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TITLE OF THE I 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
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bandpass filters for television 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
a2 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



ground el ectrode 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 interposed between the
first I1DT 10 and the second IDT 30, and functions as a shield el ectrode.
The first IDT 10 serves as an input el ectrode (or an output electrode),
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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 14a. 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 l4a
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 l4a 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



in the surface acoustic wave propagation direction. At 35 either end part
of the IDT 10, the aperture lengths are conparatively small. These parts
are generally referred to as mnute overlapping parts. The IDIT 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
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bands. 20 SUMVA Y OF THE INVENTION It is therefore an object”of the present
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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.




that is weighted, and the at |east one of the IDIs also having a sub

el ectrode finger pattern that is connected in parallel to the main

el ectrode finger pattern, and 35 generates a surface acoustic wave that
cancel s a surface acoustic wave caused by | eakage electric fields
generated in the main electrode finger pattern. - 3 BRI EF DESCRI PTI ON OF
THE DRAW NGS O her objects, features and advantages of the present

i nvention will become nore apparent fromthe 5 foll ow ng detail ed
description when read in conjunction wth the acconpanying draw ngs, in
which: Fig. 1 iBRRER (RESCREPTHAN cOF | Dbl DRAVIBGES Fig. 2 is a graph

representative of th@tHéﬁfgﬂfHBﬂHFJﬁggﬂ%¥ﬁbfﬁﬁﬂté6@h$€ﬁgég gadpgxcitation
10 intensity; Fu%i 3illustrates the | eakage electric fields generated in

an IDT; Fig. 48995 8 heehrihih pgrecons @%Eepﬁﬁgéﬁ?ntlﬁ€8WtF8ﬁ 15
Fig. 5 illuStrdiddcaifrig tawrtdinl et o slaniet Wit hwiaenf kestt enbedhienttabrt he
present inventi | ) Ie of sub el ectrode
finger patteranglgtkgél% r{ %qu{qg drai(}”ﬁ%( ation O E{‘jﬁe filter 20 shown
in Fig. 5, Fig. 8 il IFagtrét éélaletmatt@rs ian WWW fhlersecond

enbodi nent of the prgﬁgntzlage@tbqg hﬂﬂ@pﬁ%gédgggfﬁgegfetﬁélter I n
accordance wt resent, i nvention

illustrates a eﬁ?éﬁopﬁ%ééﬁgﬁgﬁﬁfglﬁﬁﬁﬁ 4iﬁﬁQQF% |%§ﬁ%t%€l?ﬂe present

i nvention;l(Fi gintenplitystrates a filter in accordance with a fifth

enbodi ent of the presgntsi pYenstedtel! neldiatd 'ART AR ganpl e of
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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. B 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



30 electrode finger pattern; Fig. 13 illustrates a filter in accordance
with a sixth enbodinent of the present invention; Fig. 14 illustrates a
filter in accordance with a seventh enbodi nent 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 wwth a -

4 ninth enbodi nent of the present invention; Fig. 17 illustrates a filter
i n accordance with.a tenth enbodinment of the present.invention; and Fig.
18 1sa grapn il S Guil T o Pty EREPLLERY Tot i e of the
filter shown in Fig. Fig.and tiHd Ustrtadresshouvin itreFi g & cOESOREPTVONNOR THE
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shown in Fig. 1 cannot adequately attenuate the frequency conponents in
the stop bands and sfipfoséd tife @ PEAPEWLFR L eRFN GV dts &X@nmi ned t he

rel ati onship betrweernaperHaraa Heanigithi and excid af 1 Detr ntleosnt yn Fig. 2 is a
15 graph show t e ' i esylt.. In Fig. 2, the horizontal axis

i ndi cat es aperEgFeQﬁgngggﬁgg é&?ﬁbﬁggé%g*néﬁthe wavel engt h of the surface
acoustic wave in the pass band of the filter), and the vertical axis
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The inventors examined the relationship between

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
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. 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




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. In
view of this, the inventors considered that there were other surface
acoustic wave excitation sources than the electrode 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
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desi gn stage. e 5 broken lines 1 ndicate | eakage electric field
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i nclude 10 el eghre‘l \gefﬁ%ogge .cegLn%cgcnreln sf-rlt‘%aq Gre %%%Jélr?gét éggf%ﬁ%gafegm%

posi ti ve- pot enttihgl gdirectagider fietgeren dwo et t vede pbieaeral thhécrpede

finger facing he BRS laveuRAUAitial elaalrode finger. oagdigppshgic field

conponents that are gﬁﬂerite froma positive-potential 15 ejegfrgde finger
ee se P S 1nclude

to a negative- B8ténti g8eclerhger ddEdceOmpen
posi ti ve- pdl entilacteliectfiedel dompgerentis pdrdal dye | gere cased wheor &he

el ectrode fin : ern.i hoht q§%t' Rig. I.Lation
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above observatpéeBenthali Bueatecsle daveleanetrii Srdwitie fh@ldgenerates a
surface acoustggmpggggtgotgggcg&eogg%ggyggg<%§J§f;ﬂgé;g%&&gigg&égtygye
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,



25 excited by the | eakage 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 I DT 130 fornmed on a

pi ezoel ectric substrate. The ground el ectrode 20 shown 30 in Fig. 1 is
fornmed between the IDTS 100 and 130, but is not shown in Fig. 4, for
sinmplification of the draw ng. The IDT 100 includes a main el ectrode
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11§a_ anfl éle amd am@tthlqrndllaﬁdééﬂ?dhe Snalih C@I@@@Jﬁ_@getﬂlﬁ@ﬁrl PIttarﬂaa%?lzgl
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electric
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A is caused bpotenkagé 2Batl dct tihe edlederideatpcrenigenkey adredl thet hemsub

el ectrode finﬁ@&iP?géeQBrlaggg@qVﬁﬁvﬁct@%fy¥§¥”f§iJHE?%%&ckéhghe bus
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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
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 generéted 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



| eakage el ectric fields causing the excitation A. The positions
representing the sane tine-domain response are |ocated on a line that is
per pendi cular to the 25 surface acoustic wave propagation direction. The
excitation A caused by the | eakage electric fields and the excitation A
caused by the | eakage electric fields of the opposite phase to the |eakage

electric field causing the excitation A should preferably have the 30 sane
intensity. More all Ln_t el ectrode fin pattern 110,
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pattern 1207 treéree:tane: ot’mlglldnrmfetheelwtéoﬂ@témsgep avethappeagaparts, as
shown in Fig. 4)eAGGQ dflﬂglf%/s pgg r?ézfgﬂé: fiﬁl 9l§e%§'xqoél%89 oét e&lll 0clhe

m nut e el ectrode finger over s, but Ieaﬁage #7681 ds of
the same int en®PihFe&d t1Hd Iaef&eﬁj@e@fe%d{i Asf itéiajﬁl@eq‘re?cai%dfimmhe mai n

el eclt rode fi ngeﬁrerpatpitpﬁrrﬁ; Jp’tl)a(}tlatf Q’Lrgaﬂﬁaf faélﬁsi el%ci%f'@d@' E%%QQE phtRaeh .
over | appi ng pa in the sub e rade finger pa are very sma
the el ectrode ???ger? ' the (ﬁhﬁ é%ﬁ?#%réﬁﬁgiﬁﬁté?ntﬁﬁosa e
shorter thih tﬁéecérgderdd@gbwng@m$enmtﬂ&ﬁr&na1&ﬂqxﬂendehémngbe pattern
110. In other é@égﬁrohﬁethﬁk%@CQJPQﬁ%@%&ﬂH“%fEE%fEHedﬁ%%%%fngsééggn'S
escri bed

shorter than trg?dlstance béetween th b 2a an

later with 15 ereﬁ%eo?%eFlﬁor%S'tEEeePééFﬁﬁﬁé Petyees ithe ks iy
el ectrode fingbIZpahnérI12201ﬁa$hnateevemaﬁwmﬂéﬂuﬂwﬂéhcéﬂwh§Wéé@ethe|n t he

positions reprgsenting; 19§ SARC19L0E As described 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.
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



domai n response, the electric fields caused by an 20 excitation voltage in
the main el ectrode finger pattern 110 have the opposite sign to the
electric fields caused by the sanme excitation voltage in the sub

el ectrode finger pattern 120. The sub electrode finger pattern 120 is
excited in such a direction as to cancel 25 the excitation in the main

el ectrode finger pattern 110. Accordingly, the sub el ectrode finger

pattern 120 has _the q@ Ofite hase to the main el ectrode fjinger pattern
110. The wave ext§FEeE° % HRIFEaRAGESEN et Pi &SF NBIFdSARCSLR I nd SR YT

el ectrode fingerheatteral ddOrode ofit pyetedaB8bekrn LR20RJIDAs Woitl éattee wave
excited by the |.t.e-_ ph ge: tr] ' A_.in_the

el ectrode fﬂﬁégﬁéﬁﬁéég%Pl %g?éﬁgégpﬁ%ﬁéggi%bgfééségﬁ? ﬁﬁfgﬁ'isTﬁPEé sane
as the time TAThRcHrirRd ychamcipwesekestedn by Mpénteakage el ectric

fields A and the wavemxadadbwdnhdyd he deakage: ebecsf i embbeliflenfs eancel
each ot her. t he ot her, hand, the excitation caused in the electrode

fi nger overIaggﬁﬁbpﬁﬁﬁﬁyqr%QWﬁpﬁﬁﬁ%‘- 8 electrode finger pattern 110 is
not cancel ed, bdtaste Entldredignemtel ect rode finger pattern 120 does not have

substantial el ect rOd@itgi.n_@erilg‘b%glr%l%@sn&r@rétﬁ'uc% of e HeptLedin
characteristics can be maintained., 5 The followng Is a description of
embodi ment s of ACEREFRFNESet ihvedtitsit qirodimehodt nele ) PERgens

i [l ustrat €0t hénsenttdour.e Dheaftilkeer shdwnadaordancs wirddlwdds rst

enbodi ment of .k r .10 i nventi.on.. sfhe fi.l_t er, in. Hi L bcl udes
a piezoelectrpgggggggggké%Sﬁﬂﬁﬁ%%gﬁﬁI%%ﬁ g s6 ?&5?%%¥%1%§1ﬁ%hl€%% , a
ground el ectrod® 28T dA8Aanal BToud@, edidctrsidendbh and dor M8 A%t hall

pi ezoel ectric sgbghiahea®@. fobhed Bh HORAJiwidd s A adubaprhteDio. and
the 1DT 130 15T g”EB&OTBOSSf%%c%E% gtagD&nff%bJ?( fLaJ-etﬂgﬂi&%ol3O
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
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



may be used as an input IDT, while the IDT 100A is used as an output |IDT
The ground el ectrode 20 has the sanme structure as the ground el ectrode 20
shown in Fig. 1. The IDT 130 also has the sane structure as the IDT 30 20
shown in Fig. 1. The IDT 100A includes a main electrode finger pattern
110A and a sub el ectrode finger pattern 120A that are electrically
connected in parallel. The main electrode finger pattern 110A has an

di zed el ectrgde 25 fi The _sub_el de f ttern 120A
" ocated on O drh BTCt b el h BPbOTBALTPI nGGF THGL SAATL10A and i s

arranged so as ¢@rroFpP@EsPLN ¢ohethelent redenfiingekectidde ubiligem gapter n
110A. The lengidy pf fhemhiel eqfinrde JH@%rbp@fé@wo&éOélhaephe 30

sur face acoustlc mave r%@ggatlon Irection 1s substantially qual to the
| engt h of t he $fF d??%g%ﬁtp%ﬁY%r%lQQEEP@ﬁ fﬁ89§6rP§@é 08I ¢

wave propagatmmruhrwamednrldTEnéﬁmﬁtdm@ &@n@1@6trﬁdéhelsgbr el ect rode

finger pattern 4 I all nl.ar ed view of
the sub el ect rogy%q‘f% gjr a%’&re a%%hc’@%ée“ eTSe ‘ég ?bnékelrgslngx endi ng
fromthe bus @éﬁcﬂrﬂ?%rﬁtﬁm dcréeitttﬁ*lﬁdelﬂ?&lgerpss é’a&ﬁerftﬁmfg A¢ovivlBagehe bus

bar 112c do noti sowgihard tw HAGE 1RACH T WA ESPPNSh&HGn Ot Rk i Iegtr@a@f
e I nger

finger, with unif Qrm ga rposed. Since the sub.e r

bat Derh 120A d08eRRGE PARS e LRI L aad | ppri B3 plir ELCCEFELE: | o
fields duel@o éhegeroge titiengerll0dy dvdweppiieg qqrzpct&tae ephn@&;egeqetlataed as in
the main el ec&é@ﬂgg%' @Q% Rl & réljd]so'%;er%%ai aka yQ téﬂ? Fgg@ppl I ed

to termnals Ti. an hown i_n % ectrlc ,
generated in tﬁé“ﬁﬁFnPéFE@Fﬂo&@OfO fﬁﬁ@@de§9@§nnt £0 A SRS Iﬁ#?ﬂﬁﬁ%ﬁte

phase to the fetakdgeaekegbhietaktiee] ds gerRematied d nedthedalbf ehgetr ode
finger patternp&@QéYnAEEBEdEgghghcgqul%%k%%% %éaﬁgéé 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
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° LiNbO;, 112° LiTaOs;, LijB407, or
quartz, or a surface acoustic wave filter that uses SH
(Horizontal Shear) waves and is made of 36° LiTa0;, 42°
LiTa03, or 64° LiNDbO;.

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
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field wave generated in the main electrode finger pattern 110A is cancel ed
by the | eakage electric field 15 wave generated in the sub el ectrode
finger pattern 120A. As a result, the surface acoustic wave generated by
the electric fields generated fromthe el ectrode finger overlapping parts
in the main electrode finger pattern 110A can be transmtted to the |1DT
130 via the ground 20 electrode 20, not being affected by the sub el ectrode

finger pattern 120 t he sto - band suppressi on |ncre sed In
the structure sh Eiab Blai fetf EﬁlTég l%tt'lata‘“ld% ﬁ%ﬁ?%ﬁsg1

designed in suomn@ hhanearasseo tﬁSthavgranndpebtume1b&ngtWlSHbshaat|aIIy
SO o St LBt LD (Lhe Loha! chROOYBaLNabhe dickeely o dhel pend cul ar

to the surface acoustlc Wave pr opagat i on mai n el ectrode
finger pattern HAPRALiemy ame %G%@%t%cﬁh@taé inngés- pét Féﬂnbfz@ﬂhl:weme

EI Ef)%gl eclzt1 r2 BE T%tlcﬁcteizetBﬁcgr;ﬁadf bena B?W'@!L@Btrwéeffihbb@ p@?@%r@ﬂc 1122?\

| | | ace St C wave | er
That ses an (T UBb o Dbt DO Finderd Aty RO TALEr8YS e,

Li Ta03, or 64 9o ed5vFihy. tﬁéiaixﬂmgemestashodnfmanﬁgn of. theitilter
shown i1 Fi 0. Shelbdddl JORAf LU Sodogifi cbhon fiasend S1edebbge 10 which

an AC voltage is applied to the 12b via a termnal T4, an

the bus bars 1ff§aQ%ﬁTQREN§Q9¥PEﬁﬂ Ekgth% g?%u%g Pt EATRA2YWPEh t hi s
struct ur e, 19 he apais efdunet itnrs md e e]clﬂa,aSartdilethé ungki bas andaehkhects

shown in Fig. n I eV, 5, he [ sub el.ectrod
finger pattern&%%ngng? g%t] seetedto % %c %gg%& gﬁig?'tlaatt sﬂ%‘? aIr? E]‘g
reversed, conparel? ﬁn?hh?ﬁea§P¢§ﬁ9e9§n$h§héwdﬁaﬁ'ﬁﬁ}uq;uﬁﬁl¢f thise same

effects can bemaghifevedionn ke tdleeGander s alHedWesenEnsheyekp Fig. 5, an

AC vol tage maysgructure shown in Fig. 5. With the 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 1203
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 112¢c of
the sub electrode finger pattern 120B is connected to

- 11 -



10 applied to the bus bar 112b, and the bus bar 112a and 112c may be set
to the ground potential as shown in Fig. 7. The other aspects of the
filter structure of this nodification are the same as those of the filter
structure shown in Fig. 5. Wth the structure shown in 15 Fig. 7, the

st op- band suppression can also be increased. (Second Enbodi nent) Fig. 8

illustrates a filter in accordance wwth a second enbodi nent of the present
e of the first enbodi ment

invention. In Fj the.s onponent s ho

20 are denot ed %@etﬁ%r%bﬂ%lrgggrg% ”%Sﬁ%?afizésO?th% oH> PRECFIPEE

enbodi ment . An Bpogiez el § DIr100Z0Af i s hgsouhilktler andckudes thwe $uls édaact r ode

finger patterns;I20A aan T tyod ' ry pa rns 120A and
A Uinel R SHbL oGS o4l 1ggr paLher s 120/

120B are | ocated at, both sides of e maln electr I nger

110A. The sub eiTRTHReS T ngehd phlt ebhie suboalarbredeBfargedeicgiedso as
to correspohd tlZthendriite geidret€ciuptecéi agenspatt AaRetlOA. shagh Hf

the sub electr I.nger erns. 120A and 120B has the. el ectrode finger
pattern shown |O§1')&%%Eﬂ%‘e ﬁ?gnaéynn%%lze e%tf%%l%a?? nﬁg?cgﬁfferfﬁe}foﬂaé’ﬁf t he
sub el ectrode 9ENeF@teshtirerthel 208 mrel eftecede chi hgecopacteed i1A0Aparal | el

via the bus basihbih.tHdreew %8 t b6 R dh e &l £644& OPEH%%PQQ%EE?@%S’@“;E%%’Q and

t he sub electroie fi.n &L attern 120A are electrica
paral l el via tfeéSEi&Ya lf@f%?*ﬂﬁ?ﬁiﬁ?ﬂxﬁaﬁﬂ. 1% ezghnett B@et §4Phe
termnal T4 ardecheodes fiagekl 2atdferrtshe 20 atdcl2@Blendy nger spatlern 120B

I's connected t 7 : 1.nal r f el ectrode
finger patternggﬁgA%%g %E%&%%gg?%aﬁﬁléﬁxﬁgggEégﬁugéiéggéaﬁégstgggthe sane
AC vol tage is ApBrA8dIEBerRESFeiRi fdies Mpimflert radre Ginger ce@ bEENT i nger

patterns 5 12020Aand 120B generate surface acoustic waves in such a
direction as to canqgl,he, | eakage Sggﬁgﬁb%dfg%&%c%%%%f 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. In 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.
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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generated in the main electrode finger pattern 110A. Since there are two
sub el ectrode finger patterns, the electric field excitation caused in
each of the sub 10 el ectrode finger patterns 120A and 1206 rmay be snall er
than the excitation caused by the | eakage electric fields generated in the
mai n el ectrode finger pattern 110A. Wth the above described structure,
the stop-band 15 suppression can be increased. (Third Enbodinent) Fig. 9

illustrates @1é¢&£@aelma§§9rgaeeérw thoa. tmkdwe@bodltmntsuﬁ the present

nvention t hQs f t 20
:am\;odl Ims\nt s 'gi’é‘?fi? e%l“bgle’? ﬁ@n‘gggﬁﬁnﬁogggﬁﬁgaeﬁlﬁ@%%uc ose o€g
f or egoi ng eramcd]stem svaﬂ'é]easttolcd:mmeel shbenleakBigg. ega@@@nﬁ:ﬁﬂl%at i on of
the structur é:d Y%n l’&%(fl dlﬁ.g% %PTtﬁQORann thiextfidder has
1 and

sub electro e f| ger terns ornmed 25 on both sides of the

main el eetr d@gﬂrng’@tt@éﬁt A10A. Each of the sub el ectrode finger

patterns 120C andwi@ﬂDth@nbboﬁr@r diedldnfi beal rstspeantisrép the shop-beect r ode
finger pattern 110A, .a§ conbi nat i on of ,the sub el ectrode finger

patterns 126@858%285 6’6‘% &IPS TN 30 el ectrode finger pattern
110A. I n ot hBounbhdBmbbthHémendtal Iength of the sub el ectrode finger

e cauar to e Dol iRelSe hiftadH oBhtafnt 5??%@5%&%@?%3@" B prfiehfre "
eSSl PO AR
L1081
surface aCBoé 5 lﬁmf1 ¥8€Jf of h1?s ﬁ;l%rr] Ftas a sug eieeog‘oag ﬁngeérep%tﬁe 1 édEe Ahat {s formed
on one side of the main electrode finger pattem 110A and corresponds to the entire
main electrode finger pattern 110A. The sub electrode finger pattem 120E includes
parts 120a that have the same elecirode finger pattems as the electrode finger pattem
shown in Fig, 6, and parts 120b that hold dummy electrode fingers. Hereinafter, the
parts 120a will be referrgd to as the leakage electric field wave canceling parts 1203,
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
overiapping parts X contalned in the main electrode finger pattern 110A. The minute
electrode finger overlépplng parts X have aperture lengths of A4 or smaller, for
example. As described earlier with reference to Fig. 2, the influence of the leakage
slectric fields cannot be ignored when the aperture length is M4 or of smaller.
Therefors, the leakage electric field wave canceling parts 120a are formed to
correspond to the minute electrade finger overlapping paris X (.e., the parts 120a are
formed i‘_n the positions representing the same tl‘me-domain response as the minute
slectrode finger overlapping parts X). The minute electrode finger overlapping parts X

are formed not only on both ends of the main electrode finger pattern 110A but also in
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wave generated in the left half of the main electrode 5 finger pattern
110A. Wth the above described structure, the stop-band suppression can
al so be increased. (Fourth Enbodinment) . Fig. 10 illustrates a filter in
accordance with a fourth enbodi nent of the present invention. in Fig. 10,
t he sane conponents as those of the foregoing enbodi nents are denoted by
the sanme reference nunerals as those of the foregoi ng enbodi nents. An
apodi zed I DT 100E of this filter has a sub el ectrode finger pattern 120E
that is formed on one side of the main electrode finger pattern 11 CA and
corresponds to the entire main electrode finger pattern 110A. The sub

bl R e

el ectrode fi rfg%f" > nger pattern shown in Fig. 6,
and parts 12 hat hol d. du [ ' ' : S
120apwi N be%@# \gweeﬁanpglfrgsp%eaﬂg %&%@gﬂg{j lie'{ggﬁoqu‘n?g P@h&%ﬁﬁ%ﬁgﬂ%ﬁﬁt%ﬁ?ﬂ ts
120a, and th arts 120h will he refer t ts
120b. The | eéﬁa e eﬁﬁéﬂ"@é? Bﬁ%eff‘IV&Iq‘EP ar{s%.c gﬁ?iﬁgf ﬁag‘ﬁag( lgegfgrfr%[e%]vggﬂdd to
m nut e el ectrode finger ver |l appi,n rts nt ai [ [ I rode
finger patt eﬁ“@l‘”@ﬁgﬁﬁ' ﬂ%&*ﬁ@q%@c@ﬁg%ﬁggﬁq@%@gﬁ 8@93&%%%?;@ i%g?i ?ﬁgi( have
aperture lengths of A/4 o [ler, fqr exanple, ' i i th
r gf erence t ogwmg!y %ﬁefq@’{%‘?ﬁeﬁfﬁ édrB‘Patt?l @F@?gaé‘éﬁ'&d@jﬁqaﬁg P%?g{se rﬁglﬁlriuot
be ignored when the_ aperture |ength s f I [# r t he
I eakgge el eceleplrods I@qggr Pe cfgrlf‘ &fﬁﬁ?ﬂ@h@@%ﬁ@é{ %@?ﬁg%gbrq? es pond
to the mnute el ectrode finger overl i n ts, X (i a
are formed i¢fhereardban IW%PW'@@@@%‘QB? ﬂ@?‘lrggﬂlgg Pﬁ%m%ﬁeﬁgﬁ%ﬂéﬁgas
the mnute electrode finger overl appin rts X). e UL |
finger overl @Wﬁ@@@@ﬁﬁeﬁﬁﬁﬁﬂm Rﬂﬁgﬁ‘ E%Fﬁrﬁ)&ga?ﬂe bfwﬁ]?? ‘ﬁ‘&?r}ﬁ‘ @Pgsgﬁéoé e oo
finger pattern | QA but also in - 13 inner, 6 areas.of th | Jh A2l e
fi nger Bat t eacpusticowaverpropagation statp as I%@?J@g" @I@@P&? E“gqipgﬁ@ma@@ : c%é:l%:hreé%idng
arts 120a are forned in accordance with the arrange t of the } it
gl ectrode f itheelectoda fingsss inthe semmypatien Rads %%mﬂﬁ'ﬁgﬂg%é? é'd? P?'[(B ﬁbe d
wave cancelin arts 120a is an el ectrode finger pattern |pcludi
excitation fbe gm?mn‘meterﬁalrfnﬁh@bﬂa baril 12&r mryb%ﬁ'aﬂt% é%ﬂa&@"&ﬁ"&g@g % to
the other parts than the mnute electrode finger overlapping parts X of
the mai n el ewt havkear exafatiotppoinkrn 110A. The other parts than the minute

el ectrode finger overlapping parts X have aperture Iengt hs  of N4 or
greater. The dummy patthis manner}2Ghearkeakaye detectricr fleds S8 surface

acoust’ ¢ Wave-RhERIURYL' BArR DS (£14])° ERbNeRbEEAEEA polars pathatn
' 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
: leakagé electric fields generated in the main electrode‘
30 finger pattern 110A. With this structure, the stop- '
" band suppression can be increased.
(Fifth Embodiment) '
' Fig.'ll 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 foregoiﬁg embodiments. The structure
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the electrode fingers in the dummy pattern parts 120b extend fromthe bus
bar 112b of the ground potential to the bus bar 112c. Accordingly, the
(tummy pattern parts 120b do not have an excitation point. In this manner,
the | eakage electric field wave canceling parts 120a (i.e., the excitation
points) that 25 generate the opposite-phase electric fields are fornmed. in
areas that are affected by | eakage electric fields generated in the sub

el ectrode finge tern.120E,.,so  that the opposite-phase electric fields
cancel the lea %ggﬁefécg%gé lefds®glRes igaggﬁ“tﬁz °n SS &G Yde 30
finger pattern S@M Wthighi $0st rActiR®, 1002 shopn bandiguppieddifdrrean be

i ncreased. (Fi fbodenedi nBAt) 06k Oshddni Lhustgat es anf bhber (i argandance
with a fifth enbodi ment of %? present invention. In Fig. 11, 35°the sane
conponents as tHbsE Wt R f @@;o}rhg?r,’ee%BH?ﬁeh?srﬁF‘@Véé‘nétfé’@ By e Wiy ame

ref erence nbnerelesct msid hiiseye ofpd tiee for 8oL ng asrhodie@nt s, The sbructure

14 shown in Fi 11 1 grogi £ FON- 0 he uect ur hown . i .g. 10.
AN 1 DT 100F show #aﬁsgsﬁh 11 d%’%%dég ‘H%‘#ﬁ%h%g%eirﬁao?gﬁbm“?nT%%? 10 in
that the dummy tH5dt Beien fedmted 20b 9ne thide enf ethe sma énpeddctromet he sub 5
el ectrode fingenngatrt @at tb3OF.1 AR et iredpnd Ol BOPRE BAs gubishectrode
finger pattern%fl%ggl and 1%%F% %pat are fornmed on OP si de of tPe mai n

el ectrode finger pat Ferh PLORHEE T oRf T bt h @ﬁd R bRt he
mai n el ecthbdespbngéecpaoder Fiht@A pEdadtenfs tIRO M0 aswb 1Rt iodd ddezger
patterns 120F1jap@a&20 el ud I @Eﬂg@ ri e fl c eling
parts 120a and . a dé Ezeggﬁégn%gg?fﬁl 0b.q§§§§%ﬁéﬁ;é§%€%2@g ?u%ﬁgré of

t he main eIect?Bﬂ@yfgggEErBapﬁéFn1@9@%, Preerdpngl et tode Simgerupatelr ns

120F1 and/or 120&2mahy adbectibdenclinde ra pdumasmpatioy,n was tsubn this
manner, the |Q@f@@@rgagc%ihﬁeLiSggtg@%% 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. In the following, a sub electrode finger
pattern including minute electrode finger overlapping

r
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canceling parts 120a (i.e., the excitation points) that generate the
opposi te-phase electric fields are forned in the areas that are affected
by the | eakage electric 20 fields generated in the sub el ectrode finger

patterns 120F1 and 120F2, so that the opposite-phase electric fields
cancel the | eakage electric fields generated in the nmain electrode finger
pattern 110A. Wth this structure, the stop-band suppression can be

i ncreased. 25 The, above descri ed Sub Iectrode finger
patterns 120A é%%gug gn%g%{_ng Bt “4h g?’éeBSSh Rabéd thg "el ect r ode
finger pattern mntrltﬂ#ﬁenﬁ%tkﬁkuﬂ@wqﬁ¢$ tﬁe g@p oehscshodn Fnneg. 6, so as

to cancel the|pﬁﬂﬁﬁ¥%1ﬂ%éﬂéﬁiﬁ?ctﬁéQ£9§u8§néié&€goag EhRg g?{grﬁgeiégzde

finger pattern_110A. However | nger

el ect rode
through 120E, 1Y6EL 3B RALSr e T %ﬁ My eacP%lbt‘{% Je?‘é%‘f}i*%d‘éaﬂ’ﬁ@er
pattern shofn |um11|¥ogcm &r arﬁfemyf:bcensmrteeéne@tm@fle lerngﬁtkp@ft@aﬁé

i ncl udi ng 35 ”k%%thﬁﬁ?gq(%g%%ﬁWQflng gg t%@%p$%%fug c%hggg flng - 4

In the follomnn%
el ectrode fingERt&FEN SHiHg Prefegnirhy b Qﬁ%@l|%@dorm$mhliereténae to

rir]g 12. t Fllg th2 hslnb]lcls.fers&t %@etﬁteu@lleei rgﬁﬁafTé?]rﬁwPIeQ@téEéBtt:BabU?l ngth
e ninute ele | ] ap rts e nn erture |engths
%Ehgg% % ra#r %1 éﬁ§#%d%ﬁ bqﬁw%ﬁQfﬁﬁL%aE% the | argest

may be 5 unifor
aperture |hgt ﬁeiﬁhbﬁélggbeéb@@mm fiinggers ) ,pairt drhe &ihmalllie@t e@epabl y be

equal to or s r h e !
qu TREhET di BaBnchNB et MRIheS AP R A d a1y SR gﬁgon ng

electrode fin i nt erval e di stance etmeen
el ectrode fing ?E}?go?aFHe H§F1e§fldaH3'T§h% %1%?5ﬁ€€ebéﬂ%@@ﬁ
el ectrode fing@erenchefaarggseaabeatheé)lEﬁg&melmmﬂhéﬂéuﬁréEEtEt@@@r

pattern. Here,rihe.largest -APELLULE hgagtgqhglth% 2P S0 a0 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 enmployed. 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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finger pattern can be nade equal to or smaller than the 15 smallest val ue
of the smallest aperture length, the snmallest el ectrode finger interval,
and the smallest gap in the main electrode finger pattern. Qther than the
above structure, the following sub electrode finger patterns with mnute
el ectrode finger 20 overlapping parts can be enployed. The sub el ectrode
finger patterns 120A through 120E, 120F1, and 120F2 may have el ectrode

finger overlappkng parts ving the sa i dt hs_as_the m nute, el ectrode
i nger over| anpid B G A0 A0 SR ol e 9P egbrfant PBVERS1BR Loch
having a 25 wi diite ofuly alertspde | BingergpatBernfudePat e3nd tEPberisas a

si xth enbodi nerdqidmtt dhaghs ughasube £l @géhoesrrééggﬁaiﬁgt beels rioyepl ace of

t he sub el ectrode finger atterns 120F1_and 120F2 shown in Fig. 11. An
ped vod 1 by 100@es T At PRt R | A P e nabh 130 PHEF R8s g <EuD

el ectrode fbngaratganrerii0A20GL and 120&. The two sub el ectrode finger
patterns 12061 and %20G2 ;ar i d ' 0. el ectrode
&4 i ‘?naﬁl{gx%‘i], et%eogeeﬁ?leta%f’& olfes ”@1&% o1 and 150C2

finger pattern 110A. The two sub el'ectro | nger patterns

have el ect r ode NSt S5 Ry sRYPi IR R $e eheehelpobiel dAsa&8r r espondi ng

]Eo the m nutepe’loe:(itdeaﬁa_ri;]itﬂ@ral@ﬁHﬂ'ﬁDd ][tgr@aéfﬁe@{/fecﬁhleynﬁhlél 1@hea§§ode ]
I nger pattern ch.having a wdth,of -..16 ;L/4 or._s L., and eac
of the aperturgﬁégﬁéﬁﬁéqgfﬁﬁkh%QQﬁfﬁa%ﬁx*Qxﬁyﬁi?@%reb%fF£$ﬁg %iﬁ@frand
120® is Myuabatserhs Ai2dh andedlRGeor sespbati hjeebpposdde -phiasger

overl appi ng pagleet ribe riRI1YsLlRHIAde Hd M98l kage RS Pid 1Pfe148 this
manner, the excitation poln%g t hat. enerate the o 05|te-£has§£§lectr|c

fields are prBFPGEATFH fRe tRPeR@ith &t entd ods it hyP HeeFRakit® - el ectric
fiel ds generat@ithnthhe stlrueteactr,odéef istggr-bak patpgmwress ld0Glaande120G2,

so that the oppgsitgzRhase

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 oveilapping 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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electric fields cancel the | eakage electric fields generated in the main
el ectrode finger pattern 110A. Wth this structure, the stop-band
suppression can be increased 15 Each of the sub el ectrode finger patterns
120A through 120E, 120F1, and 120F2 may have both of the patterns shown
in Figs. 6 and 12, or may have dummy patterns for the el ectrode finger
overl apping parts each having a width of X/4 or greater as in the fourth
20 enbodi nent . bSeVéthlElmoﬂla@E@t)st'flug:tu% Islildstaraties ghd idderidn
accordance with -} ﬁﬁent enb of the present nvention. In Fig.

14, the same cohpdhent's SQIFRBEQH nﬁh@lp8F§98|ﬁ§9ﬂ? ents are
denoted by the s@selappéngnperhanerfakae malthSeamrddﬂaﬁxngqxngqﬁtern

enbodi ments. Anp{§id, 1QQH_ Sﬁgﬂf%f { gﬁ @ﬁé ﬁabeef% gggge gger pattern
120H that is formed al ong’ one side maln el ec attern
110A. The séo eﬁ’%"c*f%lael%g%ge@%aeverﬁlsetmdﬂ ha898K @@Mezréugls&

that is siml aratmahbera@per@ﬂeSIéﬂ@tHFEhQﬁ thatmeifn teleeedaiode fi nger
pattern 110A byt lLer than e_ap ructure 0 he i

el ectrode flnger pa %@%’ﬁﬁ%ﬁFrAE?ﬁgﬁﬁﬂ ?ﬂgﬁend %O?Q?BEErSfE?HgtEBBQ

el ectrode fingdh Epaﬁlikeréhqumoqie‘n Bbngée pattace 420Hstey Wwavemarldgagati on

direction are t‘a’rhathH@ at SHE TEBDER 88 tReFhfinbel BRtTORLEH G ep each
of the end Bort QQf sub electrode finger - 17 pattern 120H has a
structure Pm P& 19" thahe h%"‘%O‘ﬂ%%EBﬁﬂFﬂéWﬁﬁﬁt B3¢EEER ode

finger overIaﬁﬁ@ﬂQdmmﬁnnaﬁ Heahee nehien shend radslectibger spaillarnandlOA. Bei ng

smal | er than theuRiy eligldy finger 5 pattern 110A, the sub el ectrode
finger pattern 120H has a snaller aperture length than that of the nmain

el ectrode finger pat{Brihifomanmes, apdrer $ub |edmptrede 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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the sub el ectrode finger pattern 120H may be smaller than the aperture

| ength of the main electrode finger 10 pattern 110A, even if the sub

el ectrode finger pattern 120H does not have the above-described sinmlar
and reduced structure. In this manner, the sub el ectrode finger pattern
120H having a structure that is simlar to and smaller 15 than the main
el ectrode finger pattern 110A is used so as to cancel the | eakage electric

fields generated in y! ctrode finger pattern 11QA., Thus,. .the
st op- band suppressioéhggn be }%%gé%%%d?e(t?%g?ﬂgﬁﬁggdpﬁéngflfolgi&he15
illustrates a ffi¥ef e¢mbedimedhneetwelho an enghbh éhpodierend dthndvgh

present inventigvedth Ribodiment He sane conponents as those of the
denoted by the sanme reference nunerals as those

foregoi ng enbodinents_ are

of the foregoingﬁﬁﬁéhxﬁﬁkﬁﬁ%meﬁ%1s filter is 25 a nodification of the
filter showh in Fig. Fg.THi& ifliddterathas anfiDHed30A aktbrdadicef edeht a
structure frompiths, | t goj rhadi ts;,The, | DT
130A that is néF'apo&%@gﬁﬁﬁgg{%ﬁggpgﬁ?u$§e%§ﬁ€tﬁhggﬂgggﬁé_gfﬂagé?'t gh t he
total width (tHé% G3e ISHRINSTS P Heh@se eef | bhe pbppeadiadl ar to the

surface :ﬁgxst iembd@ﬁ%%rﬁ:r@{?ﬂgﬁtdég{b%d%}“ﬂﬁﬁ Qiméh.ﬁ%g@i:ér\}ﬁéeﬁbh@%%lsf: nger
pattern a su ctr e I.nger atrern ynen, an votage
e TRE s B o B R g AT e R R A7 i 19 o B € Gad ¥

is applied to the erm
acousti c wHVes aged®TatlS@E mdrbht lie didlifre e tstodecfungeef pathernofl@heand

the sub el ectrodesl nRgehnRRUBRAN 1308 168N 1395 GeINMRE MW d& Loge 18
The 1 DT 130A nted not only in the I rst enbodi nent but al so

be i nplenme h f
in any of the LSPERT PREGEERS SA0enARCeriith modhe. SaGHIPIEHod SRt )

pattern 140A corresponds to the main electrode finger
pattern 110A 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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in accordance with a ninth enbodi nent of

t he sanme conponents as those of the
as those

5 Fig. 16 illustrates a filter

the present invention. In Fig. 16,
foregoing enbodinents are denoted by the same reference numerals

of the foregoing enbodi nents. This filter has 10 an IDT 130B with a
different structure of either of the |DTs 130 and 130A. The | DT 130B

I ncl udes two el ectrode finger patterns 140A and 140B. The el ectrode finger
ger attern 110A of the

pattern 140A c quﬁﬁgﬂg rode. finge
| DT 100A, and t ectrodetilnger %! %t%% YR B or fedbbhds to the sub
el ectrode flngéteq&ﬂQQﬁrf¥HEﬁx(ﬁaﬁdﬁ¥ﬂ[ﬂ1Q@0¢f Jhel BPet0Ofecfenhtib of the

el ectrode fi ngefrlma;trt 6Haf}s %%ﬁtﬁ:t&ﬂ%@'tﬁé’t Ofs gbealgsqlhag bhe aperture
| engt h of the mai.n rode ergfattern 110A. 'Li kew se, the aperture
&ewFF qﬂét he B §od) it P99t or (2great er than

length of 20 t K& &
the apertur®e | efngtlhir@tﬂnt-t@éemlroeteeettrmdﬂ:uﬁe)n.gem paitt electHNe Widgdhi s

structure, the e oust i o) T 10 en an
AC vol tage |sp§t&|rtfezﬂ:l 124 lﬁ% ttglrevnvtaf\r% S %dé{ ﬁé%@r&g éle(géé%\lgd by

the | DT 130B mPFEEGanéPIac?ﬁédﬁDFeleEhﬂ%PQM¥QHﬁhQ¥ﬁgn%@ e maly in the

first enbodi rreettecbubdal S@ng@rapﬁt(t%rfnhﬁl@@con@nt BrheugbsiTavwet h
.130A of .t he foregoi 30 enbodi nents

can be congi der S FeehETatal B BarSe SATERAoR A LASAA Mo 1% d¥ et t or 1

can be consi der e
110A and tife s%bec‘etf‘é@t’-réelegerngettpant alfBlgeAcahtilse d DBaIGG (Tenth

Enbodi ment) Figleddrid! pséiat#sva, fahaethbnsasce&@et%a@ tf e 35 tenth

enbodi nent of the reSfEQ i nvention, 17, sanme c onents as

those of the fiot %@%t%g %ﬁ%ﬂnﬁﬁﬂt§saﬁﬁ leﬁSFéacbflﬁﬂé YRYE ﬁg?

nuneral s - 19 oppsitoseplodse heo f biegbeagagebedeaentis. fAcTR Wrave
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. 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
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 LiTa03;. 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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el ectrode finger pattern 110B of an IDT 100l of this filter has a
structure that is not apodi zed but is weighted by wthdraw ng the

el ectrode fingers (a 5 withdrawn-el ectrode structure). A sub el ectrode
finger pattern 1201 of the IDT 100l has an electrode finger pattern in
accordance with the weighting of the main electrode finger pattern 110B.
In the positions representing the sane tine-donain response, the main 10

el ectrode fingestopinsnd J19B-889¢6At §ehd LegkaggnaeheekhiuG thiisel)d jwave, and
the sub electrode finger pattern 1201 generates an electric field wave of

the opposite pHiSE3FYne | eakage electric field wave generated by the
mai n el ectrode fingeAspatdsermi OB o 1&adhe sulc@d sddnodewithgenepattern

1201 shown in FiGochc NARANGSITIEt YIS, SOPUD. LCFEDe ) G, BUL mBY have the
structure with mnute el ectrode finger odverlapprng ~parts shown’in Fig. 12.
The wei ghti Ag SHeWaeliaf Fiand 1mherest dre-kapd | sebprespoangfop £hé terr sgn
t hrough ni nth emadiomised AGHrdiWg1 @l her suitable weighting may be
applied to each of t? enbodi nents. Fig. 18 is a graph representative of
the frequency chara ?EPP@P’ c?ggflcfﬁele@%rﬁ?é%sl Gis gef"i‘FF]twe‘PZJS”sﬂ% ?h Fig.
1 and the filt&heohboive gieesenibeddantiodimestian umidigecbiohalFig. 18, the
absci ssa axis chBdkeales fsefuanC s 4G d ha udiaale axlsonkpdi cates
attenuathg (dB{. In the ﬂ&gph, the soli1d “line represents_the
charact eri i cE16FtERECEOAMERIISIMA FEFHNAES) GRD the PrRkered ke
represents theachharvactaei shines eFifcdts fad trtle Prddentdriasesit LN entTmn.
These filters geg ? .11 i_.TaQ3.. The apert.ur. n tq? of, the sub
el ectrode finggr E§§ gFggi%Oiuéflfﬁee #FIP@% &FﬂPhéa ﬁ%%e ei%&%%?ion are
zero. As can b6935r$@@ﬁ frampiRe gngdphnvt seiteslaygd et i sulps erafse
generated in tbgnnpéneekeetsodeyf bhgebykattern is
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
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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cancel ed by the sub el ectrode finger pattern, and the -20 stop-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. NM@M@%O%S are enpl oyed in each of the above
descri bed enbo . ‘onal el ectrodes (SPUDT) such as split

el ectrodes and DART 10 el ectrodes (A/8-3X/ 8 el ectrodes) can be enployed to
achi eve the sane effects as the present invention. The piezoelectric
Substrate is not limted ngfﬁlﬁ above described exanple, and any suitable

type of substrate can be Ty EFPERTED 2 15 Wth the increased
st op- band suppr essi opieangletikier sibstrabedamn@ with the present invention

can be enpoyed asatéf%l?%lﬂ:u 8F E%@r&?ﬁﬁ%glletﬁh%‘ﬂ&s deptyes or the
internediate frequency filter’in a fufer, so as to inprove the
frequency char BerBeEfsPRcEheopéezeRéesbriahFdbEEr@8pRone device or the TV

tuE_er. E_spﬁci ally, & fiddst e asﬁoim%nmrgmmiﬂ@_@rmﬁmtellémmdégn_ can
acnieve hig fepuation_ 1n t t I I's strongly needed I n
digital terr ezljt;lrﬁ?%%&a %?%%%E%sgﬁ%g. :'?gSwi?gﬁgﬁ%h %ﬁfqew preferred enbodi nents
of the present theveft leasttagaeheth P Tnd desdiabeay atsulolfd be

appr eci at glleby rbbRs ¢ iskjdy @hdtbdbardd {idatonsbepaasinmyakainede tigy these

enbodi nmen wi t hout . déparfi fromth rinciples and spirit of the 30

“nvent | ontRENEALBoBLEGT Fakic  FITe AR G EHGRRC SRR | HafFEace

equi val enascust2d& weaHATth3tCoalndels & surface acoustic wave caused by
leakage electric fields generated in the main electrode

finger pattern,

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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1. Afilter conprising: a piezoelectric substrate; and 5 a plurality of
interdigital transducers (I1DTs) forned on the piezoelectric substrate, at
| east one of the IDTs having a main electrode finger pattern that is

wei ghted, and the at |east o fe | DT, so _hgving a sub 10 el ectrode
finger- pattern tha% i s connegf%% {%Pg%Fa? e?i?bme hénnﬁ?ﬁl@IéﬁtW@§§eFaner
pattern, and genet3feSUl glprheedeaddngeiccpabie rinhata scancel it e flace:

acoustic wave causetebytes cakagerghechebGstigl eper ' . JTBI
: cagel 18! P800 BRI Tbo.

el ectrode fingertcpq_llji' erl, ],:amot her one, of t
propagation direction 1n whith® a®StfThte “atBustrEehaby JoRel&RE@ISy t he
mai n el ectroff fiedgatia tfiraldd dérerdtdédast one wbhihhelkbBtsodes finger
propagated, a fipattaRel,! whe |KNAdLLTa I Enot) e°?§ Qﬁetgﬁ RT3 ?eln%
arranged so as tg.overla . 1N the propagation diréection, w R_a §& 588
aperture | ength of "¥fé RAtheedDhdde isdacepaqaustbt varveain| het one

of the IDTs and maihi efleapevtier €ingeet batlclrive bush ¢ ot & ps€ed i nger

pattern of the & £RBLLON LDTs, . the _second and thjrd aperture
| engt hs extggdiggjln 55 |rg%§%8%Q§5%Bgn5P8uF§Fet Hﬂﬁ?é%ﬁ?ﬁﬁmﬁﬁ Rnse.
direction. 15 2. The filter as clainmed in claim1, wherein the sub

el ectrode finger patlLenn hagha SHNWEUL thafindeNeLakesif §g;&ﬁ%§egﬁgustic_

wave of the oppQsit hase to the_surface acoustic wave cau
| eakage 20 eIec??FC%P%bF %ﬁﬁﬁé@u%&PQ?Ftﬂﬁﬁﬁ%F% teeferpgs tonger pattern

the surface aco@etrespand ito tthe suitidetiteléingedepFihger padtdis .
surface acoustic wave in the main electrode finger pattern being generated

in positi%%s represqpting the sanme tinme-domain response. 25 3. The filter
as clai med”n cl ai m 12+ wherBr®y Likeesudsetbaimede ifi mgerimak,t erthreraifor med

to 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 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 propagating 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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correspond to the entire main electrode finger pattern. 30 4. The filter as
claimed in claiml, wherein the sub electrode finger pattern is provided
for at |east one of electrode finger gaps fromwhich the surface acoustic
wave caused by the | eakage electric fields in the main el ectrode finger
pattern is 35 generated/- 5. The ffiilitterr as: ¢llaiimedd i im of ba m 1], whiseeenn t he

sub electrode flrggg gﬁgtéqékﬂgéﬁgoﬁiﬂg ﬁflt$?9'?ﬁ§fﬂ§¥ln9 ?B@Ek%

| engt hs of ﬁ smal ler In e maln e ectrode finger where X is
the wavel engfh &WaﬁhéféﬁﬂﬂEdé“addhs¥T% el pr ofpfadyat g %ﬁl”tﬁée(LIOde

pi ezoel ectric sulfshyatre paitete filter as clainmed in claim11, wherein the
sub el ectrode finger pattern includes: excitation points that are provided

for regions having aperture lengths of A/4 or smaller in the nmain
el ectrode finger pattefn, withe RAilterheswalelnadt hnotlatime lsumbggein

acoustic wave propagatbng1estibge Phiggee! patikersubiialss: and ground
potential elgctrode fln ers that are gyOV|ded for the oth iaons in the

mai n el ect r §de fi nger®pattarPn BoNtHEhat | 2EE HgogFgﬁﬁegan 93RSt
wherein the sumayingramhrﬁmr@eiem@mmsr@flN¢hudfssmanabteum 2e hetin s

simlar to and r a T
filter as clai rre%?lj%:én cléé%]%ﬂf{%ﬁl 'hew}g%ge %\ 88 %vl negre z;:tht g)ffn
i ncl udes: 25 exE#?aFU6ﬁ%ﬁﬁlﬂQPQQﬁﬁCzﬂ%ﬁ?nﬁﬁ@&ﬁ@aﬁbﬁgr@gl§h§ havi ng

aperture | engt hpiekodlécerisndusyedatd heri@i n el ectrode finger pattern,

where Ais e wavel engt h_qf he, surfa e cqcou wave pr.opagating on the

pi ezoel ectric substra?g, ﬁdPOEentlal ctto éingers CRdY %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.

%



30 ground potential electrode fingers that are provided for the other
regions in the nain electrode finger pattern, the excitation points being
formed with a pattern that is simlar to and smaller than the pattern
formng 35 the regions having the aperture lengths of A/4 of smaller. 9.
The filter as claimed in claim1, wherein sub electrode finger pattern has

el ectrode fingers, all whi have over| aupina__apert.| ngths of. zero.
5 10. The filter as cla?%ed |ﬁh%lg|§%ir WRet Fﬁmedtﬁg éHSl@I Ctrgﬁgx?VMQer

pattern has el%ctEbdesubi agecs roder Fappieng pailttle rond ranotdesy ;e lank tde
| argest aperture fﬁl??éf‘ b§e§9&'ﬁblﬁﬁ Bért%”@h 2@l tr@’fbr%c@@'f’cﬁstré/@i&?s of

the small est 10 ure | engt est el ectrode finger interval,
and the smal | estafgaa‘ﬁ“?% IPEF PaF S %?%%%Ped@ f MiePT SAPdER. 134 they mepqy
filter as clai necelevictaden flingdergante b, thebembgelﬁetmedelbm@yﬂ‘qﬂﬂﬂﬁﬁn

i ncl udes eIectroq§n55 %égg%#fgnu 6? &%ﬁinﬁg pEﬂ%ng geﬁﬁa%¥ﬁ§5

havi ng aperture |engt inger
pattern, A H@PngSPW§Qﬁﬁhﬂaﬂﬁﬂ41hﬁVqfﬁ#esﬁﬁm%eépﬁtbugﬁléemﬁﬁbspﬁépé@@tlng

on the piezoel ectapeetaﬁ}esqeﬁ@rt%tseo:a&daéﬂaéa%éméenhﬁ@efte{rerhspgmﬁ as
the aperture Ieng gs of the el %ﬁede fi,n er overlapping parts 1n each of
the regions. PFRESt Pt &AChs OF| ﬁeJQQ+ %im 1, wherein 25 the sub

el ectrode 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 directionl1230 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

25 '




13. The filter as clained in claim1, wherein: the plurality of |DTs
include an I DT that has a non-weighted electrode finger pattern; and the
non-wei ghted el ectrode finger pattern of the 35 IDT is shared between the
main el ectrode finger pattern and the sub el ectrode finger pattern, and
has an aperture length that is equal to or greater than the 2. aperture
length of the main electrode finger pattern. 14. The filter as clained in

I 1, wh t.h I I | DT | ud | D
on- wei ght oa. o SR B HRT BN RH [DESLEYT a0t BORaEr

el ectrode finger patterns corresponding to the main el ectrode finger

pattern and the sub ehgctroggef Fpggérpggtgigaméasgﬁckﬁgghyi a@ge%gl%he

first electrode finger pattern as an equal to or
greater than the apefFfgrBLPERGERYOPTL A ﬁa#ﬁcépéétﬁ@déuﬁ'ﬁ@éﬁ PR & n,
whi | e the sefondoaleetghded enget rpakt Eingeas patteapgrture length that is

equal to or greater t 5 aperture Ien th he.su ectraode finger
pattern. 15. The fiIFﬁQ g§$c%afngﬂrf 8P3| TonahgﬁSFﬁrOBﬁef 081 ect rode
finger pattern hﬁ%tarpalcoatespgsdbagstoanuezmanneedestaw@e fétngssn t he bus

bars is Shorterpé@@@rntg'ﬁddtﬁéagﬁs OELWEEBa8 E%hbe@‘ pﬁlﬂ%e'%rs of the main
el ectrode finger pattern.. 16. The filter as claimed in cl aim1, wherein 25

the main el ect rotPIr e Patdedn is wei ghted by apodlzatlon 17. The
filter as éPai ned |ntﬁemﬁmtbt\dﬁaumnbdéIﬁﬂngerlpQEtérmdbaéiager pattern is

vei ghted by 30éﬂéfﬁﬁf@”fﬁhéﬂﬁ“ﬁﬁé&kﬁgIéﬁﬁgf'tozgr 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.

le. 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 welghted by
30 withdrawing electrode fingers.
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