; €3ehh2b6Tgj eTI TLE OF THE | NVENTI ON SURFACE ACOUSTI C WAVE DEVI CE BACKGROUND
OF THE INVENTION 5 1. Field of the Invention This invention generally
relates to a surface acoustic wave device, and nore particularly, to a
surface acoustic wave device having a shield el ectrode and at | east one
interdigital transducer (hereinafter 10 referred to as IDI) on a

pi ezoel ectric material substrate (hereinafter referred to as piezoelectric
substrate). 2p1 c&tp ﬁ nIﬁ%E @?Oﬁelated Art In these years, the
above-nentio acoustic wave (hereinafter referred to
as SAW has been erplRuACE fAFOBRSHAAJPAYE PEVIEE in a tel evision set having
a frequency range of 30MHz to 400MHz and an RF filter in a nobile tel ephone
having a freo everal GHz. An IDT includes a pair
20 of conb-1|ike 2 s ke el ectrode is conposed of a bus
bar and elbectrode ﬂlngerehavoﬁgther§hve@g&9nconnected to the bus bar and

second edges that g QSOH%%eﬂﬁ f%yﬂyIfé@éf@;Cﬁéoge§u£§agéranged SO
that the electrode fingers of th e co e ctrodes are alternately
crossed or i MeRYEaledarereguias i ARdr Pars. PREtACHER YA the

interl eaveddemepﬁ@fleaémmgew Asecabiter pat lﬁbqunae@h&él@/\@mmﬁé A SAW
i s generate a a S

conmb-1i ke eIé%?rd%QSYéQ%t gﬂg 6&§%&&§9F¥§ Eg%§8%%e§§b %@%é¥aﬂ$t%1 ilter
havi ng alfesiyetefreduencys chBF hcoer ﬁspiéngléﬁﬂiéllﬁamaéerﬂlads | A and 1B
show a convendiwsela SAWKevicharthg. rbAcshaws tanaavehaldoeachamstd ¢ di agram
of the conventional SAWdevice, and Fig. 1B shows an enlarged 35 view of a
shiel d el ect royes %ﬁ%ﬁ% in Fig. | A The SAWdevice shown in Figs. | A and 1B
includes a first | QL l0etkatipts car rrehdd dtelatpidzZoe! ectric substrate 50, a
-1

In these years, the above-mentioned type of
15 surface acoustic wave (hereinafter referred to as SAW)
has been employed for a bandpass filter in a television
set having a frequency range of 30MHz to 400MHz and an
RF filter in a mobile telephone having a frequency
range of 800MHz to several GHz. An IDT includes a pair
20 of comb-like electrodes. Each comb-like electrode is
composed of a bus bar and electrode fingers having
first edges connected to the bus bar and seccond edges
that are open. A pair of comb-like electrodes is
arranged so that the electrode fingers of the comb-like
25 electrodes are alternately crossed or interleaved at
regular intervals. In other words, the interleaved
electrode fingers are alternately connected two bus
bars. A SAW is generated by applying an alternating
voltage across the pair of comb-like electrodes. The
30 SAW has a frequency response by which a filter having a
desired frequency characteristic is obtainable.
Figs. 1A and 1B show a conventional SAW device.
Fig. 1A shows an overall schematic diagram of the
conventional SAW device, and Fig. 1B shows an enlarged
35 wview of a shield electrode shown in Fig. 1A. The SAW
device shown in Figs. 1A and 1B includes a first IDT 10

that is arranged on a piezoelectric substrate 50, a




shield el ectrode 20, and a second IDT 30. The first IDT 10, the shield

el ectrode 20, and the second IDT 30 are adjacently arranged in the
direction of SAW propagation. The shield electrode 20 is arranged 5 between
the first IDI 10 and the second IDT 30. For instance, the first IDT 10
serves as an input electrode, and the second IDI 30 serves as an out put

el ectrode. The shield electrode 20 prevents el ectronagnetic coupling of the

first IDT 10 an nd, DT The | DT, i n¢l ud it of
comb-1i ke eleg?rodes %%% 36gf g 8on8CP e§§ﬁe§@rod%ﬁ§058?nélude a
bas bar and mMPTipbe @h%cﬁh@dédfEhget§0d¢héoeoﬁ§dltb@ dleaetrbdPBOW al so

includes a basrbagg Qeﬁélwéktahseal et tadedfiragersn Bre sppen edges of the
el ectrode fingers 30a, face thos f he electrodg?flngers 30b.. The crossing

portions of tHEPHTRFiRBved ¢1agereden ScerEaRAS her are
i nvol ved iBn exetvadtn obhef £ SAV ABTShﬁwandntﬁegsethdadtﬁléﬁlrod@rzo finger

pattern is meig$5§gceThg?glgg&ggd$ﬁ&l@ge%eggggerg i, defduied as a pattern

formed by the electrode fingers l'ectro I'nger pattern nmay by
wei ght ed by, ¢beCkkadpt eanﬁpéafezaﬁf:@ﬁd TRE R §REVRS G e V&R ode
finger patterslsayredéer tHe §Hﬁ§lltﬁén@ye€’5r@dil@r20tpfeséhts The IDT 10 al so

neludes @ pal ool SORsLLKE hggAs RECs DPYetns o U 10 S0

wei ght ed, whi © ot her wor e el ectrode
fingers aéf theet®Td 10DRave- an equal crossing 30 width. The above-nentioned

filter functions aST@éb@@ﬂp@§Sl$&i@§és ;hbglgygg gngaQQQﬁss filter has a
problemin t unde |re wave erate ectro fi nger
edges of the ?%ﬁc%ﬁo ﬁd%&? gég ¥ eS° iég% Egc%Fgaﬁegg
characteristlnnclmd@sderbaa bennaedtmelumgé8|eé@ammaae famdearsf | e@thicon

el ectrodes 40.a45 aIkanged-e8o0Be36h081 502 1nc10bekne AL $hadiagent to the

shield electro 20, as_shown in Fig. 1B. The antlreflectlon el ectrodes 40
i ncl ude %ﬁltHbW%té?%%t?%ﬁ%tFPﬁ@eﬁéng?ﬁé -mut 8% pPReR| 8EFREd8 LT LRGers are
configured so=ldatréhe BnAgsirsedOa face those of the electrode

fingers 30b. The crossing portions of the interleaved
electrode fingers that face each other are involved in
excitation of SAW. As shown in Fig. 1B, an electrode

20 finger pattern is weighted. The electrode finger
pattern is defined as a pattern formed by the electrode
fingers. The electrode finger pattern may by weighted
by, for example, apodization. The weighting of the
electrode finger pattern may alter the freguency

25 characteristic.

The IDT 10 also includes a pair of comb-like
electrodes; however, the IDT 10 is not weighted, which
is different from the IDT 30. In other words, the
electrode fingers of the IDT 10 have an egqual crossing

30 width.

The above-mentioned filter functions as a
bandpass filter. This type of bandpass filter has a
problem in that undesired waves are generated from the
electrode finger edges of the IDT 30. The undesired

35 waves degrade the frequency characteristic.

In order to remove the undesired waves,

antireflection electrodes 40 are arranged on one side



5 waves are generated so as to be equal in anplitude but opposite in phase.
Thus, the undesired waves can be cancelled by each other. The
above-nmenti oned conventional technique is disclosed in, for exanple,
Japanese Lai d- Open Patent Application Publication No. 10 57-25714
(hereinafter referred to as Docunent 1) or Japanese Lai d- Qpen Pat ent
Application Publication No. 59-125113 (hereinafter referred to as Docunent

Cher e hatter ¥ot SFasbrobe tsabBaks ) e sRasid s adtdic ®, | erove
t he undesi r edshewesipr bpagalBng TM@l@@tlhefb¢e§eeneeﬂﬁtér§db§tﬁ&te The

Pls_t;l iggat iFont ﬁm&\@%&@%ﬁ;@@lﬁieSe@é@ﬂg@%&e@:?h eelsarrﬁneeﬁlueﬁéege Si fle of the
. ur e a ne al en aren pri1c n u ca

L. 43008 (hersldat raaer ErartEy FRenconelsat ap Thste b e hade; no

portions of thevédHlaBe QaseaatédtspnaartangeneqmelaensmmmiMUudegqu The

tilt arrangen@gg%ﬂ@geﬁﬁs gSS' rﬁmuléhwlfﬁe;wgab@wgsgeaﬁreteed 25

However, the techn] gues osed Docunents 1, 2, and 4 are intended to
renove the uﬁﬁ%%??eheﬂepésegeﬁePépéé beteedPehe FAPLLOPBE and a stemin
the directi onc@:ﬁvéﬂmel@mn:kﬂeean@t;uEhespdeseebeeﬂr ii¢,Sfest redgnplay, to renove

the undesi red,ypyesgenct at 6. 30530LelVagh 1908 Side ob Lhe gty d DT Even

if the above- ed un red waves eére | s another
probl em il t hat-a>éhti éheé@@naﬁyem gristrredusci s iDlY CRImE Nt dpbard cannot be

?ﬁhl evgd Bezwl@emeé@eLéeeh@ngepgtéﬁkogegmea@?e%n%ml%a&am?mo% rerm;/e

e undesire X on. co e si.nce nute crossing.p ions exis

on the side o?g ﬁ%gf%% ébernﬁﬂg%g?%erﬁﬁ8§§ﬁge5°e?@|F?tl Qg_ ot be renoved
3 conpl etel y, &apdiratetheidigpahsPabantt Applsvhtioneruby iatttemumat ed in

the st opband. y SUMARY7 $Fg Tkﬁeké‘ﬂ%’ﬂ@' u'_?e}@h:%ebl“\r';%”t isOmRaghgenmade in

vi ew of the above circunstances and provi des an SAW devi ce t hat has
i npr oved ithe i YR eBFPI RAgtpFBPerE§ FH fREOYEopBENYIESIFER MG an aspect
of the presentropygating, ihbede tReppheizdedeatsic! au®sacast.i cThave device

publication shows the use of a dummy electrode arranged
on one side of the IDT 30.
Further, Japanese Lalid-Open Patent Application

20 Publication No. 58-43608 (hereinafter referred to as
Document 4) shows that the crossing porticns of the IDT
30 has a tilt in arrangement, as shown in Fig. 2. The
tilt arrangement prevents undesired bulk waves from
being generated.

25 However, the techniques disclosed in Documents 1,
2, and 4 are intended to remove the undesired waves
generated between the input IDT and a stem in the
direction of the thickness of the piezoelectric
substrate, or to remove the undesired waves generated

30 solely at one side of the input IDT. Even if the
above-mentioned undesired waves are removed, there is
another problem in that a satisfactorily high
attenuation in the stopband cannot be achieved.
Besides, the technique disclosed in DPocuments 3 cannot

35 remove the undesired excitation completely, since
minute crossing portions exist on the side of the IDT
30. Thus, the undesired excitation cannot be removed



10 including, a piezoelectric substrate, at |east one interdigital
transducer (IDT) provided on the piezoelectric substrate, and a shield

el ectrode provided on the piezoelectric substrate, and the IDT has a first
pattern on an edge that faces the shield 15 el ectrode, the shield el ectrode
has a second pattern on an edge so as to be evenly spaced apart fromthe
first pattern. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Preferred enbodi nents

of the.presentohovention whl Lnbe drscciiind in datail ol U selaranon Lo the

follow ng fi SsHGW & conventiona devi ce;
Fig. 2 shows %t%%@@@ﬁﬁ@uan bb?tS§Pphﬁ6ﬂher 25 conventional SAW devi ce;
Figs. 3A through 3C |IIustrate the prlnC|pIe of the present invention;

Figs. 4A and 4B.i a& pl e of the present invention; 30 Figs.
SA and SB ill t he present invention; Fig. 6A
t hrough 6B show a SAWslevicentoacoas dapee madh anfview efbobemadovand a

conparative exapphestLR985hehaWbtBviLER- BaserkesRense andi requency 35
characteristic of the first epbodi nent and the cqnparative exaqple Fig. 7

shows a SAW djé%’E‘éV‘?ﬂ ’é@%o?ﬁ%ﬂc@awpﬁﬁgaprogerty in the stopban

According to an aspect of the present invention,

there is provided a surface acoustic wave device

10 including, a piezoelectric substrate, at least one
interdigital transducer (IDT) provided on the
piezoelectric substrate, and a shield electrode
provided on the piezoelectric substrate, and the IDT
has a first pattern on an edge that faces the shield

15 electrode, the shield electrode has a second pattern on
an edge so as to be evenly spaced apart from the first
pattern.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Preferred embodiments of the present invention

will be described in detail with reference to the
following figures, wherein:

Figs. 1A and 1B show a conventional SAW device;

Fig. 2 shows a substantial part of another

25 conventional SAW device;

Figs. 3A through 3C illustrate the principle of
the present invention;

Figs. 4A and 4B illustrate the principle of the
present invention;

30 Figs. 5A and 5B illustrate the principle of the
present invention;

Fig. 6A through 6E show a SAW device in
accordance with a first embodiment and a comparative
example, together with time-base response and freguency

35 characteristic of the first embodiment and the
comparative example;

Fig. 7 shows a SAW device in acceordance with a




second enbodi nent; Fig. 8 shows a SAWlevi cein accordancewith athird

enbodi nent; Fig. 9 shows a SAWlevi cei n accordancew th a5fourth enbodi nent;
Fig. 10 shows aSAWlevi cei naccordancew thafifth enbodi nent: Fig. 11 shows
aSAWlevi cei naccor dancew t hasi xt h enbodi nent ; 10Fi g. 12 shows

aSAWlevi cei naccor dancew t hasevent h enbodi nent; Fig. 13 shows

aSAWlevi cei naccordancew t hanei ght h enbodi nent; Fig. 14 shows

aSAWlevi cei na n i iinth enbodi nent; Fig. 15 shows

aSAWlevi cei na%%%é%%n%@%%glﬁ%gﬁf h ermbodi nent: Fig. 16 shows .

aSAWlevi cei naccor ddficew & hdret2ventdi cd®vireehl ; 20FP§danzeshors a

aSAWlevi cei nageprdasgeytihahvel fth enbodi ment; Fig. 18 shows

aSAWlevi cei naccordgEn.ceWiE% hat hi rteeg%vﬁ (ﬁﬂbodi ment ; Fi g 19 shov\%

aSAWlevi cei naccor dancewi D t ¥t FEEhDDdt FeAECRI Y056 ¥hdis 2

aSAWlevi céi nateor daneewpdhaéntt eent h enbodi nent ; Fig. 21 shows

asAwdevi cei naccor dancewt hasi ) eeft dngniogi aeni n 0ELgragacshaue o

aSAWlevi cei naccor dancew t hasevent eent h enbodi nent; Fig. 23 shows

aSAWlevi cei naktbriua?Reait R&RET ght eent h enbodi ment ; Fig. 24 shows

aSAWlevi cei naccor daniaew T hadbsw $ed esamw hdenbedi hernh-aodBegce2&ishows
aSAWlevi cei nagc a i ntieth enbodinent. - 5 DESCRI PTI ON OF THE
PREFERRED El\/gﬁ?ﬁ[\}gl\ﬁ@g%%@%ﬁpti on will now be given, with reference to

t he accodpanyi ng driivil ngs? DiowsmddfMendevoeet he 8CHPEFBRES| WERt fon. The
inventors st uskeshtheshieagomemhy the conventional SAWTfilter cannot
sufficiently attenuyate t f.requenc onponents_in_the stopband,conpl etely.
The inventors pres&aﬁe%' t]hatsm%‘g%s?r%%ﬁeg%ﬁ%?i oh ﬁﬁ?oﬁga?ﬁgggﬁg}qataéld

bet ween t he edlgghifi ¢meodlDteB8d;that faces the shield el ectrode 20 and the
edge of the shiel d el ectypde, 20 thasah ages: tbe; hDI-30ralhes, ik Lnventors
canme up wiith the follow ng nechani sns of renoving the undesired excitation.
15 Figs. 13A trllllrrb%he@?,oghrgﬁp?he principle of the present invention. Mre
particularly, Fig. BA showsstaswexanphie oédvibe duesatbrdtnoet wiehot t he SAW
device. Fig. o) . rged view of a shield el ectrode shown in Fig.
3A. Fig. 3C sﬁ%\/\g@a%%?? Ig‘?hghl arged 20 view of the shield electrode. As
shown in Fig. 3A &Fisawkeshkas el $Riesdavprezbel aeFPreasaBstiabeas, two

| DTs 1 and 3 argaaged enbbhemphezoel ectric substrate 5, and a shield

el ectrode,2. The 10 1 is, a normal ctrod nd_the LD includes an

el ect rodgofi nger Z?lpgd't t@r nS}\lAC/t)a"irSgh':‘tl e%hﬁyé%‘f)% %z?ﬂg?g?%rrdggzg%pfdéghge | DT 3
serves as an fwglfth Dimbaddmens:; | DT 1 serves as an output |DT, for exanple.
The 1 DT 3 includes & paits afh&pibs | 448 @bectsodgsacepeqahcehisghnelzect rodes
i s grounded d.the other electrode is supplied with an 30 alternating

vol tage. The @?erﬁt)t??rktéhe?l@%? bU8™t6 which the alternating voltage is
applied is referred'im as? sstiis sa deAR| @etviodeinThecpaidredeeléthr edes of

the I DT %xaregs g&t‘{yeé%bggmgﬁ ed to pads provided on the piezoelectric
substrate 5. Simlarly, the paired 35 el ectrodes of the IDI 3 are

respectively connedtist t4f pHE¥HraT IR ORI ¢Relpi BE6RFEERFPCWdtbser ate 5.
Referring to fiftedhachbolimpattern 6 is - 6

Fig. 21 shows a SAW device in accordance with a
sixteenth embodiment;
30 Fig. 22 shows a SAW device in accordance with a
seventeenth embodiment;
Fig. 23 shows a SAW device in accordance with an
eighteenth embodiment;
Fig. 24 shows a SAW device in accordance with a
35 nineteenth embodiment; and
Fig. 25 shows a SAW device 1n accordance with a

twentieth embodiment.




provi ded on one side of the IDT 3 next to the shield electrode 2. A second
pattern 7 is provided on one side of the shield electrode 2 so that the
edges of the electrode finger of the first pattern 7 are evenly 5 spaced
apart fromthose of the second pattern 6. In addition, the first pattern 6
and the second pattern 7 are arranged so that the total vector intensity of
the undesired excitation generated between the shield electrode 2 and the
IDT 3 is zero. In Fig. 3B, both of 10 the first pattern 6 and the second
pattern 7 have steps Therefore |t can be sald that the IDT 3 includes a
first step pafE® ‘ eTHHA] SORIMENTPdes a second step

pattern 7. The sten@ dﬁsémpﬁiéﬁtwp@ﬁ@w @eageveﬁflneehbfewlrtehmee 15
el ectrode flngers el.ectro st.eps ofc%ﬂe:second

pattern 7 are %e??%eﬁcﬁ9mﬁﬁ?¥e?ﬂlﬂﬁaglggﬁr Oelg 9963%9ﬁﬁb R&iel d

el ectrodeb52 trwatsdms ineeeteps Referring to Fig. 3C, a description wll
now be 20 given of 2 d nore detail. A
parameter A in Fi .ﬁ%géfﬂyéﬁl dgﬁﬁgggd %ﬁgtgéggobggpgegﬂﬁn the first
pattern 6 andc%‘éeeee%el p%weif hlyerRegaRPar n@ueﬁécme@t Yo RHUEGTHIEC t he
paramet er A itshé herédiysénngecbrpvrentthenadhacenopbanel ewhnpdde glisngers. The

wdth A of the,stensooforhe, [LEah RAKELN Aals egual La Lha i dih AT the

steps of the secon exanpl e
where A 1§ trmelv\ex/ete@gbﬁtmeﬂhehsm\dgﬁ plietpasIBAnd0 Ahwdr fmstas e s the

distance_bet veen{dce 80cf kbab Qﬁt%ﬁﬁntﬁea@@lgbh©ft5Q@l‘én@hﬂ@l@rn 7. Mre
particul arly, ar anet e e e_he n cor r espondi ng
steps of the ?i?%?g%ﬂ%ngg ﬁ%ﬁtpg?FSan Zﬁg % mfﬁ?ﬂ gp?tances bet ween

t he faci ng stiepsertersdeanecap. wpmpathﬂeﬁeﬁl@wusgtmedhanﬁﬂmaﬁOﬂﬁsthe st eps

t hat forn1thergm5§£n€a{ﬁgrQngeslp@dlgggg@gtgogf the steps of the first
pattern 6 _are equal o0 each ot her net er is equal to the

difference in dnidth bt viderPide %ﬁjg@%%tt%?eEFFBHép#?nﬁér§h@n the first
pattern 6. vafeééwtabmvenﬂE@hLcwmmk®0@érgu¢alaﬁhy,18@@ =~/ 2j- shbwaf aphase

excitations vg%%hg?ecgen% agvéggeﬂsgk¥uggpfgeoge@%ra%g_ Qﬁ%ﬂﬁgp the IDT 5

3 and the shi tro 2 and_are cance an undesired node
(undesi red exdidat3Bnyhewat anf eBeEEIEHe VEPEqRENSY SEASLE€dEEERdE n t he

stopband, canshewf ef®Vedy. TBe. SAWgeviceshdus struetHeedehasrgesufficiently
hi gh attﬁgualéﬂgwcggréﬁéeghféig'electrode. As shown in Fig. 3A, a

SAW device includes a piezoelectric substrate 5, two

IDTs 1 and 3 arranged on the piezoelectric substrate 5,
and a shield electrode 2. The IDT 1 is a normal
electrode, and the IDT 3 includes an electrode finger

25 pattern weighted by apodizing, for example. The IDT 3
serves as an input IDT, and the IDT 1 serves as an
output IDT, for example. The IDT 3 includes a pair of
comb-1like electrodes, one of which electrcdes is
grounded and the other electrode is supplied with an

30 alternating voltage. The comb-like electrode to which
the alternating voltage is applied is referred to as a
HOT-side electrode. The paired electrodes of the IDT 1
are respectively connected to pads provided on the
piezcelectric substrate 5. Similarly, the paired

35 electrodes of the IDT 3 are respectively connected to
pads provided on the piezoelectric substrate 5.

Referring to Fig. 3B, a first pattern 6 is




10 Referring to Figs. 4A and 4B, the principle of the above-nenti oned
operation will be described. Fig. 4A corresponds to Fig. 3C. In Fig. 4A
the paraneter B, which is the distance between the first pattern 6 and the
second pattern 7, is represented as Bl, B2, B3, 15 and B4 (B=B1=B2=B3=B4).
The synbols Bl through B4 al so denote vectors that represent the
intensities of SAW5s in the associated sections. Referring to Fig. 4B, the

|l engths C in the s@e Id el ectrogfe carg e %Hffi\ tg@%@eandQ%Eh qtegﬂ‘dthe st eps

respectively Felh t9 tRe” 20 Sectrons B HOT si de
of the IDT 3. eh&retrmcdﬁeeZ urPdeESﬁCrCErdj @l tetn ohsl eapsedifdndt fE §8€ti ons Bl,

B2, B3 and B4shave,an:hdedkisal éDé@’_@ﬁbB&‘ 2AsoMeRbIiEORGE abRpes dhend dth A
of the steps is A4, and, the SA egm 0Si |ons gre b ~/4 Starting 25
e

e
fromBl . the BHRESE $Le dovPaTBd Sor BB thRER I B it ens! {1 os b1
t hr ough B4 capdeedesparbelrby theseeofothesIaewnnidnpléitgerth6 Jt Inan be seen

fromFig. 4B thai e e%ﬁétﬁikgﬁ‘s?%?té?ﬁ geg Ho@ﬁeB%eg%%dB%)aQac\éerrﬁm

identical intensify ahd ase erence_o egrees. Simlarly,
the exci tat | GHER | 3 EHRIRACED oRBa B2t AL BAAhaYECERT] dBRETEar ¥ fferddity and a
phase differ Gjm@e@iré@Oeﬁiegt§E§onT@@hefated bbesec@Xgihkatshdrs can be

cancel | ed totai %%rél'%h: ggt?le Qt QSE%¥PbeC?%ET§é8 bﬁ %B Bh% shield

el ectrode 2 and - ect ro ove- rrentl oned
mechani sA0carthr %wpatnd@@ltb@rmoﬁl ang. ther seganpl @at4Srshowhavie Fi g. 5A,

three steps _stge . qrn%lac,rﬂw&edltsqzérha&e %&i&athQﬂStMéthD@ny denti cal
intensity ar e, erat ed fo as have g devi atlg ﬁg‘ %O Sraprees Thus, as
shown in Fi g. ' 8BU{%R 0 HSEeEF%P PAFERLIt ¥ B8O 65 similar effects
to 5 those forladierade ahgenehtdshoansenoRkidgst4n alaét@lmaﬂnabtfbe The
undesired exciiglions genetaed bgtw@nsgcskenae@aneﬁz,bga%ﬁ%glrze Fig. 5A

have an identical intensity, are ~/ 3 phase tarti n% fromB1,
the phasé®i s YeRFaERdE b@lll@%rﬁeb?e@sHogsSéHSV\ﬁlPﬁtlfP&e hus, the
excitations igtéhe secthonseBindBlatandnB3 are dafdekldedy @mitterm;tm; al

vector intensity,pfqt fe&'@?gé{er%thXgh{eaEh%idbSﬁ%E%Qi] Ehecr

limtation on the nunber o osrtional at|on etvveen
the facing stdps @sewdng as the 15 total vector intensity is equal to zero.

This may be descri b@sémﬁﬁga gener @l ZQZ(PHQS@éQ@rQ?ti@H s 1 ﬁbe bler st

pattern i ncI udes s vin [ he
wavel eng?lq i PR p%% a%%e?ﬂe gﬁ@\%rﬁge 8‘?‘ gﬁﬁ;\{iéﬁgﬁ r%ﬁlnﬁnor,e and nis
a natural 20 deirdil. 'F‘h@achasrteatm:le Hetmeig t héC etgetbeé whétbhipél dhel ectrode

2 and that ofsidies 'ﬁro@ldiédegHa{héOfm’sf péEt\é’@%r% Arnlgs tthfée sRvglength in
t he passband of the SAW mis 0 Orhtg’n ural nunb g H is a natural
SR r etHBt

nunber. The fREn®tRr§- mRRAAF %%Br%%%?%ﬁg

parameter A is the distance between the adjacent

25 electrode fingers. The width A of the steps of the
first pattern 6 is equal to the width A of the steps of
the second pattern 7. The parameter A is equal to A/4,
for example where A is the wavelength of the SAW in the
passband. A parameter B is the distance between the

30 first pattern 6 and the second pattern 7. More
particularly, the parameter B is the distance between
the corresponding steps of the first and second
patterns 6 and 7. All the distances between the facing
steps are identical. A parameter C is the length of

35 the steps that form the first pattern 6. The lengths C
of the steps of the first pattern 6 are equal to each
other. The parameter C is equal to the difference in



25 required to be equal. A description will now be given of a first

enbodi nent of the present invention. Fig. 6Ais a plan view of a SAWdevi ce
in accordance with the first enbodinent, and Fig. 6B is an enlarged vi ew of
a shield 30 el ectrode enployed in the SAWdevice shown in Fig. 6A.
Hereinafter, the same conponents and configurations as those of Fig. 5 are
given the sane reference nunerals. As shown in Fig. 6B, a HOT-side

tops. 35 Each M EHRT et oPhR FRARCERE i RbER o, SSEhet S Bhe PV e
shield el ect rbdes? pactetesta Jbcdndike epopeeteent yonadi ng f our stepé each

having a - 9 conﬁi@ﬁfa@IoﬁV418ah?R¢§9L@utLBQ 9h§%én%§%lQ@MM%ﬁktﬁﬁth
correspondi ng ste(ﬁs are ]3 dentical, In first er{b%1 k’ &%rmﬂ:ggm de
el ectrode 3a ™ tHhe" %%%aéEYaCePeﬁ pdELEFAS ﬁ“’&eino St The
5 shield &l eck roud 2hénshidksd alstepopat Lernd9amavicagckedlredst efbusThe f our
steps of the aﬁﬁqglu@@gifé@ Hod eeﬁﬁse%,yraaaggélﬁe%bnﬁrC&m AchoggQicd he step

pattern 9. In addition he s ectro has a step pattern 21 and a
step pattern 2% FHRAGERSY ahe ERALOT15H1607PesPENdSOPEAKe & Bfattern 7,
and the step patéesa. ZEmrsmpwkdﬁcé otiilhe stepcpatéernad. aThe step pattern

21 and the stepe paLterp, 22, (6 01518 the LBT.L The step patterns 21
SRl FanBlR BeLe Bractprass e

and 22 are artang ectrode 2 to a 15
pi ezoel edfric substﬁ%ﬁ%ﬂﬂmvﬁmgﬁn@s sh‘i%l@lmél &8t r‘éh@ Er#ﬁéﬁééﬁ %th the

propagat i on din&Chh&Pe OhehHEoPANV ob@rQUﬂ@h Wwends pet e swirdide of mg

el ectrode 2 |4s not consta(raJ Fog exa thlg shi gﬁ%d g%ectrode % be
conpar at i vel y i TRFFoFPAABnhAr f'?\‘/elqg t3ta CpBEREEH Fﬁe | DTI
and the | DT3.B) rwiconthr ast thé heishaptd bb@wEeodehE ey stte pedrigarrata vel y
narrow for a SoaPARaLL, Lyebyys %EEeE'hSt?a”SZ% 9@5\9@%@&@@ IaQTﬂslan%zt hegs4 DT3.

Thus, The SAW I aunc rom cones under the |nf uence of t’he
shiel d elect rapfe 24 ah%F@%eB%BBﬁl 84 bel e%‘??l%y%lﬂ‘[’)&r%%etgrﬁﬁgpna ng18Ri el d
el ectrode 2 tdwetieosn atctbessanetratpresean cthet hetSAMAttiavwels &AW=ar ea of

the shield eIJ[en t% % ?%Qg%dtgg sur¥e| OgLty, £ gbﬁekg% st@% The

rati o of the e ex OSG ace area O Z0e éCtI’IC

substrate 5 Sberéqf'blﬁ% StipcEhg, Shbﬁﬂa@s@éeéFrPﬁé guﬁﬁ&céqéﬂraéatlﬁett\h&n the 1DT
3 and the Sh'Pélﬁjg’@ﬂlﬁcﬁr@ﬂ%ﬁeagﬂeﬁbakebpbwﬁﬂeuﬁer%h.'a%'e@l electyeode 2 and

| nagi nar 30 fﬁ%t%‘ﬁackri%?éﬂg “Fhe Blges ot Binghl bie 10T 88 wh nee ot
. Therefore, undesired exc1tat10ns caused in the
sections Bl, B2, B3 and B4 have an identical intensity.
As mentioned above, the width A of the steps is A/4,
and the SAW excited positions are by A/4. Starting
25 from Bl, the phase is deviated by 90 degrees. The
excitation intensities Bl through B4 can be described
by the wvectors shown in Fig. 4B. It can be seen from
Fig. 4B that the excitations in the sections Bl and B3
have an identical intensity and a phase difference of
30 180 degrees. Similarly, the excitations in the
sections B2 and B4 have an identical intensity and a
phase difference of 180 degrees. Therefore, these
excitations can be cancelled totally. The total vector
intensity becomes 0 between the shield electrode 2 and
35 the HOT-side electrode of the IDT 3.
The above-mentioned mechanism can be expanded as

follows. For example, as shown in Fig. 5A, three steps




35 propagation direction. Fig. 6C shows a conparative exanple. The shield
el ectrode 20 has a rectangul ar shape and has no step pattern. The I DT 30
i ncludes the - 10 step patterns 6 and 8 as in the IDT 3. Fig. 6Dis a
graph describing tinme-domain responses of the first enbodi nent and the
conparati ve exanple. The horizontal |ine shows tine, and the 5 vertica
line shows intensity (attenuation). Fig. 6E shows a frequency

charact er st i d hat-d ,converipd. | Lom FLas 0D 9a:hhe,f saguenaubasi s, The

hori zontal |ine {¥Squenc tical l1ne shows Intensity
(attenuat|on)lnq¢Q§¥¢Ys@r%n%%@ﬁﬁ%ﬁ@dl§0nﬁéhtpnbﬁ6@eé dgvagtiompsied to the

cormi'ir ative emﬁmﬂ@gr@@f,tl | Yas IS’hdvhe ﬁﬂoaob@ndsghata@tebtaul cin
circles in Fi

'ﬁ gb resul r n1r%nﬁval % t he yndesired node
bet ween t he ?%ﬁ%Fe}%E??%d%y aha™the Hd% i GaMAL8Et PEEESES & the 1 DT3.
15 The pi ézodilezie i Tosubse rat vanggmbet rabewof inf igexdAplkegs 128 Li No03, 112

Li Ta03, Li ZBAQsy o 12, Ihd-Iuhaldi A Ldd@08at fnd ! §raEb.9 ih ghews a

SAW devi ce in accordance wth a second enbodi nent . i.ncl.udes the

step 20 patt et¥st °HE B r%%pe%?@v%ﬁylbrB%EdeaﬁoﬁaﬁﬁeaHO?qﬁqdé‘Eﬂectrode 3b
and t he grounthtedresttpdeadd £ﬁehhﬂ3 bhe stephpatterssabtand 8rbsm dafi ned by

respective o leetrode Gipastsq (ershdasglobhe skestigde i fag ng ! he

| DT 3 includes Step pattierns pattern corresponds to
the steplfatt@n Ghowdt %ld@@w rjddet}?,% sqpel R epBpat Bér n2dd

corresponds tm3 tdee S¢LRcHBL &€ NaBd0bhé heogémuaacebectlm@elsaay Bre deur
steps of the st apart fromithose of the step

‘ﬁ% fat gern 6,_are egenl ag c§ tfr
pattern 7. Si'M TS @, tFECR07 FOUP S sPEBE P the st%p pa?tern 8 are evenly
spaced apart ¥fiohtathbse of the suebeparfesheps Fhd shkeposiidd cgfalt he

el ectrode 2 r&%ltaépowﬁlﬂg Ol dwbag ehlzl 9§@En§h§96ps%ghlfolﬂ% aoverdrent i oned
conflgurgélon ossible to. rem he undesi r ed n?ﬁbﬁ gener ted
c e

bet ween tkﬁ??ﬁﬁeﬂ E@Ec%?%%%sﬁtﬁndstﬁguﬁﬁﬁ 8i 4€*8re 3y F t he
| DT3. Thi s i meroveshdédevdeyreegefiesappeepsesnipn bbe fefldpwand. Thell

first pattern 6 includes steps having a width of mA +
A/n where A is the wavelength in the passband of the
SAW, m is 0 or a natural number, and n is a natural

20 number. The distance between the edge of the shield
electrode 2 and that of the IDT 3 is equal to mA + A/n
where A is the wavelength in the passband of the SAW, m
is 0 or a natural number, and n is a natural number.
The parameters m used in the two expressions are not

25 required to be equal.

A description will now be given of a first
embodiment of the present invention. Fig. 6A is a plan
view of a SAW device in accordance with the first
embodiment, and Fig. 6B is an enlarged view of a shield

30 electrode employed in the SAW device shown in Fig. 6A.
Hereinafter, the same components and configurations as
those of Fig. 5 are given the same reference numerals.
As shown in Fig. 6B, a HOT-side electrode 3b of the IDT
3 includes a first step pattern 6 having four steps.

35 FEach of the four steps has a width of A/4.
Correspondingly, the shield electrode 2 includes a

second step pattern 7 having four steps each having a




Fig. 8 shows a SAWdevice in accordance with a third enbodi mrent. The step
pattern 6 on the HOT-side electrode 3b is a nountain-|like shape having four
steps. A connecting path is arranged around the center 5 of the step
pattern 6 so as to electrically connect the el ectrode fingers. Each

el ectrode finger has a facing or exposed portion having a width of 1~/4.
The shield electrode 2 has a shape that corresponds to the step pattern 6.

The steps of thecstep, Akt e are evenhy 40 spaced ARANLER! ORLEose of

i
the step pattern h"the above-nentione uration, it is possible
to renpve theCUheREPeRdiPPdBtgefeprateddpBtwedA -t hENshhe| §16FEct rode 2 and
the HOT side ghesdimeer 3baofrbhedtPide dhecdegree 3af isuppreeSTHOB i n the

st opband can be fﬁdinprov d. Fig 9 sQogs a Sm¥ydevi%e in aﬁ grdance with a
fourth embodi HERTUASHe? sTEPP pRETEPA"6° A8 VB Hr T8PECEEES f | égrs ar r anged
on the HOP-sisleieldctioderdico? thelhFs3a asephpat tiernFifghadinthe shiel d

el ectrode 20 £,hass{higs St efhPatdef rgge;s@aéff@@@sswﬁ ﬁgé%\gveeat 'B?l’a@eG of Ehe
e consta a step

IDT 3. In order to keeg a progagatlon Ve|OCIté OL t g},

pattern 21 | YT RNgEIRGFdt ARAEFIETER tRE3&8NPEI §1&I ECEPOEE S SHd) atent to
the I1DT 1. Wilh dd@iabove- tkeat sbheddcebtcgupdti A@nhaist al St2%p pesdididre to
renmove the u sited d,bet shi | getrode 2 and the
HOT- si de eIeggfﬁ%%§3%n%€g¥ﬁggﬁig%ﬁ ?%'a3§$€i%ﬁ?ptﬁégégggaggtion vel ocity of
the SAW édn bePkeptPeonst bht thef E9Br PRRESSAW may e tho SRt EO R g. 10
shows a SAW deyi€6ridse6685 dabCcenwi khep phtthranbedi Trat stdpepateprpattern

6 having four,electrode fjngers. is_arranged on.the -si.de t,r ode 3b of
the I DT 3. Sf%fl%?éy?h?h%kg e%aﬁg?F%r%§8gﬁng§3aF8EF ePeginﬁgﬁfﬁﬁgers as
shown in Fig.Theisteprpmgedr35s oh ahd groamd- sirdenglectiidde Ba of the | DT
3. The step palierint 18t 85’ 8R0€H08n9BeaSkdeRoliBe 2shield el ectrode 2

pattern 8%f RHEPONSSI B oF CORGEFET 5, PTHENGI 8 Batearh 9o Fihribed on
one side of ttieesdwmr] diel eoerpdep2giicbngdiitectDPn3 ofThdestS®W .palihern 8
corresponds t&kﬁ@f ﬁ&?@spaﬁﬁgrﬂigtﬂfokhghe electrode 2 is not
constant. For example, the shield electrode 2 may be
comparatively wide for a comparatively long distance
20 hetween the IDT1 and the IDT3. In contrast, the shield
electrode 2 may be comparatively narrow for a
comparatively short distance between the IDT1 and the
IDT3. Thus, The SAW launched from the IDT 3 comes
under the influence of the shield electrode 2 and the
25 piezoelectric substrate 5 having no shield electrode 2
thereon at the same rate, even if the SAW travels any
area of the shield electrode 2. Thus, the SAW velocity
can be kept constant. The ratio of the length of the
exposed surface area of the piezcelectric substrate 5
30 (more strictly, composed of the surface area between
the IDT 3 and the shield electrode 2 and that between
the shield electrode 2 and the IDT 1) to the length of
the shield electrode 2 is constant on any imaginary
line connecting the edges of the IDTs 1 and 3 in the
35 propagation direction. Fig. 6C shows a comparative
example. The shield electrode 20 has a rectangular
shape and has no step pattern. The IDT 30 includes the
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5 ground-side of the IDT 3. The steps of the step pattern 6 are evenly
spaced apart fromthose of the step pattern 7. The steps of the step
pattern 8 are evenly spaced apart fromthose of the step pattern 9. The
step patterns 21 and 22 are arranged on the other 10 side of the shield

el ectrode 2 next to IDT 1 so that the propagation velocity is kept constant
wher ever the SAW nmay be propagated. The di stances between the respectively

correspondi ng teps the step patterns 1 Jare not identical.
oneverin SHCSh SRebEPhBEnC180ARE FBTL 4AE CRE PoTS, & ratio of the

surface area occum%ﬂgbyﬁilﬂhﬂessdm@tdpbléescndblzgtblmhedama@@upl ed surface

area is constadl,.FeLLhsE, thherdi-stanpesRREWeeRnNe HLIRBRId Ml We
correspondi ng ste s of the steps 9 and 22 are not the sane. However, in an

area 20 bet me%’ﬁalflﬂﬁ%et D'ILHELe M%W?@TBll?ﬁes?%‘t’F ot &1 haPgr E8%occupi ed by
the shiel & el esttbddel 21 and Bhewsnd)ﬁtaplsedyar eatesuaardsimgnt . FW\gt. h 6Ehe

above- nenti on n i node
gener at ed bet%@%ﬁgt% %ﬁﬁ%gggl 'F% gggisgé%t Ee{aqu%O% h%Ilmﬁqngcszjirode 3b
of the 1DT3. Ehgadapt@@nth@hérsgéﬁagat Pafivel th@yh@rlﬁﬁ@tsAv\ilé@@ be kept

const ant whergysist hee SAMARY BBdpPtapagat-edcafi glnlel sHIWS lmtwwl cein
accor dance vm e IDT,3 mgl udes tgo sets

nount ai n- 1 i ke %?g%mﬁ%%f%?ﬂb ghé%déjiﬁrsﬁ'h%m?—ﬁﬁ'“g?la ef eTHF émgﬁoﬁgg the step
pattern 60andas hecgpaued- sPdehel ectpedetldgchasamipd est g@ yiatatwrards, The step

patterns 7 angd, gtﬁ‘ées’é‘ébl_ﬁﬂggdcﬁﬁrgege§hg€1@f ihheishield 1‘%‘! gatgodes 2
adj acent to the IDT 3 he st ste gattern are evenly spaced
p

apart from thds® oF-tnd i e‘ﬁ*?)‘gﬁ%r%r‘?m HHBOER LRl oF NENBREREpTFSt tern 8 are
evenly spacednaparbetwoant bhseshiellieedteprpaet @r and the HOX shhie step

patterns 21 %%@rg&? g}%rgﬁgggeo%&@e other side of the shield electrode 2
I so tha

next to the , e propagation velocity is kept constant

wher ever the SAW nefh &P s Bpakft el C THeb 8t apke oRayheesmadep opat f&fn 7 are
not evenly spag B@afizé‘f am §ese 1qu°t neTSbSP DYBASS) FharHweves, in an
area betweensthf 4clr?eand tla)e Ilé)g |I}S ratio of the surface area occupied
by the shiel d&fatr dtfe 21€6%he®lndetiiPed surface area is constant.
Further, the steps %ngi he dltows ep Paftdenigeate Aocosdency wpabed apart

fromthose Ofsécbcﬁfnét@xﬁb@élﬁgﬁﬂ 22Théﬂoﬂ\@1f/eﬁ1lﬂ181@<ﬂe§f€ﬁeb§t%en the IDT 1
and the | the rati

el ect rodé "2 t%aJth‘u%r%ﬁogc%B?ie eg%g%égggggégapgggﬁpl o t\tWe?ﬁlsotw Sslldde
above- nenti onetectrode 3b and the ground electrode 3 Each of the
step patterns 6 and 8 is defined by respective four
electrode fingers. One side of the electrode 2 facing
the IDT 3 includes step patterns 7 and 9. The step
25 pattern 7 corresponds to the step pattern 6 on the HOT-
side electrode 3b. The step pattern 9 corresponds to
the step pattern 8 on the ground electrode 3a. The
four steps of the step pattern 6 are evenly spaced
apart from those of the step pattern 7. Similarly, the
30 four steps of the step pattern 8 are evenly spaced
apart from those of the step pattern 9. The other side
of the electrode 2 next to the IDT 1 has a linear
shape. With the above-mentioned configuration, it is
possible to remove the undesired mode generated between
35 the shield electrode 2 and the HOT-side electrode 3b of
the IDT3. This improves the degree of suppression in
the stopband.
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15 configuration, it is possible to renove the undesired node generated
between the shield electrode 2 and the HOT-side el ectrode 3b of the |DT3.
In addition, the propagation velocity of the SAWcan be kept constant
wherever the SAWnay be propagated. 20 Fig. 12 shows a SAWdevice in
accordance wth a seventh enbodinent. In the seventh enbodi nent, one side
of the shield electrode 2 is arranged in the sanme fashion as shown in Fig.
10, however, a ste ttfrq}ZS hav 8 ¥ one_sie Oraﬁarran %g Qn anot her
side of the 25 shielt electivde % the DT t&rn 24 is
arranged on th@ir@ﬂembg@lasnt@ dbm¢esp©mdp@bt@he gtep baEtaﬂﬁ 23deWth the

above- nentlon§ge@995gguggtkgna hbuh8aRAssiRke sha %e%%%% %xHﬁﬂeS'red node
generated between the shield e] ectrode 2 an E el ectrode 3b

0
of the IDT 3.8t¢P?s f%HQQRﬁeﬁﬁﬁﬁﬁtﬁ%ﬁ l?e%ﬁ%%“@ﬁé GHGBE tdenG8et§éner at ed
bet ween t Ie s@fetﬂeekﬁeprpd@t@rand BbeaBDfolelﬁbm$;CBﬂd&dEgmm£Gﬁ the

suppressi on i fn Lbe, hopbang. an be. imeoued: ofLarj13.shaus 3 SAWdeyi ce in

accordance mnt el g enbo ment . as t sane
conflguratlonoﬁse¥ﬁ%%e§hﬁﬁﬁtiﬁth@Vlgg ﬁnWﬂﬁéhepéhﬂﬁ4enb36?n§ﬁﬂelﬁhe step

pattern 7 is aréangedeon hBe a &hape &hb€|doQk%@bb@@% ZontiHe tdieerel ectrode
fingers. The electrodg fi erstgf thg éﬁ gtter€t7 ar g&ranged in the
same manner h gﬁ% 25 CHRhat “th %t%% of 't Re sFep pa%pérn 6
are evenlly spﬁ@@@e@papartrﬁnoﬁ those @f the step patttterm 7.. THéthect or

intensity of the #@Q@éLﬁéﬂtﬁéﬁéBakbﬁﬁ1a§@§%§bﬁd qRON[G %ﬁﬁmﬁ@ﬁ%ﬁﬁﬁﬂt'OHEd
steps is O in total. Wth t nti oned %% f%%uratlon IS pPSSIb|e

to remove the" TAUES| FRY Hﬁﬁﬁsbéﬁ rQP d Betwté §W%9Wjﬁﬁ%xﬁ4 2 10
and the HOT- sebecetedérdden8btbé tHOE bDde3elEheérdelgr 8& off suEprigssion in

t he st opband £R0 @g ggrﬁﬁe%Fﬁﬁhgsﬁ%éafﬁgﬁ?h@ %@@?%%%gpgxﬁpkﬁgcordance W th

a ninth enbod| nent. is arranged in the
sane way ‘@s sHBWRCY®CAFig. 7. 15 Additionally, one side of the shield
el ectrode 2 is arranged 9 nsides saneanmayeascshomnatborFdgncé. wikd atep

pattern 23 isf$% ange 886%8 £her S|q$%égséhgtgr egdhgleggﬁgde 2 next to

the IDT1 with e elec I'nger's tern 34718 arranged on one
side 20 of th@l¢anqdﬁeﬁ;ng©r§hérshnéﬁd @neéheoH@Tzsrﬁa|¢hﬁﬂ§rode 3b

above- nent i oned @m@ftgvratlgg shbwhsla0$§gblg tOTB@”BMQelBeemaéﬁin%d node
generategobetyegn e sh eld etgc}ro e ﬁsg g e Fﬁﬁ St Eﬁﬁé}rode 3b of
the | DT 2% ur %e? PBsBFbFET o 'r ERBVe Pﬁ? u gélrgg &4} Jener at ed
bet ween t he shf etlte el BTt Bodelr? @kl heo | 1 BTed. a Thuspaghtidegredoofity
suppressi on i&e the. s§Apbandscantbeai BPERVEdttern 21 is arranged on
the side of the shield electrode 2 adjacent to the IDT
1. With the above-mentioned configuration, it is
25 possible to remove the undesired mode generated between
the shield electrode 2 and the HOT-side electrode 3b of
the IDT3. In addition, the propagation velocity of the
SAW can be kept constant wherever the SAW may be
propagated.
30 Fig. 10 shows a SAW device in accordance with a
fifth embodiment. The step pattern 6 having four
electrode fingers is arranged on the HOT-side electrode
3b of the IDT 3. Similarly, the step pattern 8 having
four electrode fingers as shown in Fig. 4 is arranged
35 on the ground-side electrode 3a of the IDT 3. The step
pattern 7 is arranged on one side of the shield
electrode 2 facing the IDT 3. The step pattern 7
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Fig. 15 shows a SAWdevice in accordance with a tenth enbodi nent. The step
pattern 6 of the IDT 3 is 30 arranged with a solid el ectrode pattern. The
step pattern 6 made of the solid electrode pattern neets the requirenents
of Fig. 4. Wth the above-nentioned configuration, it is possible to renpve
t he undesired node generated between the shield electrode 2 and the 35
HOT-si de el ectrode 3b of the IDT 3. The degree of suppression in the

stopband Can‘ﬁfﬁ#é%#éﬁﬁ%itgq 1§t§$ ¥%t@?§gvéd§¥i igo@ng@ga%qe with an

- el eve nment ectro the 1DT 3 have the
sarre conf i gurtdts oridT ak- sHdn SHeEFiRptexn ﬁelfst%rwﬂ%%rﬁn2an?ssa¢fﬁanged on
one side of tdwe dHa s'lhi)eyldJSéIl@ctﬁ@déoﬁlﬁa@iﬁ@ttﬁdeIDWBh thee abosp 5

nent i oned conf.i ur&%; éﬁﬂﬁ%ﬁ%ﬁ {b QEEO Egﬁﬁégﬁkﬁ% d%%l%%% node

gener at ed bethfee e el ectrode 3b of
the I DT 35 |tgiaarfdrside @@s@h@léDTo3reﬁBV% QM%P%nuﬁsth%dShﬁﬁe gener at ed

between the %Htec!éjrrgl@céf@d@v@n dsﬁQ@eﬁDIpértTJh_Hém t8othe odegmnee of
suppression in the sto ﬂ can e |npr0é%§HiFlg 17 shows a SAW device in

accordance\M%q?Qiﬁ%Eﬁ E% mbodiPfeftEPh hg FERAFOTRT™ Gnd the DT 1
have the sanewonfy gipatédnspast showm thofegof7th¥hettd speeperé &nd 8 are

arranged on the, | D3 ?éfﬁg 3 aﬁ&'b? SkSCEEQQﬁéedTB% %h%poQ%E&ern 6

meets the sane reqU|r s as the step pattern
above- neﬁploﬁéﬂ*%dﬁ?|Eﬁﬁeﬁm%ﬁﬂdl?l?§tﬁ%§§l%I@eﬁé F@nﬁ@@ 9h§°uﬁ@€§|red node
gener at ed betweenptdieaght 2bl 2016t ey 0dek@pandohbeahOl whiede velreateode 3b

of the IDT 3£ﬁﬁpe degge%%gg?suggégssgﬁp 'é&%henééﬁ $@9 §ﬁn ﬁ% i nproved.
een o]

Fig. 18 shows™a evi J3ccor dance Wi di rent. The
| DT 1 and t hesdpadtdively corresponding steps of the step patterns 7

and 21 are not identical. However, in an area between
15 the IDT 1 and the IDT3, a ratio of the surface area
occupied by the shield electrode 2 to the unoccupied
surface area is constant. Further, the distances
between the respectively corresponding steps of the
steps 9 and 22 are not the same. However, in an area
20 Dbetween the IDT 1 and the IDT3, the ratio of the area
occupied by the shield electrode 2 and the unoccupied
area is constant. With the above-mentioned
configuration, it is possible to remove the undesired
mode generated between the shield electrode 2 and the
25 HQOT-side electrode 3b of the IDT3. In addition, the
propagation velocity of the SAW can be kept constant
wherever the SAW may be propagated.
Fig. 11 shows a SAW device in accordance with a
sixth embodiment. The IDT 3 includes two sets of
30 mountain-like step patterns & and 8. The HOT-side
electrode 3b has the step pattern 6 and the ground-side
electrode 3a has the step pattern 8. The step patterns
7 and 9 are arranged on one side of the shield
electrode 2 adjacent to the IDT 3. The steps of the
35 step pattern € are evenly spaced apart from those of
the step pattern 7. The steps of the step pattern 8
are evenly spaced apart from those of the step pattern
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25 el ectrode 2 have the sanme configurations as showmn in Fig. 8. The step
pattern 6 is arranged in the IDT 3 by using the solid el ectrode. The step
pattern 6 neets the sanme requirenents as the step pattern 6 in Fig. 8. Wth
t he above-nentioned configuration, it is possible 30 to renove the

undesi red node generated between the shield electrode 2 and the HOT-side

el ectrode 3b of the IDT 3. The degree of suppression in the stopband can be

i nproved. Fi 1 h a V. i c rteenth
enbodi nment . '?’?fe I%B% %\@Set% Sﬁg&%g gzﬁld %}héc%?l%a% % %\%%g%gegg %g\%e t he sane
confi gurati orstker Fide 70f Hobevehicl fecdprbradel écnesdet? &he tIRT IIDT 3 are
- 16 cl osedy eﬁa{@n@%i pﬁé §@9Mohnv5wc1&9 bnkbbtsce@%e,antthe di stances

bet ween the edges of t d electrode 2 s of DT 3 are
required to &ﬁ%r?ﬁ?r t e/ ﬁh%?% ke §°Pﬁgagﬁgele ?hgfﬁ PPhe pgggband of
the 5 SAWb msts=® mateemat Urate nupbeevenhd aphsed aabutalf noomiidrosanN th t he

above- ment i ongd Gonfd %é@f‘erhtzls RS-l £, 10 renoy et heeupdesi red node
generated between the shield electrode 2 and.the HOT-side el ectrode 3b of

the | DT 3. 'Hﬁb%é@?%e(ﬁn§uﬁ%?e§@?%n Fﬂetﬁ@téPoBSaﬁHeléuééﬁQ%aqqﬁﬁoved
Fig. 20 shomeoeb&yWM@eWyCEhensﬁtebﬁdaheetmbﬁb a tof teentuhoemupdienent. I n

addition to t i tjon st p 2 nd 24 are
arranged on fﬂ§ f%§g19§%% %%eégﬁéggg the % e%d ﬁ@ ?%%? gf g gdjacent to
the |DT 10 arifemhera'DRUn ghida¥hendhi evendyeEpPreae araré &reFelSof anged.
Wth the abover ned i ongsl soptbanrapi OMovdvéd s, pDssakl gré® beanuent he

undesired no et wee ield elec e 2. a t he HQT-si de
el ectrode 3bq§F9§ﬂ§EqE ZBh?aiptg ﬁg ®shrErg 8% gg?oggr%dqe 5% urt her
possible to rce:rmmedléoymueel$ledehddelgehec>deea bet when unye calipiieldd

el ectrode 2 %H@e'geé 1Jhé'§msw§tde%ﬁ% OEhéUQz%@éSmQHthnéBe st opband
ce in accordance with

can be i roved Fi oWs a a 25
sixteent ﬁ&ﬂﬁ%a§+P%on%Fa§§ P%SFﬁEiﬁoﬁPlﬁﬁwayﬁoﬁ 8fuﬁq53%ﬂ?dthe | DT3
and the shlemmdﬁegﬁmemﬁtédameteeearahedshieldheiecasedetﬁeaﬂdnwmmes

bet neen the adges, ol toFcobiebd shestrofle 2pand the sdgesiof thRel OT 3 are

required to neet el ength’in the passband of
t he SAW m|f?KPRﬁg%$¥ﬁﬁLN%4°%hﬁﬁe@f Bhd ﬁAWsCénnE?uF§Ptn€ﬁB§FaQNth t he
above- nentlcnuﬁbﬁgvéﬁgym@tsmm may bs p@epa@heeao renove the undesired node

gener at ed .bet ween t electgﬁgf nd t he HOI- |l e ode 3b of
the 1DT go 35 It |§qﬁh hjh p055| reﬁ%ﬁel?hacﬁo%%gﬁggd %%éeggenerated
bet ween t he ﬁﬂ@@@l@@b@@ﬂ@@t andt Hehg Feventihugmbedingelr eenef

suppressi on ididde,stopbangl €88 HEectidde 2 is arranged in the same
fashion as shown in Fig. 10, however, a step pattern 23
having only one step is arranged on another side of the
25 shield electrode 2 next to the IDT 1. A step pattern
24 is arranged on the IDT 1 so as to correspond to the
step pattern 23. With the above-mentioned
configuration, it is possible to remove the undesired
node generated between the shield electrode 2 and the
30 HOT-side electrode 3b of the IDT 3. It is further
possible to remove the undesired mode generated between
the shield electrode 2 and the IDT 1. Thus, the degree
of suppression in the stopband can be improved.
Fig. 13 shows a SAW device in accordance with an
35 eighth embodiment. The IDT 3 has the same
configuration as that shown in Fig. 9. In the eighth
embodiment, the step pattern 7 is arranged on the
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i nproved. Fig. 22 shows a substantial part of a SAWdevice in accordance
with a seventeenth enbodi nent. In the above-nentioned enbodi nents, the
steps have the equal 5 length in the direction perpendicular to the
propagation direction. In contrast, the seventeenth enbodi nent has steps
having different lengths. Referring to Fig. 22, the step pattern 6 is
arranged on the HOT side el ectrode 3b of the IDT 3. The step 10 pattern 6

|ncI udes step é]_egltgéh of % {ﬁﬁgé\rﬁeg@g Eeg; ggw ng q,Length of

In Fig. onger steps ng the Tength C
have a phase @qu@mefmng @I@gtfe%ss’cemep@%eﬁleﬁsaﬁ&vﬁﬁg‘aﬁlﬁ@dl éfigt h C2

have a phase wid fﬁr@é\@@ar&ﬁeﬁ@s 1§ht§l@1§lrﬁﬁSFl§l |, arTh/attD§ sbhel dtepectrode
2 includes steps havi n%?the € Cl and s eps havi ng C2. The steps
of The step ik tain 5 PTATTS Soabed usAIY FPOREPhaRaZ0r SERE st ep
pattern 75so tthisde tde distanee Baisedef ¥ nedlbetweehot hen‘celnﬁesponﬁl ng
steps. The wgih L%@dé)%[féf@ éi@%a?foﬁhﬁeﬁéﬁgt@@ft hRbA§ €ndNdpbies equal to

h/4. It is thus poss e to cancel  the  undesi red waves generat ed between
the steps ClWNtiNGhtTedRS 55 ahdiy. tFadt arfyth t e | @eREPTed waves
gener at ed betnvaamdrh@d st @psi giZr &t tosantel Ledpo25ibilg. t233 rehows ahe

substantial pald of &, YNdeylcer L p.acgoL dange. Wet Bpag: & ghteenhe

enmbodi nent . ove- nen | nmen TTE € 1 dentical (%t h A of
st eps. Iﬂaocorﬂrrchstthe tHeT =5 e e%lﬁ%te%edﬁlﬁeﬁﬁ ks $PEps- ha@hﬁgdﬁﬁf:?ér ent

wi dths. The %@%%ﬁ@gﬁ&uIﬁn3@her5@@9@§in@nchhebblo';[m§)h:@eeel ectrode 3b of
the IDT 3. The steq: pattern 6 has hé/&i fferent g%é)s Aé ang Aztgetween t he
adj acent el ect rode Fidrgers THPYhit CWE ahd 2L A% A2 1's®equal to
an integer nulitnt emfodimeTher efrortdie triier undeshedtingavestbanIbg 35

cancel | ed. The, siyel e echode 22has,hyosst eRobhdi RS pab and A2 so as Lo
mat ch the ste attern . The ste(gs of 1he st glﬁat ﬁ_ern are evenly spaced

apart from - i lcfrl‘ﬂ)ls]eyofo@?lese ep°patheral¥ RETEREFe et i oned

arranged in the same way as shown in Fig. 7. The step
pattern 23 is arranged on another side of the shield
electrode 2 next to the IDT1 with the electrode
fingers. The step pattern 24 is arranged on one side
20 of the IDT 1 next to the shield electrode 2. With the
above-mentioned configuration, it is possible to remove
the undesired mode generated between the shield
electrode 2 and the HOT-side electrode 3b of the IDT 3.
It is further possible to remove the undesired mode
25 generated between the shield electrode 2 and the IDT 1.
Thus, the degree of suppression in the stopband can be
improved.
Fig. 15 shows a SAW device in accordance with a
tenth embodiment. The step pattern 6 of the IDT 3 is
30 arranged with a solid electrode pattern. The step
pattern 6 made of the solid electrode pattern meets the
requirements of Fig. 4. With the above-mentioned
configuration, it is possible to remove the undesired
mode generated between the shield electrode 2 and the
35 HOT-side electrode 3b of the IDT 3. The degree of
suppression in the stopband can be improved.
Fig. 16 shows a SAW device in accordance with an
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configuration, the undesired waves are cancell ed due to the phase
difference of 180 degrees. Fig. 24 shows a substantial part of a SAWdevice
5 in accordance with a nineteenth enbodinment, in which the pattern 6
arranged on the HOT-side el ectrode 3b of the IDT 3 has a continuous taper.
The tapered edge is a slant straight plane. The pattern 6 includes a
theH1WdthA which is equal to nA where nis a M)nMUrm nunber. A is

defined as a SlantLenghh elnile taner Lndhe pronagation ghacehion of the

SAW A pattern is a counter i's_arranged on
the shield eF@%Rr%xk?i?rﬁh@rﬁﬁmﬁcﬁﬁm h%@ﬁ@t%@péraSTﬁéoﬁﬁtﬂérﬁlg i rcd-udes

the same pat tlefdn gl fpailété’rnTiw :Q@paﬂ@ﬁ@é\@eﬁntbﬁepéiﬁér BE @handpt is the
same as the qvﬁ%B bet wee ﬂ $ de ele%%&ngﬂ§a nd the shield
el ectrode 2. ‘Wth Y %pove- HehtT oh %C bR gurid ¥ §t*%<"Possibl e to

renove thé umﬁaﬁim&bd&mﬁn@&gmma&s@nbeiMeea phesshleldoetempwﬁdéh@ and the
20 HOT-si de qib rfd 4 046y ehl?o@et. &@ﬁewafeé bJ*a@egﬁgﬁﬁ@ gﬁlémepre@%@t%denzthe

st opband can be i nproved shows a substantial part_of a SAWdevice
in accordanc@ﬂﬂtqp%iHQ@Hﬁ%%ﬁkﬁ%ﬁ%%ﬁ?ﬂ%ﬂ?b ThetPRehPFech efboliFnent has a
curved taper ,fuditcdr isosusasll 25t b nséwade of heéhentieseaedt apee genkirgte2d. The

di st ance betWquﬁggg a€ﬁgglglgfé%99§$§bzo%n&hgth¥ D9 gnd tgﬁughleld

el ectrode 2 is e Ssane ove-nenfi on
confi gur &Pi orkhg tdegrerosat b$@9@6'3$%me11@ heh@ngespbendnsad &éner at ed
bet ween the shigtdsh,3P. el ectrode 2 and the HOT-side el ectrode 3b of the |DT

3 facing the shlelﬁ,elegs e 2. T qﬁéee of . §ﬁ$$re§$lon in. Ege st opband
can be inproved. ThHé IR éht VIST t B8 0 the speciifical ly
di scl osed entiodi Infait samlamﬂlmrh’er e miuidt ke ke clviaedat Z oagdahlde IDT

rodi i cat i onsy iy, be wipdeah L BoiE1 depaE L b ééoghbhﬁ $60peQf 7t herpeesent
i nvention, - resent rnvention iIs apanegse Pat ent

Appllcatﬂén Nﬁxﬂﬁbd% %M£8%Ga??l%ﬁr%%g%ﬁt88eF g 1980§ %thséﬁﬁlF <di scl osure
of which is herkeby ¢4 neotpodats ed The refey gratecern 6 meets the same

requirements as the step pattern 6 in Fig. 7. With the
above-mentioned configuraticon, it is possible to remove
the undesired mode generated between the shield
20 electrode 2 and the HOT-side electrode 3b of the IDT 3.
The degree of suppression in the stopband can be
improved.
Fig. 18 shows a SAW device in accordance with a
thirteenth embodiment. The IDT 1 and the shield
25 electrode 2 have the same configurations as shown in
Fig. 8. The step pattern 6 is arranged in the IDT 3 by
using the solid electrode. The step pattern 6 meets
the same requirements as the step pattern 6 in Fig. 8.
With the above-mentioned configuration, it is possible
30 to remove the undesired mode generated between the
shield electrode 2 and the HOT-side electrode 3b of the
IDT 3. The degree of suppression in the stopband can
be improved.
Fig. 19 shows a SAW device in accordance with a
35 fourteenth embodiment. The IDT 1, the IDT 3, and the
shield electrode 2 have the same configurations as Fig.
7. However, the shield electrode 2 and the IDT 3 are
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5- 20 VWHAT IS CLAIMED I S: 1. A surface acoustic wave device conpri sing:
a piezoelectric substrate; 5 at |east one interdigital transducer (IDT)
provi ded on the piezoelectric substrate; and a shield el ectrode provided on
t he piezoelectric substrate, wherein: 10 the IDT has a first pattern on an
edge that faces the shield electrode; and the shield el ectrode has a second
pattern on an edge so as to be evenly spaced apart fromthe first pattern.

15 2. The Sng$é§?§§x3§fé§ Jgve, deyj 6o, a cbg'neg in €$?%H1% cWherein the

first pattern St eps ars anged at equal int rva $ so that vector
intensities d%h%rme%wré@e%x%@m@%n*éh@eﬁ@ga?eafbébweéﬁltel%@l sieatd e
el ectrode and t4ied edoe edigédeot DIharenpzesoatkd tefaired to meet ma +

A/n where A is the wavelength in the passband of the
5 SAW, m is 0 or a natural number, and n is a natural
number. With the above-mentioned configuration, it is
possible to remove the undesired mode generated between
the shield electrode 2 and the HOT-side electrode 3b of
the IDT 3. The degree of suppression in the stopband
100 can be improved.

Fig. 20 shows a SAW device in accordance with a
fifteenth embodiment. In addition to the
configurations of Fig. 19, the step patterns 23 and 24
are arranged on the IDT 1 and one side of the shield

15 electrode 2 adjacent to the IDT 1, and the IDT 1 and
the shield electrode 2 are closely arranged. With the
above-mentioned configuration, it is possible to remove
the undesired mode generated between the shield
electrode 2 and the HOT-side electrode 3b of the IDT 3

20 facing the shield electrode 2. It is further possible
to remove the undesired mode generated between the
shield electrode 2 and the IDT 1. Thus, the degree of
suppression in the stopband can be improved.

Fig. 21 shows a SAW device in accordance with a

25 sixteenth embodiment. In contrast to the configuration
of Fig. 20, the IDT3 and the shield electrode 3 are
separated. In this case, the distances between the
edges of the shield electrode 2 and the edges of the
IDT 3 are required to meet mA + A/n where A 1s the

30 wavelength in the passband of the SAW, m is 0 or a
natural number, and n is a natural number. With the
above-mentioned configuration, it is possible to remove
the undesired mode generated between the shield
electrode 2 and the HOT-side electrode 3b of the IDT 3.

35 It is further possible to remove the undesired mode
generated between the shield electrode 2 and the IDT 1.
Thus, the degree of suppression in the stopband can be
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3. The surface acoustic wave device as clainmed in claim1, wherein the
first pattern has steps arranged at different intervals so that vector 25
intensities of undesired excitations generated between the shield el ectrode
and the edge of the IDT are zero in total. 4. The surface acoustic wave
device as clained 30 in claiml1, wherein the first pattern includes a step
wi dth equal to nml~ +h/n where mis O or a natural nunber, n is a natural
nunber, and Aps-&-mpvel ength of a surface acoustic wave in a passband. 35
5. The surface acoustl o vvave devi ce ab claimed in cla

th
first pattern and tH& sécorMPhat FerF TPtV 3F T n%’% uﬂes‘%whﬁé?e’étfgfat yeof

steps, and - iz2i acccddcﬁrarmemmtavemvemteespbnelmhgdsmeps ofInh'ehéi rst

pattern and thie, second PALe dady rﬁé%éhetﬁémggeét _Fhgesyrtaceaqoust | c

wave device as clained efein a nce between the edge of
the shiel 8 ellé&tdtdtel mriche &l kool o PREPEEALFYL@EURP £BSmA +1./n where m
is 0 or a natgicpaquimst dflrécStx?oﬂilat urrdl coruiest, afttke Aséseatsanehength of a

surface acousti.c ssba 10 7. f usti c wave device
as claimed i F"H% 4\661“ %‘T’ eﬁe?%e $YH49 d%\%?%]f%n£ ileng%ged on one of a
pai r of conb Heﬂ@r@lr@ttr@d%sgt&&hu@heaﬁtaptpahéemg%mﬁr enrangeghein ed. 15
8. The Surfa%@WéfdéNaé/Pe@@%&@ as gkatpedipm 9' aithd, swegrein the

The surtabe BEATE evie HAFEeS HPEI BF ARSI A CPRPRPL O uRdr th%t S irst
pattern and tahejsaatomm hpatirey na r espechi ¥€l 21 ncludei gt ep3, @Adishe steps of
the first andl&gé:é)pdﬂpéaﬁt@fps ItﬂéattJoaCaﬁt%mé)Jﬂ% {@é/eléggggi gal |engths.
have a phase difference of 180 degrees. The two steps
having the length C2 have a phase difference of 180
15 degrees. Similarly, the shield electrode 2 includes
steps having the length Cl and steps having length C2.
The steps of the step pattern 6 are evenly spaced apart
from those of the step pattern 7 so that the distance B
is defined between the corresponding steps. The width
20 of the steps of the step patterns 6 and 7 is equal to
A/4. It is thus possible to cancel the undesired waves
generated between the steps Cl of the patterns 6 and 7.
Similarly, the undesired waves generated between the
steps C2 are cancelled.
25 Fig. 23 shows a substantial part of a SAW device
in accordance with an eighteenth embodiment. The
above-mentioned embodiments employ the identical width
A of steps. In contrast, the eighteenth embodiment has
steps having different widths. The step pattern 6 is
30 arranged on the HOT-side electrode 3b of the IDT 3.
The step pattern 6 has two different gaps Al and A2
between the adjacent electrode fingers in which Al =
A/4 and A2 = Al*m. A2 is equal to an integer multiple
of Al. Therefore, the undesired waves can be
35 cancelled. The shield electrode 2 has two step widths
Al and A2 so as to match the step pattern €. The steps
of the step pattern 6 are evenly spaced apart from
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25 10. The surface acoustic wave device as clained in claim1l, wherein the
shield electrode has a third pattern on anot her edge opposite to the edge
on which the second pattern is provided. 30 11. The surface acoustic wave
device as clained in claiml1, wherein: the shield electrode has a third
pattern on anot her edge opposite to the edge on which the second 35 pattern
I's provided; the surface acoustic wave device further conprises another |DT

facing the thigskpalt et b -p22rernsal d anatheragdile inchtdesea fourth
pattern provi ded on an_ edge faC|ng t he t$|rd gattern . 12 Tﬁe ur f ace

BCoUS i G way ¢ LA B sl U i T BTRTS LFSR T A1S5 WALF eFANERS 1R FRCpd er n
and t he fourttheagthars diefaremngedt M 8H degoastant ratio of the shield

el ectrode to a surface areaef,d he AAORlERLT | 5o subSE 2t saRebigenet he | DT

and sai d anot her ~The surtace acoustic wave device as clainmed in
claim1, wheriél PEFRrIINGe PhER e Nt ERACEARTEeBBRAPARCLEr n 1Pe Pl vel y
i ncl ude st epscHdgdatioyen cOdbriikeeel 66t thdeBoT15id4. eThetsodkad® adoustic

wave device clai inclaiml, wherejn_the fj.rst n . he second
pattern respgéF?viﬁifﬁn%ﬁ%d% %?%%%n?%%? E%Eéréofpége?gg%%géegaggog%5. The
surface acoustiwlamwlyestdevight aglanai methe aim % ikheredastfe third
pattern incl ydasc&-steitihai, hasiah isashuanetefnad wABYLI ke i@l ectrode and a

solid elﬁgtrcgg%ural number. A is defined as a slant length of the

taper in the propagation direction of the SAW. A
pattern 7, which is a counterpart of the pattern 6,is
arranged on the shield electrode 2 having a continuous
taper. The pattern 7 includes the same pattern width

15 A. The gap B between the patterns 6 and 7 is the same
as the gap B between the ground-side electrode 3a and
the shield electrode 2. With the above-mentioned
configuration, it is possible to remove the undesired
mode generated between the shield electrode 2 and the

20 HOT-side electrode 3b of the IDT 3. The degree of
suppression in the stopband can be improved.

Fig. 25 shows a substantial part of a SAW device
in accordance with a twentieth embodiment. The
twentieth embodiment has a curved taper, which is used

25 instead of the linear taper in Fig. 24. The distance
between the HOT-side electrode 3b of the IDT 3 and the
shield electrode 2 is the same at any point. With the
above-mentioned configuration, it is possible to remove
the undesired mode generated between the shield

30 electrode 2 and the HOT-side electrode 3b of the IDT 3
facing the shield electrode 2. The degree of
suppression in the stopband can be improved.

The present invention is not limited to the
specifically disclosed embodiments, and other

35 embodiments, variations and modifications may be made
without departing from the scope of the present

invention.
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25 16. The surface acoustic wave device as clainmed in claim1l, wherein the
first pattern and the second pattern are respectively arranged with
continuous linear tapers. 30 17. The surface acoustic wave device as
claimed in claiml1, wherein the first pattern and the second pattern are
respectively arranged with continuous curved tapers. 35 18. The surface
acoustic wave device as clained in claim15, wherein atilted |length of the
taperf_ equal s ;[MO1 N1-rHdN &ég&f@%}&é}&fgﬂ ed i &nsPspasese 23

acoustic wave where n is a natural n r., - .

/ NPp/ NPT/ NPT/ 507 No/ Ak Nt Nt/ Nep/ K@ﬁ? N7 ?\Ié%/ Rirp? RnBPNRSFRBSFNPp/ N / NPP

[ N71/ N / N /NP3 NTdRi O #88e *d1i kc V2299 AA1Vhich is hereby
| ~P~ytoje [V] calc a]J ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] c"a]
caj c”a]ca ca]lg‘gc}cglg[}cg%tg%} c% cg%ﬁ%f%%féa! ~PPWN __ ggnnnuua} k} A) | wmhc”Y] c] ¢

a]J ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] cal ?I <>>, 6ah| wnmhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cad4Pl 9a@
XH 109%&' ()-- H 10%99& ()-- H 109&&& ()--!109%& ()--|10%& ()-}10%& ()-
{Z8!'H 109&' ()-- H 109%& ()-- H 10%& ()-- H 10%& ()-- H 10%bwb& ()--

H 109%ZZ2& ()--# {Y7T'H 10% c]c& ()- (!'10%J& ()- ( 10z 10z
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10z<10%& () -! H 10%&' ()--! YH 109%2?& () - - OX
~h1zX6{Y7! Y OM 109& ()-!H 10% <] <& ()- (H 104 & ()- (! H 10%& () -
(! H 1090C& ()- (! QH 109& ()- (1={Y7!1H 109%& ()- 1! H 10%0C& ()- 11! 109& ()- 1

10] 10]
10] <10% & ()-!H OM 10%& ()-—b| | WUB{ Y7! kH! 10%&' ()- 1! H 10%&' ()- 1! H 10%&' () -1
IH 109 ] & ()-1' H 10%& ()-1! H 10% ()- 1" #$%+_=! kH <H 10%& ()-p!! 10% ()-p

1092 & () - 109 A -1s 161 AeED 1ﬂ§;<10% & ()-(wWUs_=!'H ! 10%& ()-3!H

1 10% Fi F& ()-3TH TI0Y& () - 37 TI0%Xx& ()-3!yH 109%& ()-p' H 109& () - pfwd3_=!H
1 1092Z8& ()-3'H ! 109& ()-3'RH ! 109& ()-3'H 1109%*& ()-3'RH ! 10% *& () - 3T RH
1109 * & () - 31 R8O! 10%z& (P BOUresses AouEtit0%es’  dehol A&y y1idona0%z & () - 1

10z a piezoelectric substrate;
5 at least one interdigital transducer (IDT)
provided on the piezocelectric substrate; and
a shield electrode provided on the piezoelectric
substrate,
wherein:
10 the IDT has a first pattern on an edge that
faces the shield electrode; and
the shield electrode has a second pattern on an
edge so as to be evenly spaced apart from the first
pattern.
15
2. The surface acoustic wave device as claimed
in claim 1, wherein the first pattern has steps
arranged at equal intervals so that vector intensities
of undesired excitations generated between the shield
20 electrode and the edge of the IDT are zero in total.

3. The surface acoustic wave device as claimed
in claim 1, wherein the first pattern has steps
arranged at different intervals so that vector

25 intensities of undesired excitations generated between
the shield electrode and the edge of the IDT are zero

in total.

4. The surface acoustic wave device as claimed
30 in claim 1, wherein the first pattern includes a step
width equal to mA +A/n where m is 0 or a natural
number, n is a natural number, and A i1s a wavelength of

a surface acoustic wave in a passband.

35 5. The surface acoustic wave device as claimed
in claim 1, wherein the first pattern and the second

pattern respectively include a plurality of steps, and
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10z 10z<10% & ()-Ou[ <l R80! 10% & ()-1!0!10%& ()-1;

c.10!110%& ()-10! 10%& ()- 10! 10%& () - 103: HI PQ Pl R80! 10%0! 10% & () - 10! 10%
& ()-10! 10% & ()- 10! 10%& () - 10! 10%& ()- 10! 10% & () - LQRSef ghqWel R80! 10% &
()-10! 10%¢& ()- 10! 10%& ()- 10! 10%& ()- 10! 10% & ()- 1;

¢. ! hij kl m-u[ <I RBO! 10% & ()- 10! 10% & ()- L;

c.10!10%& ()-10! 10%& ()-10! 10%& () - 1~j Pl R8O! 109%0! 10% & () - 10! 10%&’ () - 1
01 10%& () - LOIL00A: 49 -8 J40% 84 1 400 408285 (1 AbRBLEBOLI0% &) - 10! 10% .
)-10! 109%& ()- 101 10%& ()-.101 10%& ()- 1:c. | u%<| 109 & () 1101 10%& () - 1
c.10! 10%& ()Rafa‘fefd@/aa&?é)Ui%!%%@/a%‘d(%é&'&ﬁ% Fe09a & E€16PF6oz& () - 10! 10%&
"()-10! 10% &' ()- 10! 10% & ()- 10! 10%&' () - 1qWl R8O! 109%& () - 10! 10% & () - 10! 10
%2 & ()-10! 10%& ()- 10! 10%& () -1 c. | 10928 ().<L0L 1097 &-{ ) 1:

c. 10! 10%& ()- 10! 109% & ()@%O!S)i‘&g%afﬁe )%%@2&3‘9% %Rgéof%%‘g/g%é( %f‘%!i%ﬂo}g%‘. ()- 10!
10% & () - 20! Hovekgin 1o 1oveRe{y -aot1pbeRee) bebween the edge of the

NNGP P%\é\ng \F;SO!W 0l d 2)%/];1%1;1]?3/%%" dila 10830006 (£ 10h30%0 (- 2ALRQYEE (1
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pattern respectively include steps that have comb-like

electrodes.

15 14. The surface acoustic wave device as claimed
in claim 1, wherein the first pattern and the second
pattern respectively include steps that have solid
electrodes.,

20 15. The surface acocustic wave device as claimed
in claim 9, wherein the third pattern includes a step
that has at least one of a com-like electrode and a

solid electrode.

25 16. The surface acoustic wave device as claimed
in claim 1, wherein the first pattern and the second
pattern are respectively arranged with continuous

linear tapers.

30 17. The surface acoustic wave device as claimed
in claim 1, wherein the first pattern and the second
pattern are respectively arranged with continuous

curved tapers.
35 18. The surface acoustic wave device as claimed

in claim 15, wherein a tilted length of the tapers

equals to nAh in a propagation direction of a surface

- 23 -




" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

acoustic wave where n is a natural number.
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