;edewrs, u"Nuve, wiwasF TI TLE OF THE | NVENTI ON SURFACE ACOUSTI C WAVE
RESONATOR AND SURFACE ACOUSTI C WAVE FI LTER 5 CROSS- REFERENCE TO RELATED
APPLI CATIONS This application is based on, and clains priority to, Japanese
‘pat ent application nunber 2001-390707, filed on Decenber 21, 2001, in
Japan, and the entire disclosure of which is incorporat eml‘lmmﬁmm“mm
reference. 10 BACKGROUND OF THE INVENTION 1. Field of th The
present invention generally relates to a surface acoustic waygsi«esonator, a

| adder-type surface 15 acoustic wave filter having surface acoustic wave
resonators arrangede idr angeresnaren and a parallel arm and a conposite

type surface acousti %U\eﬁéggf%éé&srTsfﬁ{"’%CEE@Oﬁﬁéﬁ]&ﬁ[?%%g%icﬁhresonatOr IS

conmbi ned with a double gge ace acoustic e like. 20 2.
Description of PREVRRIGQIBIEAFLLAER adder -t ype surface acoustic wave (SAW
filter having a plurality of SAWresonators is known as a band-pass filter

(see Transacti oprds SfrerRehfst £d Uker Ofr Fla@elreAr ens | Nformation and
Commruni cati on Engine Ve NO. 2 45- 2521%3/ Fig. 1

S. 2o VoI. J 76-A 1993 p.. 2
shows a conventional Tadd@rPtyEe ' SAN PREFY Fhe F19 t(’gf”imﬁcpﬁd%
pi ezoel ectric stbstfaREEEG SAL AT CAPBAWATESaNARBPST A0 BB 957 Odr e
respectively ar Eangecr megemnbes ar v duat,waen Japahnpatid ttedemiemaliréi 30 and an
out put term nal 479 B\, 2AWE GROBART OX SirPéor%J&Qa@%daBEréfép@f"ié’@ér%n%@.anged
in paraIIeIl rms. One of the parallel arns is provided between the input
termnal Ti~and ground G and the other parallel armis provided between
the node bet weeBAEHeROTAW OFsERAT BVSENTILOAND S2 35 are connected and ground
G Each of the SAWrasonai@rs o$lth821nPdnedsh P2 is cal |l ed one-port SAW

resonator. Fig. 2 illigt patesed SVAREULCBhel IR PIIRALS o o 5 10 15 20

surface acoustic wave resonator, a ladder-type surface
15 acoustic wave filter having surface acoustic wave
resonators arranged in a series arm and a parallel arm,
and a composite type surface acoustic wave filter in
which a surface acoustic resonator is combined with a
double mode type surface acoustic filter or the like.
20 2. Description of the Related Art
A ladder-type surface acoustic wave (SAW) filter
having a plurality of SAW resonators is known as a
band-pass filter (see Transaction A of the Institute of
Electronics, Information and Communication Engineers,
25 Vol. J 76-A, No.2, 1993, pp. 245-252).
Fig. 1 shows a conventional ladder-type SAW
filter. The filter includes a piezoelectric substrate
10 on which SAW resonators S1 and S2 are respectively
arranged in series arms between an input terminal Ti
30 and an output terminal To and SAW resonators Pl and P2
are respectively arranged in parallel arms. One of the
parallel arms is provided between the input terminal Ti
and ground G, and the other parallel arm is provided
between the node between the SAW resonators S1 and S2
35 are connected and ground G. Each of the SAW resonators
S1, S2, Pl and P2 is called one-port SAW resonator.

Fig. 2 illustrates a structure of the one-port
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.the SAWresonator has properties of dual resonance that SAWresonator. The
one-port SAWresonator includes an interdigital transducer (hereinafter
sinply referred to as IDT) 11 and two reflectors 12 and 13, all of which
"are fornmed on the piezoelectric substrate 10. The IDT 11 electrically
excites a SAW The reflectors 12 and 13 are positioned on SAW propagati on
paths and act as confine the SAW excited by the IDT 11. In case where a
desired resonance characteristic is obtained by utilizing internal
reflection of SAWby the IDT 11 alone, the reflectors 12 and 13 may be

om tted. The |DEakl-basnapai rreé &r@éﬂbcaﬂte@mmogegonsa@b ofc Mhiegh ahas a
nunber of el ectroge élngggls tz%rarn% gdrwn rea“{a eriQ éfexE@e f t he
reflectors 12 and I3 has nunbeée ? Tihg e troggs arran W|tha
fixed period pr2sSan8Ti sl%aﬂf}ded'rwﬁr éﬁﬁh@CF%lff’r @r“d A3paptloffal Jaﬁﬁent

el ectrode fingerser éspeed i meltheext ende hgeupiwardd samd tdoMdwaridls fIOTNs a unit
for excitatign qf §Mtﬂbeﬂ1§ﬁ%&@%e§r&aﬁmm%eh%fﬂ&cé&% eleetyode
fingers within gﬁeaﬁer 0 | e el ectr S| ntql e el ectrode

arr angenent . 8 Fé‘fse,\J(:‘{)lroc?ci’éi f’f’négg %?o % ngggﬁeé??o%l% arT angenent
has a width w, tchh§ietechs cthd'sf erngeéEeRaly atlprathRdy ﬁlwl dith &fswhsirex 100(9) .
When the el ectradeckingerroddiancey cRaequedricriax Spaceruided sy bet ween the

adj acent el ect r%@%ﬂ&{‘ﬁ&fﬁm@%%h ‘E%f%QQE‘{‘oA o £ Gy % Tth@ pabtern width is
500. An avers gattern W eﬁgirreans ELE ba&%’ he Qgt ern wi dt hs of
all the el e¢Prod@e°PFngels THAL O e ﬁl PPItER2- el ect r ode
fingers that formt heTHGD‘I"—’Dﬂ.l 14f hahea cm@llp(ﬂft compy ﬁéSGhaWﬁsrareeaCd’eﬂfgned to
have a pattern whdth pis Sndmert bE pueposedofifine@due agrhhged esitgt ance of

the el ectrode figngens, @Pﬂaéfﬁ anpyog &E JH %‘%ﬁ‘%%té?éfb dﬁrRPr!@e'?ltason
variation in the Battern mtrg uced in ?I guct rocess.
Fig. 3A shows a3 PEBBEHcY c‘?faﬁté@fgeF §FFE°%?S arfet‘éé@ﬁ\?e Fonal resonat or
menti oned aBévepeGindrall yand i3 calpgd araebuhareddefiteguency fr and an
anti-resonance frequencysifid.ofABdasEangesBidt foalel BYnSAVY r esopedtang1gonnect ed

|0 series acts ag.3qloW; AR JId ek 1BAnS0ON0 Ay solidul bpe Tn Fig. 3A

I n series connection at a resonance
frequency frs afdSisafb® ez e at %ﬂ %%*fcftrroéjseoﬁéﬁéég?‘?%‘ﬁﬁe}}ﬂ:‘ﬁl”fga§woAn
arrangenment haviedgc8awie eSonmtor v icbanecreded i hrdl ligl casisdasingls gh- pass
filter, as showriRytr2obeokersirgie ielleEicgodéparﬂd'hdb&fe&H el connection, the

10 insertion 1 0ss is M@r@eglggtgo&gsp{]@&e _ltxetggegg Yo il P AN J Sy

mnimzed at'an anti-resonance uenc g F}ége SAWfl lter is
made up of SAW PE<ARAEBFRT 125y WaSthr Wanb‘é | &GOS 5%

resonators Pl am@dtR2rarvwadgedi rwiaiakl éP0 &% s, Wasnlshsh@)mtn’pda g 1.
Therefore, a bandrnpasswidth ey 1iha\éqmglat§a555@£w vﬁiSitfhh@WBeitﬂeEhgthé?»B is
availabl e by designiag,t0ee L0l Le AL ES MBI S Qqt Bl the

anti-resonance f guenci es resonat ors and

appr oxi mat el y ecfﬁ‘él PRSTERR ‘?”e‘gtﬁhd‘r?cec’OZO f’?‘récﬁYeerf@lgéspFFEeB‘F ‘t’h%trSAW
resonators S1 ameka®2. thegav@ratrows rtdéguiprede band. ttier ¢t edilsthes of the
band- pass filtereisidghoas Ebhggd adderatt ypenSAMTidter. The characteristics

can be described by desifed) RandwdLhs L BYE, BUR)cd iR degpers:

suppression (ATT1, 25 t" frequéencies d the sp eC|l?| cation,
and the wi dt¥s ofP% Hé Sdpp ‘és%‘é%’prc’d‘rifgééw( B?\ﬁ???to%\/%‘iet Zi)eSlIgBFfjhE? t he
characteristi cs eare bepevakumatedtly cf Sapéof achorputratsededcrebesindie rati o
of me bandwi dt th:tk%v\]re?tlsﬂag%(\!ec?f aéﬁeer@%%tcit?eldtwfi Lbsarg?w dthi BM\B?)@@ 30

anot her given a i an ilter racteristics becone
better as the shatggrur géltegfzg'b\é%%ne aecq d%nt to 1) rl“hat Cha e fsctgct or of the

| adder -t ype SAWHFH%e Wﬁ?tbelﬁlﬁﬂw Wréﬁarbﬁﬁlwqwlﬂnaﬁﬁoﬁéﬁ sl opes
35 that conm=ct the artenuadisowanrgEseandnthecipassteandtiange. tide

shar pness of the,d angiithan §i\@pﬁésdx§at@ﬂm%ht@%§é mmnesk bycandiifgyence ~f
between the - 3 resonance uenc ntj - resonance_frequency
fa of the SAWfltTkieerSAWDéer@B@F?l@qT ‘%/rroé’(?ﬁéﬁ@ aﬁ? e P ShafPahs t he

transition slopes. Various nethods for decreasing the frequency difference
~f have 5 been proposed (for exanple, Japanese Unexam ned Pat ent
Publication No. 11-163664). As shown in Fig. 5, the falling slope can be
shar pened by reducing the difference ifs between the resonance point and
antiresonance point of the SAWresonator in the series arm



.10 so that the shape factor can be inproved. However, the nethods for
reduci ng the frequency difference of to thereby sharpen the transition

sl opes reduce the pass-band wi dth of SAW passage. Therefore, there is a
‘tradeoff rel ationship between inprovenent in 15 the shape factor and
expansi on of the pass-band width and there is difficulty in achieving
concurrent inprovenents. SUMMARY OF THE INVENTION 20 It is a general object
of the present invention to provide a SAWresonator and a SAWfilter in

whi ch the above problenms are elinmnated. A nore specific object of the

present inventigpd g E:Qs@r‘iéﬁeéj%x%qgé}%g/e§9nﬂ@rarﬁ%%tq §é¥\éﬁsh&§r having 25
an i nproved shape factor The above objects

an ex nd _w
of the present i TRPEHET 6 %’e éBh?’éE%‘?ﬂW t Vﬂ&@esé‘@oﬁ%??%a%?e r esonat or
conprising: a picroekeedrit slistsr aces ande alewamsst ifd 180rvave $SAW
resonator havi ngyat keasd Dite: iint @idi.gdhal v arsddseconnber &y sai d at

east one [ ntier dl.gital ofr Anadueh ahy sLhCE 0. ARbysncl fregugééy[mﬂe Wis

the total of w S O ectro I hgers form s | east one
interdigital tr dFSdGeer 1S airimiaedy alteﬁBt ANBF ~ERTYHICY £4&AvsREY fas-
interdigital tramsducenge¢merst diavaoki 6AWofe SAW prmopaganeohed- id The above
objects of the plesent1i sventdoLn akgnhapbsss achi ued a@ysﬂoﬁurwcg acoustic

wave filter conpl i Sl plgH_] EEpineone e%krl cInsuF}t%srt r%eitegrL -an rfacech%coustl c
a

wave (SAW resonat ors or red on iezoe r| ¢ substrate and
are el ectri &l | y\'E6RRéER etP it Isermpgdmiggenabfa tlf?éOSR\‘AFPe%ﬁ%F%’P%Y havi ng at
| east one interdm ktal isansducieredc anf egureti asedwsordebdd cabpeney Tae. above

obj ects of the presenr;«hé mva%méro@ ggesﬂ,@ # 5% AGRi a¥ad BY &r S ace acoustic
wave filter corrprl sin :Pi ezo S%Ctl‘l C su%strate and surfage Igﬁoustl C
on°t

sona in.seri ms an
wave (SAW resonators that” are ¥ orméd i 6708 et T80t Tate and

are el ectrical | yFeéoRA&ered} r?rléjerpze§rr?ﬁée‘$ﬁw RS edr 8°15 | #%1 udi ng a SAW
resonat or hawi ngshatwnl éasFignel i nThedefptal a roamsdpees £ohteguraed ngs
nentioned above., P%%SGBQM@ shjads eh Fhs. pﬁ}@sﬁéﬂtada'l\i%ﬁtlleoﬂyafe al so
achieved by a surface acou%gA Mave fthl tg};wc rising a ggugl ehrmde type
surface acoustiC wave 28 \/]Vchl I"ter HeSdRalsr “aPect ™S cally
connect ed t her et@tlgéﬁaowv? SHHCHEIeBNHRP st e ¥z 68FERREPES s‘iﬂbst rate,
and an acousti c amave2( SAYW apesonataaklaegngl ato | @astrespeannter di gi t al

transducer Cz@nf'f&lérq%@né‘%eﬁﬁf‘}é Qﬁth%b@Xﬁ rg§015§éd;rlzs @ESQRBPEEO\' OF THE

DRAW NGS O h bj t t d t t
will become (ranr)rg P E%?}t e‘? %tsshggflki?f%&n% e@ﬁlrﬁgaeagégfsnt? on\{\ﬁnnelnopead

in conjunction wW?HSFhélh‘&@rﬁp@rﬁy@ﬁgtH?a Lo GypewsPENLiEFgr- 1 is a
pl an view of a cowenbiranaérisdider daypeeSAWEEr1tet by desired

bandwidths (BW1, BW2), the degrees of suppression (ATT1,

25 ATT2) at frequencies defined in the specification, and
the widths of the suppressed ranges (BWattl, BWatt2).
Further, the characteristics can be evaluated by a
shape factor that describes the ratio of the bandwidth
BW1 at a given attenuation to the bandwidth BW2 at

30 another given attenuation (BW1/BW2). The filter
characteristics become better as the shape factor
becomes closer to 1.

The shape factor of the ladder-type SAW filter

may be improved by sharpening the transition slopes

35 that connect the attenuation ranges and the pass-band
range. The sharpness of the transition slopes is
almost determined by a difference Af between the



.Fig. 2 is a view of a one-port SAWresonator; Fig. 3Ais a graph of a
frequency characteristic 35 of the one-port SAWresonator; Fig. 38 is a

graph of a frequency characteristic of a | adder type SAWfilter; - 5
‘Fig. 4 is a graph of required band characteristics of a band-pass filter;
Fig. 5is a graph illustrating an inprovenent of the shape factor due to

reduction of a frequency 5 difference ~f between the resonance frequency
and the anti-resonance frequency; Fig. 6 is a graph of a frequency
characteristic of conventional one-port SAWresonators connected in series;
10 Fig. 7 is a gresphankbeubteqtdangy var pati oms dnt it-hrespesonanteeduaguency,
anti -resongnﬁe ]Eﬂae%lfelaﬁé( sl ﬁQQeQeakDédﬁEbl@!ﬂ@?/tﬁé aréynetdpn of the _
pattern width of,.t ; is.a l.ustrating_an royenent in
15 the shoul der dslhfg%égggetlgfegsﬁgggéﬁgnagéﬁgp?%élsthlo%’t %.’(%f)pfgﬁ'e s\}urmﬁgl\ék; Fig. 9
is a graph of aM4"dqdeénty” IffEecerPsthe brewasyder fEppensaf ia% in

whi ch SAW r eSondteans phavo s al fipat eeamphe dt fepfnedfo Uareaappéd ethtentseri es 20
arms of the filt®iy1iEL88on QA and158Bcaf e WARBASWh! EHSELAL 110 cy@riations in
t he frequency c@gﬁagtergftlcsegp %rvggrmgggjtherp%ttern g%dth i s changed;
Fig. 11 is a graph of'%a -?%%‘?re%ueﬁ §rRENS Y PGB 6P the pattern
width in Figs. |OAfgnareoBiisiqgtweeni §ha wapRele Podgtieaty Tharacteri stics
of two SAW r esonatsehant@apoirayvefpahtesAWW eddrsmatefr 1D0tandsd0%s arm,
respectivel o FigQ th3ci LhdSIHRLFaBLSLN HEL W& Qfp R vAe- port SAW 30
resonat or according tg an _enb glnen%hof tpe present |Fven$|on' Fig. 14
illustrates a SAWresOnNat ot ’e% PpPea Wit i Ui €8EPGARIT FhGe RN

di fferent patterdifcdense stk drdithgresyanbt et dMsodirABRE toPn t HkeRfesent 35
i nvention; Fig. ‘EuckSthe pbads-badW @f dah SAN 326 eratsagel. N e dfores bar s of
ap | DT fOfﬁEd b%ﬁ%rgegglafﬁféaéaf%'te@atioﬁ@ﬂﬁ$Qﬂﬂﬂﬂéﬂ ?h QEGQEEhghﬂgers;
Fig. 15B s CQ%FS- ectlgnq! Vi ew t aken aloqgfa line XVp - quﬁipown in
Fig. 15A; Fi 3 18R P8R ptan A SR “F*RISAMAT SortdifoP?PR 52 Ii EH

dielectric fil mansl sheyededl birf Besilbar 0 Fhyievigy congusrens- sectional view
taken along a |iin@r¥VelentXVIb shown in Fig. 16A; Fig. 17A is a plan view

of a SAWresonator in which a dielectric filmprovided on bus bars is

t hi cker 10 than that Qrovided on el ectrode fingers;
SUMMARY OF THE INVENTION

20 It is a general object of the present invention

to provide a SAW resonator and a SAW filter in which
the above problems are eliminated.

A more specific object of the present invention
is to provide a SAW resonator and a SAW filter having

25 an improved shape factor and an expanded pass-band
width.

The above objects of the present invention are
achieved by a surface acoustic wave resonator
comprising: a piezoelectric substrate; and an acoustic

30 wave (S5AW) resonator having at least one interdigital
transducer, wherein said at least one interdigital
transducer satisfies:

0.15L £ W £ 0.45L
where W is the total of widths of all electrode fingers

35 that form said at least one interdigital transducer,
and L is a length of said at least one interdigital

transducer in a direction of SAW propagation.



_Fig. 17B is a cross-sectional view taken along a line XVIIb - XVIIb shown
in Fig. 17A;, Fig. 18 illustrates another structure of the oneport SAW
resonat or according to an enbodi nent of the 15 present invention; Fig. 19
“illustrates a further structure of the one-port SAWresonator according to
an enbodi rent of the present invention; Fig. 20illustrates a filter in

whi ch the one-20port SAWresonator configured according to the
presentinvention isconnected to a dual node SAWfilter;Figs. 21A and 21B
are graphs of frequencycharacteristics of two filters that are configured

asshown in Fig.20 andrhavsdie! 685 e0t; Pt Lafd edlhs: 2RGLG: 1SR ddaistrates a
| adder type SAW(f.i | tergccorcﬂl n oa ?‘I r st exan;lp;ilf e of the gr esent invention;
Fig. 23is a grapts6r aFPeqlE ctiyg@hét“&éf“gﬁi%?‘é% C &Y dddEPtype SAWTilter
shown in Fig. 2Zoawdishegonyaricizordkkcadder suygiara3AW fanidt enr8aFe g.

24i | lustrates adaadderctype: SAMNI ktepascorditihd CaSaoenddesanphe of the

present inverti Q. LGt - 2Ol raph, ;6hanrac isticsof the
| addertype S WTC’E_JilI ?gg%ﬁ%mﬁéi%b itg @54 ggrild%%e co%v%%?ilgngﬁ{lg%%%ézétype SAW

. a
filter. DESCRI PTI"ONSGELTRE WF@R%DGE%&DFWOES FavingTRE Led¥ent

i nvention reducesis nseetibnijadss riensdncendcoff ihegghss bPandrobed SAWTilter
on the basis of saor@vel viewpoint described below, so that the shape factor
can be inproved withoul, reduci ngiLhe,passsband 3 widih, of 1he fidter. The
present invention reduces the I nsertion | 0ss pbe_t Wween Phe resonance poi nt
and antiresdfandesSgorAbidYed Ry SARPFERFEracpigtis wayGws 14t pass- band
characteristic afomprSANM{i |4 qrichagilagtebavemts ondle ;oredport SAWresonat ors
that 10 have a patterg.wdi 106u800capgdvar gsmonneebadcbis Sefd€SardA sol i d
line shown in Fi - gdshg\A@he&ln expeniment gl Lrlgssturleitte %@lc(ij %rbr oken line shows
a sinmulation result. Tﬂe S Tl ati on use(J:i t?le géner al coupFi ng- of - nodes
theory. 15 The iShEATOFRLEVMPAEGteRe 18oFPEI T Bi0IAH FPRBAWPYH each

ot her, and fldundnguudthata t$fW exepenanent bavieswHt ldees ook coi ncide with
the sinulation riesultiYefyl Waldnddic@ rSeshkdhul Qe atedhbetiwaen Lbsy& esonance
point and the anti-re onance paint. Mre part |r%usle%rtl thzrthgraeré s a second
peak different fromthe pea die’ £6 7 eSonanced between tﬁe resonance poi nt
and the antiresci&c8CPdrtd MereisHaffeer, 2SRt i€ JeGnd1pE8K is referred to
as sub peak. Theduprentogs 4 alndleumotkbat ypbespass-danrdulkascavaeduced

insertion | @gs imalfie rsube 2% REAK s@%s'r%%@ﬂatJPeeﬁéd”ﬂ-Hi%ta'lqg_ Ehahedisgs the
coupl i ng-of-m)detibt hgory cannﬁtgw r eproduce the sub rgqﬁak' .Thi s sug ests that
the coupl i ng- of -HSd&ES°r h&dHY & S5RB2EP e RS RTAT L Ehal P4i&CrbEhbt For t he
direction of SAARYRSGpagat i d F AF@USkHeé Csbvpebi@Dol s omet cbeleXpr%i ned

W t hout consi derdingebwn- dheensieddlgian it heeesdhaensioitalgulrehassor s of SAW
The inventors paid @aihent ios,d o0 the sub peak and considered a way of

i nproving t e shape factor of the 35 SAWfilter due to the sub peak. The
inventors attenpted to reduce insertion |oss in an end portion of the pass
band. In the corREIdit SRACRE BEHhiHr TdEr DRANERGSg  the sub peak is

| ocated far fromthe oesanaicedqainfeandrés ddusdaamitedesnothehdransition

range. The invernd,Qrsnat t gIPLE ] Q iMY§LBReSHO- PG LIHRE Qnt PR €SONANCE
point to thereby.inprove S I nvept.ors conduct ed

t he ape, factor. 5 The
experiments in whlk W&HPyd?Eaelgea‘ftdeersr?r\kﬁp‘dt‘ﬁ“oﬁm?rher Was CARAGEE i | e
the el ectrod® fi'higer tper pegoBFaHd DFawasIRepin conisttent . The results of
t he experinment are shewy.in i & planTheehosf zond@lveariionall thedgr aph of
Fig. 7 denotes thgdQ@pattern.wdth (%, and the vertical axis thereof

denotes the frequency _at ich the sub _peak is observed. The_ inventors

found out fromthe grapf-that® éhangingt & one-port SAW resonator;
Fig. 3A is a graph of a frequency characteristic

35 of the one-port SAW resonator;
Fig. 3B is a graph of a frequency characteristic
of a ladder type SAW filter;



. the IDT pattern wdth varies the resonance frequency and the anti-resonance
frequency, but does not vary the 15 sub-peak frequency. Mre particularly,
the inventors found out fromthe experinents that the resonance point and
the sub peak relatively come close to each other by narrowing the pattern
width so as to be lower than 50% so that 20 the resonance frequency can be
rai sed. The inventors found out fromthe experinental results that an |DT
pattern width of 350 is nost suitable for bringing the position of the sub
peak into line with a right shoul der portion of the filter characteristic.
25 As has been descririgd wi th 4 ef @inee teqhiged hadde pattern width is
defi ned as 2w pi héralé%Pe(r%su%QdokS tgﬁe{]ds% S%f f'iIi‘?eW dt hs of two el ectrode
fingers incl uded T 1 one rowmng the pattern width so as
to be | ower than 500 Fig - tﬁelgAﬂN‘}ré’éﬁhatlér‘sFrEankmﬂﬁdt impronemsatt e n wi dth
for each pair ofthelgrgeoodectongens we tddducanenpefi adf rsqurarayower t han 500.
In this cases eM@E‘fé"f@{Eet he BatfeLn Wdthschahctherpgidscplarl egkr ode
fingers nmay be |dtent| cal to or_di fferent from one anot her, the resonance
poi nt and the sb"peai’ 35 E&l 5%.%?“ Yone close to each other. Further, the
inventors found out ttH&t, 6\/\ht%nat?F@Pa\/@rfaQefﬁaﬂ‘tl‘efrWvﬁfmrﬁlcé‘?rtlﬁél%nt| re | DT
is |lower than 56% cmxtmaerglonraesonarmmcam raRdnbhhersuopesicadeliat i vel y cone
close to each othe{.s;That is, the resonance poi nt and the sub peak
relatively f(?rre clos to ach ot her eig lé ower, t han 500 ere Wis
the total of°the widt HL§ of 55af 191 € 8?%8 If"i’ NS YR F8r Mt he | DT
and L is the | engstnaice HaeaBFNEY, t et idireseneaaeof r S pHo paghtiubn. From

t he above vi ewppeakstrddieneat bera Mkidi of offhehpr psetéri nvienth e neans t he
average patterncpidiprunl ess special comments are given. The 10 conditions
for setting the pattern wi_dt h narrower, than 50% w || be described |ater.
Fig. 8 conparatively 'dfowd pasd TR dHAPSECRFTIRT i ¥ P TNE ERW tBsonat or s
t hat have pabtethewslRiWglegf shePs antl BB pPassspeoti deeyto THeLigr @phtéf Fig. 15
8 is depicted seubhgéai;he resonance points of the SAWresonators coincide

wi th each other. The ﬁ%W r9e§9”§tn§’faﬁ’ﬂ to'?f % E@E&Séﬁ‘c mal}aq,jte%§%{hés an

i nproved shoul der Shaﬁf sharp ﬁ ng e ecause the sub peak
thereof is made®&l dsk ‘Bart rifé(PFeé%‘ﬂa JcJetE‘p‘i)llﬁ’t héﬁ Frg” @e%‘?ﬂﬁﬁs"r&? band pass
characteristic bAvang addertteypewSAM fof 1305 iarewhbehiSAWS essonidsors in
series arms2bavaraspaf taten sadeh; of 35% As has been pointed out

previously, the convefgtgr onaly,l g’%j?(ﬁ% yafq g&\g\éggl i Iu tFlFPl w th SAW

resonat ors haV|n atternvvl as t su k far, fromthe
resonance point Y ﬁélaT"sorb%rjr”e&hienffﬁ‘éu?rr%\hscihtairéﬁtreanaelc? no%?ﬁﬁvreéjs , the

| adder type SAWvhEht eite agpfiggpadwiidth tdhechsardeds- arm SAW resonat or s havi ng
the pattern width equalg.t 1358 hagrdidre cxulh peak eloged®, tdwe ar esonance 30

point so thay thetlohl shaulder porhionial LheLhl ! epachasageristic has a

| ess insertion [oss, this esu i n a broader "pass 't her, the
falling end of the filk%r 1@har°‘a€t‘é IRt i itEegHERR n%laa’a%‘:tf‘dﬁﬁarl&& to the
conventional fi lfetwos®r hatsanasoshapeaBhdactrarttean wedihmproldd?

drastically. Fomna pat}ersspddtieiln;the range of 25%to 45% i nprovenents

in the shoul der Shap%?%y ]kp EQSS§£%€£S str%gturetgg §q9“ﬁgﬁﬁtcéﬂwbe

remar kably gbserved according to one aspect resent
i nvention, thRe f&6EPBAFNY ‘?:?ﬁfdﬁdﬁ“@ntf’sa%afri‘%‘?q‘é‘lf‘“to°§5Ehe<PWS 9. 45L 5
where Wis the tiovehtbénthe wi dths of all the electrode fingers that form

the IDT and L is the ﬂ“ﬁf‘gtlhl Qfllhéeré@'s i drhe disbast bone@f i AW prigpagat i on.
I n other words, elm%rovg ue to ft of the

in o] r_shape e_shi
sub peak can be provi I ded v%re%e %afén?ogfg%rnenq tpatgengbdph -<< 950

where wa is the aﬁé@tférﬁgV\E%Itad‘ctﬁletrhémEPéEﬁ?‘b‘deﬁ|tn7§erp§et3ﬁa¥ form the | DT of
t he single ebectinedatasnangenent. If the pattern width is | ower than 250,

the frequency Fig. 15A is a plan view of a SAW resonator in
which bus bars of an IDT formed by a metal film are



15 of the sub peak is | ower than the resonance frequency, and sufficient

i nprovenent in the shape factor due to the shift of the sub peak will not
be obtai ned. The reason why the pattern width is set equal to or |ower than
"45%is as follows. 20 Figs. 10A and 10B show band pass characteristics of
SAW resonators respectively having different pattern widths. The graphs of
Figs. 10A and 10B are illustrated so that the anti-resonance frequencies of
the SAWresonators coincide with each other. The graph 25 of Fig. 10B is an
enl arged view of a portion surrounded with a cycle showmn in Fig. 10A As
shown in Figs. [BAcasd 48, diketrsvbepeakgemses closer to the resonance
point and the shoul deEFlgSha_\B% 1§ QUSPO seehdtrmrng\ieglg? the, payl o%rgn Wi dt h

becones narrower,. ow ng the frequency at whi ch an

insertion |oss dfmeZ g% |sXV tsaorradlas%%dr&ﬁ. on of the pattern width in
t he pass bands shown Fig.-Fil§é i$0A phah TORwW lof pr 83Vi cesondmwadlnue of

[ tr;sertr gnbl osls fwaﬁcdeialcﬂliéngedthqcbamdw d§ ho sy iaRULN- BulgBané? 11dl s 35
obt ai ned by plotting reayenci or insertion loss of, -2 dB as a
function of the atte]%rrr!;e c?% 13 g ﬁéog g)faiofonﬁr Vle‘io‘fb\ dafﬁjlgg A broader
pass band rangell“leVI‘O r?“Hé’ éBf"dPne’él a4 gher shape factor can be
realized as the -2dB Fiequdicysshopharalwirey tolfe avehti casoraadicer dfn t he graph

is higher. It carrlee se@ie fdamikl gi14l r}@atdédﬁ%n %qg bEBQULNCH, FAlSES

abruptly wh th ternwr th is 4 r foll ows that the SAW
filter havi ﬁg a %‘r oagﬁ?Ig pass dgr?dopa%%c%lﬁo % ogme%lr 8Ved shape factor can be

realized by setting tHe- pat7tBe|1ﬁ i S P TRt iesadr Vievera i ark 19509, aTur ni ng
to Fig. 7 againlinheXVIBguench It thevence Hiy.~fl7Bet ween t he resonance

frequency and the antrlrgesqrsaaqeugr_em%at%eeoge%eéwela/f sl lonehen the
pattern width is I

t han A;s ransiti.on o] f the filter
can be sharpened’ j(I)'her efroerseona orcﬁﬁc %%ﬁ ‘%ﬁ‘é’t ef“hgdéﬁglb‘é &:ctﬁ})er can be
i nproved fotda Peeﬁafl‘rerwwtd{ow | ower than 250. When the pattern width is
set lower than 15% thigy.reasi stanseratfed he felreabrodericnges o Amaye ncrease
and the inserti Q)ﬂeLﬁ&?t ofai he fo'nau:gy: Q@&’o@cﬁﬁ% 'tQ)C ﬁaéﬁbogﬂ{réﬂﬂ %ﬂ Il ustrated
in Fig. 12, whi % $ ss, 20 and characteristics of SAWresonators
respectivel y havi rergpf)%f B n Ve(E‘t AS"6f 150 and 10% As the pattern width is
narrowed, the resistance @10 théuerexteode fFlilhger éni mekdases amdt he
insertion | @ass abrtheawesanancef ceqgoefeyed NIRASREg EOT tiRe patdRIt W dt h of

25 100, the insgrt, SS, | g F h e stop-band
wi dth forned byqtnhlggP%érﬁrgs %@%Cksa ﬁ%?%o%vua% qﬂ% lé?‘seqar.? Ve éegrades the Q
A Peqlenty?

val ue at the antiresonafice CShSEGR ﬁ f‘ﬁ‘éu rlimt of the
pattern wi dth atchapeherhetistmpd taet 6 leews sthat a3@ penfiperiakdd s 15% As
a result of the sabeveisonsy dertatindnhatréed patdym wadtbraf widiend BT t hat

contributes 550 i ”DrOVr_bﬂ%Vtzf}e ﬁrragerge@;%r %%Irdtﬁﬁyeiw #:he 4,0 | owi ng
condition: 35 0.15L < attern w dth wa of

I n
the el ectrode fraﬁﬁgfgl??ranfaor rtsﬁeef‘f)“i‘p{)? ?%rqmt??r RyFé& ntlﬁr“’e“teltoe’t:’trode
arrangenent satisfiesF25%%S Wwa S 45@ph | ofpriciesiventcs Fhardetehiadd dsact or due
to the shift of drfhehsubagpeak war Bawobl at @edshdMennt regpabt esmd Wirdt h wa

meets 150 - < wa cgny2al oh P OMEIRNESpb NsAfe: STaRs S factor due to the
reduced fre gency difference ~t between the resonance frequency and the

anti-resonance frequehty ¢dn BéUshIaraed® RfESE E¥PRoTRY i higei™s of the I DT
may have an i dedcearipat tera sficdinkd eramp i féfertdrst praseetninvelthioni0 A
description w | langow be given of sonme structures of the SAWresonat or

according (o an aspeck; of hq PLegealy ! Y GIRRnc! go 1 Shous st ruct ure

of the SAWresonator accor to’an e rese Hventi on.
15 The resonat o sshéfnlFAdES gtYpPS Sﬁgsfaﬁtﬁfbﬁﬂwrbfl“aFéigng?é areécthode

arr angenent .35Al lcanyenelient I odeldamgeps 6AWt el dédT. 21 nay have an i denti cal
pattern wdth or a different pattern width. The average pattern wi dth of
the IDT 21 fall e o] he I DT 21 shown in
Fig. 13 has the SD\gCtR%? &G Ogaﬂ%ep?{ 9 g E n identical pattern
width. Gating reflectors 22 and 23 may be arranged at both sides of the
| DT 21 so as to be spaced apart therefrom

- 7 -



. 25 Fig. 14 shows another structure of the SAWresonator according to

anot her enbodi nent of the present invention. The SAWresonator in Fig. 14
has an I DT 31 and resonators 32 and 33 arranged at both sides of the |IDT
»31. The IDT 31 has different pattern widths. 30 It is not required that all
the el ectrode fingers have an identical pattern width but is required that
the average pattern width of the IDT 31 falls wthin the range of 150 to
45% It is to be noted that the characteristics of the SAWresonator do not
depend on 35 the ratio of the m ninumpattern width to the maxi num pattern
wi dth but the averageTpatpesdend dhkenSoor vadiadd dmseat ibhelabover menti oned

SAW - 13 resonatQss 02" endessdd hed Pelow. sAR showy id) Figspa1%4 apd 158,
the thickness of a netal ,fornj ntgeﬂa bus bgr Zﬁ t hat |%1pa;él of the IDT 21
may be thicker thdlfHal*oYPIHE" ST EGe PPnger S25haf Ade f82BGs bar 26
made of netal isfadficckern bheinmtoEia ywighoSAW pdwpayattéd peseabhnthe bus
bar 26 decreasessidtdf o& phezoel®alri chaupsddaite ihadinigoa FEERSSs Mawer se

velocity surface;.auavaouide Jmde of FAWLSGLALIPLN LN e fesonat or

As a result, the { he transverse direction (orthogonal to the
direction of SAWHIVRAGEt POHYT it b iSR¥dThbFeTef fectively, so that the
insertion | oss can fuFider6 bEhdwspropedsbeiwterhatretrgsenancet poi W and t he
anti lroeslg)nc'smce poz‘fi{!ﬁt-e%ﬁa%n@*@d’ﬂg ejn_rl_tﬁ%inGS- OAQA%@M SJJ—ﬁ\B,re(yoellaQ?EBi enfit | mtsh27
may be for 0 e vequi no f or i.n the
same princi pq}e g}savt aift g%ot?g%ﬁe hﬁtrbanoefe\rrlggﬁt géﬁo&ﬁei%gﬁ€%${§£ és’%gqu& SO
that the insertirfdldssléan FREhem Bd - mbr BURES bt VBT HHE 28 r esonance
poi nt and the antdésulgsonadce podkEn lAsieshowmsi a FHgslatidh aredul?B, a

dielectric fil mz& manubetrion O HNGehBra21-60 Bnd-& CaVekst he bus bars

26 and the el ectrode fingers 25, wherein the dielectric film28 on the bas

bars 26 is thicker tHan 25 that on the el ectrode fi ngers 25. This results

in the wavedgi de nodeTh®r iR RN Aive CPBRIEAC alshe MRl i nchBrakpANnEMEht S
shown in Eigs. 1bAh ebSB ahdedfland feBndThus, thie thsertdearimkeasslcan

further be inproved hetiwesnnéhe-dEx0RRNGE tROLRAE &Nl the Antlesi;ggonance 30
point. The arran‘geerrereqteﬁlshovm in Floq)fs. 15A 16A.16B and _17A - 17B may

- 15B,
be applied to the Wus bar 3" of ?%(_:etlre 'SSEGRE %igéene 23:° 'Irﬁssongnﬁfai cation
decreases the SAWVH G&Ft fhpepiat tratveapgs Batst of Moeé PérfFéere?slY2 35 and
23, and resudd s thedchdswaveguode prxde dirffehent eft@cttdres prakande280 Thus,
the insertion | osssGamcbUbbbREehe HdMIQednPEt YR they r@sonange point and
the - 14 anti-resonance pojnt. As.sh in Fig. 18, d | ect rode
fingers 24 havi ng RNt ROU" hay H66 SpPe0I by B6 '8¢ F6PRECTAE Bhds of the
el ectrode fingerseDsrephéodammy el RAY-0dENS FivRyErar sp4oane ABE PPl ved in
SAW exci tati on. die ghsvmpaebesis otderdduiger $n2drt dom 1des viav egiel debnode of
SAW and thezgexglj)ggg pAVtiignconfined in the resonator nore effectively.

Thus, the shoul der shgpe can further be inproved. The .dummy. el ectrode
fingers may be 10 appﬁggdsf%u{%elﬂ%fh?% ggg\s/vntril% 'ﬁlﬁ’e“f@ r@f’g?abl y, a
pattern wi dt h wit®fomheaanrfy rePeed s Gger Be2l- sdthiist S8gIehesf ol | owi ng:
wa s wd <- 70% that the coupling-of-modes theory is a one-dimensional

analysis method for the direction of SAW propagation
30 and the sub peak could not be explained without
considering two-dimensional or three-dimensional
behaviors of SAW.
The inventors paid attention to the sub peak and
considered a way of improving the shape factor of the
35 SAW filter due to the sub peak. The inventors
attempted to reduce insertion loss in an end portion of

the pass band. In the conventional resonator structure,



.wWhere wa is the pattern wwdth of the electrode fingers 15 25 for SAW
excitation. For wd < wa, it is difficult to devel op the wavegui de node of
SAWin the IDT 21. Further, some SAWmay |leak to the outside of the IDT 21
and the insertion |oss may increase. For 70s < wd, the space between the
dummy el ectrode fingers 24 and the 20 excitation electrode fingers 25 is
too narrow to produce these el ectrode fingers lithographically. It is
preferable that the length d of the dumry el ectrode fingers 24 neets the
following condition: 1 x pi < d 5 4 x pi 25 where pi is the period of the
| DT 21. For d < thg $ib & SAW eontedhifg dfirPacthe srowakeresd pandtt he
advant ages resul thagid riomast berdganin edlectede itiagersngsl. argenot provi ded.
For 4 x pi <d, the.&l 8 redenbiogers g, ave .’%‘Hb'%é]?taiﬁ%e J €3l ghance and

the insertion loss 30 I ncreases. As shown .in Flg. pattern w dth of
the excitation ef8ERTYUE PCHGEr §° 2558 o "R & el ShaPs HE@ P&t ern wi dt h
wd of the dunhy el ect (Thde ihvagerss 2 ratuctonnespe nigneporst iilenghiiphwhirth t he

e:c etc:]roge fi ngfrshg%&&@new@aegi@f echd ()_rlﬁlih?alguéhf)@é?d f@n@ﬂ%@attte_rn Wi ]git h
0 e dumy ele i r s o.that_o e roq rtion o

t he el ectrode fi%é%?gﬁﬁ%fQ%ﬁﬁér-pﬁffogqgfggﬁgéhgnYa%evﬁfof? S%3R§aveguide
node of SAW nor eTBE f eRIUNS PFahBe r @R e 2F8sFROWHCE dt1%-he -el B r ode
fingers 25, so thatitdreeasheulidenf shapeyzam bur Fher bedempreavedie 5 Al t hough
not illustraied pacfdgs wik8hand) 19%nd hend eflr@etei SaR?s ak 23 smay be varied
so that the el ecfrod egLﬁ%F%% haye root partions ghbckeg thaqﬂ£ggv%%naln|ng
portions. This variation devé 8ps the wavegui de node of %m@§even on the
refl ectors 22 andP23:NVERREPHFiSs LRt r¢putiee™ ShenBreRenetitt iFhaé §houl der
shape. Preferabl ghethel piagzeeheeidilt wubistsr ahesrefohdrecSAWa@songt ors shown
in Fig. 13 thr O!JQHd1@1@ra%t@qgs9$a§c@|ﬁz&ﬁle%\%zﬁ'Eu@'@&é@ Sy staal, sHeh as 42
Y- cut Xpropa9$t|ggbglggp%reléePgrtlcularly, en the SAWresonators of the
present invention are connécted fn series, drastic inprovenents in the
shape factor can be proFedeartypelrtihe SAW ifevomaRoT ndheusr E5@nt
invention i s appkhedetmerm@rentsethequtippedt ssinkhcthpo SAW4res anat eud such as
20 the | adder-type, sAWfdditeny Ebmé ScRASSIHY @atA 8@§é£>b§”&§9ﬂ$%i&?e filter
wi th a higher shﬁge fact or angtﬁ br oader ~pass- band Mndtglehe Eﬁ resonat or
of the present inventdori's "dartab?y*apd i"6d '8 hot "BhIY T'hé &88Er type
SAWfilter 280 puthalssaiecorpBeieRcY ypr SAWRLEedr (ThewhngRNEOBRe port
SAW r esonat or i sfeomdided fidoinhthbeegoebinenade reypet SAWLH ldrerzpar a

nul ti-el ectrode Lypee AW fdtht 8- 3548 §§QﬂxﬁPQhH€§EhQn§or'6%¥A&?%@E@Bé in the
shape factor as descrlbedjﬁgfore can bf oht ai_ned slnklarL it he SAW 30
resonator of thePPréestmt Tnvéht FOR RAM be EppPEd b rdstrdtior s of a wave
separat or such aS§hanleési énid i@upPéxere FHiger2ohsharseBlIAWSilter in which
a SAWresonaedbr confi gu edsabeen diewrtibddheiphesendrémeendd ang352and a
doubl e node type.SAWLiddEl al@nCoubined, . Mye 2RpL ! cul @6 |y, the SAWTilter
is a conposite S@%%fllter t%%twgg§hg g%nggl ter 30 as_shown i.n Ehgéd13 and

a - 16 sum of t electrode fingers inc

in one period pi. Thus, narrowing the pattern width so
as to be lower than 50% in the SAW resonator means that

30 the pattern width for each pair of electrode fingers
within one period is narrower than 50%. In this case,
even when the pattern widths for the pairs of electrode
fingers may be identical to or different from one
another, the resonance point and the sub peak

35 relatively come close to each other. Further, the
inventors found out that, when the average pattern

width of the entire IDT is lower than 50%, the



.doubl e node SAW (DM5) filter 35, which filters are cascaded in series. The
DVs filter 35 has two nodes, nanely, the primary node and the tertiary
(third) node, and has a hi gh degree of suppression on the |low s frequency
"side. The SAWresonator 30 is made up of the IDT 31 and the reflectors 32
and 33. The DMVS filter 35 is made up of three IDTs 36, 37 and 38, and two
reflectors 39 and 40. One of the pair of conb electrodes that formthe |IDT
37 and one of the pair of 10 conmb el ectrodes that formthe I DT 38 are
connected to one of the pair of conb electrodes that formthe IDT 31 via a

signal tine 50 Thengher,Gomb alieehLods, e hBT, 34,1 s sennacted 1o a

termnal 48 for ma 1 ng ernal connectl on serve as

an 15 i nput terﬁPnﬁPChTfl*@e(ﬁ hefP&ons elt&et FEaBBARFE tRRINDPSI3ED ﬁnd 38 are
grounded. One ofubhpephireloftivenly ebmetciopes tichaachophhéhevhddl W36 i s

connected to a tigrmbpat diin Maki Nde2d WXiLHMl reeanesti oRe LHshe ot her
conb el ectroge | gr:g dfzeel rmee tfer?rjr%nal rhagt 32\ Q serye ?asc% n .qut put
er ¢

termnal. Figs. aracterrs i CS SAWfilters,
each being conf |t§9r eﬂ“%‘sh s’rfomer ADEi §n B¢ NBestpart PEUSM |y, Fig. 21Bis
an enl arged vi ewropagatposit. ORrsurtloundedewvti Awaotht€) ectsh@antiennFi g. 21A

25 The 1DTs 31 of qtRe, SAWS ‘iﬁ%@ék?r §n!réh61h§1 frdera%fs @HQ SeEPNE SAW il ters
have pattern wi dths of 50%a %]ﬁagftl vel é&s he second S@Wfr l ter

with the patter R*w@th '6f %%@“ﬂerSéip F°8"506°h85° a9t 1t er
characterisiPc sgefithens tirr sebtpeakthe rAtdsent yidhe BB ¥IN&HEE poi nt
and the hi gh-frequencyl ssdleicafcribedpassedband has a | ow insertion | oss, as

conmpared to the fi rstFl%AWBf bg;nsgrag'{@gl); ShoRat Baggeb%s band
characteristic aﬁd t he sh afﬁg R%/or ape. inp rovg éhe second %AWffrIter
35 The way of cGRABRETRAY THESSAW FEorfaY of ﬁ&stﬁ SOV YT IRETS38 i s not
limted to that vidoaa ¢h Fiy.an2035Fer réstcnicel vt-heTkorar ambeetfr 6de- of t he
| DT 36 - 1715 hat depieduciedhte the teidfianale 49ihbsFbf. 1) amy be

connected to the LBT, 3, '&ltnfyl%ecaseh éaﬂ‘?n %t%%e' lphe o 3spagRected to

the signal term nak1 49 r at her tgg E % and 38. %;' ‘Q resonators

of the present ¥ tRvEnR3 oy 1H& c8hnd ‘teQ?St &“b&f“ﬁr%? AT * the DVS

filter 35. Al soshspaeaSAW rewomatrofsldiramyet bevapseathel sy meatay be added

to any of the alm‘éeeeﬂti@nﬂbestcwebutesr;hérhﬁzs%\%rcespeaher 30 may be any of

the structungs shown jn Figsy 1 Shﬁ?ﬁ@*}aajs% c%grécggsgg ign wll now be
Wfilte

gi ven of some exarrpl es of the S I accor % resent

i nvention. (Fi r SRIERANDYRS STHe HLFEE &RafptE i¥Wa IeéﬂaéFof pe SAWfilter of
800 MHz band i nsslrieh amhy hdwe SAVALbsomatoitsh arfr 3rGed AH Has tlkenseri es
arns are configwoedtas shOWrdvidhisgy, 18ne RIBIIHHIGNEE Fh@de?2Zygdde first

sampl e has the 42,Veehto X pLenagal L9BnL LA 0% SDSHEAl fad0non, Whi ch thr ce

SAW r esonat qQrs are arranged in series ar and t hree SAW
resonators 42, A% éﬁ(’i“%l%’rte 0 °8rr 8Aget™T r° ParnA et 2ar AECT THE saw
resonators 41 anmgs9RapsynpointSands igddedied Frorthehd repavehPencaryde.sake) are
configured as shewaonArksg, thk aradidleaveyp@esziwlﬂlqwe&geqnepbécﬂc\aatﬂron t he

period pi of 1D,z @Bgzg s Ul they g%@,%grgrl;%ﬁggjtg'eﬁgagé the

nunber of pairs of Lngers = Ea IDT = 30% t he
period pr of eadPéf It8c??)r has) thes 'Syl PERE FRRfsert Sof PFi h§BPR2HE® each
refl ector =340, remichtt he pldt erlre wiidghlt ehoebddr rrefdtdonopf- tBe pilt30 The SAW

resonator 43 (Sm@acsei:sseﬂaacbé heneke) ihfetthorsardses anfksi s confi gured as

hown in Fig. 13 a he_fol | he | DT
207670 um Ui he Sabrtard Mt pp-SR il ke o C ST Be O L or

i ngers = |51, tHe ®dt lté?nf%/\f %Cé?réFtFDTs“%O’EF %W?épﬁéﬁpoaspr of each
reflector = 2. 82bmpmretiheonumderoroferftiinget st biteach o ehlaectbe sh&fk: and t he

pattern w dtdy of¢sgach cgfl ggtgﬁpm\,@qjo/odrasggcall he SAWresonators 95 and 46
arranged in the paral ar s

i s_,ad dthere re,as shown in
Fig. 2 and have the fh?fo@vn% F i ﬁécrwfl Egtr% n:1% Hé A S °dd % g %’I’ = 4.790
um the aperturelHIEefr?g’tehleéﬁSIDT e ghowldar Plh@pﬁh rtooft ﬁaﬁhsfbfoﬁ DT
fingers = 121, the pattern width of IDT = 60s, the period pr of each
reflector = 2.395 um the nunber of fingers of each reflector = 40, and the
pattern width of each reflector - 60%



.10 The SAWresonator 44 (synbol P is added thereto) in the parallel armis
configured as shown in Fig. 2, and has the follow ng specification: the
period pi of IDT = 4.790 um the aperture length of IDT = 80 um the nunber
-of pairs of IDT fingers = 75, the pattern width 15 of IDIT = 60% the period
pr of each reflector = 2.395 um the nunber of fingers of each reflector =
60, and the pattern wdth of each reflector = 60% The SAWresonators 41 -
43 connected in series (arranged in the series arns) and the SAWresonators
44 20 - 46 connected in parallel (arranged in the parallel arns) are
arranged i n a zitgpzagubopamsit icam bEheebAYKslebonatsersedd -THE: airse arranged so
as to avoid posifi-grRgiQ t!cm%ﬂwlen%rs%ek‘cn% Gantd Ay taykhe: SAW piopagat i on
pat hs of the SA\évr%sona ors 4#- 3. 25 Si I(fhraly, the SAWresonators 41 -
43 are arranged $518¥*%% EBH G p8sitti BAET ¥ T%agi nary |ines continuous to
t he SAW propagation patdbd: &f Wt ReOSAW resonators 44 - 46. Fig. 23 shows
f requency clhar a@&@ﬁ:ésw: s ofe tthaniA\tSfoi:ﬂF]é aﬁildl:fhst e failllsthéxanfd:ier:(ﬁﬁ? Ithe
conventional 30 SAW.fi j | it 0 | 0 Wfilters
as shown in Fi g.éfg\é%gs%ﬁtd,eﬁwﬁrg@%o%&t%rg&]f%/el{ugtrr}%yE\éﬁgtﬁgc?gr?%i c of the
first exanple (SROwhMas® |FVETGIGR" OF nSEN ProPRdatdng -a bt SKEIFT i ne shows
that of the conwemtdsonahpfévamemts| tincahe behwelatef strpehdudstgreph of Fig.
éiv\t/ hat the sub s@ﬁ@ﬁ 6O NErSe @mgletng the ussspmanf (&ﬁp%@h EgeeSCE seri IeS-arm
resonat qr, and-.the. shqul der portion of the pass ban as a |l ower -
19 inser?ioon%%&%ggﬁﬁég%hr}%g the pattern width of the IDTs of the
seri es-arm resonat or s? ft:|u<al"“atc<1 30% As a result, the pass-band width is
br oadened and t héneghape factior pagtdrasvidah |of itipr eledtrbd¢ SEcoyel Exanpl e)

gg\eN secondt exanplh@ i $o§m!@¢e?ﬁerTt )6&_9tgé\V\éililéIeerelcgct%:_-o%e%%rbﬁ@gmé’m&r ei nF_t he
resonators ar e n SEr i r re config in Fig.
18. Referri n% tgifll’zl%gg gﬁ%t?%ne%s%gggnggsa%n%%athhaasn g%e‘"lgknggg%ﬁ?gw

X- propagat i dR Li°faG3estBRtRed'e 160 1OHSRhFLEH t Hi%e & SSANPPES0AREBIE" SN, 52 and
53 are arranged aml seff esieantrsi mpne vewen SAM rgso rdtagres £85tandddé @ e
arranged in par alfeelnaepsor Thee SAW HesRNAL 0 sh&xl ve 2bthinkhe S@id es arnms 15
(synmbol Sis addree%st ple‘cl?t oghear%t %r}ni u(rjgg as shown ir}L Ei gbr1§ earnd have
the foll ow ng speci Pl'ch [ on: thve peri od pI of I au3, 18 um the aperture
| ength of |DT - H¥nudPsthe Hunterloys-pairs of IDT fingers = 161, the
pattern w dt29 of | DT EigHS%ldrhenpelDBdsiprw dfarebgplas20chethecenist=ck 0575 um
the nunber of fijens 0fs6RLh,ILidRGLOk i 7e 1PthatiRy RAlHRLRAWM gL Hr Ofn each
reflector = 500,witd}11:<?lsl enlq;teh ofa %Qeoéug{% elleb%t ra%(cjie lfogngeés 24 (Fig. 18) -
2.115 um and tHe pact ern wWi%dth '6f °t he Gy “el"é¢t rode®fFngers 24 = 350. 25
The SAW r esonat or'd Us5raheld 58° (diathdlhepant - aeriath tdferferearearéceonf i gured as
shown in Fig. 2 @nrdshiveetbeatfodd awiingigpeeifh caddomithtelte pBine ageapih of | DT
= 2.160 um dshe @aperiiyur eobengtdh UniladPled 60 s thedruner sak rpghdisq of | DT
fingers = 75, the hatt erglg\nstohwnof.nl '31 = §8A509¥S tstpl%w e“h0€i$§ 0];‘0 each
reflector = 1.080 Pm® FRELAUTHRIT o fitdgef 8" of “8adhoVef M8cid7°= 180, and
the pattern w dt%ﬂ%fm@acﬁh?ew%cﬂ‘%ﬁk €oBg%, CEPELT 2B sSHSWE eFregieficy
characteristics mfirtthen8AW ¢ i $i@rldsfr tshepsetonduexanplee iapdotrhe as

conventional 35 SAWfickter gosippad oelshnablywthe conventional SAWfilters
as shown in Fig. 2. Adottle b ows the f e

I ine indicated. 0 s equency
characteristic of t.he%%i;ong e fograpéxzsi%r%‘fjén%%}]e tHe Pattér ﬁE\(\X’qhthﬂ] equal
to 35%in Fig. 25 ia¥@¢raiprokess |9the 2 @i dat edtdined ahowdurkatonf of he
conventional filtres.paAteehi diitmein niecated bynds sthous ivheifysequency
characteristic ofndhgssecand,examle thal,2 0as A fAlLeignm gLl i, 35% and
the dumy el ectré)de, fi ngegs §4 ds Ciath,o t he SAV\grgsonat,ors ]‘-'?1,- 54 in the
series arns. efining” the bandwidth is about - B. Fig. 11 1is

35 obtained by plotting the frequencies for an insertion
loss of -2 dB as a function of the pattern width in the

graph of Figs. 10A and 10B. A broader pass band range
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It can be seen fromthe graph of Fig. 25 that the sub peak cones close to
the resonance point in each 10 series-arm SAWresonator and the right

shoul der portion of the pass band has a | ower insertion | oss by setting the
“pattern width of the IDTs of the series-armresonators equal to 35%
Further, the dummy el ectrode fingers 24 added to the SAWresonators 51 - 54
in the 15 series arns further inprove the insertion |oss of the right

shoul der portion. As a result, the pass-band width is broadened and the
shape factor is drastically inproved. The present invention is not limted
to the 20 speci fdatabkyoutsiolasehdeabbdyhent shard fuartoat tensbe and ot her

embodi ment's, variahii 90§ QQQjﬂdeEBC%Eé@@én&?%ﬁk%nWQQ%n EHQU&eQ@HQﬁI'nQ
fromthe scope of thefpéesen i.ny E % WEAT %% IS 1. A
surface acousti ¢\M&v8tr o s &SH%F? ?ﬁg &°Pi BZ 0BT T silist rat e;

and an acousti c Ma¥eat Spvgy T%Q@oﬁ&?éPGHQV|¥@P%ﬂSI&QﬂﬂptéMewhﬁ@e¢@$gltal
transducer, wherneitiesal didth lieagtszone Lover di gict 8b11sansthoercheatsaaf i es: 10

0.15L -< W< 0. £k cobehe, WY < sk Q&ag?gé il N0k ahd shegtdadad i ngers

that formsaid at |east one interd g t ransducer’, Lis | engt h of
said at |east ondaPRt EPEFYT 3" LfansabEesd iy SH a8 F5R B?t%ﬁﬁﬁ
propagation. 15widtTheqgsak flaceradouwsti thamvedr.esonator according to claim

1, wherein said at Ie@@ﬁnﬁﬂﬁtbntegdigiggﬁiﬁraﬁﬁﬁ@@equgﬁ@yeugﬁﬂuyeacglectrode
arrangement ., ér’f %al%eéér”&?ecece%%ﬂﬁgké ¥‘$<¥L? %’}%t % aggprding to claim
1, wherein: sa

'east one i nter Ucer has a single
el ect r ode arrandéﬁ@ﬁﬁ“C%nﬁF%EFQQCﬁaﬂFeFﬂmQWEﬁ?ﬁ%&%%ﬁsm?ﬁé @P%Et?%%e fingers
that form sai d atatlteast wodier i it dodiegi thént2ahsducahasathsf feansP5E<- wa <
45% 30 4. The slihaceracwslstilceravanr BS 054 SferRGLOr théige td-&l aitm 1,
wherein: said at alneggt sQPc? ¢ (}ert%'eg'skgﬁaetfé‘@fodxucc%r rﬂ;%s;f?t %9841 efoeJ %gt rode
arrangenent: and a fern w Nger s
said at |eadf oﬁ@itﬁﬁérﬂffﬁqeﬂOWﬁFaﬁgaﬂc%? saMP§P|EEe HEEFQFWWY¥Qt?50 - 22

is set lower than 15%, the resistance of the electrode
fingers may increase and the insertion loss of the
filter may also increase.

This is illustrated in Fig. 12, which show pass

20 band characteristics of SAW resonators respectively
having pattern widths of 15% and 10%. As the pattern
width is narrowed, the resistance of the electrode
fingers increases and the insertion loss at the
resonance frequency increases. For a pattern width of

25 10%, the insertion loss is as large as 1.3 dB. Further,
the stop-band width formed by the IDT is extremely
narrow, which greatly degrades the Q value at the anti-
resonance frequency. Consequently, the lower limit of
the pattern width at which the shape factor can still

30 be improved is 15%.

As a result of the above consideration, the
pattern width of the IDT that contributes to improving
the shape factor should satisfy the following
condition:

35 0.15L £ W £ 0.45L.

In short, when the pattern width wa of the

electrode fingers that form the IDT of the single
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. 5. The surface acoustic wave resonator according to claiml, wherein the

el ectrode fingers that formsaid at | east one interdigital transducer has 5
an identical pattern width. 6. The surface acoustic wave resonator
"according to claim1l1l, wherein the electrode fingers that formsaid at |east
one interdigital transducer has 10 different pattern widths. 7. The surface
acoustic wave resonator according to claiml1, further conprising reflectors
arranged at both sides of said at |east one 15 interdigital transducer. 8.
The surface acoustic wave resonator according to claim1, wherein said at

| east one i nt er GGCEEPIE rANSIICEL s SR bt HEP DY 5% Aetal <f#bt and 20 has bus
bars thi cker thdmpobhenepos tironseobhspedfattdeasie abetrhst ehdigidal

transducer. 9. The surfacer acRUsL cpMayged esqnato ' Q.ql aim 1,
further conprising o ctric %52§L| merovi ded Erﬁ@gﬁé;{ aL?g %:‘atglai d at
0!

a die
| east one inter d‘lagf“feggstighs‘dd'@er‘. F YRS dBobiBEi TP WVe resonat or
according toocl fiamter e ttrertheompebseAgt seatiesicocdiifée8onee | i pr ovi ded on
said at | east ometwster ehgitalonthaasduegisnavhemal Rhbhendi etesdhdred il m

comprises a firsteBAEhtPdNAe bBeREA¥LACTnAN DS, PaIS Alapald gt | east one

interdigital trans E@ r_and i s thicker than a second portion provided on
the el ectrode fihgerS8’ 3% 1"2VerRE JHPPLLERhdBUdEre WAPEhr@Echat or accor di ng
to claim1, furthiéfeconproastiteyndwadiph. 23 el ectrode fingers provided so
as to face ends of the ®iwetipedenfingersowhbesaiideat of easte one interdigital
transducer. 5 la.cfhe,sllface ACQHRLLEYRYE, L S300ALOL acsoLdi g, g claim 1,
further conprising du el ectrode fingers provide 88 as T0o ce ends of
the el ectrode fi%géPg BFeIt 18 ePEASE - one interdigital transducer, wherein
t he dummy el ectrode fi¥merls lshvesaa 16t pattiverenofi thé $AW thedorsatorsfi es: wa <
wd ~ 7 00 mheracwarhgn@ @ﬁhﬁﬁbﬁb@ﬁ@ﬁ@n@fgﬁrE%éebQ@EEQgeiﬁbéﬁEHé%j PVOlVEd in
SAWexci tathan. gl 13sodhe, sWilage ;acpustl s wave Lesgnatoropogording to
claim1, further conprising dumry el ectrode fingers provided so as to face
ends of the el eCtFPgde F1oger¥icorrEandene t eadtiohe | ptestdiqfit al transducer,

wherei n t he dunfiingeeetebdehef iIfeRd hayehave2®rr énghhidat hpdttsatd sfies: 1 x
pi -<dd <_ 4 X piicwhese PidirroratPghtodrofyisaind atnd e@«ﬁéra%g i nterdi lgi tal
transducer. 25 C usti.c resqnat or _accordin o claim
|, wherein the Fli”ecztggﬁe‘gﬁgl@ ngu%g]t%r ng %\B%/r?gc}és oFc énngﬁtr%%er g)pftagati on

Li Ta03. 15. °A sdrfate 4edustPe WaVe?¥ iThasm donpifsi hy:ha0 i ezoel ectric

substrate; and electrode fingers, all of which have an identical
pattern width. Grating reflectors 22 and 23 may be
arranged at both sides of the IDT 21 so as to be spaced
apart therefrom.

25 Fig. 14 shows another structure of the SAW
resonator according to another embodiment of the
present invention. The SAW resonator in Fig. 14 has an
IDT 31 and resonators 32 and 33 arranged at both sides
of the IDT 31. The IDT 31 has different pattern widths.

30 It is not required that all the electrode fingers have
an identical pattern width but is required that the
average pattern width of the IDT 31 falls within the
range of 15% to 45%. It is to be noted that the
characteristics of the SAW resonator do not depend on

35 the ratio of the minimum pattern width to the maximum
pattern width but the average pattern width.

Some variations of the above-mentioned SAW
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.surface acoustic wave (SAW resonators that are formed on the piezoelectric
substrate and are electrically connected in series, each of the SAW
resonators having at |east one 35 interdigital transducer that satisfies:
*0.15L -< W~ 0.45L where Wis the total of widths of all el ectrode fingers
- 24 that formthe interdigital transducer, and L is a | ength of said at
| east one interdigital transducer in a direction of SAW propagation. 5 16.
A surface acoustic wave filter conprising: a piezoelectric substrate; and
surface acoustic wave (SAW resonators that are formed on the piezoelectric
substrate and areselactnsi eakl yeconiiect édlion.series, 10 the SAWresonators
ln;:! ug! ng aOSf\éVLr esonpat gﬁapﬁ\éim%hi@ts.l @@ﬁtafé)@elf%@{ aflryd;i ]g;ihti_%g?ta5§n§§“%§ir t hat
satisfies: O. - -<.0. re e.total of_ w of,,a

el ectrode fi nge?%t%\goﬁé{‘tmfgo?;b%%i d"a;é/q ZCQS? oRePT ht etldi it }a}I%Tt ?énsducer,
and L is a | engtdy dfe ddilgkar teasttiviie dfntepdryperrods didWecedr 2Pn a

di rection ofs5 SAWY prropagat ban. 24 /made iff nacelacoushickavgve e | t er

conprising: 20 : t f t] filter and a
SAW resonator e eg(%)éraimc}ﬁlo{fggggn%‘g%azdc?tﬁgﬁg%g?%,ggﬁa{i:}qe Wﬁrk(éagé\r%&t or conprising

d SA
a pi ezoel ectri cOSTHAT R e, Fahd &1°4E6UEEFE et ?@W%égbﬂgt%r havi ng 25
at | east one intesshgyiterierseanstieciery, smrdecen savavedquidsagtodsnef

i][ltergi ﬁi tal tremsduceaormeti sitesn theldessnWebr0. 45 awhesalW i shé he t ot al
of widths of,all,el ectraode fj . for i l.ea one
interdigi ta¥O t r%?l@ ﬁrgetrh% grﬁ%hﬁg?éé%?qqertrlerg&t%ﬁoéf (gg;é@%?r?ﬁtleggjt %tgr?e

interdigital trahERICE o a2Hi PERIGT 10N SAW BPOpHET iWHS - 25 A A . A@
S. AGE. A, s. AL. AQe ABS: Ay 1A, As9. phat the insertion loss can further be

9. AN. A&2. ACE. A" ity @Roved ABtZebn NOnA@osdrlanBe pdsnd! AN [{HZ\hZ i3
8A} xsni d_ZU] ca] E?l&fe]n‘t]%] %@JI.LQ@] calcalca]ca]calca]calcalcalcalc:a]c:”a]c:a]ca
a] ca] c*a

]ca] cal]ca]c”ta]caJc caJcalca]cralc:al' UkQZ . _ ,

HHHSSW+. . £2T2] 202k 25278990 AWHHI 2970187 I chfta) H EL¢aFcaftBT ca] ca] ca] ¢
a] c”a] ca] cMa] cabtapza]zalfoaied] ca] Tad dajscbafsalea] ddlec apvapvajiea] cal chal | 2l
7INJO0AVXVWV] | "geeeel Bl ifpirhb ! | 4 sds0s24B) yenhdigl ¢ ca aalaalrea] ca) ca] cal ¢
a] ca] ca] cal ca] ogjgal salcaleak cahsal oal calgal Geheahsal sl o) qalsalel cal cal ¢

a) ca! Br
! 1/| gl of I wr ntheA YEP 8§ e ¥a ' CaPc SFe af ¢ai e Cf] dAPEaYEd] At d"€a] ca] ca] ca] ca
] ca] ca] ca] ca) cMapsap@aje godakcahdal lva]od]icakebehbh&e Ipgim{| w mhc”Y] ] c] ca] ca]
ca] ca] ca] ca] ca] ca] calxgalealqal #ap Ll cahaakaal 1 ¢8) calLiadicrlgakcalcal cal cal ca
]Ca]Ca]Ca]Ca]cabga%gngé*%g¥%§§fg%-té%lf%¥%¥1(%byggﬂggﬁ%%&gfi%he bus
bars 26 and the electrode fingers 25, wherein the
dielectric film 28 on the bas bars 26 is thicker than
25 that on the electrode fingers 25. This results in the
waveguide mode for the same reason as that for the
arrangements shown in Figs. 15A - 15B and 16A - 16B.
Thus, the insertion loss can further be improved
between the resonance point and the anti-resonance
30 point.
The arrangements shown in Figs. 15A - 15B, 16A -
16B and 17A - 17B may be applied to the bus bars of the
reflectors 22 and 23. This application decreases the
SAW velocity beneath the bus bars of the reflectors 22
35 and 23, and results in the waveguide mode on the
reflectors 22 and 23. Thus, the insertion loss can

further be improved between the resonance point and the
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fingers 24 are not involved in SAW excitation. The
dummy electrode fingers 24 form the waveguide mode of
SAW, and the excited SAW is confined in the resconator
more effectively. Thus, the shoulder shape can further
be improved. The dummy electrode fingers may be
10 applied to the IDT 31 shown in Fig. 14.
Preferably, a pattern width wd of the dummy
electrode fingers 24 satisfies the following:
wa £ wd £ 70%
where wa is the pattern width of the electrode fingers
15 25 for SAW excitation. For wd < wa, it is difficult to
develop the waveguide mode of SAW in the IDT 21.
Further, some SAW may leak to the outside of the IDT 21
and the insertion loss may increase. For 70% < wd, the
space between the dummy electrode fingers 24 and the
20 excitation electrode fingers 25 is too narrow to
produce these electrode fingers lithographically.
It is preferable that the length d of the dummy
electrode fingers 24 meets the following condition:
l xpi £d< 4 x pi
25 where pi is the period of the IDT 21. For d < 1 x pi,
the SAW confining effect is weakened and the advantages
resulting from the dummy electrode fingers 24 are not
provided. For 4 x pli < d, the electrode fingers 25
have an increased resistance and the insertion loss
30 increases.
As shown in Fig. 19, the pattern width of the
excitation electrode fingers 25 may be made equal to
the pattern width wd of the dummy electrode fingers 25
at connecting portions in which the electrode fingers
35 25 are connected to the bus bars 26. The pattern width
of the dummy electrode fingers 24 is equal to that of
the root portion of the electrode fingers 25. This
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he SAW re onator of the’ present invention is applied
to a filter equipped with the SAW resonators such as
20 the ladder-type SAW filter, it is possible to easily
provide the filter with a higher shape factor and a
broader pass-band width.
The SAW resonator of the present invention is
suitably applied to not only the ladder type SAW filter
25 but also the composite type SAW filter in which a one-
port SAW resonator is combined with the double mode
type SAW filter or a multi-electrode type SAW filter.
In such applications, improvements in the shape factor
as described before can be obtained similarly. The SAW
30 resonator of the present invention can be applied to
resonators of a wave separator such as an antenna
duplexer.
Fig. 20 shows a SAW filter in which a SAW
resonator configured according to the present invention
35 and a double mode type SAW filter are combined. More
particularly, the SAW filter is a composite SAW filter
that has a SAW filter 30 as shown in Fig. 13 and a
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double mode SAW (DMS) filter 35, which filters are
cascaded in series. The DMS filter 35 has two modes,
namely, the primary mode and the tertiary (third) mode,
and has a high degree of suppression on the low-

5 frequency side. The SAW resonator 30 is made up of the
IDT 31 and the reflectors 32 and 33. The DMS filter 35
is made up of three IDTs 36, 37 and 38, and two
reflectors 39 and 40. One of the pair of comb
electrodes that form the IDT 37 and one of the pair of

10 comb electrodes that form the IDT 38 are connected to
one of the pair of comb electrodes that form the IDT 31
via a signal line 50. The other comb electrode of the
IDT 31 is connected to a terminal 48 for making an
external connection. The terminal 48 may serve as an

15 input terminal. The other comb electrodes of the IDTs
37 and 38 are grounded. One of the pair of comb
electrodes that form the IDT 36 is connected to a
terminal for making an external connection, and the
other comb electrode is grounded. The terminal 49 may

20 serve as an output terminal.

Figs. 21A and 21B show filter characteristics of
two SAW filters, each being configured as shown in Fig.
20. More particularly, Fig. 21B is an enlarged view of
a portion surrounded with a circle shown in Fig. 21A.

25 The IDTs 31 of the SAW resonators in the first and
second SAW filters have pattern widths of 50% and 30%,
respectively. The second SAW filter with the pattern
width of the IDT 31 equal to 30% has a filter
characteristic such that the sub peak is close to the

30 resonance point and the high-frequency side of the pass
band has a low insertion loss, as compared to the first
SAW filter. That 1is, both the bass band characteristic
and the shape factor are improved in the second SAW
filter.

35 The way of connecting the SAW resonator 30 and
the DMS filter 35 is not limited to that shown in Fig.
20. For instance, the comb electrode of the IDT 36
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connected to the IDT 31. 1In this case, the signal line
50 is connected to the signal terminal 49 rather than
the IDTs 37 and 38. The SAW resonators of the present

5 invention may be connected to both terminals of the DMS
filter 35. Also, some SAW resonators arranged in
parallel arms may be added to any of the above-
mentioned structures. The SAW resonator 30 may be any
of the structures shown in Figs. 14 through 19.

10 A description will now be given of some examples
of the SAW filter according to the present invention.
(First Example)

The first example is a ladder type SAW filter of
800 MHz band in which only the SAW resonators arranged

15 1in the series arms are configured as shown in Fig. 13.

Referring to Fig. 22, the first sample has the
42° Y-cut X-propagation LiTaO; substrate 10 on which
three SAW resonators 41, 42 and 43 are arranged in
series arms and three SAW resonators 44, 45 and 46 are

20 arranged in parallel arms.

The SAW resonators 41 and 42 (symbol S’ is added
to for the conveniences’ sake) are configured as shown
in Fig. 13 and have the following specification: the
period pi of IDT = 4.670 um, the aperture length of IDT

25 = 62 pm, the number of pairs of IDT fingers = 94, the
pattern width of IDT = 30%, the period pr of each
reflector = 2.825 um, the number of fingers of each
reflector = 40, and the pattern width of each reflector
= 60%.

30 The SAW resonator 43 (symbol S is added thereto)
in the series arm is configured as shown in Fig. 13 and
has the following specification: the period pi of IDT =
4.670 pm, the aperture length of IDT = 78 um, the
number of pairs of IDT fingers = 151, the pattern width

35 of IDT = 30%, the period pr of each reflector = 2.825
pm, the number of fingers of each reflector = 20, and
the pattern width of each reflector = 60%.

- 18 -
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parallel arms (symbol P’ is added thereto) are as shown
in Fig. 2 and have the following specification: the
period pi of IDT = 4.790 um, the aperture length of IDT

5 = 100 um, the number of pairs of IDT fingers = 121, the
pattern width of IDT = 60%, the period pr of each
reflector = 2.395 pm, the number of fingers of each
reflector = 40, and the pattern width of each reflector
= 60%.

10 The SAW resonator 44 (symbol P is added thereto)
in the parallel arm is configured as shown in Fig. 2,
and has the following specification: the period pi of
IDT = 4.790 um, the aperture length of IDT = 80 um, the
number of pairs of IDT fingers = 75, the pattern width

15 of IDT = 60%, the period pr of each reflector = 2.395
pm, the number of fingers of each reflector = 60, and
the pattern width of each reflector = 60%.

The SAW resonators 41 - 43 connected in series
(arranged in the series arms) and the SAW resonators 44
20 - 46 connected in parallel (arranged in the parallel

arms) are arranged in a zigzag formation. The SAW
resonators 44 - 46 are arranged so as to avoid
positions on imaginary lines continuous to the SAW
propagation paths of the SAW resonators 41 - 43.

25 Similarly, the SAW resonators 41 - 43 are arranged so
as to avoid positions on imaginary lines continuous to
the SAW propagation paths of the SAW resonators 44 - 46.

Fig. 23 shows frequency characteristics of the

SAW filter of the first example and the conventional

30 SAW filter equipped with only the conventional SAW
filters as shown in Fig. 2. A solid line shows the
frequency characteristic of the first example (shown as
“Invention” in Fig. 23), and a broken line shows that
of the conventional filter. It can be seen from the

35 graph of Fig. 23 that the sub peak comes close to the
resonance point in each series-arm SAW resonator and

the right shoulder portion of the pass band has a lower

- 19 -
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insertion loss by setting the pattern width of the IDTs
of the series-arm resonators equal to 30%. As a result,
the pass-band width is broadened and the shape factor
is drastically improved.
5 (Second Example)
The second example is a ladder type SAW filter of
1.9 GHz band wherein the SAW resonators arranged in the
series arms are configured as shown in Fig. 18.
Referring to Fig. 24, the second sample has the
10 42° Y-cut X-propagation LiTaOs; substrate 10 on which
three SAW resonators 51, 52 and 53 are arranged in
series arms and two SAW resonators 55 and 56 are
arranged in parallel arms.
The SAW resonators 51 - 54 in the series arms
15 {symbol S 1is added thereto) are configured as shown in
Fig. 18, and have the following specification: the
period pi of IDT = 2.115 um, the aperture length of IDT
= 44 pm, the number of pairs of IDT fingers = 161, the
pattern width of IDT = 35%, the period pr of each
20 reflector = 1.0575 um, the number of fingers of each
reflector = 160, the pattern width of each reflector =
50%, the length of the dummy electrode fingers 24 (Fig.

18) = 2.115 pm, and the pattern width of the dummy
electrode fingers 24 = 35%.
25 The SAW resonators 55 and 56 (symbol P’ is added

thereto) are configured as shown in Fig. 2 and have the
following specification: the period pi of IDT = 2.160
um, the aperture length of IDT = 60 um, the number of
pairs of IDT fingers = 75, the pattern width of IDT =
30 50%, the period pr of each reflector = 1.080 pum, the
number of fingers of each reflector = 160, and the
pattern width of each reflector = 50%.
Fig. 25 shows frequency characteristics of the
SAW filter of the second example and the conventional
35 SAW filter equipped with only the conventional SAW
filters as shown in Fig. 2. A dotted line indicated by

® shows the frequency characteristic of the second

- 20 -



109 () -)+ T 109%RMNE&& () -) +t uvwewxy| [ vU4A10! ] u T @10%V5& ()-f, | T @
10%,& ()-f, ~@109%g& ()-f, b " @10%9"& ()-f, Y @10% ()-f, ] = @
109 ()-f,yzzzzzz{|vU410! g B "10%N8BN& ()-y# u 10% 8\ & ()-y#101010
T 109& ()- @ 109%VEME ()-f, z " @10%: & ()-f,||}~aBP|[:vU4l0!l g |
@ 10%88S& ()-u 109 8f& ()-y# " 10%f& ()-y# a ~10%& ()-y# X ~10%& ()-y#
u - 10% W& ()-y#PvU410! g Sf 109R& ()-nt B 10%& ()- 10% ()- 108108108
3:10%B& ()- z @10%, a& ()-MZ| [:vU4l0! g
example with the pattern width equal to 35% in Fig. 25,
and a broken line indicated by O shows that of the
conventional filter. A solid line indicated by ® shows
the frequency characteristic of the second example that
5 has a pattern width of 35% and the dummy electrode
fingers 24 added to the SAW resonators 51 - 54 in the
series arms.
It can be seen from the graph of Fig. 25 that the
sub peak comes close to the resonance point in each
10 series-arm SAW resonator and the right shoulder portion
of the pass band has a lower insertion loss by setting
the pattern width of the IDTs of the series-arm
resonators equal to 35%. Further, the dummy electrode
fingers 24 added to the SAW resonators 51 ~ 54 in the
15 series arms further improve the insertion loss of the
right shoulder portion. As a result, the pass-band
width is broadened and the shape factor is drastically
improved.
The present invention is not limited to the
20 specifically disclosed embodiments and variations, and
other embodiments, variations and modifications may be
made without departing from the scope of the present
invention.
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WHAT IS CLAIMED IS:

1. A surface acoustic wave resonator
comprising:
5 a plezoelectric substrate; and

an acoustic wave (SAW) resonator having at least
one interdigital transducer,

wherein said at least one interdigital transducer
satisfies:

10 0.15L £ W £ 0.45L

where W is the total of widths of all electrode fingers
that form said at least one interdigital transducer,
and L is a length of said at least one interdigital
transducer in a direction of SAW propagation.

15
2. The surface acoustic wave resonator
according to claim 1, wherein said at least one
interdigital transducer has a single electrode
arrangement.
20
3. The surface acoustic wave resonator
according to claim 1, wherein:
sald at least one interdigital transducer has a
single electrode arrangement; and
25 a pattern width wa of the electrode fingers that
form said at least one interdigital transducer
satisfies:
25% < wa £ 45%.
30 4. The surface acoustic wave resonator

according to claim 1, wherein:
said at least one interdigital transducer has a
single electrode arrangement; and
a pattern width wa of the electrode fingers that
35 form sald at least one interdigital transducer
satisfies:
15% € wa £ 25%.
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5. The surface acoustic wave resonator
according to claim 1, wherein the electrode fingers
that form said at least one interdigital transducer has

5 an identical pattern width.

6. The surface acoustic wave resonator
according to claim 1, wherein the electrode fingers
that form said at least one interdigital transducer has

10 different pattern widths.

7. The surface acoustic wave resonator
according to claim 1, further comprising reflectors
arranged at both sides of said at least one

15 interdigital transducer.

8. The surface acoustic wave resonator
according to claim 1, wherein said at least one
interdigital transducer is formed by a metal film and

20 has bus bars thicker than other portions of said at
least one interdigital transducer.

9. The surface acoustic wave resonator
according to claim 1, further comprising a dielectric
25 film provided on bus bars of said at least one

interdigital transducer.

10. The surface acoustic wave resonator
according to claim 1, further comprising a dielectric
300 film provided on said at least one interdigital
transducer, wherein the dielectric film comprises a
first portion that is provided on bus bars of said at
least one interdigital transducer and is thicker than a
second portion provided on the electrode fingers.
35
11. The surface acoustic wave resonator
according to claim 1, further comprising dummy
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electrode fingers provided so as to face ends of the
electrode fingers of said at least one interdigital
transducer.

5 12. The surface acoustic wave resonator
according to claim 1, further comprising dummy
electrode fingers provided so as to face ends of the
electrode fingers of said at least one interdigital
transducer, wherein the dummy electrode fingers have a

10 pattern width wd that satisfies:
wa £ wd £ 70%
where wa is a pattern width of the electrode fingers
involved in SAW excitation.

15 13. The surface acoustic wave resonator
according to claim 1, further comprising dummy
electrode fingers provided so as to face ends of the
electrode fingers of said at least one interdigital
transducer, wherein the dummy electrode fingers have a

20 length d that satisfies:

1 xpi £d<£ 4 x pi
where pi is one period of said at least one

interdigital transducer.

25 14. The surface acoustic wave resonator
according to claim 1, wherein the piezoelectric
substrate is made of 42° Y-cut X-propagation LiTaOs.

15. A surface acoustic wave filter comprising:
30 a piezoelectric substrate; and
surface acoustic wave (SAW) resonators that are
formed on the piezoelectric substrate and are
electrically connected in series,
each of the SAW resonators having at least one
35 interdigital transducer that satisfies:
0.15L £ W £ 0.45L
where W is the total of widths of all electrode fingers
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length of said at least one interdigital transducer in
a direction of SAW propagation.

16. A surface acoustic wave filter comprising:

a plezoelectric substrate; and

surface acoustic wave (SAW) resonators that are
formed on the piezoelectric substrate and are
electrically connected in series,

the SAW resonators including a SAW resonator
having at least one interdigital transducer that
satisfies:

0.15L £ W £ 0.45L
where W is the total of widths of all electrode fingers
that form said at least one interdigital transducer,
and L is a length of said at least one interdigital
transducer in a direction of SAW propagation.

17. A surface acoustic wave filter comprising:

a double mode type surface acoustic wave (SAW)
filter and a SAW resonator electrically connected
thereto,

sald SAW resonator comprising a piezoelectric
substrate, and an acoustic wave (SAW) resonator having
at least one interdigital transducer,

wherein said at least one interdigital transducer
satisfies:

0.15L £ W £ 0.45L
where W is the total of widths of all electrode fingers
that form said at least one interdigital transducer,
and L is a length of said at least one interdigital
transducer in a direction of SAW propagation.
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