter. Third and 15 fourth refldector el ectrodes 705, 706 of the
present enbodinent are simlar in structure to respective reflector

el ectrodes 105, 106 of the first enbodinent. In the above-nentioned surface

oo & iRt %v‘z%t rt?ls “&{n;ﬂ%%&%ﬂgﬁ%&wﬁm B H4RE prflent teheibil € PO OCE
el ectrode fi jitky t'ferhgf Hf%deqe&%egﬁ chcwﬁe%ra&emfaﬂp&saond

termnal 710 o he b ance e upper ectro e fingers of second

| DT el ecfig 15 §s G0 éc?gnt;ﬂewa SEUSLRRE(70M} ivhelbBy € dudface Oner

el ectrode P&inger thereo are ‘grounde Simlarly, the upper el ectrode

fingers &Houéé?@w O(%fs%xcitgﬁj el ectrode are coupl ed to unbal anced port 711,
while the | ower ectrode fingers thereof are grounded. This surface

acousg i ¢ waverHal dirflce tdtbastid Wb Bifter ZarmidieisUi IstloatndethIRnbupRidatyped ports.
Throughout |DT el ectrodes 702, 703, 704, the electrode finger pitch is set
at AN2. ific ﬂ&tb@hw@@anamhﬁaqmaélb@ﬂo&e@mm; 708, Todreaid fisfsi, seba@nd,r ode 702
and an 8 Decenber 2005 16

third and fourth reflector electrodes 707, 708, 705, 706 on piezoelectric substrate

701.
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 1s
disposed between first and third IDT electrodes 702, 704. This arrangement
can reduce discontinuity of a periodic structure defined by electrode finger
pitches and can hence reduce loss of the surface acoustic wave filter. Third and
15 fourth reflector electrodes 705, 706 of the present embodiment are similar in
structure to respective reflector electrodes 105, 106 of the first embodiment.

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

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

25  the unbalanced and balanced ports.

Throughout IDT electrodes 702, 703, 704 , the electrode finger pitch is set

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



excitation center of second |IDT electrode 703 is deviated by anbunt a from
the 7v/2 periodic structure. Simlarly, a spacing between the excitation
center of first IDT electrode 702 and an excitation cent &DeFmPR; $>| pr

el ectrode 704 is deviated by 5 anmount a fromthe 712 periodic structure. A
description is now provided of a case where the deviating amount is -?v/4.
When t he nunber of electrode fingers of each of the first and second
reflector electrodes is Nr, the distance between centers of the respective
fingers nearest to each other in first and second |IDT el ectrodes 702, 703
as well as 10 centers of the respectivg fingers nearest to each other in
first and third IDT electrodes 702, 7 ﬁ Is {(Nr+l) /2-714}. I n cases where
the el ectrode fingers of each of first and second reflector el ectrodes
707, 708 are arranged at equal pitches, every electrode finger pitch of
these r ektitatioor cantercolr ssdond TOT, elzoBodes 703 ng dayixted -bpramouny ¢« fromeibigide

there exist, (Nr+l) 15 fj nger-to-finger spacings in.each of the re ctor
el ect r od PSTIQQIE, Stpggiurey pHyeca spReIng QF?VtSeeé‘f %eh@‘céiaé‘@flr‘ifd’éeﬁ‘ Pﬁg"é? Bi) ch of

o refl cElsOUF il Bitangeitigy {aitol Br i, ME et DA R By 2"
el egt rOdgﬁ}ﬂaﬁgaﬁY&ﬁﬁgﬁﬂgP@ﬁé{iﬁﬁwﬁem nore el ectrode forgers, every

el ectrode ti1nger pi ctor .electrodes 707, 708 is 0.9712 or nore,
and the 20 discontinuity can be Jimted to within 10% In cases where the
devi ati ng ardudesanptien1is, npwe nravided opf thecase ewhersddhe fdayiameyiARNbT Seach

of I DT electraodes 702, 703, 704 to the electrode fnger pitch of each  of
ref | ect otMé} ecVhsnethe7numbon @f; §1391WH? ZJKe“FEeFF)?. eqph rPtIr the élcfﬁbrandeﬁ"éi?mlodes

or, 708re e%porhe \f/:iciggdgsolusr N?,r the rtﬁstglllgec re(t)\ggexf icg kets of et\ﬁgr}/esgtlaceuc\;er mgers

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 {(NrH)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+1)A2+A4}/(Nrtl) 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-I/{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 I+V{2(Nr+l)}. With reflector
electrodes 707, 708 each having four or more electrode fingers, every electrode

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



25 fnger pitch of reflector electrodes 707, 708 is 1.174./2. or.less, and
the discontinuity can be limted to wwthin 10% 8 Decenber_ 2005 16a In the
present enbodi nent, the electrode fingers of first and seddnesember 2006 or

el ectrodes 707, 708 are arranged at equal pitches. However, those 5 10 15
20 25 8 Decenber 2005 17 el ectrode fingers may be arranged at pitches
varyi ng stepwi se such as noted in the first enbodi nent, or the reflector
el ectrode may have two or nore different kinds of electrode finger
pitches. The el ectrode 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, |DP3l ectrodes 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 Fi B, first IDT.electrode 702.is divi int.o three gegions
el udi ng. 1 s Hecprenialorehod Bigpnhp Sled e, Rt o st G G000 TEHOD. and
third exgl L abuaMEP %08 ed diank8d i Stal pRING! BOWSRE, thdge ! rst excitation

10

15

20

25




region 721 is | ocated between second and third excitation regions 722, 723.
Second I DT electrode 703 is divided into two regions including first
excitation region 724 and second excitation region 725. Sdeeshmbesei®at i on
region 725 of second IDT electrode 703 is located close to first 1DT

el ectrode 702. Third IDT 15 electrode 704 is divided into two regions

i ncluding first excitation region 7 and second excitation region 727.
Second excitation region 727 of third IDT electrode 704 is |ocated cl ose
to first IDT electrode 702. Throughout first excitation regions 721, 724,
726 of IDT electrodes 702, 703, 704, a spacing (electrode finger pitch)

bet ween LREREES EXEsGRLF DS aPlankbe at ﬁﬁcﬁ&g wagiHe &hpwiskden hi ReRESHI S set at

]J2, where X 1s the wavel ength of the surfate acoustic wave to be excited.

A spaci nehdfEReTboARMEN of hd AiTleeRR efictiOte ihd P hat Gkd & mofe did@ta 721 of
first IDT electrode 702 and an excitation center of first excitation region

724 of  sifded eloblro@é GaEéqsieché93 1s deviated by a certain anount fromthe
Al 2 periodic 25 structure. Simlarly, a spacing between the excitation

center of firBhe ekecirbdd fiaper pitchearof fixdt ahdfsetciid tdHEck @ldcirodes 702 and an
excitation center of first excitation region 726 of third |IDT el ectrode

704 i 5 dG08 diffet trgmil tiwse of fizst) satomdndnd tleipd (IDT SleBrodusb®02, 20857048 2/ 2
periodic structure. In other words, optimzing the electrode finger pitches
of first Howmesels dD8helecteddes T8y 703, siir mdy £adld) be diddedmatotehpluehlétytofode fi nger
pitches of regions 722, 723, 725, 727 of the |IDT el ectrodes as a whole
af f or ds reggons teichangeithesslecirpele firgemhchmsfenclfegidreadincaid té reflpetos of t he
reflector el ectrode and the nunber )
electrode 707 or 708. As shown in Fig. 7B, first IDT electrode 702 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 located between second and third excitation regions 722, 723.
Second IDT electrode 703 is divided into two regions including first excitation
region 724 and second excitation region 725. Second excitation region 725 of
second IDT electrode 703 is located close to first IDT electrode 702. Third IDT
15 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 finger pitch) between respective centers of the
20 - adjacent electrode fingers is set at A/2, where A is the wavelength of the surface
acoustic wave to be excited.
A spacing between an excitation center of first excitation region 721 of
first IDT electrode 702 and an excitation center of first excitation region 724 of
second IDT electrode 703 is deviated by a certain amount from the M2 periodic
25  structure. Similarly, a spacing between the excitation center of first excitation

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



of fingers of the IDT electrode are not Iimted specifically and are
optimzed for desired filter characteristics. Also the ref] ector

el ectrodes shown in Figs. 7A and 7B may be grounded. The 8dRcraler 208ust i ¢
wave filter of the present enbodinent is configured to have 10 the

bal anced and unbal anced ports, so that if, simlarly to the first

enbodi nent, the ratio between the adjacent el ectrode finger pitches ranges
from0.8 to 1.2 in consideration of an advantage obtai ned by i nproving

bal anci ng characteristics, the loss can be reduced as a result of reduced
di scontinuity, and the balancing characteristics can be inproved. 15 The
first IDT electrode is deviated by -X14 or +?J4 fromthe second and third
| DT el ectrodes. However, the deviatind8nount is not linmted to these

val ues. The devi ating 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 enbodinent has referred to the el ectrode

finger PRYEBABE strubfurk i §fef bobds, pbRMlLARhe dlstiRAd Al fiRhEdof firs

electrode finger pitch, a netallization ratio of the electrode finger can
be changgfld s¢@Rd réfiectdr eleemdde8mogdTORad ﬂx@Selé@f@rerfﬁiggf it dfabgionemand

unbal anced ports. However, the ports may bot h be unbal anced or bal anced.
25 8 Decegpder25200bof e IDT élecftﬂ)daﬁaww}mleeﬁfmﬂddldsmmf adigntipes. of the

surface acoustic wave filter
5 The number of electrode fingers of the reflector elecirode 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 08 to 1.2 in
consideration of an advantage obtained by improving balancing characteristics, the
loss can 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



are set to define the periodic structure of the present invention, the
simlar 5 advantages can be obtai ned even when an input/out put direction
is reversed. 8 Decenber 2005 19 The application of the pr&desembayeiddion to
a filter using a | eaky surface acoustic wave can enhance the effect of
reduci ng bul k radiation | oss. TH RD EXEMPLARY EMBODI MENT 5 Fig. 8
schematically illustrates a surface acoustic wave filter in accordance
with the third exenplary enbodi nent of the present invention. In Fig. 8, a
pattern of interdigital electrodes each constructed of opposed electrode
frgers is formed on piezoelectric subs{gate 801, whereby a surface acoustic
wave can be excited. The surface acousti® wave filter formed is a

| ongi t udi nal node 10 type including first and second | DT el ectrodes 802,
803 and first and second reflector electrodes 804, 805 on piezoelectric

‘ ij? ot Zﬁﬁoﬁ? sloMEn e SRR FRkero itkhs of ABE SRR | b SiE MRT o7
by o eot Al Podeiph HHE Boriflif” Sthedth cdf ?ﬁ%ﬁ;@g{#&gﬂﬁé@&p“%;ﬁg@ﬁ;g e
he TppoPditiiagesas e diubOf oFF WRCAER i ARERIA AR SRR e o "

unbal anced port 810, while the | ower electrode fingers of this IDT
el ectrode 802 are grounded. The upper electrode fingers of second |DT
el ectrode 803 are coupl ed to unbal anced port 811, while the | ower el ectrode

fnmgers 20 thereof are grounded. This surface acoustic wave filter thus
i ncl udes the ports both




unbal anced. 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 IDT electrode 802 is |ocat &dPe&ReeH05t o
second | DT el ectrode 803. 8 Decenber 2005 20 Simlarly, second |IDT

el ectrode 803 is divided into two regions including first excitation
regi on 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 fingei9pitch is set at ?/2. A spacing
between an excitation center of first excitation region 806 of first |DT
el ectrode 802 and an excitation center of first excitation region 808 of

second | DT el ectrode 803 | devi ated by armoupnt a fromthe 712 periodjc
etructure. | AhgEpBHCHIoN of emresmat goEntippdo lﬁréﬁm&aée&wfacsiapewf

first excitation yegion 806 di.ffers fromeach el ectrode finger pitch of
second e%"?‘{e&a{lﬁﬂf‘?&ﬁitﬂ%e et of e ngt{‘-\i]%ml‘@iqo@elﬁ%%meen t hese el ectrode

finger pitches ranges fromO0.9 to 1.2. In second IDT el ectrode 803, the
el ectrode finger pitch of first excitation region 808 differs from each

Fati o bet TSI EREMPERTEMRERIMRE L7 ches Tanges 1rom 0.8 o 1.2, in
ot e vor oo el | ¢ MSCELASHCANE SA8RIGPLACGReEL RESHE! PRECTIR e
ftegfghgr ngﬁd&%%%itRH{é’@liﬂd%x%ﬂiﬁlﬁ&%Yﬂ%%nQﬁt G i plesWhiiberifGPnd excitation
In Fig. 8, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is formed on piezoelectric substrate 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 ﬁngérs
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 IDT

electrode 802 is located adjacent to second IDT electrode 803.



809 of IDT el ectrodes 802, 803 have nl electrode fingers and n2 el ectrode
fingers, 20 respectively. Wen deviating anount a=-714, the distance

bet ween centers of the respective fingers nearest to each 8dPeremben2G05y st
excitation regions 806, 808 of first and second IDT el ectrodes 802, 803 is
{(nl+n2+l ) X/ 2- X14}. In cases where the electrode fingers of second
excitation regions 807, 809 of IDT electrodes 802, 803 are arranged at
equal pitches, there exist (nl+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+1) X12+ - Al14}/(nl +nZ¥L). Therefore, the ratio of the
el ectrode finger pitch of first excitation region 806 to the el ectrode
finger 8 Decenber 2005 21 pitch of second excitation region 807 of first

| DT el ectrode, 802 as well| _as the ratig of _ the electrode fnger_pj.tc of,

first excitabimitarsgeeonddl Tt eleetredeBat ds divdded afertvs regionst incliing,
e e e
i B o o e i s o
of the e ectfﬁ?ﬁ@ghpf%eﬁi%. Fet aélpntn gsgl% Eﬁfzﬁﬁe@% i regond BT oG
Tt/ (o i35 Bopy B3] the SISO AbderPRu 351980 ot B2 08, Wicine, betesn
ooy ol B EHaRr diifer §F ?ﬁﬁfﬁ“&fﬁﬁgﬁ BEgoR08 61" fist T U452 Hnd ™"

an excitation center of first excitation region 808 of second IDT electrode 803 is

deviated by amount o from the A/2 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 excitation 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
0.9A/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 o=-A/4, the distance between centers of the
respective fingers nearest to each other in first excitation regions 806, 808 of first and
second IDT electrodes 802, 803 is {(nHn2+)A/2-A/4}. In cases where the electrode
 fingers of second excitation regions 807, 809 of IDT electrodes 802, 803 are arranged
at equal pitches, there exist (nl+n2+1) finger-to-finger spacings in these regions 807,
25 . 809, so that every electrode finger pitch of these regions 807, 809 is {(ni+n2+D)A/2+ -
A/4}/(ni+n2+1). Therefore, the ratio of the electrode finger pitch of first excitation
region 806 to the electrode finger



807, 809 is 1.1 7/2 or less, and the discontinuity can be limted to within
10% 15 In the present enbodi nent, the electrode fingers of_ second
excitation regions 807, 809 of first and second | DT el ectldeembgn05g03
are arranged at equal pitches. However, those electrode fingers may be
arranged at pitches varying stepwi se such as noted in the first

enbodi nent, or second excitation regions 807, 809 may each include two or
nore different kinds of electrode finger pitches different fromthe Al2
pitches. 20 The first excitation region of the first IDT electrode is
deviated by -?J4 or +X14 fromthe first2excitation region of second |IDT

el ectrode. However, the deviating anount is not limted to these val ues.
The deviating anobunt is one of paraneters determ ning a passband of the
filter and is therefore optim zed in accordance with desired filter

char act epitsh b€ secadmxsitation region 897 oftfaspHT etactronh Sd2rasrwelhas thesmbipodd t o
the electrode finger pitch only. As in the first enbodi nent, in addition
to the efhscelectods fingarrpitah ofifirshexcitation regiom #8 todhe slestrodedinges piich of
finger can be changed, too. The present enbodi nment has refer&&d 50 t he
ports bosecondmmcitation regign §0Ref second D slectroda¥03ds Inbd2@damZiitbe

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

et VGBS W HRDAI5R055. BB, B B R, Bl 507,
R e St o B R mokd SER ol gl i
these regions 807, 809 is 0.94/2 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 electrode 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
noted in the first embodiment, or second excitation regions 807, 809 may each include
two or more different kinds of electrode finger pitches different from the 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
. deiermining a passband of the filter and is therefore optimized 1n accordance with

desired filter characteristics.



FOURTH EXEMPLARY EMBCODI MENT Fig- 9 schematically illustrates a surface
acoustic wave filter in accordance with the fourth exenpl ary enbodi nent.
15 In Fig. 9, a pattern of interdigital electrodes each cdérE¢scmbert05
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 |ongitudinal gﬁ type including first and second | DT
el ectrodes 902, 903 and first, sec6fAd and third reflector electrodes 904,
905, 906 on piezoelectric 20 substrate 901. The fourth enbodi nent differs
fromthe third enmbodinent in that third reflector electrode 906 is

di sposed bet whe rfeée&x%tenﬁgﬂnﬁ@ﬁﬁjﬁgs L&Jnsae&%ﬁ@@ﬁ%tr%eaﬁnggpﬁltcﬁrhh@ can reduce

discontinuity of a periodic structure defined by electrode finger pitches

and can Aeng et BQe ehidddiént. g §Hﬂlfti%ﬁet@QBé'SélbétrW§ﬂgbi' tfifch2m I n the
above-nentioned surface acoustic wave |ter, the upper electrode fingers

of firstmfaMiAties rhQ6 6f Holledtfode Eéaﬂ@eéﬁélfglednﬁﬁd port 907, while the
| ower el ectrode fingers of this IDT el ectrode 902 are grounded. The upper 8

Decenber 2005hd3prebaftt epdedinmdigehas oéfemred ojodthdDpotisebdthodrbAfcedr e coupl ed
to unbal anced port 908, while the |lower electrode forgers thereof are

gr ousde dHowidiies, the pbAs enBchotsidcessa@ilebd ihbadancedhus i ncl udes the ports both
unbal anced. 5 Throughout first and second |IDT el ectrodes 902, 903, the
el ectrode fi Agdengad the electreds fingergithes\of fucsurfpdesionnstic waveefilier at i on
center of first IDT el ectrode 902 and an . o
are set to define the periodic structure of the present invention, the similar
advantages can be obtained even when an input/output direction is reversed.
The application of the present invention to a filter using a leaky surface

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

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

15 In Fig. 9, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is formed on piézoelectric 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 struciure defined by electrode
finger pitches and can hence reduce loss of the surface acoustic wave filter.

26 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



excitation center of second |IDT electrode 903 is deviated by a certain
anmount fromthe periodic structure. A description is now provided of a
case where the deviating amount is -k/4. Wien the nunber 83pecembex 2Wde
fingers of the third reflector electrode is 10 Nr, the distance between
centers of the respective fingers nearest to each other in IDT electrodes
902, 903 is {(Nr+l)2X2-7X4}. In cases where the electrode fingers of third
reflector el ectrode 906 are arranged at equal pitches, there exist (Nr+l)
finger-to-forger spacings in this reflector electrode 906,. so that every
el ectrode forger pitch of this reflecpgr electrode 906 is
{(Nr+l)7X27~/ 4}/ (Nr+l ). 15 Therefore, the ratio of the el ectrode finger
pitch of each of IDT electrodes 902, 903 to the electrode forger pitch of
third reflector electrode 906 is 1- 1/{2(Nr+l)}. Wth third reflector

el ect r odélegtredt fingerg of senond IDMHxlecteside G0Bxre coupled kr wunbalanseq pert &8y whie
finger pitch of this ref]ector electrode 906.is 0.92X2 or npre, ang the
di scont i Hig lgweraplestrode fingses thereqtt areerovngded:olhis supisee agpustc prRaCdBisrati ng
amount is +214, the ratiqQ of the electrode finger pitch of each of IDT

el ect r oddwsgpeludey GHEW$&§MEF@W5 -finger pitch of third reflector

g e TN RCAR 2ot T
o oo e SnBH B. A Dia ABe O 5 h

E: e eritabOE e g géc@%ggf)ﬁloﬁcét?c{q.;giﬁ}sr W5ty aVeftall HA0HT 180 £33

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

10 N, the distance between centers of the respective fingers nearest to each other in IDT
electrodes 902, 903 is {Nr+H)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/24-A/4}/(Nr+l).

15 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-
V{2(Nr+D}. With third reflector electrode 906 having four or more electrode
fingers, every electrode finger pitch of this reflector electrode 906 is 0.9A/2 or
more, and the discontinuity can be limited to within 10%.

20 In cases where the deviating amount is +A/4, the ratio of the electrode
finger pitch of each of IDT electrodes 902, 903 to the electrode finger pitch of
third reflector electrode 906 is I+ {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

25 10%. |



5 10 8 Decenber 2005 24 may be arranged at pitches varying stepw se such as
noted in the first. enbodinent. The electrode finger pitches of third
reflector electrode 906 differ from those of first and s&cdergmben2005

el ectrodes 902, 903. However, |IDT electrodes 902, 5 903 may each be
divided into a plurality of regions to change the el ectrode finger pitches
of each region adjacent to reflector electrode 906. In other words,

optim zing the electrode finger pitches of this reflector electrode and the
el ectrode finger pitches of the regions adjacent to this reflector

el ectrode as a whole affords the sim/|ar advantages. 10 The first |1DT

el ectrode is deviated by -714 or +714 m t he second | DT el ectrode.
However, the deviating anount is not limted to these values. The

devi ating anount is one of parameters determ ning a passband of the filter

;ﬂir acter ?Eﬁ fnifil;eeprﬁ%n‘g, 2‘9@32%&3@%@?%%ﬁ&ﬁﬁ%ﬁgbgﬁ%ﬁibﬁﬁﬂsg%%‘?Isleecgpﬁsagﬁ

. . 1B As i . . i D

cl oot oddrs i rersd ot a Safel al PHSE onPPRAvEbor PhE ol SebtBle {hEES can
be %?anged, too. The present enbodi nent has referred to the ports both

unbdl anced. However, the ports may not necessarily be unbal anced. The
application of the present invention to a filter using a | eaky surface

10
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25



20 acoustic wave can enhance the effect of reducing bulk radiation |oss.
Further, as long as the electrode finger pitches of the surface_acoustic
wave filter are set to define the periodic structure of t 005

i nvention, the simlar advantages can be obtai ned even when an

I nput/out put direction is reversed. 25 FI FTH EXEMPLARY EMBODI MENT Fig. 10
schematically illustrates a surface _acoustic wave filter in 8 Decenber 2005
25 accordance with the fifth exenplgﬁy enbodiment. In Fig. 10, a pattern of
interdigital electrodes each constructed of opposed electrode fingers is
formed on piezoelectric substrate 1001, whereby a surface acoustic wave

can be e t C r

IengituJﬁﬁg.ﬁ§ 5%%%$&d&i§§§h%%c &?ggg% él}ecg"c(&)1%13{1(%%|rd g%?%h and
fifth | Qb L{Odes 1002, 1003, 1004 1005, 1006 and flrst and second
reflector ectrodes 1007, 1008 on piezoelectric substrate 1001. In the

above- nment i oRgd g \Rirdli defiBétor bRLAMRPBDGELIEEE Besle Tingers
of first, fOlF}I’%tqh %%%ﬁ%e?ﬂreglﬁgdhg?\ggtrodeg 1085 1005, 1006 are coupled to

10 unbal ARGedk MRF dnd 8Snd T efclidBed Q0L D08) EHbW66, FYNEREGodds S02ese | DT
el ectrodes 1002, 1005, 1006 are grounded. The | ower el ectrode fingers of

secomd mﬁtﬁté&hﬁﬂvﬂe&%ﬂo%&ﬁﬁrém@%frd@&ﬂs talchafigafeadedtodefingbanced port

1010, while e upper electrode fingers thereof are grounded. The surface
acoust i Gpjtgkes dfi dalcBI reklonsadjacent to reflector electrode 906. In other words,

optimizing the electrode finger pitches of this reflector electrode and the
electrode finger pitches of the regions adjacent to this reflector electrode as a
whole affords the similar advantages.

10 The first IDT electrode is deviated by -A4 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 poris 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 buik 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 1is
reversed.

25
FIFTH EXEMPLARY EMBODIMENT

Fig. 10 schematically illustrates a surface acoustic wave filter in



I ncludes five IDT el ectrodes and the ports both unbal anced. 15 First |1DT

el ectrode 1002 is divided into three regions including first excitation
regi on 1011, second excitation region 1012 and third exci t33%E§mbeedilsn
1013. In this IDT el ectrode 1002, first excitation region 1011 is |ocated
bet ween second and third excitation regions 1012, 1013. Second EDT

el ectrode 1003 is divided into three 5egions i ncluding first 20 excitation
region 1014, second excitation regioﬂ 1015 and third excitation region
1016. In this IDT el ectrode 1003, first excitation region 1014 is |ocated
bet ween second and third excitation regions 1015, 1016. Third I DT el ectrode

1004 is dicvird8fcd WitR thOHRS <8RS enftoliidlMg first excitation region 1017,

second excitation region 1018 and third excitation region 25 1019. In this

| DT el ect r oderd @4 10f 4 pakteAX6f ihBlriRAtal £8EQRBdIhéh icBndiPeRLESK oppBlegEen Ssecond
and third excitation regions 1018, 1019. Fourth IDT electrodée 1005 is

di vi ded igMcorodwEngesd N forineaondpiesheldctitd sBhdppaenttd, 3Ryt SXFhdeat i ON
region 1020 and second excitation region 1021. Second excitation region

1021 of taebgsticDbaed @ahrdexddd The lsuefate heatftas aave tiltychaned Pk
el ectrode 1003. Fifth IDT el ectrode 1006 is divided into two regions

i ncl udi ndodgitalinally eouplédtypenincledinnfifsd2gecond, Seed) fowmek cindafiftlIDTegi on
1023. Second excitation region 1023 of this IDT electrode 1006 is |ocated
adj acent eleztrodes HOODT083, 004 o105, 10@Bland first and second reflector electrodes
1007, 1008 on piezoelectric 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
between second and third excitation regions 1015, 1016.
Third IDT electrode 1004 is divided into three regions including first
excitation region 1017, second excitation region 1018 and third exeitation 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



Thr oughout first excitation regions 1011, 1014, 1017, 1020, 1022 of first
through fifth IDT el ectrodes 1002, 1003, 1004, 1005, 1006, a spaci

el ectrode finger pitch) between respective centers of the
fingers is set at Al2, where k is the wavel ength of the surface
excited. A spacing between an excitation center of

el ectrode
acoustic wave to be

Sddecsbft Dghstan 10

first excitation region 1011 of fir | DT el ectrode 1002 and an excitation

center of first excitation region 1

15 of second IDT el ectrode 1003 is

devi ated by anobunt a fromthe Al12 periodic structure. Simlarly, a spacing
between the excitation center of first excitation region 1011 of first I1DT

el ect 104G fnr RekiGH) 104 o P B8 io xelo® LOPK OISk P Bycifaihon 1017 of

third | DT electrode 1004 is devl at ed

nount a omt

eriodic

SLTUCLUT Qegidh) TOZAPEL KRR HFT VE&irddBC1608C id Mcatill GafHcBAt 8 sbbdrdl 1PCi tation

regi on 1014 of

second | DT el ectrode 1003 and an excitati on center

of first

excitati @ectr@8é 2003.1020 of fourth IDT el ectrode 1005 is deviated by anount
O fromthe A/2 periodic structure. Simlarly, a spacing between the

excitation ceRifih IDIT tlecEbdeXO0baisi @ividede itentwld Yégiohs tihéladingDhirgt! ect r ode

1004 and an excitation center of first 25 excitation region 1022 of fifth
| DT ebeclekeitktichOfdpion 102% aat edednd axgitation Frekioan1023 e Sedchdpexdiadiod
structure. As noted in the above-described configuration, deviating the

first 8 Pegiomfi623 23Dhis HIT elecirbdd 1006 isdgiabedt adjhcardtao third I DT eledigddef i fth |1 DT
el ectrodes by the certain anmount affords

10

15

20

25

1004.

Throughout first excitation regions 1011, 1014, 1017, 1020, 1022 of first
through fifth IDT electrodes 1002, 1003, 1004, 1005, 1006, a spacing (an
electrode finger pitch) between respective centers of the adjacent electrode
fingers is set at M2, where A is the wavelength of the surface acoustic wave to be
excited.

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

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

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



characteristics representative of the |ongitudinal node surface acoustic
wave filter using a plurality of nodes. Further, optim zing the el ectrode
finger pitches of the 5 regions (secondary excitation regi®dAermbendSt han
the first excitation regions of the first through fifth IDT el ectrodes
reduces discontinuity, so that all the electrode fingers forma
substantially continuous periodic structure, thus reducing | oss caused by
bulk radiation resulting fromdiscontpruity of acoustic inpedance. The
devi ating anount of the first excitation region is set at a or P. However,
10 the deviating amount is optimzed in accordance with desired filter
characteristics sjince the_ deviating amount is one of parameters

det er mi nexejtatiopaegioanaf tie ﬁnséﬂwughegﬂh IR Tiekestiodes britheestan ameunt @S ar ea
havi ng the el ectrode forger_ pitches defezﬁnt fromthe X/ 2 itche%.nay be
formed ofharapterisies Biprescagativedel dhe Jongitydinahanods, syrfage acpusticowpys filter

o i I S B
gﬁlr f aggdmgé?%ﬁ?e@@ﬁm@?@ &5@5@%?5 el tﬁn 3@?1 gﬁ:ﬁf F’é‘é{ﬁt’;?%i 'I%gf??? romg a
embod mets tpuf SO oleSlrphlh REGRAARER gy o'l AF ol GBS PR ALY
subst 1 at it B OSRRRAR cShEEdaHROR e, HALTRALERAIORE PRI SA ulk

surface d fesHRS bt Fs ﬁéﬂﬂ[gé'({aﬂgé_nal |y coupled type
i ncl udi ng EFt?it, Ssec ndéan gﬁﬁﬁgﬁf'ﬁ Ce({%gctro es 1102, 1103, 25 1104 and

first and se¢RpdevRiingHdmbuf SLORRE exditRionlrtRforP i fitar @ebe Bl r However,

10 the deviating amount is optimized in accordance with desired filter characteristics

since the deviating amount is one of parametérs 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 coupled type including first, second and third IDT electrodes 1102, 1103,

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



8 Decenber 2005 28 substrate 1101. In the above-nentioned surface acoustic
wave filter, the upper electrode fingers of first IDT electrode 1102 are
coupled to first termnal 1116 of a bal anced port, whi | e StIpreemBei4005 !
el ectrode fingers of this IDT electrode 1102 are 5 coupled to second {
termnal 1117 of the bal anced port. The upper electrode fingers of second
| DT el ectrode 1103 are coupl ed to unbal anced port 1118, while the |ower:
el ectrode fingers thereof are ground8d. Sinmilarly, the upper electrode °
fingers of third IDT electrode 1104 are coupled to unbal anced port 1118,
while the |ower electrode fingers thereof are grounded. This surface
acoustic m@¥§ﬁ?&8 filter thus includes the unbal anced and bal anced ports.
First | DM %b 1102 is divided into three regions including first

excl Laton « o 00 0L moRSERRY Rl Bbhgh WAk ek 8 g bnedagci ot o
| ocated BELEely aSCRSf AAAN! (1be°K LAY b osp torid AP 148 4 215 Second

| DT el ec i's divide ee regions I nc I rst

excitati ' L 1ata ' t171 citation
Cogi on | DppE By, e (PRARG cRidiouB iRt FONARTAE oo HI0s hee ot 1 o
locatgd PAIMEPT, sé@o%ﬁn@rlﬂlg}gilt 117 0ofeite! bARLQR 6@ OTHe hipbdr eleblrddeand second

excitation'region 1111 ocated adjacent to first reflector el ectrode

st e R e et Lot on veg an i and third
excitati gie @@k 8Bctrode fingers thereof are grounded. Similarly, the upper electrode
fingers of third IDT electrode 1104 are coupled to unbalanced port 1118, while
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 regions 1114, 1115, and third excitation region 1115
is located adjacent to second reflector electrode 1106.
25 Throughout first excitation regions 1107, 1110, 1113 of IDT electrodes
1102, 1103, 1104, a spacing (an electrode finger pitch) between respective

centers of the adjacent electrode fingers is set at M2, where ) is the wavelength



1115. In this IDT electrode 1104, first excitation region 1113 is |ocated

between second and third excitation regions 1114, 1115, and third
excitation region 1115 is |ocated adjacent to second ref Bdegsmber HW5r ode
1106. 25 Throughout first excitation regions 1107, 1110, 1113 of IDT

el ectrodes 1102, 1103, 1104, a spacing (an electrode finger pitch) between
respective centers of the adjacent electrode fingers is set at V2, where X
is the wavel ength 8 Decenber 2005 29 ¢gfg t he surface acoustic wave to be
excited. A spacing between an excitation center of first excitation region
1107 of first IDT electrode 1102 and an excitation center of first
excitation region 1110 of second IDT 5 electrode 1103 is deviated by
anount aof thersurfaee agopstiewaveiiodbeszelied.ure. Similarly, a spacing between the
excitation center  of first excitation region 1107 of first ﬁé?% Fbﬁ%&@ de
1102 and an AxwReing hatweehpe exeifation eantened kiest exeitation isgiop hH) e | DT
el ectrode, 1104

Tl i i [
fige, GRSl Nt e T o
e il W TR
amunt 1 PR & ?%aj o ebrfblofect Sichi dlfoh TsbEH o%j Off%éidﬁe s
- cspons oo BIRET FOR AR S e BTOIEARAT? BBy SHBRRRE "G, ' e
excitation ragl Qfeddl Qelfrodes have electrode finger pitches 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



t he 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 el ectrode and thd Peembet 2497
center of second reflector electrode 1106 are optim zed by 20 setting

el ectrode finger pitches different fromthe ?J2 pitches throughout second
and third excitation regions 1111, 1115 of second and third I DT el ectrodes
1103, 1104. This can reduce discontir&@éy and al so reduce discontinuity
that results when the electrode finger pitches of the reflector el ectrodes
differ fromthose of first excitation _regions_1107,1110, 1113 of |DI.

el ectrodes 1148, 1] in0the 28bgvede 2codigwation, ndewating the first
above-descri bed configuration, deviating the first 8 Decenber 2005 30
excitation regions of the first, second and third IDT el ectrodes by the
certain anmount affords characteristics representative of the |ongitudinal
node surface acoustic wave filter using primary and tertiary nodes.
Further, optim zing the electrode finger pitches of the regions other than
the first excitation regions of 5 the first, second and third |IDT

el ectrodes reduces the discontinuity, so that all the electrode fingers
forma substantially continuous periodic structure, thus reducing |oss
caused by bul k radiation resulting fromdiscontinuity of acoustic

i npedance. 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 |DT electrodes and the

refl ector el ectrodes have the el ectrode finger pitches diSPeemier 2008m t he
X12 pitches. However, the electrode finger pitches of reflector electrodes
1105, 1106 and the regions of the IDT electrodes that are adjacent to 15
respective reflector electrodes 1105, 1106 may be the only finger pitches
different fromthe X12 pitches. The éﬂesent enbodi ment may be applied to
not only the filter including the three IDT electrodes but also filters

i ncl udi ng those, such as described in the third, fourth and fifth

Fes BSLEF R e g L R e
opt | mi 21 el SADHE e BMES, BRre AT RE TodbbME R B R

propagat i;fhstieddve i (SidP ﬂlﬁ%&?}ﬁ%ﬁgf&ﬂgﬁf @ga?sbe Iﬂﬁ%ﬁéﬁ@;ﬂcimizﬁhgﬁ{eh of the

f oregoi ng enbodi nents, sone ectro I nger pitches -of the IDT

el ect r 0d@leetrodd) EnBerepiteIRRSf the 96siomd Sihbethal thd BrdtecRElioN r&di6kd s0de are
set different fromthe 712 pitches for reduced discontinuity. However, both

the pef kRchigg, alcesd hadehaadiD elet{Pddd RahE@0Be Hicontinhitgesd it aliect r ode
finger 8 Decenber 2005 31 pitches different fromthe 7J2 pitches for
reduced dhe eletirbdy fihgers! ST Bubstaftiblly Chfibhohté déreodié et@@turk#a1Rt | On
proposes a structure for mnimzing discontinuity

reducing loss caused by bulk radiation resulting from discontinuity of acoustic

impedance.
The description has referred to the unbalanced and balanced ports.
10 However, the ports 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 M2 pitches. However, the electrode finger pitches of reflector
electrodes 1105, 1106 and the regions of the IDT electrodes that are adjacent to

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

The present embodiment may be applied to not only the filter including
the three IDT electrodes but aiso filters including those, such as described in the
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 an IDT electrode structure also, by
optimizing electrode finger pitches to reduce discontinuity of the propagation
path, the similar advantages can be obtained.

In each of the foregoing embodiments, some 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



5 between IDT electrodes in a surface acoustic wave filter in which a
region having A/2 electrode finger pitches of at |east one |DT el ectrode

i s phase- shifted fromthat of other IDT electrode by a c&mfesembaliat in
accordance wth 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 nobil e conmuni cation apparatus3%an be i nproved. 8 Decenber 2005 32
CLAIMS 1. Alongitudinally coupled surface acoustic wave filter

conprising: a piezoelectric substrate; and a plurality of interdigital

t ransduc etk _ jty of reflector

el ect rodggtcﬁ%ssposfe% @6&8&% ﬁ;eg ’g?gg%fé%g@f%‘?@gﬁ sf:(?[g:'%ﬁe‘,ﬂwﬁherei n each of the IDT
el ectrodes is an interdigital electrode including a plurality of opposed
el ectrode fingers, wherein the IDT el ectrodes and the refl ector el ectrodes

are arr anpgpdISTRIAICSPPLICABIIIQY al ong a propagation direction of a surface
acoustic wave, wherein the IDT electrode includes a primary excitation

regi on havi ngTHY BresehteiiveRE6n mﬁi—d}ﬁ@és Ristieitffre foh BhifintizingSdisconinmaltyngt h of
the surface acoustic wave, erein the primary excitation region of at

| east 50ne fwbdic IDDelaltaedes 9bl @Ssurface e astidwhie dlibr dinwhich phireRioxn

excitation region of another IDT electrode by a certain anount in

accor dancehanmingh A2 dlesirodd fingess pitohes ofqti ey ohedDThekctradel is phase-
shifted from that of other IDT electrode by a certain amount in accordance
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.




wherein at |east one of a condition that the |IDT el ectrode includes, on a
si de thereof adjacent to another |IDT el ectrode, a secondary excitation
region having el ectrode finger pitches different from th&DgeomppriRes, and
a condition that the reflector electrode having two or nore different

ki nds of electrode finger pitches different fromthe 712 pitches is

di sposed between the IDT electrodes is established. 2. The surface acoustic
wave filter according to claiml1l, whergin all of the electrode finger
pitches of the surface acoustic wave filter fall within a range of 0.87/2
to 1.27/2. 3. The surface acoustic wave filter according to claim1,
wherein the surface acoustic wave is a |eaky surface acoustic wave. 8
DecenmberCRAMDAS 33 4. The surface acoustic wave filter according to claim1,
wherein the I DT electrode adjacent to an outernost. reflector el ectrode of

the reflectorl. el edt losgiadinglhrsaupted sugaceacOUsle Wavs 1dliRr COBPESESE to the

.outernost refl ect orl CgiheCtl{fﬁd% a,secondary excitation region having
el ectrode fi ﬁd@?z‘ﬁ? o SIS e?‘é%t fromthe 2./2 pitches. 5. The surface

acoust i c vave il a%?%ﬁéﬂ%%ﬁé?egflagﬁﬁq]&r_ RREBUS DT | BlEcRb@R) r afg

~includes a sec ary” excitati aving electrode finger pitches

di f f er eng pliur0iy bhecficriidcabéss digpited bn tieasiczevdetdd subisaatepf | ect or
el ectrodes has el ectrode finger pitches different. fromthe A/2 pitches. 6.

The surface aduwrsini cackavé the [ID3r elestrodes gy anointardigatal elegtadsi ncludime a
pl urali tp m%{it;(%‘%pgogc é189§§dei qgleysciles a first IDT electrode and a second
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 amnother IDT electrode by a
certain amount in accordance with a desired passband frequency response, and
wherein at least 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.



| DT el ectrode adjacent to the first IDT electrode, the reflector electrodes ,
include a first reflector el ectrode adjacent to the first |1DT el ectrode
.and a second reflector electrode adjacent to the second | BPwr@berde, the
respective primary excitation regions of the first and second IDT |
el ectrodes are phase-shifted fromeach other by the certain anount in
accordance with the desired passband frequency response, and the first and
second | DT el ectrodes include, on the gzespective adjacent sides of the

first and second IDT el ectrodes, the respective secondary excitation

regi ons each having the el ectrode finger pitches different fromthe X 2
pitches. 8 Decenber 2005 34 7. The surface acoustic wave filter according

to claim6, whereithe swafaskaconsigevavamflier prcoeding tofclam [ewbercshtheolDT he

secondary S abion el Lncl e e "o oro BELSLGN KGRl
claim b6, . Vc\:@g{e%'t §1[1 &NSde AleFESf o e%/ﬂ ﬂgﬁ{eep(\ﬁl)lmlté@@ _r@f}%&ﬁr kﬁ?gbd@ﬁ?sé&m&é}?

secondar Ion reglons var e sur ce ‘acousti c” wave

filter acaonfbniteldh kRl IGioNb S bR iftieh Fothe Logakngl.t ches of at

| east oné o e-sec y excita n regions differ from one another and
I ncrease stepwi se. 10. The surface acoustic wave filter according to claim
6, wherein the electrode finger pitches of at |east one of the secondary -
excitation refyi ondhersarfacd acexstid wave filter according to claim 1, wherein:

the IDT electrode includes a 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.



11. The surface acoustic wave filter according to claim6, wherein the
nunber of electrode fingers of all of the secondary excitation regions of
at least one of the IDT el ectrodes accounts for 1/3 or | 8d2ecemberd06ot al
nunber of electrode fingers of the IDT electrode. 12. The surface acoustic
wave filter according to claim1l1l, wherein: the plurality of |IDT el ectrodes
i ncludes a first IDT electrode and a second and third |IDT el ectrodes

adj acent to the respective sides of thg first IDT el ectrode, the plurality
of reflector electrodes includes a first and second reflector el ectrodes

di sposed on respectliev SurPateC hcdiistie Swave Tﬁﬁzrtdmb@ﬁihh%fﬁoet’slehﬁr@dwhereﬁmeh@ri mary
excitation region of the first |IDT el ectrode is phase- shifted fromthe

r espect i electpodenfingerepichesaof atrleast ginoof thyf sachedary exadationdregiinsdngude 8edber
2005 35 |IDT electrodes by the certain gnmount in accordance with the

desi red PEEHH erep{ega%ﬂéleq; TPA¥St he |1 DT el ectrode includes, on
the side thereof adjacent to another IDT electrode, the secondary
excitation region having the electrode finger pitches different fromthe

X/'2 pitches. d3. T wéc?ccsc&&ﬂe%&e waee ddchidihg asCelatthng, Whefdinithe 12,
el ectrode

wherein the I nger pitches of at |east one of the secondary

exci t at i glactrely dinger Ppitchieke of v least noree offi the esceonddriy nebecitatior | regtans dearfyi nger
pitches. 14. The surface acoustic wave filter according to claim 12,

wher ei n stépwvisel ect rode forger 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 Jeast one of

the IDT electrodes accounts for 1/3 or less of the total number of electrode fingers of
the IDT electrode.

12.  The surface acoustic wave filter according to claim 1, wherein:
the plurality of IDT electrodes includes a first IDT 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 primary excitation region of the first IDT electrode is phase-

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



stepw se. 15. The surface acoustic wave filter according to claim12,
wherein the electrode finger pitches of at | east one of the secondary
excitation regions differ from one another and increase $tsanB 2008, 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 filter according to claim 12,
wherein the nunber of electrode ringggs of all of the secondary excitation
regions of at |east one of the IDT electrodes accounts for 1/3 or |ess of

t he tot ajpugBatrods BY ahé reagin hidRns iRfaccoRRntOTvith abt r dubred Gddsteamdoer
2005 36 18. The surface acoustic wave filter according to claim1,

wher ei n: frittneencPrespbast andles i ncl ude five | DT el ectrodes arranged in close
relation, the primary excjtation regign of the |IDI el ectrode i

phasgf sgi ;tedhﬁymrﬁed@@fqd& HICI‘#%jﬁﬁuhrﬁn the §léj|@o ?&fea&a’P?Ptt [ aH@@?"F T |
, .t | DT { I : i
Pher eof clapating e, SEROEREY ERaudp cieein Pl W RGNS Tind 886 0o on

havi ng t f pitches different fromthe x.12 pitches. 19.
The surf@‘?@%@%ﬁ?‘?%{%@%&ﬁ ter according to claim 18, wherein the

el ectrode finger pitches of at | east one of the secondary excitation
regions include two or nore different kinds of electrode finger pitches.

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 ﬁngér 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.




el ectrode finger pitches of at | east one of the secondary excitation
regions vary stepwise. 21. The surface acoustic wave fil 8decamberdhg to
claim 18, wherein the electrode forger pitches of at |east one of the
secondary 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 f at | east one of the secondary
excitation regions are all equal. 23. The surface acoustic wave filter

according to pd ai nhkGurbei@uttid Wave flREoBIngdb @BimOdevteteiger s of al | of

the secondary excitation regions of at |east one of the |IDT el ectrodes
accounts for th#3Ddrelbetssdesfintlhde five D Treledinvdesirrmhged modesd relajons of t he
| DT el ectrode. 8 Decenber 2005 37 24. The surface _acoustic wave filter
according to Bearimary cxpitationeging of the HT elecedg Epl@ﬁ%élilﬁééé’é’ the,e¢riiRs a

first and d I DI el ectyades, . at | east f the reflector electrod
s i spodmana Ageacige it e Gt oS PRk BrettPol%e o e cspect ve

primary exci hﬂkifgﬁr‘nrgegg(}]&ﬁgﬁhﬁeﬂcl &8, fdn" #e 30 ﬁf%?éﬁ'fdaﬂjggenteioer%gﬁﬂﬁ?qm‘ e

phase-shifte y the certaln anount -in accordance wth the

desired gasgbaditfer gastidayy SSRGS regith Haeingefthe cdloctralee firgedepitvhes t wo or
nore different kinds of el'ectrode forger pitches different fromthe ?J2

pi t ches. different from the A/2 pitches.

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 according 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.



""25. The surface acoustic wave filter according to claim24, wherein the

el ectrode finger pitches of the reflector electrode differ from one anot her

and increase step wise. 26. The surface acoustic wave fi [Slascemben?®ong to

claim1l, wherein: the plurality of IDT electrodes includes a first, second
and third IDT electrodes, the plurality of reflector el ectrodes includes a
first and second reflector electrodes, the second IDT el ectrode is |ocated
on a first side of the first I1DT el eoﬁtTrode across the first reflector

el ectrode, the third IDT electrode is located on a second side of the first
I DT el ectrodg4acrpgs dufficses@idic ewhest Alterel Rebrdame, tot Ruipr | Makyherein
excitation region of the first IDT electrode is phase-shifted fromthe
respect i vthe plurahtyyofXT elatirodesriagindesa disttand ssearshiD Rrelectrhdesd | DT 38

el ectrodes by the certain anpunt in accordance with the desired, passhand
frequency respdgag ongrd theggileston glectrqdes ds aogegclzﬁwe@%fth% Fband odes
has two r I fferent kinds of electrode finger pitches different from
the X/ 2 B@Tﬁﬁg&) 97. The surface acoustic wave filter accordi ng to claim

© 26, whereint - 0 - £ It ch ; I n f fywyyt and
' {&gr @gg@ﬁﬁg@&gg f gﬂ?ét#oql eré%l%hs abs lgastirqnan®f sdcBhd f ID¥

second reflec _ _ romone another and increase stepw se.
28. The glkirades age Ustidse-shiied fromt @aclaoter Biybe t eertdiriamaolnt Wh ecasrdance

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



the plurality of IDT electrodes includes at |east five |IDT el ectrodes, the
plurality of reflector electrodes includes at |east four reflector

el ectrodes each di sposed between the I DT el ectrodes, .the3dgcgapgr 2005
excitation region of the IDT electrode is phase-shifted fromthe primry
excitation region of another |IDT electrode by the certain anount in
accordance with the desired passband frequency response, and at | east one
of the reflector electrodes has two orghore different kinds of electrode
finger pitches different fromthe X/ 2 pitches. 29. The surface acoustic

wave filgREtr8g&P i NHe t Gertdial Binodfs has&irdaidee with eter eeiréd ngessbpad ches
of the reflector électrode differ fromone another and increase stepw se.

ABSTRACTfredudnmygespotiseadridy coupl ed surface acoustic wave filter includes a
first, second apd ird I DT electrodes and.,a first, and second r ect or

el ectrodes orfagh ‘i‘i‘f&‘?ogﬁécﬁqdi gecond Jeflggter eﬁférq({% hasewg BHQ%Orgafﬁ CFMEl ude a
primary excitatjo regi on _havi errd/ 2 el roode finger pitches, where
[err] i sfmﬁ%Oﬁﬁiﬁs{}eﬂaﬁﬂgS’f plé&gﬁﬁ gnt %@BJ@? ﬁ@tgﬁ%s The primary excitation
region is phase-shifted by a certain anmount in accordance with a desired
passband frequency. response. The IDT electrodes further include a
plurality of secondary excitation regions each having electrode finger

pitches different fromthe [err]2 pitches. Al of the )
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 e¢lectrode 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.



el ectrode finger pitches of the surface acoustic wave filter thus range
fromO0.8[err]/2 to 1.2[err]/2, so that a |loss increase caused by
di scontinuity between the IDT electrodes is prevented. 8December 2005

39

ABSTRACT
A longitudinally coupled surface acoustic wave filter includes a first,
second and third IDT electrodes and a first and second reflector electrodes on a
piezoelectric substrate. The IDT electrodes each include a primary excitation
5 region having M2 electrode finger pitches, where A is the wavelength of a surface
acoustic wave. The primary excitation region is phase-shifted by a certain
amount in accordance with a desired passband frequency response. The IDT
electrodes further include a plurality of secondary excitation regions each
having electrode finger pitches different from the A/2 pitches. All of the
10 electrode finger pitches of the surfacé acoustic wave filter thus range from 0.80/2
to 1.2M2, so that a loss increase caused by discontinuity between the IDT

electrodes is prevented.



