TI TLE OF THE | NVENTI ON SURFACE ACOUSTI C WAVE DEVI CE BACKGROUND OF THE

I NVENTION 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 electrode 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). Cld pt.i h el ated Art In these years, the
above-rnsntiozfI QF B oL q§§g§acoustic wave (hereinafter referred to

as SAW has been &YRI®Ed ASIUST Bathpa&s LEVIGRr in a television set
havi ng a frequency range of 30MHz to 400MHz and an RF filter in a nobile
t el ephone having a frequenc range_of 800MHz to several GHz. An I DT
i ncl udes a pdACEPUNL SN THEINMVENEIPes. Each conb-1ike electrode is
conposed 6f a bus har anteXdectrode fnngetsohaving first edges connected
to the bus bar and.,.segot . Le.o ~JA_pair _of qﬂﬁ-like
el ectrodes is arraﬁg%dgggggggﬁnthgﬁé géﬁyoggﬁFFESeﬁg 3f5¥ﬁé Conb-1i ke 25
el ectrodes arEigterhately dbisted rd iMrks |RaveC@tarkggutaraintervals. In
?t heL worgs, gdlefacrAet efdfavet vt@{xgétgd&ﬂﬁ:élIﬁw@irﬁgaéﬁst@iéﬁdtan@wwrlgt@enect ed
wo bus ars. i S .generate . applying an alternatin ol t age
aeross the pa Gt GEART IHE At He Mo AR had ST PRRLEREy
responselBy whifghr rad itld ers HeVingora a deistael doteguentytehaabcteristic is
obtainable. HugsclAANdE shom s cumentdonal AldeyioeectFlg LA shous

i
an overall schematic diagram of the conventional SAWdevice, and Fig. 1B
shows an enl &§eF 85 s)i-ew of a shield el ectrode shown in Fig. |A The SAW
device shown in Figs. OfsantpdBohnefudrse Refatstl APE 10

In these years, the above-mentioned type cof

15 surface acoustic wave {hereinafter referred toc as SAW)
has been employed for a bandpass filter in a television
set having a freguency range of 30MHz to 400MHz and an
RF filter in a mobile telephone having a frequency
range of 8C0MHz 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 second 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 view 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




that is arranged on a piezoelectric substrate 50, a - 1 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 IDT 10
and the second IDT 30. For instance, the first IDT 10 serves as an i nput

el ectrode, and the second IDT 30 serves as an output electrode. The shield
el ectrode 20 phievedtsleetecticopagnehtdcaceepbnagiof Bloe fThet fib$t10 and t he

10 second | DT;30.,dhe, ] DT i nc ahbp of copb-|i I s 30a
and 300 The K30t (Rehe) %@??%Qeggggﬁ??ﬁgl Eééﬁaabg?ebs?%é’r’?? S RS
el ectrode fi ngyeesadInesntbbarriegefeétr bie dobeationi pél $88s a bas bar and

f15 mul Li ple %ﬁﬁ@é@f@i&ﬁng@&_gﬁﬁm%&b@@mﬂ of26 hes gheshgede f}ngﬁrs 30a
ace those of_the electrode fi r . e crossi.ng_portions _of the
el oaved RfSEesaane Phbert PREL TpodBa iR SERBRUNIEN Rs vES®
excitation ofirsfngs, shiosnfinsEi §PT1B) amrebecésods 20pfitnger pattern is

vei ghted. The.-plects@de {hndehe pPatLRaNIHS 96T 5DPJ=85,3 RAt LB ftor med by
the el ectrode _ fingers. The el ectrode fi ngerEhgzaOttern may by weighted by,

for exanpl e, SFHdiZ2H% on. Ihehe R Ights fftdrod HERIFHYR finger pattern
may alter the¥eeguencyndtichasast efigsdétf cthdheit®T 10Tah®oannclhees a pair

of conb-} ke (gl rﬁyﬁe ;o however, the IDT 10 is not weighted, which is
di fferent frosmtcﬁgal 30.'|n ot her words, the electrode fingers of the

| DT 10 have an equdliPecrld¥siify irpludsit i Baver abovementibfed filter
functions as ded@anrdpass3dd |ded . 300 s TP e dfb-Dandpassedtté@ has a

problemin ”}Lan:[cluun eesSiar ebdas V.aers 5%51%? ’g{p eede erc%qrégg fingers. The

comb-like electrode 30b also includes a bas bar and

15 multiple electrode fingers. The open edges of the
electrode fingers 30a face those of the electrode
fingers 30b. The crossing portions of the interleaved
electrode fingers that face each other are inveolved 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 frequency

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 equal 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




el ectrode finger edges of the IDI 30. The undesired 35 waves degrade the
frequency characteristic. |In order to renove the undesired waves,
antireflection electrodes 40 are arranged on one side - 2 of the IDT 30
adj acent to the shield electrode 20, as shown in Fig. 1B. The
antireflection electrodes 40 include nultiple electrode fingers. The
multiple electrode fingers are configured so that the undesired 5 waves

are generat edog0tRs EQTbQOegugbcbﬁta%B|th@d%hﬁ%ﬂd QnRegit®Rid P@hase. Thus,
t he undesi red waves. ca ove ntloned

convent i onal ?QEHﬂlhﬁegﬁg d%gclog%% ?ﬂpy¥%ff%§5ﬁﬁpeeleﬁﬁﬁﬁﬁ??e ai d- Open
Pat ent Appl i cancondPubhiltapilenellectt®ds7£265%&4s(.hefeenmiif&ipieferred to as

Docunent 1) Oéleé@PéﬁésﬁlkngsCB%@ B@B?@bu@@&'b%akh%Q %ﬂ@'dﬁgééﬁké$)
59-125113 (hereinafter reférred to as Docunment 2). Japanese Laldégp
Patent Appli c%RV®R PLBI PRREF8RSINSC 26- £97P8 FH@F&lﬁ&f@éP%’ U o as

Docunment 3) 15ppbscteses phheehn|nW@slotm@nwwﬁekhﬁeundesesedamabes
propagat i ng '8§ﬁ$§1§@8 ByeéQShGSEBE% SUPSLT AL e, e ] H§ﬁtP§§#hcat'°“ shows the

use of a du rode on one si de of 30. Further,
Japanese LaldCQ®%%nF%@@ﬁi npshnéauﬁoms dosplpbidatinen IRF. e3@mp3608
(hereinafter J SR& 4 LglaSOPEHCpaeaht4hp§m@a@t&6@tphwaﬂaaxﬁadumduwtlons

of the | tilJt in_arrang shown_in Fi The tilt
or rangemdit o BNl L2 ubIREF T BAEEAF LRATEE SR, bih SBePRY USRS Aed? 25
However, the J&mﬁm@quebadds@peseaatanﬁbéppémtstlon Zubdndad imre Nont ended to

renove the Un@§51i§91?ﬁvﬁéreﬂﬁgﬁf%Eege?@E%@QntBhss'BB@meQE @Od a stemin
the direction of the thickness. o i ezoel ectric substgi Qor to

renove the undeS|ré&*%ﬁV%%edéﬁ%?d@%%P3%@%%W%I%P%%16ﬁElgpdgu lPﬁélPHput
| DT. Even if Nde 10-41778 (hereinafter referred to as Document 3)

15 discloses a technique to remove the undesired waves
propagating inside the piezoelectric substrate. The
publication shows the use of a dummy electrode arranged
on one side of the IDT 30.

Further, Japanese Laid-Open Patent Application

20 Publication No. 58-43608 (hereinafter referred to as
Document 4) shows that the crossing portions 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 Documents 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




above- nenti oned undesired waves are renoved, there is another problemin
that a satisfactorily high attenuation in the stopband cannot be achi eved.
Besi des, the techni que disclosed in Docunents 3 cannot 35 renove the
undesired excitation conpletely, since mnute crossing portions exist on
the side of the IDT 30. Thus, the undesired excitation cannot be renoved

- 3 conpletely, so that the signals cannot be sufficiently attenuated in
the stopband. -SHWYVAR¥1GE FHE thNVENREON ignENiss damitt ien et ikeiesh tpge i n

vi ew of the abg C|r%unst ces ang %FﬁVIdes an SAW devi ce that has

i nproved the fi éﬁ 4&rpng o Eeﬁt fi"fte stopband. According to an aspect
of the present invention, there is provided a surface acoustic wave device

10 i ncl udi ng, SgMghg§ogbe§hglQN@@Q§&b@te at least one interdigital

t ransducer (ItTT—pTUV“deﬂ—UN‘TﬁE'“ETEZoeIectrlc substrat e, and a_shield

el ectrode 2 provi ded™¥hst HeVeRE28R| BeEr PESBUBAHFALE, VARY Plie tPOT2RAE a
first patternconcamsedgestshandf aeesitbe shi skt Bevdlcectuhede hashe shiel d

el ectrode has d t aced apart
From the firste55red, sRELhEDY AluptarPoRedt Fhe Dty SRS et orr o6
enbodi nents of the $F@aekhing nbenth oasPAFF| cbetbesErpBeati AnYEPAILCTW t h

reference to theref okl p%ﬂgdéugurgﬁrfwa@r BlcBuskiigs wah mdrllﬁ ShO\rI]V a -
anot her

Convent | anal Shw davrge: arPh8zoB NSt SR Se L. PR A ERE STnci pl e of
t he present |nw@ﬁrdbgltslggranadaqdr4BIDEDugtpaudeﬂh@npKMﬁC|ple of the
present invent{®hselectric substrate, and a shield electrode

provided on the piezoelectric substrate, and the IDT

has a first pattern on an edge that faces the shield
electrode, the shield electrode has a second pattern on

an edge so as to be evenly spaced apart from the first

pattern.

BRTEF DESCRIPTION OF THE DRAWINGS
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
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;

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

Fig. 6A through 6FE show a SAW device in
accordance with a first embodiment and a comparative
example, together with time-base response and frequency
characteristic of the first embodiment and the
comparative example;

Fig. 7 shows a SAW device in accordance with a




30 Figs. 5A and 5B illustrate the principle of the present invention; Fig.
6A t hrough 6E show a SAWdevice in accordance with a first enbodi nent and
a conparative exanple, together with tinme-base response and frequency 35
characteristic of the first enbodi nent and the conparative exanple; Fig. 7
shows a SAWdevice in accordance wwth a - 4 second enbodinent; Fig. 8
shows a SAWdevice in accordance with a third enbodinent; Fig. 9 shows a
SAW devi ce insaeagad@mgadwh%hta 5 fourth enbodinent; Fig. 10 shows a SAW

devi ce in accordanc ift di_ment ; 1 .a. SAW devi ce
glg E ﬁh%%%oﬁlsgﬁbgeibcﬁ 1n Tgcg éaﬁggmg %

in accordance with 5i xt nent OWs a device in
accordance w thiad swbediheatibodi ment; Fig. 13 shows a SAW device in

accor dance Wi th an pejght hseBOdL MSAK: Bidce 14nseUeraaRON datice i n
accordancgsmn%h a 15 gth enbodi ment; Fig. 15 shows a SAWdevice in
accor dance wi tRUAERt BRPRYEREBEF nent ; Flg. 16 shows a SAW device in
accordance with an Fe¢evb®thh@mbom|ﬂﬁﬁtdeﬁ@céign dZcehdasce S8AWhd@vice in

accordance W odinent; Fig. 18 shows a SAWdevice in
accordance w EEfEh &ﬁﬁégggﬁgﬁbenbodlnent Fig. 19 shows a SAW.device in

accordance with a BP5Ifob}t@epith enbdli ARRLCSFiY. 296°8HBRESa YA devi ce i n

accordance W ghx8h embodiment;
10 Fig. 12 shows a SAW device in accordance with a

seventh embodiment;
Fig. 13 shows a SAW device in accordance with an

eighth embodiment;
Fig. 14 shows a SAW device in accordance with a

15 ninth embodiment;
Fig. 15 shows a SAW device in accordance with a

tenth embodiment:
Fig. 16 shows a SAW device in accordance with an

eleventh embodiment;
20 Fig. 17 shows a SAW device in accordance with a

twelfth embodiment;
Fig. 18 shows a SAW device in accordance with a

thirteenth embodiment;
Fig. 19 shows a SAW device in accordance with a

25 fourteenth embodiment;
Fig. 20 shows a SAW device in accordance with a

fifteenth embodiment;
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 in accordance with a

twentieth embodiment.




fifteenth enbodi ment; Fig. 21 shows a SAWdevice in accordance wth a

si xteenth enbodi nent; 30 Fig. 22 shows a SAWdevice in accordance with a
sevent eenth enbodi nent; Fig. 23 shows a SAWdevice in accordance with an

ei ghteenth enbodi nent; Fig. 24 shows a SAWdevice in accordance with a 35
ni net eenth enbodi ment; and Fig. 25 shows a SAWdevice in accordance with a
twentieth enbodinent. 5 DESCRI PTION OF THE PREFERRED EMBODI MENTS A
description will now be given, with reference to the acconpanying

drawi ngs, of odi S Rresent j The inventors studied
the reason v\/nEg II_' EE RN .--. ciently attenuate
the frequency conpoheREscripthensvbpbandwcbapbévehy. wiThe riefeesinars
presuned t hat tundasi é@@oﬁﬁﬁhk_@hboarﬁﬁir@%,1gfg%ﬁ%ro@ti%rﬁ%t waen e edge of
the IDT 3Q that faces.the . shiel'd electrode 20 and the edge of the shield
el ectrode 20 Pﬁ%ﬁeFﬁcéEV?ﬂéleT 30. Then, the inventors cane up with the
fol | ow ng nmechani srdhefinvempyrsgstheéieddeser edagsni WAy ahe 15 Figs. 3A

t hrough 3C sh inei 3 nt. i i.Qn. r rticularly,
g A shove. o/ CRCEoRPE! 8o, PLIERE, cRRASE bkt Bl Ly M AR " o5
3B shows an ehffr GEBIVERGY oFCBPSREBEE éPekhpodEorbRsfn CORPRIE§E13A. Fig. 3C

shows a furt helie ethesgedr 20pyéeumell thetshhakdiekbackkedeatAsnshewn Hen Fig.

3A, a SAW deyi i i electri bs te. 5, .t | DTs and 3
ort anged o reiErafe BER SR FREPLAGL b BHRSTER. Boornall clPrad s The
IDT 1 is a nothetld etbettieide Andandeth®Tedgienckutlbe ahielldctrode finger

electrode 20 that faces the IDT 30. Then, the
inventors came up with the following mechanisms of

removing the undesired excitation.

15 Figs. 3A through 3C show the principle of the
present invention. More particularly, Fig. 3A shows an
example of the overall structure of the SAW device.
Fig. 3B shows an enlarged view of a shield electrode
shown in Fig. 3A. Fig. 3C shows a further enlarged

20 view of the shield 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-like electrodes, one of which electrodes 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
piezoelectric 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




25 pattern wei ghted by apodi zing, for exanple. The IDT 3 serves as an

I nput IDT, and the IDT 1 serves as an output |DT, for exanple. The IDT 3

i ncludes a pair of conb-like electrodes, one of which electrodes is
grounded and the other electrode is supplied with an 30 alternating

vol tage. The conb-like electrode to which the alternating voltage is
applied is referred to as a HOT-side electrode. The paired el ectrodes of
the IDT 1 arprpesgedt buebyecendecbedthe pads 3phexitded ahd hield

pi ezoel ectric e,5. Sim Y, Lred 35 electrodes of the IDT 3
are respectivgfgég%éﬁéc%éd‘%zgéégéé %?%Q%ﬁggbohstﬁﬁog% ?8ePQcPPFc substrate
5. ReferringSt8erFpP§. the shieldselpatreds 8 iso thet pheviedeorrlordesi de of

the I DT 3 nex¢éléortb@eshighdr skeehboderds PHasee@nd7patleldyefiiys Provided
at the edges of thé_ el ectrode

on one side of _the shield_electrode 2_so. t d

fi nger of5theg??%%$ %%?férEr9ma£é°§9eﬁﬁyg§esBSEQHgaBQ ot hdBe of the
second patteradéition, atldet fonstthetferst 6pahtiethe6sandnich@aseeand Jpatt ern
7 are arran S hg, t t L, At ' ; siyrhed

exc 1t hon Qe e o T fooa PhatohRE| Bbrpll FASEEY ShekBSINRTIIE oo
In Fig. 3B BDUtEdFredocthbtatier pareerhed RREVERR §BEosAigdctern 7 have

steps. Therefarectitdean hedsahe tbat3the EPfo3 imckigles3m, fbosh sEep
pattern ggan L.el tro 2.J.nc es .a _second step. pattern 7. The
%l—ltér];ﬁ%a?t[gar%@%ﬁgrée %g?i%ﬂég %%g%?tP%Egefg 2I g‘gt ode fingers

steps of the

in a HOT-si dSiRtt r Y& T3 OTFhe 1tstaays bt dahied sdvndtlpat 18P n37 are defi ned
by patterni ngndludds th ef edt Ofheep bt ben shi ghd eheckhodeq2 that has the

steps. Referrj to Fi 3C,. a,description will now be 0 given of the
shield el ect re&%tfoaof?dg% RIS i %) ?%“dd%‘f%?ll?a%t%s?aﬁmt b i 1 F g. 3C

is the wi dt hséfersheof the first pattern 6 are defined by multiple
15 electrode fingers in a HOT-side electrode 3b. The
steps of the second pattern 7 are defined by patterning
a solid electrode into the shield electrode 2 that has
the steps.
Referring to Fig. 3C, a description will now be
20 given of the shield electrode 2 and the IDT 3 in more
detail. A parameter A in Fig. 3C is the width of the
steps provided in the first pattern 6 and the second
pattern 7. Regarding the first pattern 6, the
parameter A is the distance between the adjacent
25 electrode fingers. The width A of the steps of the
first pattern 6 is egual 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
300 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




steps provided in the first pattern 6 and the second pattern 7. Regarding
the first pattern 6, the paraneter 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 paraneter A
Is equal to AV4, for exanple where Ais the wavel ength of the SAWin the
passband. A paraneter B is the distance between the 30 first pattern 6 and
t he second pattagnh7bekbbeen pakt aeldlaarng, dlke tpadanatiergdyd sint hehali st ance

between the gorLes ?'E‘Eiegﬂ 3t epv'%l% I:HS Ebo% 918?1 fn%ﬁd patterns 6 a”g |7$

All the distances b %] cal . A paraneter
t he | engt h of CSBfﬁEéI‘é‘Fé% tﬂﬁ@ f(e}r/ rl@@tﬁorfsﬂJhﬁétet @r&ﬁ?l@atﬂﬁlﬂ é'fﬂd%fhs C of

the steps of theifikhstcRat &arc@nélalgfec@@huaale tg@n%&%&edow&rwe&hecmrmzeter C
i s equal Qp ge dlfg renﬁ ha 1 ggt% between the a a%g %Iectrode
fingers i W the 2Pfr St't&rf 6: eﬁffﬁ A0\ 8T e TEGH nfi§dration
1800( 1/ 2) - outaofupﬁaseredcdeE|andWﬁuhedaﬁxmdéﬁtm@ﬂ)|uhaﬂnaﬁ§eqtﬂ|be

generated betygenrthg LR 5c§a§aettah}@s%%elﬂ %%Crsn:%%a%@nd;ae}f gLancel | ed.
Thus, an undeS|red nmode {undesired éxcitation) that affects the frequency

charact eri sti ESFAVERe stipbaill deERHCHet NPENBLEACT¥RhedSARPdBYI ce t hus
structured hasufifsdiénclenhighhkghbeatibedvat icharekakadtseriicsti c. 10 Referring

to Fi d 4B, Il b
doscrhed g, aReREEad TP £y, BRCAARYELTERL) QROcIRIERLAN M1 g O
which is the ‘élh%t%ilﬁ@‘éeb‘é? eﬁn@ﬁeopergtleat f’éﬂﬂi Ge slﬁ@qrﬁéea@gcoﬁa%attern

7, is represeme@loﬁﬁeﬁéon@g t53F1%5 and Bin (Brpl=-BR-BB8rB4parihetsynbol s Bl
t hrough B4 al esent .t he _.nt nS|t|es of . SAW in

1 1
e o o ar B P08 VBt ST phafte  BRERER. chioci TeRo B '€ € po ohi bl d

el ectrode 2 aard ejual seoonthepattern 7, is represented as Bl, B2, B3,
15 and B4 (B=B1=B2=B3=B4). The symbols Bl through B4 also

denote vectors that represent the intensities of SAWs
in the associated sections. Referring to Fig. 4B, the
lengths C in the shield electrode 2 are equal to the
lengths C of the steps respectively related to the

20 sections Bl, B2, B3, and B4 on the HOT side of the IDT
3. Therefore, undesired excitations 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 vectors 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




| engt hs C of the steps respectively related to the 20 sections Bl, B2, B3,
and B4 on the HOT side of the IDT 3. Therefore, undesired excitations
caused in the sections Bl, B2, B3 and B4 have an identical intensity. As
menti oned above, the width A of the steps is h/4, and the SAWexcited
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
vectors shownairg EtganéBd bb @aetb@xs;%latflb@@ wliltgl B itdatt sthe excitations
in the sections, Bl e_an identical tensity

and .a phas
di fference ofln58“iégydgﬁFeggneiéFﬁ]efjavSPy,ast I’fé’ é’letﬁ’tl §aitr?‘frhé’§ect| ons
B2 and B4 havéz@ndiedeatical Thws ens$t ghawnl an EhgseSE;ftheehoEadf 180

degr ees. Ther%@ﬁ@r meésm%g%gegm@esocaenQe Ciﬁ]@@%'rj & 36 The total
vect or tensH% bgcorres etween the shi el 3 ectro e 2 an 35 the
HOT- si de ect?o8® HPt hBe| PFraNITRENEhEDeYRentl A8d AEcR&T sm can be

expanded as o¢btddmsbléor Bxanpidesbsed howni t ot Fogs Hénethted shepie - 8
are arranged soctfighs exsl 861 0Q o, ANk dentholyd ALeTR aLg gonerated

so as to have a devi atToh rees. °Thius, as s t he
total vectoriirRepstyy dedonss b/3aﬁdtspﬁ1 Phasef.f ettartsng fh@@eBﬂor t he

arrangenent stieawphdis&i gs éﬁ«;@éegdoﬁygn%gbh@gr&g U%@ﬁ%hb@@ %glﬁl@tl Olns
gener at ed i n 3Gt Qns an i av ent’i.ca
|ntenS|t€/, ag]are javhec ou ° & o I§ta?r’i|ﬂbe g%?ﬁﬁins %1 Bhas@ fs

devi at ed by 11?3) Fegyrewscebbedhosndi nhEi gotdd BB8ctIhusnteheieyciofatthens in

the sections ﬁheﬁ%e@@ccﬁ@a@ﬁ@né’@@@@&h@g oandrﬁ@fetf)%% ;/eftor 'mfﬂS' ty
Imtatl on_on e

of the wundesjred excitatio becorres . There is no
number of stzlp]?d‘rﬁntjt% Yost 1% R eFe‘P%t?BﬁEﬁl piBetheeRCEREIPRAING st eps
as long as thell itotshiyddoreemt ensi fyclisgeguabst aszebng Bi sheay be
15 total vector intensity is equal to zero. This may be
described with a general expression as follows. The
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 Each 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



described with a general expression as follows. The first pattern 6

i ncl udes steps having a width of mA + A/n where Ais the wavelength in the
passband of the SAW mis 0 or a natural nunber, and n is a natural 20
nunber. The distance between the edge of the shield electrode 2 and that
of the IDT 3 is equal to mMA + AAn where Ais the wavelength in the
passband of the SAW m is O or a natural nunber, and n is a natural

nun’ger. Tlhe magiametcﬁr s\/rm.usedekafbbg tMeexg@rs;tasxicf@@s b@t@d@i;&@ requ}reﬁ
to be equal. A _descri on Wil |l now be given afir i ment of the
bresent | nvenCCORe SEDOR L P DEGE WA Tk S D% CEE accor dance
with the fi rs?mb@ﬁbmnﬁ‘centa ga:r@dlrﬁ-@lO@Balﬁcanceiﬂ atggeldh Vilesv BT a3 shiel d 30

el ectrode enplayedded tah%t%@%@%\ee% QW iidy Hdhr BAep érlerqwazafter the
same conp ent?l g%ll cg@f ur at |20ns t hose Jof Flagiet 5 ar i ven the sane
ref erence hungfaf |nl|f'1°3ucj63l§ %4 6 H roUet b of the
| DT 3 incl udésua EmepE st@pepﬁbueratéphawinghboetept@p$te3&.Baehxnf t he
four steps hasyanu, ga%fedA/ BercCALLEERID dndly, trwest%gﬁ] @éﬁ&?téodg 2

i ncl udes a secon havi n our steps aving a -
width of A 4. IthéFiQfL('Sll@nrtﬁ@edlsé’tlﬁﬁéje§1@é*‘tt\£é7é’@ tzhélascc?rr%%ﬁibribq%be%@ eps are
i dentical. |n2thentii bsktepnpadiceRnt 224 gragngdtépdeaekechrade 3a in the | DT

3 inclu a r aving four .step The Shl | d e 2
i ncl udesdl%st(ég}'ﬂ%gfq?erﬁ% avﬁﬁ St ag'ttéerg s]The ur stsgtespg#ﬁé&gt ep
pattern 8 areZ eV@ﬁlf?SE'QEdédtQpéhle Sﬁ@m m@st@r@f %. heTb?eﬁtﬁﬁ’t pethegn |n

addi tion, thezxshhghdrgkestepdpadtBas arstep E@i%&kﬂn:%&>&ﬂﬂ;@m§ﬁep pattern
22. The step gatte n Zla%ge orr pogg % tgeaitepgggé 7, and the step
pattern 22 coPfeEpBRdR tRE éteplPalef o 2FRY tern 21 and the
step pattern @2natenhdratént ofothheshbEldl. electrode 2 to a
15 piezoelectric substrate 5 having no shield electrode 2
thereon, in the propagation direction of the SAW. In
other words, the width of the electrode 2 is not
constant. For example, the shield electrode 2 may be
comparatively wide for a comparatively long distance
20 between 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 piezoelectric 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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The step patterns 21 and 22 are arranged with a constant ratio of the
shield electrode 2 to a 15 piezoelectric substrate 5 having no shield

el ectrode 2 thereon, in the propagation direction of the SAW In other
words, the wdth of the electrode 2 is not constant. For exanple, the
shield electrode 2 may be conparatively wide for a conparatively |ong
di stance 20 between the IDT1 and the IDT3. In contrast, the shield

el ectrode 2 nmayebe eerpRanat ievaly mardowf aha Teonpar ativel y short distance
bet ween the |1DT1 angbthe | DT3. Thus, The gﬁgylaunched fromthe I DT 3 cones

under the influence’d?-tRB $fi & Gr8PBcAFSEE15184d (HRE 5858 oel ect ri ¢
substrat e 5 haeispgnsessbifelttieelfdatstocamibdd intrerteemdatt iehecguraratates even if

the SAWtraveksg apye. arﬁﬁeoﬁOgbgoﬁgéﬁggﬂggeghggg t%meThﬁﬁd the SAWvel ocity

can be kept constant. e ratio , expose surface area
of the pi ezoeFEBEtEFaLsdBBEr shEVS 3@t@W§ﬂéyét@Pﬂﬁ?ﬁatééﬁﬁose 1gf- t%e surface
area between shb@slEWf3eqnéntbec&bm@dieﬁﬂﬂﬂmﬁdﬂml and ddrate heidefromt he
shield eIectrggg 6Bngnt@ﬁel?¥ %LeB% t@%Sl%ngtl[?H h%O%Eaelq | ectrode 2
is constant on any I nag PHRe "cannection geS of ‘the s 1 and 3

in the 35 proﬁbgdﬁlSﬁeépﬁééwvoﬁndFﬁée G@r§hewd dhﬂﬁnﬁhQﬂﬁ\R?tQB@Wﬁﬁe The
shield el ectr@Qetaﬁuae§oa)reCT1@é\gﬂiaét éﬁ@@&lﬁ@ﬂth§§ ﬁchﬁtQ @@thee{rn The

| DT 30 |9 udes th 8 %ﬁ patterns Pﬁ in th Fig. 6D is
a graph descriBifi 8mP?ﬁ§ dBRa F8§B§ﬁ§§§vgfeﬁﬁ@ FrsPﬁgiﬁﬁﬂ Y and t he
conpar ative exahbtestdhbahdrckentakelriiséishaws ctiiredesarich tkhiegsh V@i ti cal
ine shows inigasehy (AHiSHAlion efif. rSfoyaiO¥e BnllEAUELGY cq

characteristic that is converted. from % uency basis. The
hori zontal |ifA@ es%%ﬁge?PeEU%népleéﬁde@ﬁé §€ﬁ?l8aﬁnﬁlﬁ@%s Sifleensity

(attenuation)eledbeodér3b effbodeneDr3is nmuch i nproved

15 The piezoelectric substrate may be made of, for
example, 128° LiNbOi;, 112° LiTaO;, Li,B40,;, quartz, 36°
LiTa0;, 42° LiTa0;, 64° LiNbO;.

Fig. 7 shows a SAW device in accordance with a
second embodiment. The IDT 3 includes the step
patterns 6 and 8 respectively provided on the HOT-side
electrode 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
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
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
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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10 as conpared to the conparative exanple, particularly, 1in the stopband
characteristic in circles in Figs. 6D and 6E. This results fromrenoval of

t he undesired node between the shield electrode 2 and the HOT side

el ectrode 3b of the IDT3. 15 The piezoelectric substrate may be nade of,
for exanple, 128 LiNb(O3, 112 LiTaG3, Li2B407, quartz, 36 LiTaG3, 42

Li TaO3, 64 LiNbG3. Fig. 7 shows a SAWdevice in accordance wwth a second

errbodidmént The | DIFBgi n&:lslld@ﬁstSlgslsge@e%gc@aiheaa§0§dgﬂ@e8 ﬁggpgcti velhy f
provi ded on t ctrode an ect rode Each o
pﬁlt@T glgglg de i'ned %?/ P%éﬁ%’ég gemfloﬁ{:‘ Epgcﬁﬁgﬁe

the step patterns
fingers. One %1ﬁ@t6@d?hébe#§ctirm@enzaﬁ-acﬂnge shepkeDEa¥ iingc|fvdes st ep

" patterns 7 andt 8ps The %&Qqé’c&ﬂ%tﬁéfh 75§04 EESRORASa LOuh e RLEReRALLET N €

on the HOL- ﬁetel ect rode BF g attern
pattern 8 on ? %‘?oﬁ P PRt ?BHe 35° Fhelof 8&?C§Fé6§léﬁ/ CrRETSCEp gt tern 6
are evenly spatedtreparfifigenst hdseclofe Idet sédp Dﬂﬁcﬁ@f nhds S Ahtanky, the

30 four stepsopfeihessy r e, ey t_from,those of
the step patt y T eefg?‘ﬁg%&gl @%gl% the%#ec? g)e 2 nex% %}5 ?E]g | DT 1

has a |inear ];%%‘breo V4 N3 fe? abodke nehet orearesRPRgEr &Pi 6he Steps
possi bl e to rrmmy@m he. Ul'IdﬁESlEf dade genesade ah@@é’ﬁ@% 3ord heyshigl d

el ectrod I rode. 3 t he T3 Thi s i pproves the
degr ee o pig ressi 0 f’ﬁonel lf:‘%%an%lf Phpilst%? PaBLERBWL - a " device in
accor dance thtfﬁa aabct‘fﬁﬁ‘%?ré?mmnfﬂm@r@tapnpaitela poeaibhe HOT-si de

el ectrode 3b sighavaTiy airfidd keeSNARS o EOUMbo BLEDR- cA-CORIEILI g path
is arranged %roudtécj?e cent I':'L attern so as to_electrically
connect the aﬂ'ﬁgr@ % t"ct t?‘i’%@e?bh%g BhealPRg-

7 The degree of suppression in the stopband can be

15 improved.

Fig. 9 shows a SAW device in accordance with a
fourth embodiment. The step pattern 6 has four
electrode fingers arranged on the HOT-side electrode 3b
of the IDT 3, as shown in Fig. 9. The shield electrode

20 2 has the step pattern 7 that faces the step pattern 6
of the IDT 3. In order to keep a propagation velocity
of the SAW constant, a step pattern 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. 1In 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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or exposed portion having a width of X/4. The shield electrode 2 has a
shape that corresponds to the step pattern 6. The steps of the step
pattern 6 are evenly 10 spaced apart fromthose of the step pattern 7. Wth
t he above-nentioned configuration, it is possible to renbve the undesired
node generated between the shield electrode 2 and the HOT side el ectrode
3b of the IDT3. The degree of suppression in the stopband can be 15

I nproved. Fi gco9rshpurda SAWHevistep maateandance wheh HOT fxidd o f

enbodi ment. The_s att S eheetr L.age r.a on the
HOT- si de elecgﬁgdgﬁgbejoffﬁﬁeg?gﬁ %%Qgérghgmggi%ggﬁkbgg.gﬁthgh%gl
el ectrode 20 2fhkBet hbisfepepacteraer 2t hacingcdhe H%Tsﬁep Patt &tfP6  of the

| DT 3. Ig 0_rdﬁétt@rkegpcar@éﬁﬁéﬁ_@%i QlEbf \telleogitﬁgp l[:ic?ftﬁdlell %chms% ant, a step
pattern is_arranged on _t S t shield electro adj acent to
the 1DT %% V@Fﬂu?ﬁeséggvgfnﬁﬁfigﬁ@d%60n$ﬁau?g?P8n?fi%hﬁsggg%possibIe to
renove the undesteed fodeegenendvedrbeedeepartthd rs dihbss ect ridve 2 and the
HOT-si de el eckrede,3prRtn the IRI3. s & addE iRy, stbs paepagat boarkel ocity
of the SAW can kept caonst ant mherevgr t he Sm¥¥$g¥ be roeﬁgﬁggd. 30
Fig. 10 showsS%eRhyy 8BIFEd PR2LECOHF@EnEBORE RTat Q?Qadaiﬁ t2* The step
pattern 6 having $oep peteernedelf angel? azeamrargesdrt hheHORIside
electroda g 3bsohothe LT 3niShll LAELYrobRe SLER P Qi 8 hAYidgh: four

own in Fig. i'S arrange

el ectrode fingers as s . . _ on the ground-side
el ectrode 3a bletpeopaTaBliorhEedpeptypast EERLT SO SEANINYRE TGV RS de of

the shield etewtrggend pasphgatbd.| Dihg. dIfeantep pativeen ¥he 12
O B A Do LR oRly gVl e G, oy stop
3. The step 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 between 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 Z and the
25 HOT-side electrode 3b of the IDT3. 1In addition, the
propagation velocity cf the SAW can be kept constant
wherever the SAW may be propagated.
Fig. 11 shows a SAW device in acceordance with a
sixth embodiment. The IDT 3 includes two sets of
30 mountain-like step patterns 6 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 6 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

- 13 -




pattern 8 corresponds to the step pattern 9 of the 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 electrode 2 next to IDT 1 so
that the propagation velocity is kept constant wherever the SAW may be
propagat ed. The dTBeastep petmeenstbe anhdspectireehy raokyeels pondihrg st eps of

the step pattg%gg 51ﬁ%T§%1 éﬁl i ’ﬂ'éﬁy%déiywhé¥t ﬂg‘gﬁgfg Petmeen

15 the IDT 1 an aratio e surface area occupied by the
shiel d el ect ré@etﬁaltotbﬁeptm@@@@@l@@ VQJ-rOdec,té’ driedart sttt Furt her,

t he di st anceswhbetween thhe snespeet b\éekayto@yga&sa@ndm@ %tt@@% Q;ff tehe steps 9
and 22 ar g; nog ghe s% 3 wever, in_an %t éf en the [%bgsgnd t he
IDT3, the Tatio-bf PEAECAFed 26&cifite§ 5y yheSpfﬁ:e FEAectrot and t he
unoccupi ed apéaths stmst Rattewint B lt-heHawovermenni enedregobkitygeat i on, it

i's possible tenpenpyet Bggupdesirhed, r@a@e B8N¢ fred hetwaen ddhe shi el d
el ectrode 2 and the 25 el.ectrode 3b, of the IEWB In addition, the

propagat i on v%FSBPﬂ?goPytﬁQesﬁgfgéﬁ G Sk FO Corfs tran t REMEIRSRP LS SAwW may
be propagat edsuFfgceldrshows aoBAWAdevi CEurthhaegotHanseepist bfathsl xt h

enmbodi nent, I d ol S | tterns 6
o e TR iiteb BatLplf UG2e ML BLRRT SR I b R

ground- si de %feEFPo§§eBaPH5§eFﬁe2§tepﬂ%%@Y%Fn 8“ FReaseapbpitlins 7 and
9 are arrangeﬂh@nlpmelsada ehet heTshi ehd ekeclr ode theaadadeide taarddhe | DT 3.

The steps of attern a |l y ,spac apart framthose of
the step patt%?ﬁueleq 8 E%e%ﬁ i?&% §Ftérﬁ03%95%é”“v%ﬁ1y §%aced
apart fron1th®@€f®¢eth€eéte§ panteent. 1Bith the above-mentioned

15 configuration, it is 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.

20 Fig. 12 shows a SAW device in accordance with a
seventh embodiment. In the seventh embodiment, one
side of the shield electrode 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
mode 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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9. The step patterns 21 and 22 are arranged on the other side of the
shield electrode 2 next to the IDT 1 so that the propagation velocity is
kept constant wherever the SAWmay be propagated. The steps of the 5 step
pattern 7 are not evenly spaced apart fromthose of the step pattern 21
However, in an area between the IDT 1 and the IDT3, the ratio of the
surface area occupied by the shield electrode 2 to the unoccupied surface
area i s const ahtielBuetleetrodee 2swepd dhet d et rstdsp foatdearan 9 Tdvee not

evenl y spacedc3patl obkOiLRSE oFf hae stlp AN 22 dialeMBiged Ni@N ar e
between the IDT 1 , the ratio of the surface ar%gt occupi ed by

the shield el E8fr §8BE2M25 R 3GnSECHD: édt FdWf dce P85 £§:cohSt &HEPSWth
t he above- nenbifonad %bepophitgerat ioBre feviesIgosHaddedl tapamnoet he

undesi red 5 OURogENSALEY hebeen L by el dngl sebigde feapd ke ocOT o de

el ectrode rtion,” the “pro ation ve
can be kept cﬁhgtaﬁﬂesmﬁ@de@éﬁlﬁﬁé19Amg@@¢n@§ (ﬂ%@%&éHEEQPQ¥%T 12 shows

a SAW devi ce m@naﬁgaéda@@@ Wi th a ijpeverth . enh@dhneab abBvkhe seventh
enmbodi nent, one S|de of ge shiel.d el e trode arran ed in tﬁ; sanme
fashion as shB®RtER"RAGCCR lgHBﬁg&BP & sﬁ@ppﬁﬁf?' PR ORTy one
step is arrangedesnredomhde gederetethbe2¥eshi dlhe ah@ﬂhdxﬁiQEUngdet% t he

| DT 1. A]ﬁiepaﬂétEﬁénHo¥4shéeaéiéBQ%@d%n3Bh%f|Qﬁelriﬁ as t@héoﬁké%@%nd to
the step pattern 23. th the above-nentioned con uration, it
possible to r%ﬁn@BpPﬁ%SﬁﬁHBsFPeHhenﬁHQPBéﬁgrQﬁédbﬁéﬁ%ggﬁ”FﬁE shleld

el ectrode 2 and t heri3p. FKE'smd@seéeﬁmwodevﬁbeointhechaaﬁcelwlm@ faur t her
possible to r&g@gﬁeéggﬁagﬂsqu gﬁfﬁéﬁtg pOGLMERR, tHE §hireld

el ectrode 2 an he de ree suppresSionin the st opband
can be inproved. aFrgngeg éhoﬁbeassmﬂ/Uévléé ﬁﬁoﬁ@cépdéﬁﬁb vith an 35

ei ghth engodi ngaitidhgllP] SnbasitibecgalBe shield electrode 2 is
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 as that shown in Fig. 9. In the eighth enbodinent, the step
pattern 7 is arranged on the - 14 shield electrode 2 wwth the el ectrode
fingers. The electrode fingers of the step pattern 7 are arranged in the
same manner as shown in Fig. 4. That is, the steps of the step pattern 6
are evenly spaced apart from5 those of the step pattern 7. The vector
intensity of the undesired excitation generated anong the above- nentioned

steps is O ineﬂ@wahthkabowmmeamoveThﬁethemedeaentk@deaaiamdiﬂhés

possible to r esi_.ted t t.

el ectrode 2 1 3 %%%e % % &% Igygﬂégﬁﬂgb Stﬂ1 i%i 5.t qﬁh eé of
suppr essi on |ﬁhﬁhét§PoEB§ﬁGr@aﬁ4bésl@Gﬁ@@@@d»HQ;OH@1%ﬂﬂﬁM9§1§§%N @ice in
accor dance W| tlhbg u@llﬂtght%@b@@lmn%leb’tﬂd&%.nl niBhewhedapeRe- the IDT 3 is

arranged i % ? eg@% as shown .in quh.7. 15 A |t|onaII(j one si de of
the shiel elg froqe SUTATHEAGAE i n hd Ss BiTE 2T SHSAY TR F19. 7. The
step patternuRgdepssradr anged geneandehle besivdenoft hcheshsililal e lastterrdode 2

next to the | P4 ﬂhéhﬂb@esghécéﬂgé%roEEn@%f%f’E%% qup;pat&%r3324 is
arranged on o he IDT 1 next to the shield e|lectrode 2. Wth

t he above-neEPFB 84 88ﬁ?FBEFaFPoﬁemPFe|§hﬁb§%H S8 456 RS ISR Witesi r ed
node generateHebeéaaenhehsh$bﬂdléleeteoﬁeodea&dammdtﬂDﬂ{m'S|mhuelectrode

3b of thg.bettﬁe déﬁréé BﬂréﬂgPeBgéﬁgﬁ' the ? ? e4ld ed mode 25

generate ween the shiel ctro us, the degree
of suppre55|ohmPﬁ°Yﬁ@ st opband can be |nproved. Fig. 15 shows a SAW devi ce
in accordance with Rig! ent hsiedbodi neaw . ddhecst ep patbedAnbeolrittheal DT 3 is

o0 AL N WAy B oL ELGELOonR L1 Dy ThE B} PRRebt S, Byt (he
above- nentlonbdhave the same confiqurations as shown in Fig. 7. The
15 steps 6 and 8 are arranged on the IDT 3 by using the
solid electrodes. The step pattern 6 meets the same
requirements as the step pattern 6 in Fig. 7. With the
above-mentioned configuration, 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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configuration, it is possible to renove the undesired node generated
between the shield electrode 2 and the 35 HOT-side el ectrode 3b of the IDT
3. The degree of suppression in the stopband can be inproved. Fig. 16
shows a SAWdevice in accordance with an - 15 eleventh enbodi ment. The
shield electrode 2 and the |DT 3 have the sane configurations as shown in
Fig. 12. The step pattern 24 is arranged on one side of the IDT 1 by
usi ng the sol Fdoekéyt rodengwitit hashehatov e s Frignt ilhedIookhiiguratsieon, it is

possible to renevalyagncu@d%@tc«@@nm% @@@%rsato%d tl?leet \@%%M%l%uteﬁéhe
el ectrode 2 - Si ectraod b of th It is further
possible to rgnﬁvg the ﬁﬂﬂ@§|?§dtﬁﬁdéDae eP§Fe&eqHéﬁﬁ€eﬁQJm§%ﬂuWﬂ(f

el ectrode 2 ahdnthbekBTAlisThhe, wibelleagttgriee tok pappbassi et ithd he
st opband can gg Hp%%vgd F%gna%zr§@o§%m%e§AMV %NIC in gﬁgg nce with a
e

twel fth enbodlnent e shi ectrode and t ave e sane
confi gur at i on8UBEEEhowh Fin gy, aWOVQh%EQBlgﬂéﬁsc%nﬁhQUBaEF@narﬁ&n@éd on the

I DT 3 by usi ngogbebléotbdr@haeérQHQSunaa@l&bapm@aitet gleh et arRet &dm@@ane

requi renents ern 6,in t he Qver nqﬂtl
conflguratlongﬁ?tSElg%g ér?g %nﬁ?g gpﬁeHgﬁggé Fe&lﬁﬁ%' égherated

bet ween t he shh@IﬂD?03eléEh¢cﬂRQEBQumﬁt$MPP{ESSl@e ghetheodboBbasfl t he | DT
3. The degregaffnrsUpppesstQn in the stopband can be inproved. Fig. 18

shows a SAMVdeV|ceé#n ag%g qypce with a, thirteenth engodlnent The IDT 1
and the shield 25 it rodes™ R THE daktCeonti §ararfeRsca¥*shofn in
Fig. 8. The steprpattkremibodsmant anged addttheon Do 3ty using the solid
el ectrode. TTEb§ff§uP§£i§%Q ﬁf”?ﬁ%s 1§hetﬁé”E5E§gE?E%E§H%52%5a&Rﬁ:ﬁﬁep

pattern 6 in Fig : ve-rent’i one Ohfiguration, 1t is
possi bl e areé arranged on the IDT 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 is 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
genarated between the shield electrode 2 and the IDT 1.
Thus, the degree of suppression in the stopband can be
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30 to renove the undesired node 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 inproved. Fig. 19 shows a SAWdevi ce in accordance
with a 35 fourteenth enbodinment. The IDT 1, the IDT 3, and the shield

el ectrode 2 have the same configurations as Fig. 7. However, the shield
electrode 2 and the IDT 3 are - 16 closely arranged, as shomn in Fig. 19.
In this case, imphevefst ances between the edges of the shield el ectrode 2

and the edges of theid D3 @ﬁ@wée&wéu@gt&@twﬁpm+ofAénsA/ﬂerd@v&\cbs t he
wavel engt h |n the gasaband of, he 5 SA m& B gr a naturah nggb and n
is a natural Rufbe?P99ER WﬁE aBovBYRBLEFOhEd SEBRALEE Ati on™

possi bl e to repove-nbetindesi esdodbaengenertatedtbpswhbene the &Muaki

el ectrode 52 ap@ln%bﬁ HOT. ﬁédﬁl%eﬂﬁﬁd o? eghlcg*ﬂslg: L gh eThe degree of

suppression in the sto 0 shows a SAW devi ce
in accordancepﬁ?ﬁﬁg%ﬁl?ﬁf@ééﬁ?ﬁl@ﬁbodI%B%@ntE%S%ddﬁ@¢oﬁeYﬁnFﬁént
confi gurati onsmiedd Fhgnt 1Rast Beeptepapahleansréddeandiddgtase arranged on the

the 1T 1 and 1R ShF el o1 bt 130e°50ar bob| BREF B ar Panged W RE
above- ment i orfdee T T gidat ¢bactFredes3bossi bhe EBTrénDVEhetﬁéeDndeS|red nmode
gener at edobet;y@@&mee st el gl ed eﬁﬁéﬁﬁlehgvﬁﬂ gh@eh@nswecql eeligage 3b of
the IDT 3 20 f n shield Iect 0 furt ssible to
renove the urftfEsi Eé%§éh&ybﬁ%e? %ﬂgﬁétﬂg ﬁzthéhl§ﬁﬁé1d?€1e§$rbﬁe 2 and the
| DT 1. Thus, Jtdregejlegﬂemdfl sUppr €38t aateps thev stopiandl eantbeCl npr oved.
Fig 21 showaazeS%N;q%@ediﬂe@fgﬁéga&femtQegﬁegé Si4hgepl sggggl ment.
In contrast to the COﬂfIPUFatIOH [ DT3 ‘and t e s reld
el ectrode 3 gy@¥ing the Iength C2 have a phase difference of
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 ¢ 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 6. The steps
of the step pattern 6 are evenly spaced apart from
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separated. In this case, the distances between the edges of the shield

el ectrode 2 and the edges of the IDT 3 are required to neet mA + A/n where
Ais the 30 wavelength in the passband of the SAW mis 0 or a natural
nunber, and n is a natural nunmber. Wth the above-nentioned configuration,
it is possible to renove the undesired node generated between the shield
el ectrode 2 and the HOT-side el ectrode 3b of the IDT 3. 35 It is further
possi bl e to réhove piietbhrdesepegambgen Jenefat elebeberennens ionied d

el ecttt) rode iﬂ@_@ﬁh@ﬂ?&ég_, {hgg untﬁla%it}%gxr ?J%Vt%fs ?&@Frc%s@'teqqfédw dsdgv %ct opband
can be - nmpr oved. _ Ei_g. ) substantial part of a evi ce
in accordancetthﬁ 85§e9éﬁfgéﬁpﬁeeﬁ%g§@ﬁeHﬁgrﬁﬁsrhe above- nent i oned

enbodi nents, the steps. hageshbes egquatbsbahengl hpantt hé di FaEt dewvice
perpendlcq§ariﬁoagggrﬁggegg@gFPPadhgggﬁbggtﬁlgmgggﬁ%%%ku g?pvﬁﬁﬁgpteenth

enbodi nent has steps havin eren engths. Referrin o Fig. 22, the
step pattern BhesPatE8rged asrrangedHom- shgeleleeidsde 15 dPdn e’ F 3. The

step 10 pattetRe6IDMCBUHES stepsthavbng aabergt hTieé Chpkesgt bdgandsst eps
havi ng a | engt h_of . Ln.FlLg. 22 C2 ] | onger. than Jhe_two steps
navi ng the 1 ohoPhoet SR0s5hY REaeGT 11 RREoEn 180 AELPESE 2 The tvio ot eps
havi ng the | epgthe2 wadehalAphabéchi iberaned 6P RBOWhSrgedrdes.a Sinmlarly,

:1 he shi |eI1<d> teL@%ﬁgglghauﬂn?ékudq§ :g[sgt&é’fiﬁ@&i{‘? 5h§1éﬁagwn§&|hae@ %h@gs t
aving leng . The _steps o e s attern e y.spaced apar
fromthose oft?ﬁ%rsf%pt%%tBE?BagaEboPhggrgﬁElBPngn%beBgﬁﬁg d&f i ned bet ween
the corresporpkingestheps. wihehwidt h 20untetrherst efstbk phétstrep dtsterns 6
and 7 is equal {gQ, ﬁé40n|£hé5 Ebg§dp8§éb9k8d&°20399§h t he JRdasid. Wwaves
gener at ed bet ween ? e steps Cf of_the fatterns 6 an 9._ Slnllarlx, t he
undesi red waviedPgenerBtedaldisiden’ ticludes the same pattern widt

15 A. The gap B between the patterns ¢ and 7 is the same
as the gap B between the ground-side electrode 3a and
the shield electrode 2. With the above-mentiocned
configuration, it is possible tc 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. 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
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
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
embodiments, variations and modifications may be made
without departing from the scope of the present

invention.
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steps C2 are cancelled. 25 Fig. 23 shows a substantial part of a SAWdevice
in accordance with an eighteenth enbodi nent. The above-nentioned

enbodi ments enploy the identical width A of steps. In contrast, the

ei ghteent h enbodi ment has steps having different widths. The step pattern
6 is 30 arranged on the HOT-side el ectrode 3b of the IDT 3. The step
pattern 6 has two different gaps Al and A2 between the adjacent el ectrode
fingers in which Al Eheppregaat ppneenfipgn A baseguah P8PaRest eger

rruh!t: gl eI of Alategiheﬂpfaml_’ﬁattibﬁ uadeﬁboeiﬁ,\q@w% E@Qe@eﬁoﬁﬁ@ﬁ:@rﬁ eﬁ- The
shield electr .step.w. dths and . S0 as to match the step
pattern 6. Thggggépgﬁéo%ﬁgﬁ%es éscgnggﬁnog ggééﬁvéﬁlée 5§?bd apart from -
18 those of thecspepapadt bynrferanche above-nenti oned configuration, the
undesi red svaves 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

ni net eent h enbodi nent, 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
sl ant straight plane. The pattern 6 includes a pattern width A which is
equal to nX where nis a 10 natural nunber. Ais 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 el ectrode 2
having a continuous taper. The pattern 7 includes the sane pattern width
15 A. The gap B between the patterns 6 and 7 is the sane as the gap B

bet ween the ground-side el ectrode 3a and the shield electrode 2. Wth the
above-nmentioned configuration, it is possible to renove the undesired

node generated between the shield electrode 2 and the 20 HOT-si de el ectrode
3b of the IDT 3. The degree of
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suppression in the stopband can be inproved. Fig. 25 shows a substanti al
part of a SAWdevice in accordance with a twentieth enbodi nent. The

twenti eth enbodi mrent has a curved taper, which is used 25 instead of the

| i near taper in Fig. 24. The distance between the HOT-side el ectrode 3b of
the IDT 3 and the shield electrode 2 is the sane at any point. Wth the
above- nment i WihAT ISOBEAMERIS0ON, it is possible to renove the undesired node
generated between the shield 30 el ectrode 2 and the HOT-side el ectrode 3b
of the IDT 3 facing the shield electrode 2. The degree of suppression in
the stopband can Be i nprYiRAg. 2cqtlicyyaxe dRyics (RAMSNGn is not limted to the
speci fically di scheizdeledbodibstrates, and ot her 35 enbodi nents, variations
and nodi fications t\ﬂ@%té?@gi@}ﬁgnsd%érrf%) B1BRELS bR thel ficiBeldlficSeo@fate ankihe

present invention. - 19 resent | nvention Is based on Japanese .
Batont Appl | cat | of S5'd SeRs308 RRERT P s Picspelsct isahetats ona gl & BH T ihe

di scl osur e tbé shidid gértiode baingdiliyrposed between the éeb IBYsref erence. 5 - 20 WHAT IS
CLAIMED IS: 1. A gH&bace acoustic wave device conprising: a piezoelectric
substrate; two interdigital_ transducer (IDTs rovided on th  ezogl ectric
substrate; and Hn%ﬂ{[g?g”%@ét'}aaé‘é"ﬁrp@v?' & %#‘@ﬁghaﬁ?@?ﬁg?eeﬂ?% g"eg%ﬂfgt rate
and set at a gi viba shietdei¢dtmide has besesdndgatteal @ran edge speaaitg bervtvenly spactd

bet ween theap’éﬂ@rohﬂﬁérfiréi\ﬁaﬁ{e‘ﬁ%;ahd one of the two IDTs has a first pattern on
an edge that facges_the shi el

el ectrode; th hi el d el ectrode has, a second
pattern on an edgéfgipajemagd 8‘8 ngiﬂgﬂP@gﬁﬁéﬁwei’ﬁﬁ%deﬁﬁ&ﬁ@ﬁ%% 89 pattern:
and t he fi rdistanpes ebwaenanuespbadinpesteps df the fistpatieneng the tseaapt paltamt ang dib the same.
plurality of steps, and

2. The surface acoustic wave device as claimed in claim 1, wherein the first
pattern has steps and is a mountain-like shape or valley-like shape that has a peak or a
bottom located between a center and an edge of the one of the two IDTs.

3 A surface acoustic wave device comprising:
a piezoelectric substrats;
at least one interdigital fransducer (IDT) provided on the piezoelectric substrate; and
a shield electrode provided on the piezoelectric substrate and set at a given potential,
wherein:
the IDT has a first pattern on an edge that faces the shield electrode; and
the shield electrode has a second pattem on an edge so as to be evenly spaced apart from
the first pattem,
wherein the first pattem has steps amanged at different intervals so that vector 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 in claim 1, wherein the first
pattern includes a step width equal to mA+A/n where m is 0 or a natural number, nis a
natural number, and A is a wavelength of a surface acoustic wave in a passband.
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di stances between corresponding steps of the first pattern and the second
pattern are all the sane. 2. The surface acoustic wave device as cl ai ned
inclaiml, wherein the first pattern has steps and is a nountain-I|ike
shape or valley-like shape that has a peak or a bottom|l ocated between a
center and an edge of the one of the two IDTs. 3 A surface acoustic wave
device conprising. anegegdl ectric substrate; at |east one interdigital
transducer (1DT) provided on the piezoelectric substrate; and a shield

el ectrode provided on_the piezoelectric substrate and set at a given
potential, wherefn: Theesuiete aepusiic wavesdevisatasstaimesinairimdywhetein 2 fligtasse t he
shi el d btte@tn thikeedgand tHehshich bebtd?@i aﬁﬁtth@d@gf;e_h@f&h@ftﬂ%ci@ eguaad hﬂmn@mﬁa&Tedge
so as t S e t LSt tier erein the first
patter ngh(gér f’;{"g%y’ér r aﬁéﬁﬁ%%ﬁuﬁ% rrftg;lll%n 'gra v“éﬁvg %Qgﬁtqﬁgts%g%% Boustic wave

i nt ensi th&R2sgPandyndesi red excitations generated between the shield

el ectrode and the edge of the IDT are zero in total. 4 The surface
acousti c wave device cl ad in.claiml wherein the firs ter

i ncl udes a step_wkdt_ha@(ﬂeugéﬁ%{;%gcr%{gtﬁ?vﬁvﬁ 5P & fgjreyn ﬁ"ﬁ%ﬂ.’bfﬁegﬁ%ﬁﬁrﬁger, n
is a natuPaiterRimpseyidegaione of apair gipeibdifgetectpdes toutichoan alteonating curremtis i n
a passbandappligd. 5. (Cancel ed) 6 The surface acoustic wave device as cl ai ned
inclaiml, wherein a distance between the edge of the shield el ectrode
and the edge of the IDIs is equal to mX+XJn where m is O or a natural
nunber, n is a nafuralThesHHase acHelicnvave dgvigreetleimsdin ckira 1swhérgindhatistist i ¢
wave i n apatss Banovidet onlbeth B4 baie 6f i iRdeidfecio¥gs. devi ce as clained in
claim1l1, wherein the first pattern is provided on one of a pair of
conb-like electrodes_to which an alternating current is applied. a The
surface acoustic Shavéheleyface ageusiicaiave deyiee a3 elpimet in ahaise di wherpie the first

pat ]E ern i spatteayantbthe Gcdret fatiefn @sﬁ@jtivechma}%tddsk?mcﬁtaﬁ@tdp%&?wﬁ fﬁ?t_aﬂi@?
surface ac ) . al,m1, erein the firs
pattern anﬁéét8 h%ﬁgt}ééﬁg%sﬁtggtgfé%{garcﬁ Ort%srﬁé‘(%e'%@%ﬁ?nﬁéqsude steps, and the steps of
the first and second patterns that face each other have identical |engths.

10. The surface aQousiThe sWfae s26Wdtic dvaes detied sBdaimed®d Ak 1, whhah HdsHidie

shield el . i n another.ed oppgsi,te to the edge
on whi ch ti%i@gggﬁgiﬁrﬁgc{ ééeureh'g?rg %ét@%r{%gga_oppos:te?o the eq{%e d% va'nch t?le seconla
rn is provided.

. The surface acoustic wave device as claimed in claim 1, wherein:

the shield electrode has a third pattern on another edge opposite to the edge on
which the second pattern is provided:

the surface acoustic wave device further comprises another IDT facing the third
pattern; and

said another IDT includes a fourth pattem provided on an edge facing the third
pattern .

| 12. The surface acoustic wave device as claimed in claim 11, wherein the third
pattern and the fourth pattern are arranged with a constant ratio of the shield electrode to a

surface area of the piezoelectric substrate between the IDTs and said another IDT.

13. The surface acoustic wave device as claimed in claim 1, wherein the first pattern
and the second pattem respectively include steps that have comb-like electrodes.
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11. The surface acoustic wave device as clained in claim1, wherein: the
shield electrode has a third pattern on anot her edge opposite to the edge
on which the second pattern is provided; the surface acoustic wave device
further conprises another IDT facing the third pattern; and said anot her
| DT includes a fourth pattern provided on an edge facing the third pattern
12. The surface acoustic wave device as clainmed in claim1ll, wherein the
third pattern and the fourth pattern are arranged with a constant ratio of
the shield el eg?tgroﬂ% to a surface area of the (g_i ezoel ectric substrate
bet ween the | DI$ alf LEREP arRyshepayesevicess ciapedindaipe! E5rn the firk PatiefBvi ce
as cl ai med and to¢ sgaond paittrerespectivedy ihcludd stppd that haveasatld eleetrgles.ond pattern
respectively include steps that have conmb-|i ke el ectrodes. -22 14. The
sur face acousﬁqc Evave devi ce as cl gi nmed in claim1, wherein the first
pattern and the '82EUREeFSPYLicNavRSpues 2% pipodin PlalOswhgseintheihird Rotere o) i d
el ect r odes.ind&lesErsters thaf lbasaat daastigte of awamb-lide wliecteodesand lacsolideledtiodel ai m 9,
wherein the third pattern includes a step that has at | east one of a
conb-like electraode apd a solid el ectrode. 16. The surface acoustic wave
Gevice as ol dneans ROTACR ARpIRtc §REs BRYCE FRAFIMEGN ORI LrHiera B Ha' RadeBng
pattern ar enddrspeasond phtjera arearegpebtively Brrenged withosestihiousdinedrdgperss. 17. The
surface acoustic wave device as clained in claiml1, wherein the first

pattern and e.second pattern are respectijvel. rrgnged with_cont|nuous
P et t aner 17 TRE SRSl s el Be Eblmesut oBleh o hotaibd R PRl o T
wher ei n a @nd thecseicend)pattept aret ieepactipely srranged|vethtaontinudus carvpd typergat i on
direction of a surface acoustic wave where n is a natural nunmber. -23

18. The surface acoustic wave device as claimed in claim16, wherein a tilted iength of

the tapers equals to n) in a propagation direction of a surface acoustic wave where n is a natural

number.
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