TI TLE OF THE | NVENTI ON FI LTER USI NG Pl EZOELECTRI C MATERI AL BACKGROUND OF
THE INVENTION 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)
formed on a piezoelectric substrate. 10 2. Description of the Related Art
In recent years, filters that are formed with surface acoustic wave

devi ces each haV|ng |nterd ital _transducers on a piezoelectric substrate
are used as bahdpadl 'EféngN%I ¥el evision systems with frequency 15
ranges of 30 Mz tCFFHMEHAMSINGKPIEzdﬁiﬂGTREﬂSMATERImmrtabIe t el ephone
devices with 800 WHz or 1-9 GHz frequency ranges. An |IDT has a pair of
conmb-1i ke electrodes Each of the conb-1i ke el ectrodes includes a bus bar
and el ect r odeB4 e EHEFOMf 20 the el ectrode fingers is

connectedsto the bqs b@ﬁelangf Qm@ th@htqgg of each of the electrode
fingers is open. e pair of conb-like electr ran ed so that the
el ectrode fingers E}‘ oﬁ&%eqthérbvcﬁﬂfﬁqueger@@gtd]r%o%esl% ° a¥j acent to,

or overlap\Mﬁﬂitaﬁmuéihgﬂaxprazb£1e¢mmns red t ¢ hiea bt hend omeref the conb-1Ii ke
el ectrodes alpdyieetiefmyietd i E¥Aler WO Al NaeyOlhegealgipgp!ied Lo

the pair of conb-Iike ect rodes e acousiic wave generated
The surface HEARPIGEERVE IS ffr%‘ﬁ%%(fiﬂ ChRERIW1IETELC PPEERRY- 30 the
frequencyOcharact eri.st Descraptiibhebfwehe Heshted A&tequency characteristics

can be realized. Fig. 1 |IIu§%a%1esEafﬁ£} % %n%r tfﬂeqlﬁléﬂz'ng

surface acoustic waves. ane t' t'er shown in
Fig. 1is di $8idsee |ar¢q*,5tmapa~r¢ésee legfs Amapm dmvm\g PiLibt ¢ edigbhaNo.

-41778. TheahddRle rshoM 4 Hildbelkdttlddffost fdtStatdludéd & 9round
ectrode Zobé%y%ass %%ﬂ%%gngé¥)téTg%J§fgﬁ systems with frequency
15 ranges of 30 MHz to 400 MHz, and as RF filters for
portable telephone devices with 800 MHz or 1-9 GHz
frequency ranges. An IDT has a pair of comb-like
electrodes. Each of the comb-like electrodes includes
a bus bar and electrode fingers. One end of each of

20 the electrode fingers is connected to the bus bar, and
the other end of each of the electrode fingers is open.
The pair of 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



- 1 |IDT 10, the ground el ectrode 20, and the second IDT 30 are fornmed on
a piezoelectric substrate, and are adjacent to one another in the surface
acoustic wave propagation direction. The ground electrode 20 is 5

i nt er posed between the first IDT 10 and the second IDT 30, and functions
as a shield electrode. The first IDI 10 serves as an input electrode (or
an output electrode), while the second I DT 30 serves as an out put

el ectrode (or_an input electrode). The %round 10 el ectrode 20 prevents
el ect romagnet £81cdlpl FRE Hé?ﬂé@nelﬁﬁérp 28, apad; fBe prcend AP 3
ground el ectrade f3Pmed ohl hqpekyoaleanged sabtslﬂatataurhaaeaa@oustlc vvaves

generated fro T, 10 T. 30 an b rey bei ng
reflected andg§i$§?hgzt$ og?hgggﬁﬁeg %g %h%oﬁufﬁchD? § W%@BT 10 has a
pair of conb- PFREa@ﬁééPﬂodéﬁeggaonandﬁhﬁkgrqudc@h@ctrk@ee2@ctﬁode 10a has

a bus bar 512a1naélglp6be§tb@@lﬁeéhngﬁéSfié@t kb*fewossndt Eﬁecga‘ebhukf?nq'l ectrode
10b has a bus @ 12b_and,_el ectrode fhngg 20 14 a ﬁh fn end gf each
of the electrode FRfigEPRCEAANStaRe8 FRLELPeRLBRETBR cachRof +EShohlT ng one
of the electi@ddeefvageas ddbingte eyectappengopaahsoutpuhe nei ghbori ng
el ectrode finggise 1dde pndu#Pe (Ehe seLeh §bN9EEyOXCLLARR! BULRAL! ). or

Rl
the electrode 25 f er parts facing eac er, contri itation
of surface ad%h%??%o v %r 3m %%@ugt?h%?ﬁF%detkmehqrﬂ#@%ﬂdl the el ectrode

finger paot ereldotrede bzyo phevehest s Deet fomggnet idacanglifg bstwe'eght ed

More specifi I C d er attern shown. i
wei ght ed by aﬁg%lga I ‘on. §+§ ‘%tﬁé ‘g%{(')d pﬁ' oéctﬁ'r}b egrf‘?%i gjp%ﬁ’g&% the
wi dths of th Qalle%tcrl@ldequﬂm@rr@mdamuhkgabawsfé@heaqpushscwawebe

@rel naf t er rcﬁéreéfaa@ledOf@&nt&}ee apef t1g e(é£NEghASIDYasy) &8ntpe surface

oustic wa e n direction. At 35 either end part of the_LDT 10,
theuap:artur\éﬁ g%)qgeéa ér Ibe:.né reflected allnd returning to t%‘ne IDT
15

(or the IDT 30).

The IDT 10 has a pair of comb-like electrodes 10a
and 10b. The comb-like electrode 10a has a bus bar 12a
and electrode fingers l4a. Likewise, the comb-like
electrode 10b has a bus bar 12b and electrode fingers

20 14b. The open end of each of the electrode fingers 1l4a
faces the open end of each corresponding one of the
electrode fingers 14b. The overlapping parts of the
neighboring electrode fingers 14a and 14b (the
‘electrode finger overlapping parts), or the electrode

25 finger parts facing each other, contribute to

. excitation of surface acoustic waves. In 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.

30 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) vary
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



conparatively small. These parts are generally referred tows mnute
overlapping parts. The IDT 10 2 has greater aperture lengths in the center
region. The aperture lengths are proportional to excitation intensity.
Accordingly, surface acoustic wave has higher intensity in the center of
the IDT 10 than the 5 intensity at either end region of the IDT 10. The
frequency characteristics can be varied by adjusting the apodization
wei ghti ng. Thﬁ | DT 30 al so i ncludes a pair of conb-like electrodes, but
these conb-|iR8SePEERFBUeAPEFEUAG 1809 thPeHhGAE8BF6Fn§?9}°Phe Hherture
lengths in thepeBfur80langthai &oenprdpbstiypelotol BXcisacabhed a n?rr?l
| DT. The filt ] he Ve, t ctio S ss filter.
15 The fil terféﬁ%%w%bf%' Fizg%)cpolredéﬁ%ogl:}f'sgﬁr‘g%gea% nallc asptglncesvga‘gé'?}gej% Application
Publ i cati on Neigher 4irryensihpwenethe capnber adéqtbeelPTatPenbanethie _
frequency s componest syi gt Lerséonohandseidd SEMARTISE ThE |HHENTI ON | ; s
t herefore an ect of the present ,invention to pr ,
piezoelectricPr%%Y%H?%Jc??F%@ﬁ?ﬁﬁ?%%c%b%%% ﬁ?s%ﬁ@gﬁaaﬁg ?§JBF¥ﬁPﬂated. A
nore specifi ctivhjapedidat hen wesgntingvention 25 is to provide a Illtsrth
that exhibits inpr > i St e VE: pbj ects o e
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present inventjon are achiev ter I ng: a piezoelectric
substrate; arfRiFSCiHRAeT 7 thorthesererypthike relacks 8S33r¢I PFE) forned on
the pi ezd6l eateightsabst Mtc@,rda'fngll@as'[thhema@e&ft%ﬂbe #ldh'ﬁ&ﬂﬁ\/ﬂrtﬂg:f% rTH?Tlt )

el ectrode fi r t1er hatn,.i; | ght ed, t he at_ | east one o e

| DTs al so hggjlanag}% anﬁbfbe nEa'ct EI‘(I; (% @ﬁ%ero(%gmﬁ? tct?éteielés accfh%éﬁe]éd I n

parallel to tH¥ nain el ectrode finger pattern, and

(:) 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 is 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.



35 generates a surface acoustic wave that cancels a surface acoustic wave
caused by | eakage electric fields generated in the nmain el ectrode finger

pattern. 3 _ BRI EF DESCRI PTION OF THE DRAW NGS O her objects, features and
advantages of the present invention will becone nore apparent fromthe 5

foll owi ng detailed description when read in conjunction wth the

acconpanyi ng drawi ngs, in which: Fig. 1 illustrates a conventional filter;
Fig. 2 is a graph representative of the relationship between aperture

|l ength and excitation 10 intensity; Fig. 3 illustrates the | eakage

el ectric fiel aamgenesakemowaow DHE BrROwIKGE! | ustrates the principles of
t he present |nventé ;ng s [Tusirates a_fil gr I n agcgédance wth a
first enmbodi nent of e% fn %%E?Eﬁﬁ ip% a%v?? agtral fi exanpl e of

the sub eIecPF%ﬂ@ntlh@é@nba@neWhllFbgcomelmbnstaapeseatnﬁdpmlcaE|on of the

filter 2G Sh@&\@lbdﬁlfggdeéalfétg a8stLigeibat ﬁ‘ﬁeﬂ Eéh&ean' eoageae@a%e_ with
a second enbodl h@%eOf t he gresent I nventi on lustrates a filter

in accor dance” Wt TR PP ﬂ%bﬂ?n@ﬁ?wb?gfhelﬁrggéﬁP i nvention; 25 Fig. 10
illustrates a filtd&ig.n acchrusmcetog td condentt idnenbotl veng of the present

invention; Fig. 11 gldustrg [f t gﬁg a fifth

enbodi nent of the E;edseflét \laén\e/achfch# %’rpf&l ‘ﬁd‘?%] \é\f‘é}t‘%not her exanpl e of
the sub 30 elf’é]fﬁ?%ﬁésmﬁ’\d%‘?t‘p%ﬁfﬁeﬁ?ﬁr@me h@nﬂhuémﬂaﬁégl&afﬁwﬂer in
accordand® wirntensistyxi h enbodlnent of the present invention; Fig. 14

IlTustrates a f'lt%r |n Cﬁﬁ. égtghéileakage electric fields
generated in an IDT;
(:) Fig. 4 illustrates the principles of the present
invention;
15 Fig. 5 illustrates a filter in accordance with a

first embodiment of the present invention;
Fig. 6 illustrates an example of the sub
electrode finger pattern;
Fig. 7 illustrates a modification of 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 illustrates a filter in accordance with
an eighth embodiment of the present invention;
Fig. 16 illustrates a filter in accordance with a



sevent h enbodi ment of the present invention; 35 Fig. 15 illustrates a
filter in accordance with an eighth enbodi nent of the present invention;
Fig. 16 illustrates a filter in accordance with a 4 ninth enbodi nent of
the present invention; Fig. 17 illustrates a filter in accordance with a
tenth enbodi nent of the present invention; and Fig. 18 is a graph
representative of the 5 frequency characteristics of the filter shown in
Fig. 1 and the filter shown in Fig. 5. DESCRI PTION OF THE PREFERRED
EMBODI MENTS TRénthyvemrbegimseptidpEédthhepreasnh wAyenkhéonilter 10 shown in

Fig. 1 cannot adequei@! y1atienustLatde affEOEACYn COBPOPERRE] RitHEaSt O
bands and supgosed t he T tors exam ned the relationship

follow pg. . The inve 1
bet ween aper %?Ehlﬁﬂa?ﬂlﬁﬁﬁteggiF%?iBﬁe?ﬁ?gn§PY§pt#PB! 3nds 5 15 graph
showi ng the exam nafi®@n I%®sista drapgh grePresdrmtatibve zofit theaxi s i ndi cates
aperture lsengg . r | vel gngt urfagg acqustic
wave in the pagz&ﬁgﬁﬁyp?péﬁig?%*?g%§?§a§g ?hg g%?%?%a%HggéigBiﬁgﬁca?és
normal i zed ex?® athonfihtepsPRgwn 20N hhFendional ly, it is considered that
the el ectrode finger overlapping parts excite a surface acoustic wave and

the aperture ééﬁgﬁfbfgoﬁrgpofﬁéogﬁ}FéggéécéﬁgébfﬂEN*gtensity as indicated
by the dotte ; : - ) when the aperture
length is 25 zero. The rigarentors tyshigsbritheorgasen athynsihe pf thkebe

observediphersndit aperigr el |l etidt | sadgdd¥e Dy JE€8hGAte BHE the excitation
intensity varies as |nd|cated by the solid Ilneﬂﬁhere t he agertugﬁ | engt h
is 0.25A or qq%ﬁ9c¥uﬁpﬁﬁﬁﬁ?Qﬁ%(ﬁF(ﬁﬂﬁN%F%ﬁe?a 2randnaupperedr Ehesg

length is zerfwllasiigtpwn in Fig. 2. In viewof this, the inventors
@psidered that thate WerRAIY MR ARPUNIS o SXBLaROR Sources

an the el ectrode , , , . . .
aperture length and excitation intensity. Fig. 2 is a

15 graph showing the examination result. In Fig. 2, the
horizontal axis indicates aperture length (A: A

representing the wavelength of the surface acoustic
wave in the pass band of the filter), and the vertical
axis indicates normalized excitation intensity.

20 Conventionally, it is considered that the electrode
finger overlapping parts excite a surface acoustic wave
and the aperture length is proportional to excitation
intensity as indicated by the dotted line, while
excitation does not occur when the aperture length is

25 zero. In reality, the proportional relationship can be

'l’ 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 is zero, as shown in Fig. 2. 1In 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




finger overlapping parts. Mre specifically, the inventors considered that
surface acoustic waves were 35 excited by | eakage electric fields generated
at the end portions of the electrode fingers. Fig. 3 illustrates electric
fields generated at 5 the end portions of electrode fingers. In Fig. 3,
the solid lines indicate electric field conponents that are generated at
the el ectrode finger overlapping parts and are taken into consideration in
the design stage. The 5 broken lines indicate | eakage electric field
conmponents. ‘he eedkagetépestefceliretdgodenfonants. arkn gek@r adedthd the

g?p :egijonf b@bw@nlmeseiﬁ@lw@le él@@@fﬁct kat1doesmpBAbnter fhatsuhset anti al
el ectroae in

include 10 € %%?F?ge?aggdgﬁﬁ gﬁ%ﬁfgg?hgfng g §¥%gﬁéb§aaér8ﬁf gTRAR S

positive- potemreatabéncimbdecémmg@erablannegatheedepmganstageelébmeode
finger fag ngofcg'ﬁeﬂo..siiﬁéé‘engE?QEballeglk%%ter %ci%ét'ﬁwm]eaw Shifisdhdse bl el d

conponents that are generaied I'rom a posrtive- potentia ctrod
finger to a neYRt 1SRRI Pt e RF L &F eEL e ec?mﬁﬁé?nﬁﬁjﬁE%ngePSIPHSd in

positive- pot etrtte ai;apl ﬂ@(ﬁi@deoetfdlé\@ertw£séﬁﬁtﬁkb&el fiAgeasethher dokbe

caused by | edib e oL f Tub St e o 85 FARUTrL BBk davepiaBREby "
st op- band cha&taxk er iThe deakdaree e lectrd o e ¢l tmm{lﬁnfeﬁlmpl%ed on the

above obser Vaéléﬁtri@efié‘l/&r&&ﬁéonéi@&@@%@ @réhﬁé‘ﬁéf‘é@e&hﬁkoﬁeaef ates a
surface acoustic, cancel surface acoustic wave 25

excited by tHE ﬁle%’f(‘éegep%qeerbtiqu]c ?Jr‘?ra?‘dgoﬁ%n€+%‘?%ﬁ A #hRe9IRBYVED shown in
Fig. 1. Fig. pbtdﬂtmaleﬂkﬂﬁtﬁnﬁe[ﬁlngnmﬂfﬁnrmgthhelpuehtime— The filter

Eoun i F9pothidonl pleran A A and a! Dledas Losedaon 2

ezoelectrlc substrate. groun ‘ct r ode |n Fig. 1.is
fornmed bet wedPHRRNNFES tlftﬁF e nemed from a positive- P°tentlal

15 electrode finger to a negative-potential electrode
finger adjacent to the positive-potential electrode
finger. Especially in a case where the electrode
finger pattern is weighted as shown in Fig. 1,
excitation caused by leakage electric fields cannot be

20 ignored, because the stop-band characteristics
deteriorate due to the excitation.

Based on the above observation, the inventors
developed a structure that generates a surface acoustic
wave to cancel or eliminate the surface acoustic wave

25 excited by the leakage electric fields generated in the

‘ IDT 10 shown in Fig. 1. Fig. 4 illustrates the

principles of the invention. 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,




Is not shown in Fig. 4, for sinplification of the drawi ng. The |IDT 100

I ncludes 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
new y introduced by the present invention. The sub electrode finger
pattern 120 is electrically connected in parallel to the main el ectrode
finger pattern 110, 6 and generates the surface acoustic wave to cancel

the |eakage electric field %%nerated in the main electrode finger
pattern 110. THE PBReIB6SFnE Edég fRPeBCRUStASr ¥aYe2450 £edGeladder12c. The

bus bar 112b ekkaghaeddchetvefhelliewamengehecttedeihi nger mpanht ern 110 and

the sub el ect gode: Longer;agbiepa: 1oy 106 SHEUCAE e ghoNY | 1,EL. 4 may be

consi dered to have an udes fhe mai n el ectrode er pattern
110 and t he BlEeBaPYs 1h2ESahl2a412bldhd andt hérck DIThérdpus sbap bﬁhected to

the I DT irs paisl bl&ér@ﬂdbeﬂﬁeélﬂeﬁhéhﬁa514bel@E@Eb&@dglfmbegebalﬁﬁbtrﬁr'111—)20 and
the bus bars %& ﬁn u112f d bug E egh to have t he

ground potenti Raf P TR ?%?%r hﬁgeﬁoPa F?ﬁp €same positive
(or negative)Swanbmreg@hoenap@IFe@ té& mhg bescoﬂslbaredltaahané ah2c. In
the posntlonsm@pméeniwpu&@e eﬁ@%iﬁeelgeﬁ%&erﬁﬁg{;%e ?E%ekha&' hAls

caused by | eaka % electric | d ener at ed ctrode finger

pattern 110, %&%l?%ﬁl?ﬁF?\ 1%ac%%§eﬁl%9 pRdkapetberelREt Ehatf i8| ds t hat
are geneift edccormedieed uto etlectIDTein fpagel 1pnt sed niddludes baeesube

oD% oei T onileSuide IEHATDA AT F28! SAAScRE BLDTRADE TX3b) ShUCD

The positions represen onse™ are’| ted on a

line that is PedPenditCubas bart Ad 25 isydesdanash st |T@W\Fé’1%rqmge@| on
@r ection. Thetexcidhatimt A £aused e tdecéd e@ds@e@t@éectaw thel damand the

o he | Saae SR Mot Mpd A R RS0l E o led o BRELLS PP
ars 112a and 1ll2c.

In the positions representing the same time-
domain response, excitation A is caused by leakage
electric fields generated in the main electrode finger
pattern 110, and excitation A’ is caused by leakage

20 electric fields that are generated in the sub electrode
finger pattern 120 and have the opposite phase to the
leakage electric fields causing the excitation A. The
positions representing the same time-domain response
are located on a line that is perpendicular to the

25 surface acoustic wave propagation direction. The

'l' excitation A caused by the leakage 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




causing the excitation A should preferably have the 30 sane intensity.
More specifically, in the main electrode finger pattern 110, el ectrode
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 anong the el ectrode finger
overlapping parts, and |eakage electric fields indicated by the dotted-
line arrows are generated in the gaps. In the sub 7 electrode finger
pattern 120, BheFerafe angeri Rat&ersl défrodBerprngsr ondy aBPUS§ parts, as
shown in Fig. eﬂectﬁﬁdérﬂhﬂgéy oeéeghpp@nglpbeasarasn@hoqanehawq ¢.ina.the

m nute el ectr 0 ove Lng-pa t.s, _but | eakage electrl fields of
t he sane |nte§§§?ya ggé% gg g?Ei?Pi8r?i89gsgﬁgﬁ§P§ng M ﬁﬁe mai n
el ectrode fln@enutpaelecthde dinggenevarédppAsgt herebecbusdeé ebikager

over | appi g p@léétwcthfewp ske%éogsmél BAgEnRRLYCEE tikéolaaﬁa gry small,
the el ectrode e sub 10 el ectrode fi pattern are

shorter than % %C E%%cf%%@%sfgﬁ@%thFﬂ %ﬂetﬁﬁlﬂaé e%@?ﬁ&éopﬁnﬁépgﬁéttern
110. In otherpantesn ihe drstgenerbeetdeernd hﬂlé)LSléraﬂfrodéana@dr 112c is

shorter than the Péﬁ%ce $%§§i¥ef§ EF%eSQ S ? 8}&&@ @gg ZB?ﬁégrgescribed

IMerwth15ere gh |nm
el ectrode finte? Peeteery 19makhy Boe e%eﬁt§9@¢|épnqptﬁ lanéhanépher In the

pOS|t|onSOrep£Baemf¢@@ £ hegSanBat t 88n ﬂ@oaaﬂersﬁasﬂée thaﬁ ehectric fields
attern

db |
150 have e Shseeraed it (TR ehE e fr FherfeSS Blbach, PehsSEhne
excitation vollGge Iinn otihe rs wordsl e dtheodhl Stianpe hetiwesm IR, bﬁ':heba;nb

?ct rode Tinoeto pitd ef1pd 26k | 9nsucds ethd E4ENaRsChnee! bRBERN! Pneancel
t he ex0|t%$ g) e main el ectrode finger pattern 110. Accordingly,
t

the sub el ec a #id e}]nZhi‘zoAﬁaéiescrlbed later with
15 reference to Fig. 6, the electrode fingers in the sub

electrode finger pattern 120 may not even overlap with
one another.
In the positions representing the same time-
domain response, the electric fields caused by an
20 excitation voltage in the main electrode finger pattern
110 have the opposite sign to the electric fields
caused by the same excitation voltage in the sub
electrode finger pattern 120. The sub electrode finger
pattern 120 is excited in such a direction as to cancel
25 the excitation in the main electrode finger pattern 110.
'l' 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
30 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 Dby 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 opposite phase to the main electrode finger pattern 110. The wave
excited by the | eakage electric fields A in the main el ectrode finger
pattern 110 is outputted 30 in tinme TA while the wave excited by the
opposi te- phase | eakage electric fields A in the sub electrode finger
pattern 120 is outputted in time TA', which is the sane as the tinme TA
Accordingly, the wave excited by the | eakage electric fields A and the
wave excited 35 by the | eakage electric fields A cancel each other. On

t he ot her hana,leflééOGs%cifftag%npééﬁgéa 140t he neteecrncgd el nHECaMSEr | appi ng

parts in the gpens8b eleetkede ﬁfhage&dpat;teﬁ:? 120 H%e@ﬁh{)%a{hfé@ewi btecagse
S Nno ave, subs nti at,, el ectrode

the sub electroge finge B tt rndl g. Qe . a g

fi nger overlaﬁﬁlﬁﬁaﬂg??i. $ﬁﬁgF° EnE1BasFr Q4SEhaPRNGr PELitEs cARYBe
mai nt ai ned. Stihedésiredi ajarachedésticpt con be matodadeeds of the present
i nvention.s (First Eﬂh@dngﬂéQ%ﬁégis5a'&é%@f%ﬁﬁf@ntgf ShhHaiHERL S o2 ;LLter

in accordance, with a first enb0di nent of the present 10 I nvention.
filter shown FREFPEESENEnENVERELIAN: pi ezoel ectric substrate 50. This filter

al so i ncl udes(Fanst DBmBOQLment gr ound el ectrode 20, and an IDT 130, all Q of

whi ch are forned on.{he pige ' S h OA_ functions
as an input |DT, anrbdl(?'heijlbﬁﬂ'ﬁ%?éﬁ%gf%%t%%ﬁég%‘gg%nogu?p{fjg}:%% f“‘.‘or

exanpl e. The 3¢oRdan@RyWbeh udeflinst apmbogimenprof waheeprrgenbT 100A is
used asi1an oudwetitidd. TR griawet: elRaid ade ﬁ%f@ iderLg@e® astructure as

t he ground electrq%ﬁézo sho in Fig. _1. he 1 DT 130 g{so has. the sane
structure as The*9 %&Fl§0&@ﬁﬁﬁFF% %&Q.T.lsr Y5 1 i T Hed8S a mai n
el ectrode firajerIDDat@@kn dlgroend alscbredec?®pdandi agelDPalBeérnal20A
t are el ecdfigddy &Pé'“@%frﬁ{d'éhpt?ﬁé'ﬁfézogi‘é’cﬁ@ie sGbgethedeshi nger
ttern 110A has an gpodlze el ectrode )
The IDT 100A functions as an input IDT, and the IDT 130
15 functions as an output IDT, for example. The IDT 130
may be used as an input IDT, while the IDT 100A is used
as an output IDT. The ground electrode 20 has the same
structure as the ground electrode 20 shown in Fig. 1.
The IDT 130 also has the same structure as the IDT 30
20 shown in Fig. 1.

The IDT 100A includes a main electrode finger
pattern 110A and a sub electrode finger pattern 120A
that are electrically connected in parallel. The main
electrode finger pattern 110A has an apodized electrode

25 finger pattern. The sub electrode finger pattern 120A

‘l’ 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



25 finger pattern. The sub electrode finger pattern 120A is |ocated 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 |ength
of the main electrode finger pattern 110A in the 30 surface acoustic wave
propagation direction is substantially equal to the length of the sub

el ectrode finger pattern 120A in the surface acoustic wave propagation
direction. The aperture lengths in the sub electrode finger pattern 120A
are all zero. tBegbug par3glgcpdet natl pveslapge®uli &Acst edsd sub el ect rode

finger pattecnriagﬁonahageb@ﬁb&oggeEtmgaésf@hg@&dimgtmr@mﬂ: m Sar
112b and the ggggrggﬁegingers e%tending from tge Qus bar 112c do not
overl ap, but Tace’eac e8 FgSpo ﬁ?%@ Y he u%l%&?? 5@ ?iﬁbgp?rmﬁth uni form
gaps being i ReEtpoved208i deoest hetshbvel edectdedki igage rpaiviesrlapbd®y does

not have e echheds, f bnaet ro%eklapRngua P8l biecerBal! ifdnlfed! ds due to
el ectrode finger ovenlapgég sparts are not generated as’in the main

el ectrode fingeFrHaAPPLRF aket petsgRReAEteE gl tHeafdited to
termnal s Tl ahdcfRodbodtingarFpattérnt b20AL eakaigehe! eame i RCT 7ol tdaggener at ed

0 the main eigchpOfieedOubl pOgR RATLeRD LiQArhakRoLAC 1APRAYL! S Plgge to the
| eakage electric e %s generated_in e sub elec?rode ‘i'fger ‘pattern
120A. Accor di h@R¥agenelechkigeltptdsrgenerpted| dnnwahe gedar glegticedehe main

el ectrodaof i ngefigent pet Pe2A0N 08 EaRECLRE @ypbbetbezkage ebeeheic field 15

wave generated in_the sub el ecirode finger_ pattern_ l20A. a.result, the
sur f ace acous??%kﬁé e %ﬁgfh?egl%ggfh%egﬁfgg?gi&an PdSUBefEPSEERYFr om t he
el ectrode finfErgenveataepn nh2 P t Adgorndingi N thecleakizgé i abect pitt ern

(%}QA can be t#ansdif4ed éhéf%%é&ﬂi&3€h¥iﬁalﬂeeﬂéeﬁggggofﬁhﬁékrOde 20, not
eing affected by the f el ectrode I nger pattern 120A. Thus, the
st op- band SLmRﬁQﬁéﬁQwﬁ @%nl%ec?%%?%%geﬂy the leakage electric field
15 wave generated in the sub electrode finger pattern 120A.
As a result, the surface acoustic wave generated by the
electric fields generated from the electrode finger
overlapping parts in the main electrode finger pattern
110A can be transmitted to the IDT 130 via the ground
20 electrode 20, not being affected by the sub electrode
finger pattern 120A. Thus, the stop-band suppression
can be increased.
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

'l’ 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° LiNbOs;, 112° LiTaO;, Li,B.O;, or
quartz, or a surface acoustic wave filter that uses SH
(Horizontal Shear) waves and is made of 36° LiTaO;, 42°
LiTaO3, 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 -



’ 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 electrode finger pattern 120A. 30 The

pi ezoel ectric substrate 50 may be a Rayleigh wave filter nade of 128

Li NbQ3, 112 LETaCB Li 2B40O7, or quartz, or a surface acoustic mave filter
that uses SH PUSoPeFortgl Sﬁéaﬁ)tﬁé@é§aén§4vsaﬁﬁhéh@fb¥§ ars0d, 1 280

Li Ta3, or 64ahidNa@@c 35eFLset tol khesyraues @omltfllaqat i wachf thhe filter

shown in Fig OB of t S nDdlflcatlo ha a structure in which
an AC voltagesﬁgugqu# gS £REC unﬁﬁéoggraTEZE $ 5 F@rﬁqﬁﬂ T4, and the

. bus bars 112afuaﬁa19m§caadeeééect@ shewgr éondigot dniciaal beveth itehied .

structure,st h@héam‘ecéwﬂehb%% @HQ @Gbeetl%c%a%oh@e fﬁu'cj'é‘%t oAkt e3id 19i0Aect s
shown in Fig. ﬁnf gg be achi | ocati ons of "the sub el ectrode
2

finger patter IRt K eﬁ&ﬂ?@ﬁ(ﬁﬁﬂ?ﬁﬁaﬁq n[ﬁﬁ?%rﬂriléﬁyﬁFéed'
reversed, coopmpededi whthhehar aapgagemnenshewdwnnihi §igh. 5Sti Btillihe sane

effects can bgp %cgéggengégaghgaﬁheggégggg ﬁranggng%é %fgﬁgrb eFig. 5 an

AC vol tage nmay 12b, a ar 112a and
112c may be sé?r?Bg?%éngrébﬁﬂnpeﬂeﬁtgal5asa§h6@nvphtﬁgg may. behe ot her

aspects afo th&pﬁ;lié@rt&tﬂ@tbﬁ@ Bart hisb(r anaDEhE BakI BarallQZTah%n%iaWE as
t hose of the {iﬁ ruct the ructure shomn in

W.t
15 Fig. 7, the s% a%a d Eﬁgpg8 §38ngE§Wn§€§¥§ﬁﬁ?q stRoht9
Enbodlnent) Flg. 3?6Iqukﬁn%ﬁ3§9Q£S|dﬁenherfx&ﬁnwcﬁﬂmnﬁwwra af an@nd

€EP0d|”9nt OfmdALE PELELH &Ykt OaméNaki ¢ goge thEhéafﬁlE gponents as
those of the first enbodi nent 20 are enote e sane re erence, nuneral s
as those of structure s own in Fig. 5. he structure shown in

15 Fig. 7, the stop-band suppression can also be increased.
(Second Embodiment)
Fig. 8 illustrates a filter in accordance with a
second embodiment of the present invention. In Fig. 8,
the same components as those of the first embodiment
20 are denoted by the same reference numerals as those of
the first embodiment. An apodized IDT 100C of this
filter includes two sub electrode finger patterns 120A
and 120B. The sub electrode finger patterns 120A and
120B are located 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 bar 112c of
the sub electrode finger pattern 120B is connected to

- 11 -



the first enbodi ment. An apodi zed I DT 100C of this filter includes two sub ‘W
el ectrode finger patterns 120A and 120B. The sub el ectrode finger patterns
120A and 120B are |located at both sides of the nmain electrode 25 finger
pattern 110A. The sub el ectrode finger patterns 120A and 120B are desi gned

So as to correspond to the entire main electrode finger pattern 110A. Each

of the sub electrode finger patterns 120A and 120B has the el ectrode

finger pattern shown in Fi main 30 el ectrode fjnger pattern 110A

and the sub e8¢ F&FBingil, g@r p%tPE?nbiﬁohlégeoélEB?r?éQIP}e§6ﬁﬁ96ted in
paral | el via tfhegeuspbhatelrh?2b20hl Kewgseunidaed , maind sel a6t e Hungeir pattern

110A and the el egtr | ng OA are electrically connected
in 35 paralleﬁ%?Pa t%% gﬁg %%?Q %éa?gxﬁgggu%gba?s§i§§ €§ H‘%nnected to the
termnal T4, &fdmiRelsuf2bandiTiec the shb sdbcsireder fdademgat teatnsern 120B

i s connect®d 100a- ahd 1bbe t;@h@ra%le SarfAcBuacbastli2gatlfed e SR elLct rode

finger atter .120A.1 s a OIS t he same
AC ool t ot LB EEROI R BS e CenrRlnsPe T3akAgerRLotRE Lo Bk HANRE | moer
patterns 5 1209nandt¢ﬁ08ngéhermbénsedéatepdeomihgerm@mesemm dudA.a
direction as EQnEQHEHErEhSrEe@§§9§PB'giEEtEoEéekﬁn§@¥e%th%Q% Ateddn the

mai n el ectrode_finger Eatter nce t b electrode
fi nger patterﬁ%ectﬁéc feddrpgcitardorxepbaefohncgashdofn thgci$u the sub

10 el ect ridde élegero@atfen@sr1a9At|aads1298Arraﬁdbezasatnh9r bgt E:ﬁi&lEJéQ

excitation ¢ t e enerated.in the nmain

el ectrode f|ﬁyﬁggpgg?egﬁc£€§ggggv§?Hg% Sgb%bg gggg??ﬁe& ?FF&&FUre t he

stop-band 15t subp? egenerated be therwasedel éThrpdeEfbodenepal thirg. 9
lustrates ajfoAter in accordance with a third enbodi nent of the present

nvention. In Flg'ﬁ%th the above described structure, the stop-band
15 suppression can be increased.
(Third Embodiment)
Fig. 9 illustrates a filter in accordance with a
third embodiment of the present invention. 1In Fig. 9,
the same components as those of the foregoing
20 embodiments are denoted by the same reference numerals
as those of the foregoing embodiments. The structure
shown in Fig. 9 is a modification of the structure
shown in Fig. 8. An apodized IDT 100D of this filter
has sub electrode finger patterns 120C and 120D formed
25 on both sides of the main electrode finger pattern 110A,
.D 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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t he sane conponents as those of the foregoing 20 enbodi nents are denoted by
the sanme reference nunerals as those of the foregoing_enbodi nents. The
structure shown in Fig. 9 is a nodification of the structure shown in
Fi.g. 8. An apodized I DT 100D of this filter has sub electrode finger
patterns 120C and 120D formed 25 on both sides of the main el ectrode finger
pattern 110A. Each of the sub el ectrode finger patterns 120C and 120D

only parti gy e t ' | eginAg dd n tern 110A, but
t he conbi ngelt]‘l%cﬁ(ig(%{et ﬁ%ﬂ-@% ﬁae%{&o@?m}?'nggi pat tgeér'ngﬁg%o%%n 120D covers
the entire ekgiat rRGlec|fdngesiatitemy 1200 genanayes | suehndrSWEFASe t he
total |engiecRistlike wailvie @lsetld Rdmdd1Nddie NRIdIIgE POt rbodfieDdd in the

surface acousti c wave propagatio i rect [ gi tod J) gth of the
i ol cor BYE SPPRSELEIaAroRe: 64T Hatte b, shéi ke | S1eCEre8ED " 2
el ectrdile finger pattern 1208.generates such a surface acoustic wave as to

cancel out the ) galoen sl Eb0LCaebE Rl JolRYE rURREIA Ch NN deibp-Haitd hal f of

the main - 12 electr Irnger pattern 1 Li kewi se, the sub el ectrode
finger pat8ePPressboncAanafdsoshenincsarpgde acoustic wave as to cancel .
the | eakagereheehrEgbbdehéntyave generated in the left half of the main

electrode 5 finger pattern 110A. Wth the above descrjbed structure, the
st op-band supfget&ilusiratesa filterdn Bﬁcqwﬁf?c@ﬁ@cﬁ WWMWM@? hﬁﬂ'?sqﬂ?g. 10
illustrates a filter In accordance with a fourth enbodi pent  of th?ﬁ resent
| nvent i on.inventipn.gin Hig, 10, fke s2me cemponantsas;thage ofthedoregoing emhodime) 8"6
“enbodi nents are denoted by the sone reference nunerals as those of the
f or egoi ng denoledibydhe samareferansainumgralens thogeobthefp |ambhodiaents, 4p,
el ectrode finger pattern 120E that Is forned on one side_of the nmain
el ect r ode apodiged IHE10QE of this fifar hagia sub elestredefinges pattemd2DE that |$I§F'H°d
el ectrode finger pattern 110A. The sub el ectrode finger pattern 120E
i ncl udes opanesideagfihe main eleokodefingerpaitam $10A and corespondta theentireas t he
el ectrode finger pattern shown in Fig. 6, and parts 120b that hold dummy
el ect r ode nidimglectodd-finger pafterar1 10Ah &he sub electrode finger pattem 120E includes
parts 120a that have the same electrode finger pattems as the electrode finger pattern
shown In Fig. 6, and parts 120b that hold dummy electrode fingers. Hereinafter, the
parts 120a will be referred to as the leakage electric fleld wave canceling parts 120a,
and the parts 120b will be referred to as the dummy pattern parts 120b. The leakage
electric field wave canceling parts 120a correspond to minute electrode finger
overlapping parts X contained In the main electrode finger pattern 110A. The minute
electrode finger overlapping parts X have aperture lengths of A/4 or smaller, for
example. As described earller with reference to Fig. 2, the influence of the lsakage
electric flelds cannot be ighored when the aperture length is M4 of of smaller.
Therefore, the leakage electric fleld wave canceling parts 120a are formed to
correspond to the minute electrode finger overlapping parts X (I.e., the parts 120a are
formed in the positions representing the same tl‘me-domaln response as the minute
electrode finger overlapping parts X). The minute electrode finger overtapping parts X

are formed not only on both ends of the main electrode finger pattern 110A but also in
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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 dunmy pattern
parts 120b. The | eakage electric field wave canceling parts 120a
correspond to mnute electrode finger -overlapping parts X contained in
the main electrode finger pattern 110A. The mnute electrode finger

overl apping parts X have aperture lengths of 114 or smaller, for exanple.
As described earlier with reference to Fig. 2, the Influence of the | eakage
el ectric fields cannot be ignored when the aperture length Is 114 QC e
smaller. Therefore, the | eakage electric field wave canceling parts 120a

are formed to correspond to the mnute ele de, f] I | parts
X (i ot hingedieas eEa e eleprvrsngRr erErb L0 TpueRf e ERkedEbple Lo
ti me-donmai n_response as the mnute _el egtrode finger | s X).
The minute @'@WV@G@W'%B?%W%&WS%&??@@" Nﬂm%fﬁ@?@é{‘]&‘é %rg'%on
both ends of the nmain el ectrode finger pattern,l11l, OA but b\ a3
i nner ar easmiswute electrade fingpeevariaaping ﬁ’&%g F&P{' af &?9 i?‘@ﬁg epﬁ@:@\ek}c{\ggvetl he
| eakage electric field wave cancelin arts 12 are fo | i .ageqr dance
with the arcancgingartsd0a ian aiepirde @%@Eﬁﬁ@&wﬁﬁgﬁwﬁg‘pﬂ%' Bﬁgt s X
Each of the | eakage electric field wave cancel.i rts a |}
el ectrode fdumysy pataro peds 120k aw fﬁ@%@@?@?&@&ﬂw r Pﬁéﬁa'bﬁﬁﬁﬁﬁ&?t tern
parts 120b are forned to correspond to the ot her rts than L nut e
el ectrode felenirore SogenayppappingparisX of e ma{@ew@@@f Pﬁ&"fﬁﬁéem‘gat tern
110A. The other parts than the mnute el ectrode finggr overl.appi arts X
have apert wtheripartgtian the minuta elactrede-tingsy Pvmpmmﬁqvéwwgﬂ%gb are
provi-ded to formthe same surface acoustic wave ﬁ%éﬁaqgtiﬁF state . in
tlgczabmatic n elr::étﬁlrar@eedtzmd’]sh_e qumxepatter%m;s t20hargiprevides o "l"bl eﬁ?@‘%ﬁf’é’%ﬁ?ﬁr |

of the electrode fingers in the dummy pattern parts the .groun
pot enti al tagouistic wave prapagation statecasdn themain electeoda fRaer m%%aéﬂggﬁfg% do
not have an excitation point. In this manner, the Ieakaqﬁ Ele%trgf figeld
wave cancehé elgctpaetfingedn tie dummy paterapaits 4200 extgad from)the Bys bapd120.0fo, ot o
t he opposite-phase electric fields are forned. in areas that ar ected
by | eakage tie grotind potbintial ds thediuishand 20. i Accordinglyishe dummy Radierm P@f&% rn

120E, so that the opposite-phase electric fields cancel the | eakage

el ectric finotkvegmexcitation pontt he mai n el ectrode 30finger pattern 110A. Wth
this structure, the stop- band suppression can be increased. (Fifth

Embodi ment ) In this manner, the leakage electric field wave
canceling parts 120a (i.e., the excitation points) that
25 generate the opposite-phase electric fields are formed .
in areas that are affected by leakage electric fields
generated in the sub electrode finger. pattern 120E, so
that the opposite-phase electric fields cancel the
: leakaée 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 refe:ence‘numerals
as those of the foregoihg embodiments. The structure
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Fig. 11 illustrates a filter in accordance with a fifth enbodi nent of the
present invention. In Fig. 11, 35 the sane conponents as those of, the
foregoi ng, .enbodi ments are denoted by the sane reference nunerals as

. those of the f oregoi ng enbodi ments. The structure - 14 shown in Fig. 11

Is a nodification of the structure shown in Fig. 10. An |IDT 100F shown in
Fig. 11 differs fromthe IDT 100E showm in Fig. 10 in that the dunmy

pattern part 120b in the center is rengved fromthe sub 5 el ectrode finger
pattern 120E. SASVE RBsRE: LhelpDF MPPAfigasisppod Eber SASUCGTNFSE patterns
120F1 and 120bBowhhah &ig.foonedagnipnelsodesibwihhennpig. el ectigdersfi nger

pattern 110A C e n both end reqio .of _th In el ectrode
finger patter%ggTogﬁéEzgﬁ gpb?hggfﬁnsﬁﬁ @Fgct?@dé“thagr%§§tt8FW§ 120F1 and
120F2 i ncl udeBatkesragartl é20bi énf kbedcantvercancekmayepafirom 2be swp a

dunmy pat tserneméetréaebfi!;)?eﬁngsege% GROEStrAStAr Lo 861t 0 £Re FBELN
1 b electrode fin pat 120F1

el ectrode fin pattern A the s r tern

and/ or 120F2 ﬂgéFnﬁ?s igbiﬁg?ﬁaéogedghﬁﬁeﬁaP?EFﬁrﬁérgsofh ?%gslzﬁﬁher, t he
| eakage el ectthatfarbdfomved canceti afdpavtstha0mafih. electlredexcitati on

oi nts) that o] [ ri Leld r roed in
Phe arbas t haj a7t Aprosrin EEOR, aRACURREeEbBaL L6 bl Enll 2eidblBl "
the sub el ect?bdel¢ipybr pheckrede finperpatieor21183.t Heackpef the
opposi t elphassulel €Téct£odé i Eltigeeapsetethe L2okasmeE! EXOF) Gridlalds

generated in [ q% ctroge iln er pattern, 110A. VW;E his_.structure,
t he stop-bandl%%%% es%%% g%%% I %c&%&%eﬁ?ncﬁgl?%i??ﬁtﬁ 8th8H9)aThe
above descri bédmY Pt eern qeiert | hy@e. palapanding 20A the cfudOEe AR0F1,
@d 120F2 eacthdianid Nele &t £64& Ofltndd PYSEL PakA o1 Do tPhbhgygperture |engths
zero as Shﬁ in Fgg, 6, so as 1o Cf?ge| t he, | eakage 30 electric fields
generated in % %Fﬁﬁﬂqﬁ HIFTORAF TSRS Fi; 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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pattern 110A. However, the sub electrode finger patterns 120A through
120E, 120F1, and 120F2 are not I|imted to the electrode finger pattern
shown in Fig. 6, and may be sub el ectrode finger patterns including 35

m nute el ectrode finger overlapping parts as shown in Fig. 4. In the
followi ng, a sub electrode finger pattern including mnute el ectrode
finger overlapping - 15 parts is described, with reference to Fig. 12.
Fig. 12 illustrates the sub electrode finger pattern including the mnute
el ectrode fing8FtSoddr A8pprhgepar FdthTREIRFRNEE SPefidre lRengths may be 5

:Jni foLm_ or ﬂi ffer fFogn ong ﬁ?%bﬁfatéﬁ ehéheﬁl?]Céllﬁécti‘B%&é a%lgqetg apert:Jre
engt In the e 11 Nnger attern,shou preferably be equal to
%%Ep?gé gh%?ﬁgépga ertl EU%SnSEﬁFgER§e5§&Pﬁ§§t el ectrode

or smaller th
finger intervaveripepdngt pactsbet Themiacte tape10unei htmot hagmayeber ode

fingers), sor therspml besyigapr €rbm Ghat aR6EnBEL WeEn SpchetWOaskect rode
finger ends faC|ﬁg eac other& in_the gaLn ehectrode finger pattern. Here,
the | argest ap2fttFfEIFRhgtReFhurfiel SNBLR| &Rt FRBeSUP| RYBFTHROELADERK be
made equal topattsml skeouldiapréfierabbyshal égealvabuerotmbhéesnahbast

aperture |engihe %ﬁﬁif@?&'??ér@ﬁ?gtigggtﬂiEgﬁé Eﬂéfi¥?k’e§%gtEBﬁesnal|65t
gap in the main electrode TInger paitern. er than the above structure,
the fol | owi ngt SRECT elREeFRIL fHhgediphanee nRetveanneachet¥Pect rode finger

igozveLl appir]nge:p@rﬁESr:D@@ éOBe@ltfde)d 12%itégﬂind'él§i)3ubo§: eﬁérgﬁlm]{tbsﬁegapattler ns
t hr oug : n ave. el ectrode, fi nger_qverl appi ng
parts havi ng ﬁﬁg§§%ﬁégﬁéﬁ%?%%t%%e?h%gﬁgnﬁY% %}%%FF%Q% ?%ﬂag 89§FIapping
parts of thefaming cpach rotker) ngor tpat medn elesteade fingrr p@Btewdi h of

or smal | &erd] &khd A dtdest rbest@rd i 1&54th a8n a gb xkHpeabadt PBRE 1 hat
as such sub el ectrode . finger ggtter sin ace of the fub eLectrode
finger patter TS RAt TP 19HEPS i $d@R 4 tqior smaller than the
15

smallest value of the smallest aperture length, the
smallest electrode finger 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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An apodi zed | DT 100G of the filter shown in Fig. 30 13 includes two sub

el ectrode finger patterns 120Gl and 120&. The two sub el ectrode finger
patterns 120Gl and 120Q& are provided on one side of the main el ectrode
finger pattern 110A. The two sub electrode finger patterns 120Gl and 120Q&
have el ectrode finger 35 overlapping parts in the positions correspondi ng
to the mnute electrode finger overlapping parts of the main electrode
finger pattern 110A each having a width of - 16 X/ 4 or smaller, and each
of the aperturk/fefft Badlers handupasheefr ble apageurpatesgfibs1i26Gl and

120c;|2 is equahet e]}lbhﬁwctitrl@d@f f&@@légc@?ltﬁz%ﬁ(ﬁ%dilfl’@@' §ﬁHrQQGG2fi£\geL

over | appi ng pat L n ectraode.finger 5 patter QA . In this
manner, the e%'% gtF%n%Bg?hﬁg%%h§F eagﬁegg SCREN 68@5Fﬁ§5éﬁ§§§5electric
fields are pfénogsdoverippprangapariarfatbeambdot edeoy rode [fdalgeye el ectric
fields gererapgétiemnt he@oaub el ectrode finger 10 patterns 120Gl and 120X,

so that the opposite-phase electric fields cancel the | eakage electric
fields generated iﬁntﬂglﬁa?ﬂn%?éctFBﬁeeF?hbéFlBatP@FﬂtflﬁﬁégQ Wth this

structure, thgeseoptbahtesupposiseephase béectmiceddeddksSakech of the sub
el ectrode fi ng%vﬁa&ae&ﬁstﬂ@é\rﬁs@feﬂg@ 42075 rreldEly B&dt%%‘)'i%afk%ehave
own i n Frgs. and 12, or may RHave dumy

both of the patterns st _ 1 patterns
for the el ect PoBEtFifgEiedder gappra§ePainstheasHbhadrrGradsi FERISE X/ 4 or

greater a9 i npabeetnsrLhoc2arinziopniso theente Dol iephddq. 14
oresent 1 nverf SEETh B EEE816ERERL "Lha PeaRadRori e P dsE 6P (o
f oregoi ng 25 ¢eMRtRRedt snatkedoabhedlogtrbdesinpgesf pastesnndddPal s as
(Eyose of the kpregohDg srbREEABE! SthdNstEF-BARK Qlippression can be
increased
15 Each of the sub electrode finger patterns 120A
through 120E, 120F;, and 120F; may have both of the
patterns shown in Figs. 6 and 12, or may have dummy
patterns for the electrode finger ovérlapping 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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this filter has a sub electrode finger pattern 120H that is fornmed al ong
one side of the main electrode finger pattern 110A. The sub el ectrode
finger pattern 30 120H has an apodi zed structure that is simlar to the
apodi zed structure of the main el ectrode finger pattern 110A but is
smal l er than the apodi zed structure of the nmain electrode finger pattern
110A. Although.the end portions of the sub el ectrode finger pattern 120H
in 35 the surf 0 Ve RI9pa ation .di.rection ar e in the
sanme manner a ftn%%lis%ﬁfo\rg%conve é%cére Selé‘}:lk}ao? The's dsr?)%f]ﬁ%ns of the
sub electrodethaﬂgéme-Cpqu@ﬂﬂnﬂmmglzamutﬁsei&nﬁnnﬁauﬁamgemIaf to and

smal | er  than dvke1 16Q/pip Yagitd JH &%Teerréll%cferl%ecﬁddweflng%eréa?ﬁ%m parts
of the nmain elgﬁ%s g finger tterg 110A g smal l er” than the main
el ectrode find ?%ﬁgnSTi er; heagyph @I@éﬂpo eeFtRgar FaNE&rn 120H has

a small er &pepammermedgwm.tma@ Bmm:eﬂbd&h@d@aﬂingdnapatnkrﬁ|rKﬁH gt ern
110A. The ape%tghﬁlh%Qg%?eQEur%th gQ e%%%%?% ecp?q%EP g n 120H may be

smaller than the apertu |nger 10 pattern
110A, even if eLRELEQHeelt é@ﬂﬁédé’aittﬁg”@r léé?ﬁt erﬁhelﬁgﬂrﬁéég Aengkhvett he

above- descri bedesisubl aae@mdodée@uﬁgdrstprawelthe 12QH atyhlb% S¥1er t he sub
el ectrode flngggnpﬁhgern r 20H tﬂ &Bucture t §P $|Eﬂ to and
smal ler 15 than 't he -nmarn &P&&t 888 i RierhSaliedin e ﬁ&&ro Q% as to
cancel tH& | earageral d80Ai cetenl d§ gbresabedleatrode fdinges gatitedm fi nger
pattern 110A 1ibuseloégeno§t HQanEHeSHBBQ@SEEQErQQdeglhﬁTaQa%% (B ghth

Enbodi nent) 20 Flg 15 illustrates a filter in accordance wth an eighth
embodi ment  of FEABCHAeSERNCERYEntion. In Fig. 15, the same conponents as
(;yose of the foregolmgtheshoahnen; stiae esdeneledt bydehéingee pateeence

u

merals as {h9genQfihfCal O £Q0LN0e CPRYE! TENETmi [0LS b ah shd1ler
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
'b 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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25 a nodification of the filter shown in Fig. 5. This filter has an IDT
130A wth a different structure from the IDT 130 of any of the foregoing
enbodi ments. The |DT 130A that is not apodi zed has an aperture | ength
that is greater than the total width (the total length 30 in the direction
per pendi cul ar to the surface acoustic wave propagation direction) of the
mai n el ectrode finger pattern 110A and the sub electrode finger pattern
120A. Wien an AC voltage_|.s lied to the, terminals Tl and. T2 .in this
structure, the surfi&@ gg&a&%ﬁ@t?éy §edMBLRBPAFE PPGnPPﬁ@ & FhE ect r ode
finger pattefdarstOAmbodimketsbotebésbr dde ahiyngdr that tsercont? A roasyh be

received W t hgut,ehahl embod | DT 130A may be inplenmented not only in
the first enbod?nentegu? g ggggﬁ any of the second through seventh

enbodi nents. (NERth ERBSEimeRt) 5 Fig. 16 illustrates a filter in
accordanceéswith a mRigthienbotusenites hheiptesenh hbv¥entihate Wwithi & 16,

t he sane conpge S t.hose. of _t foreqoi ng. enbodi nents_are denated by
t he sane refeggﬁgé ﬁﬁ%@?éﬁgntagftEggePSFgFHE FBV&Bgﬁﬁa'engBdFﬁghtEg’This
filter has 10tha s@melgoBpenehta dsftbpent oft thet fireegbieigt her of the |DTs

130 and 130A efB8aiREni30BréngbHdesdt ¥y ehecthpde refrbRefkeP A2 s140A and
140B. The el ectrode finger tern, 140A corresBonds to.th I n el ectrode

pat : . .
finger patte?h $1BRoPTt hRe| AT 28PANTARHOPALME Eétroﬁ%l?iﬁb Feishasttern
140B cor AédspoansIDPD 1B8@Bswbtkel actii ferénhgetrupatiter nf12@Ahetr bife thielT 100A.

The aperture iﬁ'ﬁgtm@fan&hﬁ@)&edfqoéj i "OEER pﬁﬁéﬁé‘eﬂ,&“ iél&SHf‘{:?éo or
greater thant_e aperture enfho the nal n el ectrode In ?I’ pattern
0A. Likewi selnN9¢E Rpererne f@%tﬁn@flé@Bt helhe ieekeode ngéﬁigﬁéttern 140B

J equal 10 opatgeeat B40A hedridsponest ubethenghbnoblbbersue ghiagerode
finger patterq, da0A WEA SF enStIBF 166a, L 08aSthL 3 ectrode 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 Tl and T2 can be
25 received by the IDT 130B without fail.

0 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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acoustic wave generated fromthe | DI 100A when an AC voltage is applied to
the termnals Ti and T2 can be 25 received by the IDT 130B without fail.
The I DT 130B may be inplenmented not only in the first enbodi nent, but also
in any of the second through seventh enbodi nents. Each of the IDTs 130 and
130A of the foregoing 30 enbodinents can be considered to be shared
between the nain electrode finger pattern 110A and the sub el ectrode

fi tt 120A of the IDL 100A. (T h .Enbodi Fig. 17 illustrat
e B oL TR0 TSR B SRR g, 17 1 st rates

i nvention. |nefFegtrode fihgesapettempohéfBsofisanhdd® aDOTheff ahégoi ng

enbodi nents a o] y regc u : 9 s ;t.hose of the
f or egoi ng enbgg%ﬁggtgsgA?ng%EscgﬁggtFgég ??nggg gg??g?ﬁalf8§ é an | DT 100l
of this filt¥pighted By withdeavhag thensiegpsariecdipgerss (awei ght ed by

W thdraw rig thethtiesvhedeett pgaesstaubturehdr s e e€1eOticogér OChgee) . A

sub el ectrode_f| tegn 0 f DI 100l ,ha el.ectrode finger
pattern in ac%%#ggﬁée?gﬁihgfh%%éeiaﬁt}gg?o$a?hgnnﬁﬁﬁ0§5$§8tF%géefinger
pattern 110B.Pahtehe posictondanepreibhtthg veabgbhingt pettenmaianr esponse,

the main 10 glectrode tinger pattern 1168, geﬂ?rtﬂi@?@si@%ﬁ&e el ectric
field wave, and the sup el ectrode fjnger aftern 1201 gengrates an
el ectric fielﬁe%%e%?l?%et%eo?ﬁ‘%i?%ﬂ%ﬁ%‘%@a’f’% FRePPRIRAgENEI BRLRi ¢ fiel d

wave gendér atetediyrode fimgeelpattere Ii0Begeparaces 4A1DBakag® The sub
el ectrode fingescpaid ek ¢4 POOMNA N L dsutd Te DESe E0Ge SELHGLYT € shown in
Ig. 6, but may have the structure wih mnute el ectrode nger
ver | appi ng &%§§%F%rkﬁﬁgigﬁqﬁiﬁtQQ.aqTﬁﬂﬁﬁﬁfﬁﬁiﬁbe%%ovﬂv?noﬁiEhel7 may be
plied to 2AUppoyitod gheesd itGttRdr Degitade néheetbdei pRe18. wll,60, any
generated by the main electrode finger pattern 110B.
15 The sub electrode finger pattern 1201 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. Also, 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

G@ 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 LiTaO;. 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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ot her suitable weighting nay be applied to each of the enbodinents. 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 Aft indicates
frequency (MHz), and the ordinate axis indicates attenuation (dB). In the
graph, the solid line represents the characteristics of the conventional

30 filter, e k i L epr nts,the L teristics of the
Tiiter of tnessPBonanar SlaRkRSIBRITEER" PrbPepaht athRBbaTHoRT, 5 Tace. The
aperture Iengﬂﬁ§eé$edhe sub el ectrode finger pattern 120A of the filter

of the present 'nV%'@é‘s@fﬁ)@@rt@o f’ér}?afhbfcc?’@réﬁ%ef&i)ﬂhtbﬁegraph the
| eakage electric field 8 eratﬁ Ln the, main elg igde finger patternis
cancel ed by tﬂﬁe§ﬁ%te?%¥? bHR"f | h§RKagat BEPRLrhRgEtRLA50Ca8t BB- band

suppressi dn (taecsieqp, band chéestap+bapdi suppnessssndofAa dedcerbednso far,
in accordancebgﬁiﬁciggs r§é§8£diﬂ§f?t'on’ | eakage electric fields can be 5

cancel ed, and the s suppression of a filter can be increased
accordingly. Alt howglﬁwq 9 d rokret mede et oyap eyedchn otach hef above

d:ascri bgd embicitk nEss ve M&til@%&l&H%Nglrgéﬁﬁéfﬁﬂﬁfdiggémbnéygh as lSDI 'fj

el ectrodes a es el ectrodes) can oyed to
achi eve the §%H%¥fg§ec S §§6§ﬁ) ?Hé e%? TRt T $Ct§ﬂ p?%?o@ﬁgﬁprlc
substrat é0j s slRcttedeed( 268t/ Gibwlect tedes ) bean dxangheloped oy suitabl e
type of substa@&v&%@%ﬁé eéffé/@&é/ mr%’eﬁreéénWiﬁvéH\?lbﬂchd

st op- band su I n, accordance wth present I nventi on

@n be enpl %S}Isloqn%‘% q“iqﬁte‘?atreh S it abiel ted e%oWée #eQVee or the

t er nedi at e deserpidrery) e:idnipele,i rared TAAy 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 embodiments of the
‘E) 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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tuner, so as to inprove the frequency characteristics 20 of the portable

t el ephone 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 Al though
a few preferred enbodi nents of the present invention have been shown and
described, itWHRBUIY FARMD df:ated by those skilled in the art that
changes may be made in these enbodi ments without departing fromthe
principles and spirit of the 30 invention, the scope of which is defined in
the clains and their equivalents. - 21 WHAT IS CLAIMED IS: 1. Afilter
conprising: a piedoel ed fiicltabstompwsising: 5aa plurality of interdigital

transducers (IDTs) n{fHJm& 21 %UBS%%QEEQC%HC substrate at | east one of
the I DTs havmgar?aln electroe % patternth[a ted, and the

at least dne of tRePlB¥elditso igifado tr& ) pattern
that is connddreed orpata IpﬁJezIo@letdte'lmaLelmbelteateode fi nger pattern, and

generates a surfacg iig?gﬁt b#ile\é\?getﬁgahjf%g% ? ée%éfﬁee?égtlglf 3 wave

caused by | eakage eI rre Ener a mal n finger
pattern, ano€ﬁ§93§n§a§ﬁeﬁﬁeth9ts1§eWﬁ§9h6@§t énﬁn a propagation direction

I n which a surflgeeat aréwttlénévad@ tgt@élemreda_byoth@vﬂﬁgnaeéebttode finger
pattern t.he cﬁ% %east one t
t

h d_ a f
e nath Srlecirodt +E854r PEe et Pl B KonBrPRRACHES palta el (2PPT VTS,
t he propgdatnaim dilectiote findgen mtba:dnap@mdugeneeagea af suefaaen
el ect rOde?ccfdé\?fé wa%?étt%é‘t hafdel dta '%ﬁffa@@ea&f)ué@fd Dlsvendagskhi b

fhe | Dreleafoe kpREaHa T het a0 ageneaRERoAgt h teé%%@nﬁetg*c‘ﬁa%éeh.e?ih Con
per pendiftinger tpattttexrn pr opagati on direction.
another one of the IDTs being located In a propagation direction In which a surface
acoustic wave generated bv the main electrode finger pattern of the at least one of the IDTs
is propagated,
a first aperture length of the another one of the IDTs being arranged so as to overlap,
in the propagation direction, with a second aperture length of the main electrode finaer
pattern of the at least one of the IDTs and a third aperture lenoth of the sub electrode finger
pattern of the at least one of the IDTs.

the second and third aperture lengths extending In a direction perpendicular to the

propagation direction.
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22 15 2. The filter as clainmed in claim1l, wherein the sub el ectrode

. finger pattern has a structure that generates a surface acoustic wave of
 the oppositesphase to the surface acoustic wave caused by the | eakage 20
 electric fields generated in the main electrode finger pattern, the

' surface acoustic wave2in th&hgubidtest pedelaimageinpatledm lanyhereisur f ace

acoustic wave |mhbheubnaﬁﬁdﬂﬁmmiQd&g%&n@GttQ&htﬁ@%lxﬂéﬁkdﬁﬁﬁ¥éﬂﬁﬂﬁﬂn
positions repre sa n res e filter
claimed in clalﬁgggEMES% 8,3 3C§u8c8Fg§9F088V i de qﬁﬂQQ39§ﬁ FHARS to
correspond to the §h?|$@rﬁacﬁ ebeustodewavageaupadt@wntﬁy)beakmqef|Iter as
claimed inzd ai elécth‘\bérEieldkhgeﬁuba%sciﬁoéﬁef ha%r eﬂ%tctt%@ie' Fiige\ ded

for at |east oneg gf el ectrode ger 8 g from wh ur face "acousti c
wave caused by ¥ ?E%ma5%3e§gﬁf?? agPuphkC| HaYﬁelﬂatHeepé edEELEPRger
pattern is 35 deiteyeat quateriThaendi thersusfatei aedusticl aarelinwkheei n the

sub electrode1mdgyy #ﬁgéfg&bl éé@ﬂé?ﬁk dfgéOﬁgnggghggerHerture

| engt hs of A/ 4 or e Fai 3 n, where Ais
t he mavelengtWQﬂ1Qﬂﬂ9§HHQRRﬁ§QRkiHQ| QMﬁﬁmﬁnﬁﬁm@a PRg Onreﬁhénse~
pi ezoel ect26c substrate. 6. The filter as clainmed |n claim1l1, wherein the

sub el ectrode finger,patte des ci,tati i nts at_ar rovi ded
for regions having aEérturgﬁ?erﬁlbbﬁ ‘F‘sAFiaéﬁ“egng q‘l‘f‘tlhewlthﬁ il
el ectrode fi ngthepgubeedechirode KlmgewhpawaeMnﬂuﬁPfqtmedrmnsurface

acoustic wave 6£paEBbhEYLEN thi® enBiFEORMIA! BIGCRIRI %:

potential electrode Tingers that are provid
mai n el ectrode ,
O 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.

r reglons in the

5. The filter as claimed in claim 1, wherein

the sub electrode finger pattern is 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 acoustic wave propagatlng on
‘ 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
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
provided for the other regions in the main electrode
finger pattern.
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finger pattern. 23 7. The filter as clained in claim1, wherein the sub
el ectrode finger pattern includes a pattern 20 that is simlar to and
smaller than the main el ectrode finger pattern. 8. The filter as clained
inclaiml, wherein the sub electrode finger pattern includes: 25

excitation points thay are ﬂ{fvfﬁﬁ@lezf Us 'EG RSy mVéﬂﬂuﬁ‘p?rtWH@réﬁrﬁlgt hs of
X4 or smaller in the main ectrode fin attern ere A

wavel ength of the §HPf§é%CEEBG§tFé“%ﬁVeP%FBﬁ @afpﬁbugﬁstﬁepﬁfg?5glectrlc
substrate; 2nd SPagrbsingimplant tal aed estha bller f thger shehaaiareleptoedeed for
t he ot her reglqﬂﬁ1 t$§ @@f@ el ectrode finger pattern, the excitation

poi nts bei ng forne | a pattern that is simlar to and smaller than the
pattern formng 35 the regions having the aperture |engths of A/ 4 of

?‘_ma"er- 9. Thﬁ fi'}ser aSTﬁLeaif'm@eEnaQ: leilauhed/\hemlramsub ?Jmsxtelrmde

i nger pattern has el ectrode n a e_overfai ppl oo
aperture | engt ﬁg’ FUp, e %rﬁﬁ %ﬁé‘q‘q 5 tpéar %IJ&??TQ%‘Y?% claim1, wherein:
the sub el28trode fi egeitpativar poliatsetbatr ade nhquﬂedtﬁnnlnﬁQﬁQQvath
one anot her; aﬂgyﬁhﬁea %E}‘%%freaﬁ%r %?x% 'o%ngm ok el 1P fo tﬁ&%ime

smal | est value 0 aperture Ien mal | est
el ectrode f|ngSFeFﬁF8ﬂ§a¢1"g&ﬁdPﬁﬁée§ﬁalW@?Feg H§1QWWE Qﬁh Q#i

finger patterthe2dutfacéhacbubtee &avelprﬁpdgatuﬁgMdnZhheaneln 15 the
fﬁgtegfgtL?gsl%#%9$%%g$é%$énghggkgggg eggatrode finger overlapping parts
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 having the aperture lengths of A/4 of
~ smaller.

9. The filter as claimed in claim 1, wherein
sub electrode finger pattern has electrode fingers, all of which have overlapping

aperture lengths of zero.

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 value of the smallest
10 aperture length, the smallest electrode finger interval,
and the smallest gap in the main electrode finger
pattern.
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havi ng aperture lengths of A/4 or smaller in the main electrode finger
pattern, A being the wavel ength of the surface acoustic wave propagating
on the piezoelectric 20 substrate, and have the same aperture | engths as
the aperture lengths of the electrode finger overlapping parts in each of
the regions. 12. The filter as clainmed in claim1, wherein 25 the sub

el ectrode finger. pattern includes an excitation point that is |ocated on
a straight |ine extendilng fTBf LARtEXcRFaFi8AMBEi AN 6L adRe lpnhedIedd r ode

finger pattesn ithed stib @Qlec@ioRer qumjequlpwtttem hencslwdeac e lednmgd i ¢ wave

propagation directian. ai med | i erejn:
the plurality O%EP§?§ H@Fé&@PéHng?r ﬁa %felﬁﬁ?%&ae téﬁfkﬁ%ﬁ%gn
finger pattern; handng’ apeetnoe- WGnghhedoélédﬂr@desmaﬂigr[yntﬁh31mﬁuthe 35

-1DT is shared B%%%dthhngé? ghe%&-ade»‘ b@%@ Rt wa@elmttm%ttme

el ectrode finger Eattern Eerture eng tg i's e to or
greater than th8" §aﬁﬁe?F9P§t+§n§?HeoPrP 89a4iRIePE ¢ Sdglﬁzﬁﬁéﬁ 4.
14. The fil20er ssbstaated amdchaven thewsamei apertheeplengthsy asf thisTs

ol ude an | DT Shael8e fonde 0N PoLAL S6BL EELEOYTnEL00B RILRIRG (e | OT

has first and s finger erns corrésponding e main

el ectrode fingdartatirreachef r@%ube @@sfode finger pattern,
respectively; and 10 the first electrode finger pattern has an aperture

|l ength that is equal to or greater than the aperture length of the nmain

el ectrode finger pattern, while the second el ectrode finger pattern has an

t | ength that h th of
the sub e ZSE?rode Fi 482, oy FRLEq RETRTR PR B LR, TETWRRRAE YT

(ﬂpreln

ter as c a|n11
he sub electrode finger. pattern includes an exc1tat10n

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

,’25.'




the sub electrode finger pattern has a pair ef bus -bars; and 20 the

di stance 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 claiml, wherein 25 the nain electrode finger pattern is
wei ghted by apodization,. 17. The filter as clainmed in claim1, wherein
the main electrode finger pattern is weighted by 30 w thdraw ng el ectrode

fingers. 26
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,

C) 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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