; e3eYTTU, VBWBX6XTYr ubTI TLE OF THE | NVENTI ON FI LTER USI NG Pl EZOELECTRI C
MATERI AL BACKGROUND OF THE I NVENTION 5 1. Field of the invention The
present invention generally relates to a filter using a piezoelectric
material, and nore particularly, to a filter that includes interdigital
transducers (IDTs) fornmed on a piezoelectric substrate. 10 2. Description
of the Related Art In recent years, filters that are fornmed wth surface

acoustic waverqeyirCes @dgh MaMiagdyt erdigital transducers on a

pi ezoel ectri c—substTate _are used as bandpass filters for tel evision systens
with frequency 15 r&A§éERoPSIHOMALEZY T MNERIPIRF filters for

portabl e tel ephone devices with 800 MHz or 1-9 GHz frequency ranges. An |IDT
has a pair of ,gonh-|.i of the conb-I|ike el ectrodes

i ncludes a bué %EROIU (E)IEE%EO 'Em One end of each of 20 the

el ectrode ¥ingers i8-cohhetdedlt bhehenpasthan, and the other end of each of
the el ectrode fingergei praRent Th&epdlilbrofgemilike-&laeds odesai s arranged
so that the el e(itrode f.I ngers .of oegge of the conb-1jke el ectrodes becone

adj acent to, &F'6¥&r MEFNE £h PUHE DS H et Mt Fidger& O "he ot her one of
t he conb-1i kepelrédcnddes vat tr edetidrii merthd intioralalde s VienendidCtudl t age i s
appl i ed Lo t e Bah e CONtride wlisrld alps ﬁ%é?ﬁ&ﬂf@“é&b&t%%.' s

generated. The surface acousti C. wave has ency characteristics.
UtilizingtB0 the fréquePRscEharbeperfstPBsRedatprrt Bwith desired frequency
characteristics canrthereeahitzgearlsi,g9.fill tidrdsusin=al exr<a Gomventwonial filter

utilizing surf ouSti ves. T : t jlte he. fLEter
shown in Fig. S?(El%g %i éészlotl)%é: i E’Sa'j? a[)\?'jll?lcgegse %lgﬁeheﬁéa%rlﬁ%i%%??(r)%Dgﬁ%Hcati on
No. 10-41778. tThastiucess smown bl ey ect fime| et zate rare | Fedoasa ground
el ectrode 20, pandpasseand dAdl 24 cBedidisdn -systemd QI 4R, FE8gueheynd

el ect rodelgo, and t he fsgi@o?&t | DT ?il% are formed on @ap# ejzoel ectrl C
subst r at e;> and?8P&5adifacent to "dhe' "an r 39 e BUrfhck®hot®fi c wave
propagati on dppettbde. tEiepipoogndicsiients odieiPBIG MHI nter po%edHbet ween t he

first 1DT 10 and thecsecandesDT Q. rardnbungt bans s acfy-ald.el ectrode.
The first I DT 10 servés as_an_ input_electrode (or _an output electrode),

whi l e the secBhECIFBPISH -seFI88 85 SRSoGPPHT lekEc ElEFE TGS San Tt es
el ectrode). Thebgsobad hddeldetatadele2 ipremrent s Celee@tndoreEgretdtc oupl i ng

bet ween t I 1 I Al [ 0 i
obl i quel yﬂgrrgﬁ&glggqtr%gi% gl?rpfq;égfes éciﬁcs%%%%m%/cg?yeﬁ%?%%%dﬁ?%m %ﬁg | DT 10
(or the | DT 3bthecarhss grel et €ty f Beig egteded e Fet UsnPAYNt0 t he

| DT 15 10 (or ThBepkBT 3@) comb-like electrodes is arranged so that
the electrode fingers of one of the comb-like

electrodes become adjacent to, or overlap with, the

25 electrode fingers of the other one of the comb-like
electrodes at predetermined intervals. When an AC
voltage is applied to the pair of comb-like electrodes,
a surface acoustic wave is generated. The surface
acoustic wave has frequency characteristics. Utilizing

30 the frequency characteristics, a filter with desired
frequency characteristics can be realized.

Fig. 1 illustrates a conventional filter
utilizing surface acoustic waves. The same type of
filter as the filter shown in Fig. 1 is disclosed in

35 Japanese Patent Application Publication No. 10-41778.
The filter shown in Fig. 1 includes a first IDT 10, a
ground electrode 20, and a second IDT 30. The first



The 1 DT 10 has a pair of conb-like electrodes 10a and 10b. The conb-1li ke

el ectrode 10a has a bus bar 12a and el ectrode fingers 14a. Likew se, the
conb-like el ectrode 10b has a bus bar 12b and el ectrode fingers 20 14b. The
open end of each of the electrode fingers 14a faces the open end of each
correspondi ng one of the electrode fingers 14b. The overl apping parts of
the nei ghboring el ectrode fingers 14a and 14b (the el ectrode finger

over| appi ng papgs) o orchteh%r%lu%t Qde. 32 dd nagr a%té]é agiganaaﬁbcf%her,

contribute to exci tatl on of surface acoustic vvaves e structure shown
in Fig. 1, th&T&l EerPEde Ofi Ry SFQSESt BisT MW%% e#2et#B8e fingers 14a
and 14b is meagbaedntwhbeoane@mhunﬁﬂ3LntﬂneeﬁuxﬁddﬁkaémeEicpahvern shown

n Fi9. 30,1 bagusiabued v anedizatiane Looihe anadiaedelaptyode finger

pattern, the e electrode I "over applng par he wi dt hs
wi || be herei hABFEEPOFEHePREWEEY ddiet rféréﬁerltﬁm el 4 et Hshe v%@?oilﬁ {he

ISIEJ)rTf zige aﬁouseoc ‘é@melfﬂh@ﬁ%%'fsl QR @& reatdien. elllgct?f”z?cfét?ﬁﬂheerﬂmtlm the
, the aperture lengths are aratively sm ese parts are

general |y refg§r88IF8sa§ niRut&& H&Egﬁﬁﬁﬁl éF Y AP 10 - has

greater aperteateckengehs whitlke thentsercanehildll. thesapers Las annguhpuare

proportional Loeexebhat iR LAl aRghicy e ietdlingl v mpsUifasg pcousti c vave
has hi gher |nt$n3|t¥dln the cent er of the IDT 10 thanthe 5 intensity at

ei ther end re§iBAT6PIENEYI BFSYED thn & LS odRay i afb‘t‘&i’}rjs‘?‘ﬂc%e@éﬁeﬁe
vari ed by adjtukti bQTt hé apddkhatﬂmn‘ﬂﬁighhﬂsg, the bRbu3d allsa-trwlaides a

pair of conmb-bhkee Fs&&aﬁgﬁg AL gal e%oC%fH% ,J,ff]rf%c%rt %gtféewg%slo

wei ght ed. Accordi ng ertur ngt hs in are unirform This
type of 1DT |§66§Fﬁéadafﬁ@mw§PeI@ﬁT i@e(ﬁﬂiﬂﬁe\MQ113%%‘%%@v%estructure

functions as prbasdpass fi-bht @einkd rEFa dddderarshawtim g . td ewd dbscl osed
in JapanQ%g P? eEE Agﬁliﬁﬁ&i i Publ i cati on No. 10-41778, however, cannot
adequat el'y at Re %uéﬁcy conponents in the stop bands. 20 SUMVARY
OF THE I NVENTI ON | tThe tREréPohesam pbjectiokomke likes erdtedtmains okl4 o

provide a filtga wghbnNg Phoi e3AELECLEI él@@%?!’;ﬁé' 108 WACh thes %qyelza
di sadvantage is elhnlnatﬁd A nore ﬁpeCI i ¢. obj ect gb the pr nt invention

25 is to providd SLFFFERAS hARIEFF Biles |ﬁbF8Wéﬁest Ch&TIE teristics.
The above objetéstobdehéOpr esent bmwebkiron 2a&r eral b levadrdye af ind¢es

1 nel uci ngio & PhEZOSHREIREn SURGT 68! EacANEr AcRbUERLE Y ol IR P4
faces the open end of each corresponding one of the

electrode fingers 14b. The overlapping parts of the
neighboring electrode fingers l4a and 14b (the
-electrode finger overlapping parts), or the electrode
25 finger parts facing each other, contribute to
excitation of surface acoustic waves. 1In the structure
shown in Fig. 1, the electrode finger pattern formed by
the electrode fingers 14a and 14b is weighted. More
specifically, the electrode finger pattern shown in Fig.
300 1 is weighted by apodization. In the apodized
electrode finger pattern, the widths of the electrode
finger overlapping parts (the widths will be
hereinafter referred to as the aperture lengths) wvary
in the surface acoustic wave propagation direction. At
35 either end part of the IDT 10, the aperture lengths are
comparatively small. These parts are generally
referred to as minute overlapping parts. The IDT 10



30 (I DTs) fornmed on the piezoelectric substrate, at |east one of the IDTs
having a nain el ectrode finger pattern that is weighted, and the at | east
one of the IDTs also having a sub electrode finger pattern that is
connected in parallel to the main electrode finger pattern, and 35
generates a surface acoustic wave that cancels a surface acoustic wave
caused by Ieakage electric fields generated in the main electrode fi nger

pattern. - asBBYEE S Ta'u% Fen sPF%]% i %#@éroﬁg%ﬁ ures

and advantages of the pres i nventi becon® nbre apparent fromthe
5 fol | owi ng dépaﬂtééwdé%rgtﬁﬁ WW&WQW%M Lﬁ?é‘ﬂ’é?ltwlﬂh t he
acconpanyi ng dnhaensgsy.i nAhSBbEBlnEIlg,héulrlflladét a@ba%tacc@mwtnmal filter;
Fig. 2is a gpaph _representative the relati tween a ure

| ength and exél Fon Ensﬁt§h§fi3hﬁq%fn§?ﬁlq{g P%QF ﬁ@ F%ﬁﬁ E@ Celectric
fields geﬁéraﬂé@enﬁlaw ROTeifihgr 4nd Inestirat st ttte piPhcl Pl esThod the

present lnventflreaueiaé Fic$aradddiusiiates 4 fHid t\%riéaaz?f%&'%@@l wyth a
first enmbodi nent ge @resent invention; Fig. 6 rates an éxanpl e of

t he sub eIecthﬁeaPPH@é? B0 &EH9NEIGI-7 i1l ustrates a nodification of the
filter 20 shown in Fhg. IBT BDgal8oi bhudtkaises @afiid teefif damkackiokelance with a

second enbodi pabeghoblie BLESEREJNEML AT et Iddas LA egop 11 ter in

accordance with a nmbodi nent resent 1 nventi on eIg
i |lustratids aveiphEedi-n heeordangéyw Fheaapaaﬁpﬁee&wtr?mlrbft% ¥ esent

invention; Figo dtei Lhusbrat.esTaibi tiype bf aocondaned 1Wd h avdrinddih
enbodlnent of b?e present invention; Fig. 12 illustrates another exanple of

the sub 30 el ectrode finger pattern;
The filter with the above structure functions as

a bandpass filter.

15 The filter shown in Fig. 1 and disclosed in
Japanese Patent Application Publication No. 10-41778,
however, cannot adequately attenuate the frequency
components in the stop bands.

20 SUMMARY OF THE INVENTION
It is therefore an object of the present

invention to provide a filter using a piezoelectric
material in which the above disadvantage is eliminated.

A more specific object of the present invention

25 1is to provide a filter that exhibits improved stop-band
characteristics.

The above objects of the present invention are
achieved by a filter including: a piezoelectric
substrate; and a plurality of interdigital transducers

30 (IDTs} formed on the piezoelectric substrate, at least
one of the IDTs having a main electrode finger pattern
that is weighted, and the at least one of the IDTs also
having a sub electrode finger pattern that is connected
in parallel to the main electrode finger pattern, and

35 generates a surface acoustic wave that cancels a
surface acoustic wave caused by leakage electric fields
generated in the main electrode finger pattern.



Fig. 13 illustrates a filter in accordance with a sixth enbodi nent of the
present invention; Fig. 14 illustrates a filter in accordance with a
sevent h enbodi nent of the present invention; 35 Fig. 15 illustrates a
filter in accordance with an ei ghth enbodi nent of the present invention;
Fig. 16 illustrates a filter in accordance with a - 4 ni nt h enbodi nent

of the present invention; Fig. 17 illustrates a filter in accordance with a
tenth enbodi nrent of the present invention; and Fig. 18 is a graph
representative of the 5 fre%uency characteristics of the filter shown in
Fig. 1 and t hEREEF BESERIRY LON SFy THE DBAGENGST) ON OF THE PREFERRED

EMBODI MENTS The i nvephetsobt udied Ehﬁtﬁ?é@oﬁnm)édtv%tfddé§l’oﬂQ:l'$é1h0VW in
Fig. 1 cannot t .enuat.e .t he frequency conponents_in the stop
bands and supgggggﬂ?hgh%%ﬁ%é%ﬁnS}%+hgefﬁ$§hﬁgwgyé¥ﬂ%$ %QFtﬁ%PTeF%?ionship
bet ween apert fifélpehgehdandidrel dasicorptittensihgn Mad nicomjuscgiaph
showi ng the exaghnahkoRckesphhyih® Br@widgd,hahomizantal axis indicates
aperture length (A _+~ reEreifnting t he maveleggth of %Qg%furjace acoustic
wave in the pass bantdof Tt heTFPFEEFFS anGOPREN & Pdalt XS i ndi cat es
normal i zed excitatiBhgi nEensi aygraphConpenseanaltliye idf itheconsi dered t hat
the el ectrode -} RgebnQUeE! BRRLAYNPALES+EXQ h& Ry FUII AL & ACOUSE | &y Wave and

t he aperég{e length_ls proportional "to excitation intensity as I ndicated by
t he dott | i HBLERALF&E excitation does not occur when the aperture length
is 25 zero. In realfiy, Bhelpuspestiesnaher ekbakizgeskilpean deriebses ved where

the aperture ] 2 greater, but the excitation intensity
varies as ind %Q?%%tﬁé ?He?éﬁ?pg’line where the aperture length is 0.25A or
smal | er, and excitatf19n dceltyseyeheshthe phéngpedesr @ L3¢Hempasant zero,
as shown in FigvedtibA;view of this, the inventors considered that there
wer e ot her. surface acoustic ve excitation sources than the electrode

fi nger oagrlapping %%?ts. kbi@sgﬁaﬁ??iﬁaFF$Fefhéniﬁf&ﬁggﬁ§c€bﬁ§i red t hat
surface acousfirshassbodémen85oéxtheegriepeneakagendliest,ri c fiel ds generated

at the end portiOnSFfﬁ.t@eifi§§E£Qg§sfEﬂggkémple of the sub

electrode finger pattern:;

Fig. 7 illustrates a modification cof the filter
20  shown in Fig. 5;
Fig. 8 illustrates a filter in accordance with a
second embodiment of the present invention;
Fig. 9 illustrates a filter in accordance with a
third embodiment of the present invention;
25 Fig. 10 illustrates a filter in accordance with a
fourth embodiment of the present invention;
Fig. 11 illustrates a filter in accordance with a
fifth embodiment of the present invention;
Fig. 12 illustrates another example of the sub
30 electrode finger pattern;
Fig. 13 illustrates a filter in accordance with a
sixth embodiment of the present invention:
Fig. 14 illustrates a filter in accordance with a
seventh embodiment of the present invention;
35 Fig. 15 i1llustrates a filter in accordance with
an eighth embodiment of the present invention;
Fig. 16 illustrates a filter in accordance with a



Fig. 3 illustrates electric fields generated at - 5 the end portions of
el ectrode fingers. In Fig. 3, the solid lines indicate electric field
conponents that are generated at the el ectrode finger overl apping parts and
are taken into consideration in the design stage. The 5 broken |ines

i ndi cate | eakage electric field conponents. The | eakage electric field
conponents are generated in the gap regi on between two el ectrode fingers

t hat does not ,f; [ I i appi ng part. The
nf QLR @ lcsga%@% Y et_h%ctg{fg%%l%e MRS VB £

| eakage el ectric fiel onponent s 1 ncl , ectric field conponents that
are generated from Bifositti vélpstentes 2elfdditeddd f iarfardange with a

negati vepot entealthekegbdadernfti rgerHeaagimgdrite posiit veppt emdi al el ectrode
finger, and electri E'I;'.ehg E%”BO%}%QE% E@%tre%re%t%tec’l%ato dgom a
positive-potenti al 59&l ¢t r8de Pinger t6 a negative- pot ential el ectrode
finger adjacefireggengy ghsirgiorericitams aif ditectiiodeey i slyewn EpBépally in a
case where thgnal eetr ede thi-ngewpatiersnd.s swei ghted as shown in Fig. 1,
excitation caused by | eakage electric fields cannot be 20 ignored, because
t he stop-band characteristics deteriorate due to the excitation. Based on

t he above obsBEZERIEAIONhOFI MHENPRES FHRRED] dMRDEIMANTRt ure that generates a
surface acoustic weyget QnGaResksOL+BhiENake the S fARe @fpUst] Copave 25

excited hy the | eakage electric fields generated in the IDI 10 shown in
Fig. 1. '%. Ahpppydr §18s ﬂhéaﬁppﬁcﬁﬁ%ﬁ?%ﬁe%Wﬁ?q?ﬁ%ﬁﬂﬁ%n?the filter
shown in Fig. f4egnehugescaponBhtE0Q nanthears ddpl Hadtid ainds opp@sed the
piezoelectricfgyﬁgaﬁgée. The ground el ectrode 20 shown 30 in Fig. 1 is
formed between the s 100 and 130, but is not shown in Fig. 4, for
sinplification of theediBWPA§OrFhexRDINEP0 thee rgded ipnadiip gleefew%le finger
pattern 110 thpkrit&reduievak@ntanto &9 tldl ok0 ishews ity Fi igl, 2ands a sub
electrod%jgin er atﬁe&n 120, that i s 35 .new iq:rod%ce b E?etgéesent

i nvention.” Thé"s ErertFdd hﬁiﬁégpﬁ&% %9@1%&&9"%‘eléhtfi ald’y Shnect ed
in parallel tborheontied ekést iods chitegermpgattheren leryth 6M: Aand generates

the surface agaysbkentang tBeCaRGR1MRH eakagr &l gotdde dioldvave
generated in the nalnigéectrod% fln%%rﬁgﬁttern 110. The | DT 100 | ncl udes
25T

three bus bar¥21%23" bPagfd PEIsL s ET 11 AP E FRE SHRF eHCREt ween

t he mai n el ecérbddeihdmgarepanvema lllz@darctdile tsiuin elresinodey f | nger pattern
120. The {fru : hn Fi.g. . [ hay, DT that

i ncl udes the %%#gggﬁggﬁgéég'tﬁggéé gg¥¥ﬂ$ﬁﬁ$%%1gﬁﬂ?gﬁggbus %%?gd%lza and
112b and anot heRIEDTOVRAL2PRING PEASCEEF IS thSUITRGH FRAVTT &S wnve
includes the shnb ehechpedeufriengengpat tier prbXdraficdbridie thisebarsadilah and
112c. The bus, 12b is desi.gned to haye t round potentjal that is the
ref erence pot éﬁ?%%%}%nast ﬁ@aégﬁgeﬁ‘oéyt i%vée 6’?“%&5&%93) "%Bi/eol tage is
applied to thexpisatsohadsesinatapdchr2ewhen the aperture length is

25 zero. In reality, the proportional relationship can be

observed where the aperture length is 0.25A or greater,
but the excitation intensity varies as indicated by the
solid line where the aperture length is 0.25A or
smaller, and excitation occurs even where the aperture
30 length 1s zero, as shown in Fig. 2. In view of this,
the inventors considered that there were other surface
acoustic wave excitation sources than the electrode
finger overlapping parts. More specifically, the
inventors considered that surface acoustic waves were
35 excited by leakage electric fields generated at the end
portions of the electrode fingers.
Fig. 3 illustrates electric fields generated at



In the positions representing the sane timedomain response, excitation Ais
caused by | eakage electric fields generated in the main el ectrode finger
pattern 110, and excitation A is caused by | eakage 20 electric fields that
are generated in the sub electrode finger pattern 120 and have the opposite
phase to the | eakage electric fields causing the excitation A The
positions representing the sane time-domain response are Iocated on a line

that is perpepgicubar U%ttlla:%szgfsglbe%%&%o%kag de@VE 1 Gggatd Ot he

direction. The excitaftion cause e electric |e ‘ds and t he
excitation A'SEéﬁgeélﬁﬁstH@dﬁéé%§g§L9Q§ﬁ%q(ﬁ#ﬁ%ﬁcﬁP%ﬂOW?ﬁF%p%%%Ft@rﬁhase
to the | eakaggeekeateic afti ehe @&@Sitﬁ@)dé’leflel?fﬁdﬁ aivﬁlla%gsi]@gﬂldaﬁt@f ghably

have the 30 sgggctggggs tY, Mre . %%@g cﬁ9|H¥t &g% égiékgéectr de finger

pattern 110, finger “over par (%% o obt ai n
desi red cHéra@F@kP@tﬂé@eSHh&QMQQtG|kﬂ%&ﬁ@%d@bﬁ@éalbyfﬂﬁédsmquQnemt%froms

are gener at edThy uaaka@be@ub@lt&% diifefler eneAmNG the: efaed rodeqf i pger
over | apping p and eakage electric fiel s d di ated by the gottedllne

arrows are geﬁé?a?gﬁ FRIERE §5HEn Wive Qﬁﬁ: NS Fihyerdpattern
120, there arEObnEyrmlauBabete@tn@deemaqyﬂbdmuﬁﬂagqnrqum&aﬁplmg shown in

Fig. 4. Accorghggly Tﬁéeféékggé'gigétﬂig @?Elae@%h B%@nt% t?ﬁﬂﬁgﬂyof the

el ectrode fin ? over appl.ng parts, but | eakage l'ectric
sane i nt i t$ gstrhe ﬁé&%&g@ogpeaeﬂté ftlhéitd§r€er9@rfé%1&f5¢q1 FFRIN nRi n
el ectrode f|ngeslpaVéepntéﬁ@laﬂeegenamakﬁdfmﬁ@dﬂuidﬂénﬁégmknﬁénger

over | appi ng p}qél %nwaﬁhglgggrg C%(}%gl o r% r groatthte r})s’ljtzt(t) are very smal |,

t he el ectrode ers’int in e ern 120 are
shorter than Pﬁée@Fééﬂr@&écﬁﬁﬁ§€r§lmﬁeﬁhe%ﬂﬁr?LﬂQ&ﬁ#Qxﬁiqlﬁger pattern

110. In OthercMﬂﬁGﬁentBetﬂbﬁta@éegQQbW%Q%dtEQCQU%lﬁﬂbiﬁﬁﬂb dd2cai s
shorter than tPe grgéan e between _the bus bar % % %b ). descri bed
later with 1 ferdnce t89kFg 62 Pﬁga rEFSHE Jﬁg% TGN sub

el ectrode flnéémgﬁat@éﬂﬁCQBD ﬁayth@tpgwemumﬂaﬂqnﬁnmudi(ﬂ&ﬁ@ﬂﬂﬂ&@r In the

posi tions reptesgati n%é;k@cﬁaaﬂﬁytmegoeas@ (REPANERe Lhecshlelyic fields
caused by an 20 excitation voltage e main electrode finger pattern 110

have the oppo ??%e§|BﬁtFSrphéSewg&ﬂhFEdfﬁél&§°@§h§éﬁ B9y ¢ He sanme excitation
voltage in thexsubaekentcadeeﬂlbge&epah@er@1%2&14Ih¢1mmn&ﬂdﬁﬁm@mebéinger

pactern 40 | SaXeblodyLBaaueh AodlieeLian A e hangelo 2gd he excitation

in the main electro er pattern ccor sub el ectrode
finger patterfei2blpaateneuspposthe pradéaitdohe naln el ectrode finger
pattern 110. The WaMes@dCdnﬁedh@yabbﬁe| epkageaeliealr ttef iighdsithdsn the main

el ectrode fin r 0 Qut put ed 30 in time TA - while the wave
excited by th%g%%ggééﬁeghéég 25 ag gHa|e§FPFEaFeS|ES§&f§%$ FE SR
el ectrode f|H@@Yepé@t@@ﬁcﬁioorseémmpﬂﬁﬁédthﬁ siurd aTA achisthig svathe same as

the tinme2FA. Ageotding ythéh@emxgeeé%tc%ql@y ftﬂéqdlse A&ptid cfd el ds A
and the wave f@f L&d é ny th | eakage_el ectr e o gancel each
other. On the other RARY fﬂe QC|%at bhca Pﬁ FﬁE élé fr ode fi nger
over | appi ng p@IiBCLpleheoﬁathe_lgvgntlon The filter shown in Fig.
4 includes an IDT 100 and an IDT 130 formed on a
piezoelectric substrate. The ground electrode 20 shown
30 in Fig. 1 is formed between the IDTs 100 and 130, but
is not shown in Fig. 4, for simplification of the
drawing. The IDT 100 includes a main electrode finger
pattern 110 that is equivalent to the IDT 10 shown in
Fig. 1, and a sub electrode finger pattern 120 that is
35 newly introduced by the present invention. The sub
electrode finger pattern 120 is electrically connected
in parallel to the main electrode finger pattern 110,



el ectrode finger pattern |10 is not cancel ed, because the sub el ectrode
finger pattern 120 does not have substantial el ectrode finger overl apping
parts. Thus, the desired characteristics can be maintained. 5 The foll ow ng
is a description of enbodi nents of the present invention. (First

Enbodiment) Fig. 5 illustrates the structure of a filter in accordance with
a first enbodi nent of the present 10 invention. The filter showmn in Fig. 5
i ncl udes a pi e u r i S | DT
100A, a groun%ﬁg %ﬁ%o ee§ Q%% %h%§%%§hg¥§§;€ ‘ﬁaﬂﬁ%ﬁagégg oFﬁéd on the
pi ezoel ectric §65§9?a?ée§Grlﬁh§1@@ﬂ E@GR'H@ﬂﬁﬁQﬁﬁ§ld§1a%h¢ﬂb®%nlDT and the

| DT 130 15 fuemécem@d&s fangewt put te@h 1fiar. exaepher The BEZkdmy be used
as an input | ' he I 100A.i.s used put IDT. T round

el ectrode 20 he sane EﬁgtUr&1§§’tﬁgmb%§&ﬁd elbgt% e

Fig. 1. The ID‘-F &Q@reﬂsbehaeemheheamm red et des ﬁJhBJEHDTp@’OtQﬁnshwn in

Fig. 1. The Imdleaé 's.ﬁ%' ddes ta iRl ¥ j@lRat r;ﬁctece‘frﬂglezo patfhgrn 110A and a
sub el ectrode %ﬁ % ern 120A.that "are electrlcae%%aconnected in
B tBIr ctS

paral | el . The® 8YE fPndéd -pdt f&¥h PRLERTEAEE AP0 BRYE efRet r ode
25 finger patiBfnthiheischuekecthedeafinngdre qiatddsr f ity isatioeatedlon one

side of the ngjp Eh@cbﬁgdﬁa}'ngﬁ@ap%5§3ﬁ92¥ﬁ%%d ﬂﬁéﬂf%&ﬁgﬁﬁ ,50;@s to

correspond. to the entire nain electro i nger ern 110A e length of
the main &) ecEPBABCFFAGEP ALt &PA I?OR%H@HM%@1§P@nﬁﬁ%&ﬁ?%ﬁxﬁﬁﬁl%uhave
propagati on deéiectiodei $isybst paticalrny 1equalnd aHhedengits ojlmeaﬁab

el ectrode flnng patfﬁgq?lz A |n1£9e §gr&ace92%gu§é|%PFﬁg P’L%ﬁi at 120A

direction. The aperture S Tn"the su
are all zero. PFFgﬂt6aﬂstQEtalﬁaﬁhﬁawﬁﬁeeQWQQyﬁpbﬂnamaﬁ,t&mﬁsmmee$@merode

finger patterpod2@AveThereheghiqde) fh@g%’foit@@teerl@ QR the Hys bas 112b

and the Iectrode e e ndlng from- 9 t he bus bar 112c do not
overlap,%but Pard ig?% 889r§§§8nd|ng other electrode finger, with uniform

gaps being interposkd. tist npesiheosabrepeeteodent nger spatet erimel20A does not
have el ectrodgchkngereQ¥BRLAPPERE 13RS A € eeauseof r@ {l&g@% do electrode
in elec

finger overla gggng parts are not generated as in th rode finger
pattern 110A “#8°thecshnglae gﬁpﬁéééeﬁslgpﬁpﬁeémﬂélﬁ%#%ﬁ?ﬁﬂ@?1ﬁ%%ﬁ@ﬁ1?
shown in Fig.pbdttehe Leakagadekeetthe ibnelds igerenateed bin Iémce@é n

el ectrodecld &iggerspatiein Li0ahaye Lheomnay ke AIRSLO dhe-| sakeoe

electric fields generate ctro i'nger
Accordi ngly, fh@gﬁéakabéeépeé?plénﬁléﬁﬁemé@@ @@@Qﬁﬂﬁﬁjﬁhﬁ&6u$Qnﬁhﬁ

el ectrode fi ng@ék@@étél@c&iﬂé\ EieQ@BC@b@@ﬂﬁ)ﬁ thhe |&@J§Qﬁ&1&i&@i riaHdeld 15
wave generated in_the sub elect %bnger patt.ern 120A. a result, the

surface acoustie %é%%ngEBFSFéa B?gt CePEEET ¢ qmﬁﬁﬂyﬁﬁ%ﬁQRF?ron1the
el ectrode fingee bveatapppbngapidins thathe snpierpeinedtoudde ftiongsre pattern

110A can 2ige té@ﬂﬁ%éteeoaetieewh% E@gp&'gﬁttﬂ@)% g eRd 20 el eglr ode 20, not
bei ng affected t he sub el ectrode fing Rettern 120A. Thus, the

st op- band suﬁ%?%i%?%hoﬁah E@uﬁﬁérgﬁseae age electric fields and

the excitation A’ caused by the leakage electric fields
of the opposite phase to the leakage electric field
causing the excitation A should preferably have the

30 same intensity. More specifically, in the main
electrode finger pattern 110, electrode finger
overlapping parts are formed so as to obtain desired
characteristics. Electric fields indicated by the
solid-line arrows are generated by the potential

35 difference among the electrode finger overlapping parts,
and leakage electric fields indicated by the dotted-
line arrows are generated in the gaps. In the sub



In the structure shown in Fig. 5 the IDT 130 that is not apodized is
designed in such a manner as to 25 have an aperture |length substantially
equal to the total width (the total length in the direction perpendicul ar
to the surface acoustic wave propagation direction) of the main el ectrode
finger pattern 110A and the sub el ectrode finger pattern 120A. 30 The

pi ezoel ectric substrate 50 may be a Rayl ei gh wave filter nmade of |28

Li Nb03, 112 LbIéeéroeteZ@%%gero QUatZ.120f, aid ans agorsthepeye filter
t hat uses SH Fbrlzonta Shear) waves and i s nmade of 36 L|Ta03 42 Li Ta03,

or 69 Li Nb03. ®35CEFgde7 finogst PHEEd 2R THEd M ok DISAME 11t BEIshdwn i n
Fig. 5 An | DAct6@Biaflyhi &lendidfiiccdtilcQaishasea raitr updriea ted whi chhan AC

vol tage is aplﬂhhggfaglggﬁrodg) fingets OQI% é}% (ﬁde%f 1%§r%l{l]§l Jf%adfkaggd the

bus bars 112a set to t'he groun
struct ur e, t heleghsiruhdeildis cdnd hef samess %qwﬁmm g berkadeect s

shown in Fig. eﬂe@@maefa@nugvg@ne&am@ Ilepaetﬂeom[saqu élf&&@d@lﬁgﬁdjéﬁle
finger pattern %ﬁ ?ﬂo the main el%@ rodg gge Ra teEp

reversed, conPared i th"t AECafFafNgé S Fn SRt T8 degt Hq erthe sane
ef fects can bevachphepedg parthelalébﬁr@wQ mmemﬂyaﬁﬁnfrﬂuﬂw1pamﬁhgn 5, an
AC vol t age ”HYzﬁea%@ @@B&'%ﬁaﬁ@ tQ%eb%ﬁéE%idHBH%léﬁgkérEht%ﬁébéubllza and

112c may QF & to t found potential as shown in Fi 7 The ot her
aspects df° t h&ltfFFEeresEARgedr @abfer 4 2Podits QG ar etl@nme as those
of the filteredtrcuebdee fshowmsi AnFitge &aﬂﬂ%diddﬁrdﬁdtﬁﬁnqexsﬁmwmefn 15

Fig. 7, the stop; baﬂﬁléﬂl&)@fe&éwé‘ C?Fef&.%QtQﬁclenge%%%ﬁ t %e%%”sd - ar

Enbodlnent) Fi ustrates i'n accordanceé with

enbodi nent oflg% BrEs@ALc Avertirdfer hhring the dimd auife Q‘?ﬁffﬁ’ﬁén‘ﬂseas
thoscra] of tpe IEUébeanDQQIaWEﬂH an@re ﬂgngégdrbbggh%ggg&eﬁrﬁfﬁer ePCF nuneral s
as those the first e i, men [ of, this
|ncludesltwo 50 gbe %gnge( 5at ﬂ %fﬁé k&p%u% %Iectrode
finger patterﬁéeQQQﬂdandlmQQI @a@tba@aﬂé@ a@ybmﬁﬁ:svd%s qﬁenlﬁprmnth

el ectrode 25 &ﬁ@ggﬁogﬁggern 110A The sub el ectrode finger patterns 120A
correspond to the entire main el ectrode

as
finger pattern 110A an%Eﬁ B?Sfﬁéogﬁbr PEEPFBHLTE h§Er SEHE HE120A and
120B has the e@bmeinodespbonger paet edecshdwn fiire lidsy.caiisekhéoyream 30

el ect 1 odo i nget 1patt 8N b10A-BNG! RS 16! SAluAdeJd Naslo AL e fR08 are

electrically connected in | el via us bar 112b the main
el ectrode fingef BéY?thelTﬁﬂoﬁhBetﬁég§u5CbW@@tﬁ&ﬁ$q4%ﬁy eiigeds ern 120A are
el ectrically cansegtpd the3bapar akkelatiant R 1bugyham kiRa.sgthe bus bar

120 Sacer B LR R DSCT PRk Ty 308 ! 1B Bt it IR

pattern 120 is excited in such a direction as to cancel

25 the excitation in the main electrode finger pattern 110.
Accordingly, the sub electrode finger pattern 120 has
the opposite phase to the main electrode finger pattern
110. The wave excited by the leakage electric fields A
in the main electrode finger pattern 110 is outputted

300 in time TA, while the wave excited by the opposite-
phase leakage electric fields A’ in the sub electrode
finger pattern 120 is outputted in time TA’, which is
the same as the time TA. Accordingly, the wave excited
by the leakage electric fields A and the wave excited

35 by the leakage electric fields A’ cancel each other.
On the other hand, the excitation caused in the

electrode finger overlapping parts in the main



the termnal T2. A bus bar 112d of the sub el ectrode finger pattern 120A is
grounded, and so is the bus bar 112b. As the sane AC voltage is applied to
the termnals T2 and T4, the sub electrode finger patterns 5 120A and 120B
generate surface acoustic waves in such a direction as to cancel the

| eakage el ectric field waves generated in the main el ectrode finger pattern
110A. Since there are two sub electrode finger patterns, the electric field

excitation causedcinqgach af,{he suhnl0¢) adf rode 1 00efealfelns120A and

120B may be snal Citation cause age electric
fields generaFEﬂ Fﬁbtﬁéeﬁﬁﬁﬁd€léé@ﬂ&&aﬂﬁqﬁﬁﬁn ¢ P 1A BRYR t he above

descri bed struebutenttlhe sllepthand k3 ryyeDrassi Iopeiaty heat ver eagads, (Third
Enbodi ment) Fkﬁ 8e31r %tes a fl|%§ in._ac or ancqémnth athird

enbodi ment of ﬁe resent PAVENT6n > %?ﬁq%fn %hponents as

t hose of the foregoThg QeléﬂﬁedgnEﬁte deeCMe@@u@@ It shimeeref ev Ence
nuneral s as thggepggsgﬁg fiaegeiikg embodi ments. The structure shown in Fig.
9 is a nodifi Etlon Be strgcture shown in Fig. 8. An apodized I DT 100D
of this filte H5§t558b8 elfPdde finger patterns 120C and 120D forned 25 on
bot h sides of the nBig.ebetlloderhirgethpatteuntii@AofEact idftdheisub

el ectrode fi nge&ogaghegnmﬁog %QQS%ZQRb%@ﬂne@%td@'éﬂe Pregspends to the

mai n el ectrode f g tern i nation e sub
eIectrodéI*lnbeVeB ﬂPérnsTﬁ?Oﬁ?éﬁﬂrlébEWBOWQr§19he5eHPFﬁ@QQﬁ @ 30 el ectrode
finger patterpidibAletBrotheubstidse Ghe tohak Fengel eflsthe mimeiectrode

finger patter 120D.in_the.surfac ust i r gation
direction is Qﬁ %ﬁ@ 6p%é Feﬁrpﬁngfegﬁgtﬁﬁiﬁzgﬁﬁctréﬁel}lﬁ%grfggtt%#ﬁ 110A
in the sane dP e¢high. aThe founegdsoal ¢ber dde Zaedgart poat tRtps UPPB: geher at es

such a surfaceheceg@t h0oWaYanas ibesCarceh %tputthquea@gf ehect bt clﬁoel d
wave gen te in the ri ode fli

pattern PEE%PQE ghénsﬁhtEVeC#Eﬁag%%ﬁn&@@ﬁﬁﬁq §1 Tgem ates

such a surfacreaacbastlsedwaseaas1npu¢ar1®é“l, twing. Hee akeeg X 1 eb@@}lcmne:keidwave
generated in Lhelefhrpghf 1.t henam ?Poﬁhs%iegerédta' PG RALLRS 1

Wth the above descri bed structure, stop-Db suppression can a so be
i ncreased. (FOLFRRTERBoAFNERE) JEPYNY 6 leatgodeards SEFN tidt F+9 actor dance
with a 10 fouThé enbodBoeatlsof hkbetpeesani istvertdude da tHeq. 100,30 he sane
conponenty, assﬁg g€ 9f %g foregoi ng enmbodi nents are denoted by the sanme
ref erence nunera s as F Se of the foregoing enbodi nents. An apodi zed | DT
100E of this filterThasIBT skB0R| tretvdest pngainpatesityot® 2@ ahat s

formed on onepsteleraf 11ba ABHNaekast teq@etfrlo@@erfl@@tetrer thdddh angoa
corresponds to the_enti eigaécﬁﬁhectrode ger_ patt 10% The .Sub
e

el ectrode fingef pgf?e? Vu&ggnﬁgFF f?o&aﬁﬁgﬁﬁﬁéw

el ectrode fingeecpueder Aisngsrt hettkeot Lddé hiasgem apodized Electrode
25 finger pattern. The sub electrode finger pattern 1202

is located on one side of the main electrode finger
pattern 110A, and is arranged so as to correspond to
the entire main electrode finger pattern 110A. The
length of the main electrode finger pattern 110A in the
30 surface acoustic wave propagation direction is
substantially equal to the length of the sub electrode
finger pattern 120A in the surface acoustic wave
propagation direction. The aperture lengths in the sub
electrode finger pattern 120A are all zero. Fig. 6 is
35 a partially enlarged view of the sub electrode finger
pattern 120A. The electrode fingers extending from the
bus bar 112b and the electrode fingers extending from



20 pattern shown in Fig. 6, and parts 120b that hold dummy el ectrode
fingers. Hereinafter, the parts 120a will be referred to as the | eakage
electric field wave canceling parts 120a, and the parts 120b will be
referred to as the dumy pattern parts 120b. The 25 | eakage electric field
wave canceling parts 120a correspond to m nute el ectrode finger overl apping
parts contained in the main electrode finger pattern 110A. The m nute

el ectrode fingge Bygr ba&plza@cp@rt%ofi%%eaﬂ%r Ung, eﬂﬂ’%é"see%h~ /4 or
smal ler, for exanple 30 described earlier wth reference to Fig. 2, the

i nfluence of FHEIP§QQ8&én§IQGPFFCGQQQﬁiQQ%Nﬁkﬂg%ﬁr|%ﬁkﬁeﬂnﬁﬁ%ﬁmtﬂ@95
aperture | engbbing intérebsemnl | sincdhenef ensg, eﬂb&tlr@@lleagﬁr&je&ct ric field

uave cancel i ngabects 1208 ared aried o cusasnond s, the makgestg

el ectrode finger overlappin

p05|t|onsE}eppé§§ﬁt|ﬁéeﬁﬁél§aﬁéeﬂﬁ@edw®n§Q1Qﬁﬁﬂﬁﬁﬁﬁ? m%%rnlnute

el ectrode fi ngeériaﬂaﬁlng @mrtlsa@menglo@;argtesa)eram Haute ehechapde finger
over| apping parts, ar

not I ot h_en of the |n el ectrode
finger patterR Tfﬁﬁpgﬁt%épgsrlﬁal é% 33@ of*St Bewﬁaﬁ tr%ﬁﬁ???nger
pattern 110A. 15 Fhplékdr&po themn@aﬂagéﬂebaﬂwﬂa:ﬁhqwmivaélganﬁelthg parts
120a are forn@eakag@ce%e%ee% wlrehdtsh%e%re&%&ge%{r% tHe trm‘?lrm apLer phgetrode

finger overla g % Eac | eakage el ectric f wave canceling
parts 1204 is FeE?FB&é“fﬁﬁ&@rhﬁ§Pt§Pﬁ E?HQﬁﬂﬁﬁhﬁﬁf%ﬁl%&c??%tlon poi nt .
The dunmy patleahagaré$e&2@bcaE&eﬂ@Bﬁ@@anaﬂyd%ﬂﬁMﬂKbtsubfﬁﬂéﬁhﬁbdéarts

than the m ”“E?E%ﬁ%%ﬁggrghg%r 0"3&%%98& par 500 L %[gréa(?e'l e't% c,dee

finger pattern art’s ﬁlnute e
over | appi ng pﬁ%?édh8@§elseaﬁéﬁf¢@ﬁe meﬁ@teh@adm Blertorody e%&@ﬂerThe dumTy

pattern partspd20brar leﬂo\ilsd@dnt:@l%@r iyt ftchesaj& @Jjé %@@@i@t ffe!@ve
propagatu_n state as in ﬁ in el ect.ro rn 1 of the

4ave L i efectI955 BRbeRE FrokeE T hus

el ectrode Tingers nFﬁg
bar 112b of the grcaﬁdlp@tehelabrﬁ@CBh@dmm§ﬂmm'WHMﬁ:genﬂxnth@gby thhe

dummy patter nep@&§1é2@@e@asn@tene@é%e@n 6 el mwﬂdelf\lﬁ@élﬁ manner,
t he | eakage eleg%ilc field wave .canceling parts 120 t he eXC|tat|on

poi nts) that 95°HeABPARE PRECSppdsitts- Prade SHe&HA f#%ﬂqgfeﬁ% CESFed in
areas that argelahf eaheuebyrheamageeell Qz@t ItIh(E final ds3Qyenier atlesl grodme sub

| ectrod 12 field
R T S e S e T S

finger patterhl?90A PRFERTENIS08r uERUPe, thReSEPBpBARE SUPPTESHION can be
i ncreased. (FtéhthﬁbﬁdtﬁEBéﬁ Fig. 11 illustrates a filter in accordance

with a fifth enbodi pen f resen nvent i.on. In Fl t he sane
conponents as thosef%fé?% O?%PEF%Q éﬁgodlnenfg aré §Eno€%§' he sane
ref erence nun%h@tslasnPﬁoééoéﬁZ?ﬁelﬁoﬂ@qogﬁ@dbﬁmomuﬁhnasmﬂﬂm&@t&%eﬁ@re -

14 25 have an aperture length substantially equal to the
total width (the total length in the direction
perpendicular to the surface acoustic wave propagation
direction) of the main electrode finger pattern 110A
and the sub electrode finger pattern 120A.

30 The piezoelectric substrate 50 may be a Rayleigh
wave filter made of 128° LiNbO3, 112° LiTaQ;, LisB40,, or
quartz, or a surface acoustic wave filter that uses SH
(Horizontal Shear) waves and is made of 36° LiTa0,, 42°
LiTa0;, or 64° LiNbO;.

35 Fig. 7 illustrates a modification of the filter
shown in Fig. 5. An IDT 100B of this modification has
a structure in which an AC voltage is applied to the

- 10 -



shown in Fig. 11 is a nodification of the structure shown in Fig. 10. An

| DT 100F shown in Fig. 11 differs fromthe |IDT 100E shown in Fig. 10 in
that the dumry pattern part 120b in the center is renoved fromthe sub 5
el ectrode finger pattern 120E. As a result, the IDT 100F has sub el ectrode
finger patterns 120F1 and 120F2 that are fornmed on one side of the main

el ectrode finger pattern 110A and correspond to both end regions of the

mai n el ectrodg,ki gg@r 1R3t enn g%i rﬁk tr}ﬂend.oc b?@é ekg££9df1§5nger

patterns 120F1 and_120F2 i ncl ude age e ‘ectri c d wave cancel i ng
parts 120a an@"8 ddrfy 358t t5&tn Gearther 2ot Uk rﬂéﬁcﬁ’ﬁ%gl%h t et ridettire of the
mai n el ect I’Odetfrl_rﬂgﬁlrepattml’@;ainbof‘furidtﬁ_cﬁi& a&lcﬁ@f@ﬁtélé\sjeﬁh@atterns 120F1

and/ or 120F2 @rﬁyl %5 aln%cle%%c% rptatgit [_{ Cean rr?t hi (gQgr?a{flg?r bnt he

- | eakage electrrc wave cancelrng par
poi nts) that @éﬁeﬂ@?éttlﬁ@Somfostﬂeesmba@é-eedtemde cflfn@&tldsp@t'eef@r h2@Ain t he

areas that argnaf ft%ta-glw etﬂ&ﬂ@@d@gﬁl @f?t hEthnf llqlosis Genefatedda, the
sub el ectrode fi ng pattgr ni] 120F1 and t he_opposite- phase
AEEl YihE L5

electric fiel G8™R k@éa&g@&%tc OéTrHsi’be'?feQat%d it e main
el ectrode fingke patmteed f&tGA cAtt fpet racgu.ﬁtwani:t ule, tthke edteap-ryaiw

suppressi on. ¢a8,08 LRERPaSELr2qH( Sloh Lrbadiprend, Thie, apayspdescri bed sub

el ectrode fin patterns 20A throu 2 each have the
el ectrode-%i ngBP p&ft &Pn thiet F?Utsh@aé?p A2lre Anshdiis s 2% bs2a3hdM in Fi g.
6, so as to cancel mhlekeakage 30 el eg:ﬁcrm@dfp@téﬁtg@mea@t &t oiwh tihe Eeg N

el ectrode finger Efplgi‘glt glggpigg%gv%rthe grelsggurc%de fi r]._g b patter ns

120A t hrough are no imtedtot S'ec rodeflnger
pattern shownmPﬁlﬁtgatGOHaﬁéerréﬁebéag@ba@l ddhrassle |ﬁrfg€erfp?att¢-‘er ns incl uding

35 mnute e|e@tfﬁ@@uibngﬁbwﬂVQh|@ﬁ@|n% paft $has hehawi uidk ueled stbwrl Nid he
fol | ow ng.: a §ub el7ec§ ode fi ngD qpattern i ncl udi ng ! nut e el.ectrode |nger
n

over| apping - s SR bEh PR T T 7ef &f 5o “Fi dn%fasf—? 12

illustrates théesgbdeEade@dtenfcr )nger pattern including the mnute el ect r ode

finger overlapping ppgtsg H‘qukE‘HEésaQeESE%%ﬂ GROLRS JFRIL ARG 3y U fprm or

differ fromone anqgther. In either case, | argest aperture length in the
sub el ect r odeSFFRBEr SPRPEEPANENEEI & RGr é’fr@rsétﬁllty e e 1 0 16 Fiad 1%r t han
the small est apertsame bemgbhentbeasmahloast ofl etia dderfti ngesodimieitval (the

di stance Jpet "‘%Eﬁeﬁgﬁgtékﬁ%} ?8' g ”r%%e?‘zje% ”%[q}?n gsera% t}%déh Cci ng

smal | est gap I stance ween each't | nger en
each ot her) ihrehé&imkFneBbedimgas - flh@e@pﬁﬁw@ﬁnIDP{eﬁQOCt pd [Cdrigest

aperture lengthitart bacsubiesl eqgbr ede kilRgenroprt tramyGapde-dmge egoml to or
s or than L 15, eyl uroot e SiBlLect omru denal e
el ectrode fingePBpareetncated at both sides of the main electrode
25 finger pattern 110A. The sub electrode finger patterns
120A and 120B are designed so as to correspond to the
entire main electrode finger pattern 110A. Each of the
sub electrode finger patterns 120A and 120B has the
electrode finger pattern shown in Fig. 6. The main
30 electrode finger pattern 110A and the sub electrode
finger pattern 120B are electrically connected in
parallel via the bus bar 112b. Likewise, the main
electrode finger pattern 110A and the sub electrode
finger pattern 120A are electrically connected in
35 parallel via the bus bar 112a. The bus bar 112a is
connected to the terminal T4, and the bus kar 112c of
the sub electrode finger pattern 120B is connected to

- 11 -



O her than the above structure, the follow ng sub el ectrode finger patterns
with mnute electrode finger 20 overl apping parts can be enpl oyed. The sub
el ectrode finger patterns 120A through 120E, 120F1, and 120F2 may have
el ectrode finger overlapping parts having the sane widths as the mnute
el ectrode finger overlapping parts of the main electrode finger pattern
110A each having a 25 wdth of h/4 or smaller. Fig. 13 illustrates a filter

as a sixth embadi gBBR;LAA! 103S AUBHsSHACCheolr 8¢ chingel RAldALM N Pl ace
of the sub el ectrode patterns 120F1 and 20 2 shown in Fig. 11. An

apodi zed | DT 1 6DECBf Pf:\ﬁ@%frm tlgrUAsH@vw?riohmﬁeéi FOY FG nky R By Rab
el ectrode fingeebpatdertise 12806d A0dva20&3e Ibeapmlsauib tel et(hterode finger

pat terns 120Gl apd, 120%,2ca prayi dgd Quons Slds ] fedw pelggigode

finger pattern sub ‘el ect rode | nger
have el ect odé2fRnger 3808veenappiteg sparfess @questpﬂ@smam Je@rﬁ”é@lpoﬁdl ng

to the m nut ed@k@@tﬂ@ﬂeaE| Rgeagvenl appi rlean@rgtes Ofe dthe) dTef e Bh G4V OFE
finger pattern 110A each

~ /4 d
cach of the: aBEPEOREERon: RESohatRe Sl dPsE: MO Mt ChEt { BHHE- 1208 and
120GZ i s equabinoet hbewrdelreofweashbc eleedpont iy rajeactpades fingethe

over | appl ng partcetithe; KN &L6¢LEAdS fda'ﬂl%%rd Qrp@atc,q{ A0 Lppthis
manner, the exil tatiagn EOI nts that generate édzDOSI t e- phase el ectric

fields ar provEaEECRR fhEBIEFeRE LR Sarle OAY faé’@( IR mae heakB@klefectric
fiel ds generatkdni hhthexsibaelieat cadeeld hgert hE0 lpaikarense I2H6Ai @and 120QG2,

so_that the opposiLesphase; shest Lol helids .aansslodierieakage elechr i c

fields generate mai n electrode finger pattern
structure, th&l@Rep-band suppression can be i ncreased 15 Each of the sub

el ectrode finger paniemnehéZQﬁotrbr@egbrlgeE st20cturand the0kd Jppdraye both
of the p tterpns sho or may have dummy patterns for the

el ectrod35f| nge}?p %?Fgﬁpl ﬁg B?r %Ecéﬁéﬁeﬁaw ng a width of A/4 or greater as
in the fourth(20iedbBubedinentdeventh Enbodiment) Fig. 14 illustrates a

filter in accordanceiyité ﬁl§§¥€9&9e§”’90@h"1‘%@% qh b'&%o&rd%%%%t Winengion. In
Fig. 14, the sane corrgf)aents as se of the fore lﬁgl 25 enbodl ments are

denot ed by t hel'5hfe® rBRBE HSmEB&I BIESSfrodd v f orr8gdiig 2
enbodi ments. #nel| BAmé00binpbnehts ksl tépskasfa tdueh felrecfaiode finger pattern

120H thabg s éﬂé&ﬁﬁméﬁ@@ga%edéb@%eﬂf Tyh%h%aga &l %tfre%%%édé ’Z}Q_ﬁﬂ efiern

110A. The sub electro frnger pattern-3 as an _apodi structure
that is simlaf FBCPReChpbiFrzEarsopPtegurBer ifea tifai nTERe SEAEEE Utienger
pattern 110A dwbdwhsisnaiber ot hanat hedagadazednsiofuany estafudiierdmai n

el ectrode fi nger.. RatU[ueHg 8A ﬂt%g@glzége Bbd B8kt IS% %h\?\/%vt hgL sub

el ectrode finger ern e sur ace acou eﬁagatl on
direction ar eh%ﬁo‘a‘\)ﬁbl ﬁl@ﬁ‘érgéﬁefﬁ;ﬁmﬂier pastiegnpsi ¢208 famd doderieresd each

of the end poshippehokitBe sub t@leeldiofde fddesde A¥ngexr pattern 110A.

Each of the sub electrode finger patterns 120C and 120D
only partially corresponds to the main electrode finger
pattern 110A, but the combination of the sub electrode
finger patterns 120C and 120D covers the entire main

30 electrode finger pattern 110A. In other words, the
total length of the sub electrode finger patterns 120C
and 120D in the surface acoustic wave propagation
direction is equal to the length of the main electrode
finger pattern 110A in the same direction. The sub

35 electrode finger pattern 120C generates such a surface
acoustic wave as to cancel out the leakage electric
field wave generated in the right half of the main
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pattern 120H has a structure simlar to and smaller than the correspondi ng
m nute el ectrode finger overlapping parts of the main electrode finger
pattern 110A. Being smaller than the main electrode finger 5 pattern 110A,
the sub el ectrode finger pattern 120H has a snaller aperture |length than
that of the main electrode finger pattern 110A. The aperture length of the
sub el ectrode finger pattern 120H may be smaller than the aperture | ength

of the main eegeltodac gl IQRALAS 1A 19%80IE ! RES el ect T ode
he a

finger pattern 120H oes n ove-descri bed simlar and reduced
structure. | netlﬁF§rﬁaﬁnérlngteﬁe P&y sdme dtd B S F9GEre Hat ¥ el et 198 AESi ng a
structure thabcbassif kaket asand smidar tz tlf'@ketd‘se éme@tﬁiafmua finger

pattern 110A | C{gsg%n%%aa%dto c%@lcel ﬁo,&l %% ectrl c Jé‘g]? gener at ed

in the main e inger pattern e $top- suppr essi on
can be incr ea§édge(prgﬁftl¢rEnﬁd@|Anent) 20 Fig. I5 | | | ustrat es afilter in

accordance wi th an gight Bh@nﬁggbﬁeﬁbs@frﬂbl&@i l%rt‘?c%%'%tur'enVQ:'Hé Wtodtbdng. 15,

t he sane conponents as those or egoi n odi ments are denot ed by
the sane ref ePBRBESREHEF SR §llsﬁoz’@ Ctgfﬁé‘%r?fegm ng embodi ments. This

filter is 25 aFpodihi €abicdimehttthe filter shown in Fig. 5. This filter has
an | DT 130A with a diff ei@”&l%%%%%@ f”%rl‘ltt*é% 'llHT er:L arf P et he

f oregoi ng, _enbadi ments” The | DT 130A i's not ap o as an aperture

| ength t i §°t}|réalt erberEmate thotfarlleV\JPH?ﬁe’(thénf’@PallolnengtIﬁ 339 tte
direction per psadsambabotn@ohlaatsumfsac;eloa@om |mqe/vaﬁ/ca:qnj@mat| on dir ecti on)
of the main e r n t u r f

pattern 120A. L@@B&?fagnﬁ\ E@h e@l JE% 1’% ton{l?h 3 eerrfne!"r}la% ﬁeré T2 in
this structuras Fh@sgupﬁaééewoa@@@gmc améméislr@érte?rat éa freritzed idih

SI ectrode fi n%OEpatft @hmslk%t@&d ht%h@e als%%kﬁle%fdtq%é i eﬁ%%@%@rﬁ?OA ?:an
e receiv e nte not only
P the 11Tt SABBAFRERt [BUECRES CR SRy oFLGene S % St h

enbodi ments. {Ahgeh BabbedirmeaflDA5 akidy coracaslplqmisr aicestlae femtt:ere imain

accor dance wi bllea:PLAL :eRbadi paRkcoh LMo c7RRl SLBYVEIHREodd) Fig. 16
the sanme conpgnents as those_of the foregoing enbad |nents are denot ed by

the sanme refe éﬂ@@rnBﬁEFﬁlrg &g @h&?&lblﬁﬂetshé’afrd"rsedcﬁq‘?g diFERtshe Thi s
filter has lO0samel BIet8@Bdw fhnaedi phetenrnsstasuathy eelcedrdderf digéhe | DTs

130 and 130 pIbeck PTA30R Lackudes dua.el geliada ingal. pald £ ng,goA and

140B. The el e%tro finger pattern responds Nl n el r ode
finger patterfl22IbAc8e LRBIEDF-100Rreandftns, eLbEt POFE St ilg@er will be

referred to as the leakage electric field wave
canceling parts 120a, and the parts 120b will be
referred to as the dummy pattern parts 120b. The

25 leakage electric field wave canceling parts 120a
correspond to minute electrode finger overlapping parts
contained in the main electrode finger pattern 110A.
The minute electrode finger overlapping parts have
aperture lengths of A/4 or smaller, for example. As

30 described earlier with reference to Fig. 2, the
influence of the leakage electric fields cannot be
ignored when the aperture length is A /4 of smaller.
Therefore, the leakage electric field wave canceling
parts 120a are formed to correspond to the minute

35 electrode finger overlapping parts (i.e., the parts
120a are formed in the positions representing the same

time-domain response as the minute electrode finger
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15 pattern 140B corresponds to the sub el ectrode finger pattern 120A of the
| DT 100A. The aperture length of the electrode finger pattern 140A is equal
to or greater than the aperture length of the main electrode finger pattern
110A. Likew se, the aperture length of 20 the electrode finger pattern 140B
is equal to or greater than the aperture length of the sub el ectrode finger
pattern 120A. Wth this structure, the surface acoustic wave generated from

the 1 DT 100A wheri1apAGqv el i STRRP Ot ter I and T2 can
be 25 received b Ep % r%%qvm tgggt J“hglgt.é ll%%tr%dlr%E)faBm'%}e-li:L

i mpl enent ed nBVegﬁWPﬁﬁgt & Sy §treer1fl’5’6c§}erﬁjeﬁ’c°t U ki"h“én?”%% PRe second
t hrough seventheembadi reics.robac i iefyaredt@Esrril 30 G UBGAL 95 1he foregoi ng

30 embodi rent 9,680 Beccanaideted a be ssharsd betueen e iain plggLr ode

finger pattern 1 the su nger e 1DT
100A. (Tert h ERB&EILAEARY) thicg le@ﬁ@l@l @§terca¥tré§ aferrllci grave ueerdange with a

35 tenth enboghient 10Dat AeepiresaRrld |1@1V%'Hdd}maﬂdé Ritkh Ihe t he SarTE
conponents as_those of 1%: effg €egoi, ng aﬂ denot ed same
ref erence nunéraf§9emEgt °*ty ehﬁ%L 5° e Fdr éj;eoaﬁfd’%%o?ﬁ% plIAgmau n

el ectrode fingertpatteanh1d0Btbot &nak®FelO0tcofrithifdeflid twervehas a structure

that is not a@QHté@QnBUba'r%sV"Q'mI&t §d %)ﬁ ‘@lté&rr%ﬂ@gf Lge £l eet £ ofdg Tingers
(a 5wt avvneetro strucgture). electrodeflnger pattern 1201 of

the | DT 1001 h8S*H 189eé‘Pr Sa‘é?litlaﬁdé’ﬂ é’é’[ltnérn T HeafEBFdaked WHth RS
wei ghting of thébmare ébeskrode orgespoaid eron tlﬂsOB:tHenr tder oSt haons

representing the SaAE+LI eg(g%ldg |f221t%%r}(s;%ﬁ H %‘F{%\}% @!%C‘;f 091‘? finger

pattern 110B generates a [eakage e he sub el ect rode
finger patterﬁ3120Pl@€ﬁ§P§?e§l§ﬂeél eettied of j1d|0d vva\TéeoPtthﬁé &5 te phase

to the | eakaQEh@hechél fihuekd e\m@wr@ﬂ@erﬂtx@@rbbﬁé@armumgel;e&ﬁtf@d@awfré nger
pattern 1]I é ILFQ%E bnelt ctr ?\/fl n Rattern &5 shown in Fintﬂ~E 17 has
the structure E 8 tﬁé ‘st StSPE‘“% rﬁe e

el ectrode fi n@@rt@véﬁthprﬁgppawtlsieglh@m f|ontrrF|tg1e sRmeTumERght i ng shown in

Fig. 17 may bscéﬁgth@dwber Brapugat ibhe shiatst atéﬁrlwgﬂh@ln@ﬂq enmbodi nent s.
Al so, any ot he

hti ng may app f the
enbodi nent s. lrL‘E]C E% naﬁgpﬁaltgﬁrr@sélsrﬁétl anSP‘ Pl%et?‘ree&3§ﬁ&¥°de
characteristi £sngérs hencbheedhmmgapaftltletrelr p23 tshdiOb re:fiend If mond the

filter of,d he,preggpt 1hpKepti Qﬂesﬁgmnﬁnglgggntiall L d e Bhs e absci ssa

axi s indicat es frequency stgﬂ (ai inate axis 1 ndicates attenuation
(dB). In the Ytéph, AMPEGIRGYi neh? ePrBRENPILERENCRATEST P08t 9SS T6FE t he
conventional Bévéi hheexcandtibe boaken |ine represents the characteristics

of the filter of t p nt f|| r re of 112
Li Ta03. The apertu?f(; I%ﬁfg%aﬁgi\"{? Hs?%blé-g 08(:3L |t%gj%r pa erwr?vle20A of

the filter ofC@%@eb%@geﬁ@rﬁﬁvéﬁpﬁodlaﬁerzélh@ eﬁe§l¢@rtlt§él IBigeed firlorkt he

graph, the | egkageatbeehei eppbehids- gﬁe@,@ateg@clt&Mw&ud“s el ectfodfed i nger

pattern i's canceled by fhe Sub ghecirode [ nger pat

age e ectrlcjglelds
generated in the sub electrode flnger pattern 120E, so
that the opposite-phase electric fields cancel the
leakage electric fields generated in the main electrode
30 finger pattern 110A. With this structure, the stop-
band suppression can be increased.
(Fifth Embodiment)
Fig. 11 illustrates a filter in accordance with a
fifth embodiment of the present invention. In Fig. 11,
35 the same components as those of the foregoing
embodiments are denoted by the same reference numerals

as those of the foregoing embodiments. The structure
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- 20 st op- band suppression (the stop-band attenuation) is increased. As
described so far, in accordance with the present invention, |eakage
electric fields can be 5 cancel ed, and the stop-band suppression of a
filter can be increased accordingly. Al though solid electrodes are enpl oyed
in each of the above described enbodi nents, unidirectional electrodes
(SPUDT) such as split electrodes and DART 10 el ectrodes (1~/8-3A/8

el ectrodes) canohe euphiayed 140 achy eue: e Aamm, ff eols asLbe, pLesent

i nvention. The piezoel ectri¢ substrate is not imte Bove
described exafpP¥R aRdFafdy di-t abnelPypd08f §G8§Préﬁe5ééh &é(ﬁ#@ﬁﬁ#%ely
enpl oyed. 15 Wbh the immar eased ssicopr Hand isuppre sist thatantyhé | dedyi N

accor dance Wi LlicLgPLesent Jovant g can b e oved, 2 fhen RELLILLEr 10 @

portabl e tel ephone I'ce of nterne r equency 11
tuner, so A&s ?éepﬁﬁpdﬁefﬂﬁéeﬂré@@é@éw-dﬁéﬁhctéﬁl§t¢@§ug¢roﬁﬁvhé“§brtable

t el ephone devug@FOha%heuEVetl@@%rrodlés@qqigaalﬂ ﬁatﬁ:éﬂﬂé 9120}!‘11 %QﬁPrIdZi]%e W th

t he present géentlon an achi eve h'%pﬁ§{33$ on jin e st op bands, which
is strongly n&88&d3ff dPGTES Cefrés dgﬁié%%%ql S PYFiough a few
preferred enbﬁdngemtsamtetnelﬁﬂésamw|qmnmuspmnduﬂaaﬂmmm sidwne @hdns
described, itopouhd heigppneckalbed fﬁi t?@esg)a%%éﬂﬂfldht he A &M}?&hanges

may be n%ee in these enbodi nents witho artlng romthe principles and
spirit oft4heS8b PAGEHEPES, fﬂﬁ§e§b@ﬁéﬁﬁfﬂﬂnkﬂ9 Bis 286k iledd2i AnEAE9ESai s and
their equival datkage 2lect 'MHAF ik dCWAMERANSe llinA ddtierl Zoapahadi Ag: a

P Eras! P L aSHRDL AL s A1 5.2 D oL el Sl e il
the main electrode finger pattern 110A, the sub
electrode finger patterns 120F, and/or 120F; may not

15 include a dummy pattern part.

In this manner, the leakage electric field wave
canceling parts 120a (i.e., the excitation points) that
generate the opposite-phase electric fields are formed
in the areas that are affected by the leakage electric

20 fields generated in the sub electrode finger patterns
120F; and 120F;, so that the opposite-phase electric
fields cancel the leakage electric fields generated in
the main electrode finger pattern 110A. With this
structure, the stop-band suppression can be increased.

25 (Sixth Embodiment)

The above described sub electrode finger patterns
120A through 120E, 120F;, and 120F; each have the
electrode finger pattern with the aperture lengths of
zero as shown in Fig. 6, so as to cancel the leakage

30 electric fields generated in the main electrode finger
pattern 110A. However, the sub electrode finger
patterns 120A through 120E, 120F;, and 120F, are not
limited to the electrode finger pattern shown in Fig. 6,
and may be sub electrode finger patterns including

35 minute electrode finger overlapping parts as shown in
Fig. 4. 1In the following, a sub electrode finger
pattern including minute electrode finger overlapping
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at |l east one of the IDTs having a main el ectrode finger pattern that is
wei ghted, and the at | east one of the IDIs also having a sub 10 el ectrode
finger pattern that is connected in parallel to the nain el ectrode finger
pattern, and generates a surface acoustic wave that cancels a surface
acoustic wave caused by | eakage electric fields generated in the main

el ectrode finger pattern. 15 2. The filter as clained in claim1, wherein

the sub el ect pades! 1QUBLSRALLAM HARIA MUILE (N3 genpsates a surface

acoustic wave of the opposite. phase to he surface acoustic wave caused by
the | eakage 20 el ecFifc ﬂ?eFé%uééﬁéF§§eG n Stive ST Kt iR i nger
pattern, the pattace decelsdiagnave iminite silleddesid ofitmdénger pattern and

the surface aggusiLeovayecli the FaLILeLesLr ade tlagen okl peing

gener at ed |n p resentingt espons’e
The filter> asUBlLAPKaEdorndéifiem frophere mnaidissub dnectitdds fdamger pattern

IT?] f]g)rlrrfd to ener espgidct apkhe uet il g fltrﬁhﬁfé rsﬁﬂ‘lﬁ élté@@fd oc}?@-tffﬁ@erf? 4.

e | er as_¢C rerLn el ectroae I nger pa ern
i s provided fB?Lg?rpeﬁéPugﬁep5€£ﬁﬁg§L YolE 15 qﬁb FFEHT AT chie

surface acousthe aaaélcause@ebyuwbelb@@k@geUﬁauﬁmakiésmﬂame¢Mr®ﬁe na|n

el ectrode fi ngehqRa! &ﬁ&erkféz?’%‘zt%na iakethced betifedd Id£dh 38,&! al med in claim

1, wherei ub_el ectrode fing er pattern 1s provided for regions
havi ng ar}g)rt u?%l%ﬁeﬂfﬁé‘gofﬂfg/t&o&‘re §r+§igleér5 irn tthe-fai $0%t kR3f o¥RPf i nger
pattern, mheretAe|slshanwavebenghh @bchhawmﬂékﬁﬁtﬁﬂﬁﬂuﬁjmg@ﬁv@n@gopagating

on 3 e Pl ezoebentr Lacpubstiane. 0. e ) {8t ge.chal Fooln gl

wherein the su ctrode fin ern inclu exci iFon
are provi ded f8Eey eeh@néaxeeﬁavua@@réyéret deadténgirhshsf guly 2lcsnadieer in

the main el ec;ﬁmgl@rfpageéraat:bﬁr Be w@@lref efyuas tthﬁgi&avs&[{ael_mgéﬂﬂdﬂ{aﬁ h@rééurface
ot ent | a0l cEH7 CHESTi REAPS Pat "8r 87 7a 1o ivithat e (1 Sifver 1&g ons i n
the main e|ec@m@aéestngéecpapﬂ@rﬁlnger interval, and the smallest
gap in the main electrode finger pattern.
Other than the above structure, the following sub
electrode finger patterns with minute electrode finger
20 overlapping parts can be employed. The sub electrode
finger patterns 120A through 120E, 120F;, and 120F; may
have electrode finger overlapping parts having the same
widths as the minute electrode finger overlapping parts
of the main electrode finger pattern 110A each having a
25 width of A/4 or smaller. Fig. 13 illustrates a filter
as a sixth embodiment that has such sub electrode
finger patterns in place of the sub electrode finger
patterns 120F; and 120F; shown in Fig. 11.
An apodized IDT 100G of the filter shown in Fig.
30 13 includes two sub electrode finger patterns 120G; and
120G;. The two sub electrode finger patterns 120G; and
120G; are provided on one side of the main electrode
finger pattern 110A. The two sub electrode finger
patterns 120G; and 120G; have electrode finger
35 overlapping parts in the positions corresponding to the
minute electrode finger overlapping parts of the main
electrode finger pattern 110A each having a width of
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7. The filter as clainmed in claim1l1, wherein the sub el ectrode finger
pattern includes a pattern 20 that is simlar to and snmaller than the main
el ectrode finger pattern. 8. The filter as clained in claim1, wherein the
sub el ectrode finger pattern includes: 25 excitation points that are

provi ded for regions having aperture lengths of A/4 or smaller in the main
el ectrode finger pattern, where 1~ is the wavel ength of the surface

acoustic wave jpyppagaLhg; g, t hRaPLEZACLACt LS 3UIIIAL oo dih 30, 81 ound

potenti al elec r ode g¥1 are provi egrons in the
mai n el ect rodr‘:'1 fi fY8 r tépﬁie & 98k iRt 9 Hoi 4te Beichg ¥ raméd with a
pattern that EQuauntbamhbowamihsmmIeﬂcﬂruvrﬁdnpqnﬂimﬁrbiémﬁtage35 t he

regions having;t %rag%%Eﬂngfl%%ﬁ? eln t éﬁmés %fgc r 43 flng The

filter as claimed in e sub e Fode T i hger attern has
el ectrode ¥ingér§eralildf-whi ch have aperture Iengths of zero. 5 10. The

filter as clained l MnCLBL R hanwher eiche %&%ﬁla&l%lne 1Qﬂ.es, fimger pattern has
el ectrode fingers r%%%p%gg)mnth one anot.her; hﬁ?lar est aperture
|

length is equ FHF5 OFH&@IH“?E%H%%%%&‘V%F%% StHEsmal | est 10
aperture | engphoviHedsanl Itést agleect rdee famyerf ietterddby tine 1béaksgel | est

gap in the mainecekeglr @%:Lfdlsngj%rne&%ttte%r Nn the N félé@tr@ée%ﬁhgsg in
claim1l, erein 15 thﬁg%Ub elgci ﬁde finger pattern includes el éctrode

finger overl aPprh§rpsr t€ tratn Fonvitredt it Fogi SREORAVPARNESEN t ure
| engt hs of A/ dlertshal férlids the i mhﬁ<mHng§efaﬂgﬁﬁrp@theDdsA bei ng the

wavel engt h ofggﬁgrggg age AGAUSLIG VAVe JY S aqﬁghgﬁé aper%ure %leectrlc 20

substrat e, e same aperturé lengths as engt hs of
the el ect r odeWiFRgEP1sy EELASHIAS - péﬂﬁsﬁﬁ?gahﬁﬂdﬁs%ﬂﬁrﬁ%ﬁﬂQmscaﬂzbeThe
filter as cl ainedebBe@ aim 1, wherein 25 the sub el ectrode frnger pattern
i ncl udes excrtatto 1, PN i

that.is.loca strai t endi ng
from an é%gltatlon p0|nt of£Pﬁ SHRi i lgFg Egdglpﬁﬁ§epﬁﬁﬁ%eﬁﬁxﬁéﬁ%
direction perpbhghobl a20te flREFsur fndeldbbustay have pebpagét kbe direction.

patterns shown in Figs. 6 and 12, or may have dummy
patterns for the electrode finger overlapping parts
each having a width of A/4 or greater as in the fourth
20 embodiment.
(Seventh Embodiment)
Fig. 14 illustrates a filter in accordance with a
seventh embodiment of the present invention. In Fig.
14, the same components as those of the foregoing
25 embodiments are denoted by the same reference numerals
as those of the foregoing embodiments. An IDT 100H of
this filter has a sub electrode finger pattern 120H
that is formed along one side of the main electrode
finger pattern 110A. The sub electrode finger pattern
30  120H has an apodized structure that is similar to the
apodized structure of the main electrode finger pattern
110A but is smaller than the apodized structure of the
main electrode finger pattern 110A. Although the end
portions of the sub electrode finger pattern 120H in
35 the surface acoustic wave propagation direction are
shown in the same manner as in Fig. 6 for convenience,
each of the end portions of the sub electrode finger
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30 13. The filter as clainmed in claim1l1, wherein: the plurality of |DTs

I ncl ude an I DT that has a non-wei ghted el ectrode finger pattern; and the
non-wei ghted el ectrode finger pattern of the 35 IDT is shared between the
mai n el ectrode finger pattern and the sub el ectrode finger pattern, and has

an aperture length that is equal to or greater than the - 24 aperture
length of the main electrode finger pattern. 14. Thefilter as clainmed in
claim 1, whereli e 1y aldd % %ﬂ&%ﬁgc% 20 LB, PlabBabnhaged S
non-wei ghted el ectrode fi nger pattern; |rst anrcli1 second

el ectrode fi ng&RMpatite L FESHABSHIHHITHI 4 e t?ﬂee%"hlr’?ld%l Btrg8de finger

]E)at ter nI and tbeefsﬂlap@llefgt r;miets‘ gy ethepaid 1 rEléchlSp@@é | ﬁehgerapdtielrhhe
irst electro fi Ng t aperture |engt s equal to or

greater than ?ﬁe apegg g F Ttlg? ft%?ﬁleQ?rlal A oel ecetrl%gJt Cfl hge n %ftern

while the %ec@ﬁétélr@ctlrl@db ftlhﬁg@rUkpaﬁtJtﬁéir‘frrm @fﬂmm@t’éermé?ﬁﬂt hats is

equal to or greaten 1thanddie vk arsidu Etﬂeﬁ{'@ﬁﬁla@fof hensuRaghectrode finger
pattern. 15. The filter sclal in cl wherein the sub el ectrode

m 1
finger patterfitfigs é’dﬁal G T &8 20 Tie SRS EHE HANRPE he bus
bars is short &het bab thecirstdende gstneet epai 120H hag bar smetlehe nmin

el ectrode fiNgRLPAKLCLBetGreTNR i &l ALl IPd10c €Ll Eyguberein 25

t he malnsl(Lectrodefm pattern i's wei ghted by apodi zati on.

filter as'tl aPREGEFR (ﬁé?lAm EVatherfeithd Heihmg b & 6ed? ofitnN ¥ AgRRt B&ERern i s
wei ght ed by 302@#Ht hdeawinag @laget e fdogerdescrid®ed similar and

reduced structure.
In this manner, the sub electrode finger pattern

120H having a structure that is similar to and smaller

15 than the main electrode finger pattern 110A is used so
as to cancel the leakage electric fields generated in
the main electrode finger pattern 110A. Thus, the
stop-band suppression can be increased.
(Eighth Embodiment)

20 Fig. 15 illustrates a filter in accordance with
an eighth embodiment of the present invention. In Fig.
15, the same components as those of the foregoing
embodiments are denoted by the same reference numerals
as those of the foregoing embodiments. This filter is

25 a modification of the filter shown in Fig. 5. This
filter has an IDT 130A with a different structure from
the IDT 130 of any of the foregoing embodiments. The
IDT 130A that is not apodized has an aperture length
that is greater than the total width (the total length

30 in the direction perpendicular to the surface acoustic
wave propagation direction) of the main electrode
finger pattern 110A and the sub electrode finger
pattern 120A. When an AC voltage is applied to the
terminals Tl and T2 in this structure, the surface

35 acoustic waves generated from the main electrode finger
pattern 110A and the sub electrode finger pattern 120A
can be received without fail.
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% 8z8& ()- OOt pXWBERL! 1102 of the IDT 100A, and the electrode finger

15 pattern 140B corresponds to the sub electrode finger
pattern 120A of the IDT 100A. The aperture length of
the electrode finger pattern 140A is equal to or
greater than the aperture length of the main electrode
finger pattern 110A. Likewise, the aperture length of

20 the electrode finger pattern 140B is equal to or
greater than the aperture length of the sub electrode
finger pattern 120A. With this structure, the surface
acoustic wave generated from the IDT 100A when an AC
voltage is applied to the terminals T1 and T2 can be

25 received by the IDT 130B without fail.

The IDT 130B may be implemented not only in the
first embodiment, but also in any of the second through
seventh embodiments.

Each of the IDTs 130 and 130A of the foregoing

30 embodiments can be considered to be shared between the
main electrode finger pattern 110A and the sub
electrode finger pattern 120A of the IDT 100A.

(Tenth Embodiment)

Fig. 17 illustrates a filter in accordance with a

35 tenth embodiment of the present invention. In Fig. 17,
the same components as those of the foregoing
embodiments are denoted by the same reference numerals
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representing the same time-domain response, the main
10 electrode finger pattern 110B generates a leakage
electric field wave, and the sub electrode finger
pattern 120I generates an electric field wave of the
opposite phase to the leakage electric field wave
generated by the main electrode finger pattern 110B.
15 The sub electrode finger pattern 120I shown in Fig. 17
has the structure shown in Fig. 6, but may have the
structure with minute electrode finger overlapping
parts shown in Fig. 12.
The weighting shown in Fig. 17 may be applied to
20 any of the first through ninth embodiments. Alsoc, any
other suitable weighting may be applied to each of the
embodiments.,
Fig. 18 is a graph representative of the
frequency characteristics of the conventional filter
25 shown in Fig. 1 and the filter of the present invention
shown in Fig. 5. In Fig. 18, the abscissa axis
indicates frequency (MHz), and the ordinate axis
indicates attenuation (dB). In the graph, the solid
line represents the characteristics of the conventional
30 filter, and the broken line represents the
characteristics of the filter of the present invention.
These filters are made of 112 LiTaOz. The aperture
lengths of the sub electrode finger pattern 120A of the
filter of the present invention are zero. As can be
35 seen from the graph, the leakage electric fields
generated in the main electrode finger pattern is
canceled by the sub electrode finger pattern, and the
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achieve the same effects as the present invention. The
piezoelectric substrate is not limited to the above
described example, and any suitable type of substrate
can be effectively employed.

15 With the increased stop-band suppression, any
filter in accordance with the present invention can be
employed as the RF filter in a portable telephone
device or the intermediate frequency filter in a TV
tuner, so as to improve the frequency characteristics

20 of the portable telephone device or the TV tuner.
Especially, a filter in accordance with the present
invention can achieve high attenuation in the stop
bands, which is strongly needed in digital terrestrial
broadcasting.

25 Although a few preferred embcdiments of the
present invention have been shown and described, it
would be appreciated by those skilled in the art that
changes may be made in these embodiments without
departing from the principles and spirit of the

30 invention, the scope of which is defined in the claims
and their equivalents.
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-) 10] 10] finger pattern that is welghted and

the at least one of the IDTs also having a sub

10 electrode finger pattern that is connected in parallel
to the main electrode finger pattern, and generates a
surface acoustic wave that cancels a surface acoustic
wave caused by leakage electric fields generated in the
main electrode finger pattern.

15

2. The filter as claimed in claim 1, wherein
the sub electrode finger pattern has a structure that
generates a surface acoustic wave of the opposite phase
to the surface acoustic wave caused by the leakage

20 electric fields generated in the main electrode finger
pattern, the surface acoustic wave in the sub electrode
finger pattern and the surface acoustic wave in the
main electrode finger pattern being generated in
positions representing the same time-domain response.

25
3. The filter as claimed in claim 1, wherein
the sub electrode finger pattern is formed to
correspond to the entire main electrode finger pattern.
30 4, The filter as claimed in claim 1, wherein

the sub electrode finger pattern is provided for at
least one of electrode finger gaps from which the
surface acoustic wave caused by the leakage electric
fields in the main electrode finger pattern is

35 generated.

5. The filter as claimed in c¢laim 1, wherein
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the main electrode finger pattern, where A is the
wavelength of the surface acoustic wave propagating on

5 the piezoelectric substrate.

6. The filter as claimed in claim 1, wherein
the sub electrode finger pattern includes:
excitation points that are provided for regions
10 having aperture lengths of A/4 or smaller in the main
electrode finger pattern, where A is the wavelength of
the surface acoustic wave propagating on the
piezoelectric substrate; and
ground potential electrode fingers that are
15 provided for the other regions in the main electrode
finger pattern.

7. The filter as claimed in claim 1, wherein
the sub electrode finger pattern includes a pattern
20 that is similar to and smaller than the main electrode

finger pattern.

8. The filter as claimed in claim 1, wherein
the sub electrode finger pattern includes:

25 excitation points that are provided for regions
having aperture lengths of A/4 or smaller in the main
electrode finger pattern, where A is the wavelength of
the surface accustic wave propagating on the
piezoelectric substrate; and

30 ground potential electrode fingers that are
provided for the other regions in the main electrode
finger pattern,

the excitation points being formed with a pattern
that is similar to and smaller than the pattern forming

35 the regions hav1ng the aperture lengths of A/4 of

smaller.
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5 10. The filter as claimed in claim 1, wherein:
the sub electrode finger pattern has electrode
fingers overlapping with one another; and
the largest aperture length is equal to or
smaller than the smallest wvalue of the smallest
10 aperture length, the smallest electrode finger interval,
and the smallest gap in the main electrode finger

pattern.

11. The filter as claimed in claim 1, wherein

15 the sub electrode finger pattern includes electrode
finger overlapping parts that are provided for regions
having aperture lengths of A/4 or smaller in the main
electrode finger pattern, A being the wavelength of the
surface acoustic wave propagating on the piezoelectric

20 substrate, and have the same aperture lengths as the
aperture lengths of the electrode finger overlapping
parts in each of the regions.

12, The filter as claimed in claim 1, wherein
25 the sub electrode finger pattern includes an excitation
point that is located on a straight line extending from
an excitation point of the main electrode finger
pattern in a direction perpendicular to the surface
acoustic wave propagation direction.
30
13. The filter as claimed in claim 1, wherein:
the plurality of IDTs include an IDT that has a
non-weighted electrode finger pattern; and
the non-weighted electrode finger pattern of the
35 IDT is shared between the main electrode finger pattern
and the sub electrode finger pattern, and has an
aperture length that is equal to or greater than the
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aperture length of the main electrode finger pattern.

14. The filter as claimed in claim 1, wherein:
the plurality of IDTs include an IDT that has a
5 non-weighted electrode finger pattern;
the IDT has first and second electrode finger
patterns corresponding to the main electrode finger
pattern and the sub electrode finger pattern,
respectively: and
10 the first electrode finger pattern has an
aperture length that is equal to or greater than the
aperture length of the main electrode finger pattern,
while the second electrode finger pattern has an
aperture length that is equal to or greater than the
15 aperture length of the sub electrode finger pattern.

15. The filter as claimed in claim 1, wherein
the sub electrode finger pattern has a pair of
bus bars; and
20 the distance between the bus bars is shorter than
the distance between a pair of bus bars of the main
electrode finger pattern.

16. The filter as claimed in claim 1, wherein
25 the main electrode finger pattern is weighted by
apodization.

17. The filter as claimed in claim 1, wherein
the main electrode finger pattern is weighted by
30 withdrawing electrode fingers.
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