;e3e.**+4,4- . 6B. T.ai, -1 EDGE REFLECTI ON TYPE LONG TUDI NALLY COUPLED SAW
RESONATOR FI LTER BQMWHIHWWTHE | NVENTION 1. Field of the Invention O 7
.~I'Uu 200z The pres relates to SAWresonator filters used as
band filters and ot her #idslekers, for exanple, in nobile comunications

equi pnment. More specifically, the present_invention relates to ed o
reflection type |longitudinally coupled sAWresonator filters, eacﬁqoltmuvx;rquch
has a multiple-stage structure in which a single surface acoustic wave
substrate is used to define a Fl uralit ongi tudi nal Iy coupl ed resonat or

of
filter units of an edgEDGH RERUESTIGNEYPE LANGIURINALLY the Rel ated Art
There have been proposed yarious._su e acoustic wave filters as band
filters used in nobile co&ﬂ%@%‘?i%@%ﬁﬁ%ﬁb'q EHr%Rsuch surface
acoustic wave filters, longitudinally coupled SAWresonator filters using

| ongi t udi nal - node couplings have filter characteristics achieved by
coupling two kinds of resonant nodes including symmetric nodes and

asynmret r igaA ORGROONE OF THEDINVENTRION Oi t al transducers (hereinafter
referred to as IDTs). In SAWresonator filters, oscillations caused by

ot her md‘esgg_tq:&s@%r%ﬁuemdes occur outside of a pass band as spurious
responses.’ sponses appear in a different manner dependi ng
on the configurations of IDJs aligned i surface acoustjc wav

or opagat i ng di WECRTESANt WHERICH [RlAse SHWIESPRRIOS FiteeaisRetes BRIt snot
suffici endddyothBEfiRstSEfbriekarh V\‘\rn%&@aé&ﬁn{uh‘da%'bns%gﬁﬁirﬁ%. f\péreconnecting a

plurality of SAWresonator filters in series Is used. However, when the
conf i gur &negticaly, the @resantnvenjiopirelates toadee refiecipnyresiongitodingily ters are
exactly t Vi r I S ' . S il E
units ar eéb@&ﬁ%SAﬂF a ?%g&u’ I qlt,%t)%eﬁa%bec%fﬁ@n*: ﬁzaée%n@;@ﬁ’ %ﬁ%@n@%@%hﬁiﬁ

above- destsingOsafrate avtistie waveSsRbstatalls wsedl fohdefiae plurdlity o lorigitudinally

responses cannot be si %‘II fi c_antu/ attenuated. = *coooo2*
coupled resonator Tilter units of an edge refiection type.

2. Description of the Related Ar

There have been proposed various surface acoustic wave fiiters as band
filters used in mobile communications equipment. Among such surface acoustic
wave filters, longitudinally coupled SAW resonator filters using iongitudinal-mode
couplings have filter characteristics achieved by coupling two kinds of resonant
modes including symmetric modes and asymmetric modes generated by interdigital
transducers (hereinafter referred to as |DTs).

In SAW resonator filters, oscillations caused by other modes such as higher
modes occur outside of a pass band as spurious responses. Such spurious
responses appear in a different manner depending on the configurations of IDTs

aligned in a surface acoustic wave propagating direction.

When attenuation outside of the pass band is not sufficiently increased in a
SAW resonator filter, @ method for connecting a plurality of SAW resonator filters in
series is used. However, when the configurations of the plurality of the connected
SAW resonator filters are exactly the same, frequency characteristics in the SAW
resonator filter units are equal. As a result, since the frequency positions where the

above-described spurious responses occur are the same, the spurious responses

LT

*G00002+

cannot be significantly attenuated.



"0 7 ~1UG 2002 2 Thus, in order to solve the above problens, a SAW
resonator filter, which is shown in Fig. 6 of the present application, is

. disclosed in Japanese Unexam ned Patent Publication No. 9-294049.0?j @W
resonator filter 51, two SAWresonator filter units 53 and 54 are m& d
on a surface acoustic wave substrate 52. In the SAWresonator filter unit
53, two IDTs 55 and 56 are aligned in a-slr-face acoustic wave propagating
direction. In addition, reflectors 57 and 58 are disposed in the surface
acousti c wave Pnuyagatdergo dohactheabovs phoblent, dcSAW rdsbaatoe gitem wiihehr g t he

| DTs 55 and 56, are disposed. Simlar to th AW resonator filter unit 53,

t he SAWrQHWfbﬂ?FL'Qf gl"?é”r‘e BFRSENs APPlicalippals %C?Q%ﬁqh'”t anege|\nexsmined and 62
are di Spoﬁ%anuE%é}io‘?\i [d5S99b4bke region where I DTs 59 and 60 are di sposed.
The I DT 56 and the IDI 58 are electrically connected by a connecting
conductive portion 63. However, the nunber of pairs of electrode fingers of
t he SAW r esonalnod SAV resonaion filE3 S1s twio SAYY easoratonfilteramnits 53 and Share

resonat or ,f] [ , he r in-4h a f.i.lter. 51,

o1 though PRECTSLOY 8 rEGe: 1Rh HayprubBali v o B BEY AR b Sannlee’ &5t
54 are cosBawocddTsresand 66.arkhignedires susfc@acbestd wale pRiefating@irbtiger s
of the IDIs of the SAWresonator filter units 53 and 54 are difrerent. As a
resul t, it agditonrefiestarseS7 and 58rarg disrapegdaithe sHITaEe ACAYRIICWAME r esponse
outside o ; o) ' C I | f,.Lhe SAW
Fesonat or PFPTLE G Gy EolT P BGH kg e e R S T s e

out si de oflispbgediand exhi bited in the frequency characteristics of the SAW
resonator filter unit 54. Therefore, it is possible to reduce the nagnitude

of a spurious gesponse i e freque C t e, St,ics of t overal.l SAW
Cesonator 11t St 15 ok Skl el it ke, B Sl shSortotlfes SR i, <
di scl osedajrand@d8iers thavnéfetivriesh dind eptar@dipgosatii oA sidbs2H4Rd Pegibhi | | zes
a Rayl ei gh wave as one of the surface acoustic waves. Recently, an edge
refl ecti owhespEuPP apd GagsdisRosfdve device utilizing an SHtype surface
acoustic wave such as a BGS (Bl eustei n@l yaev-Shim zu) wave or a Love wave,
as alternati V??hé‘?Dﬁ’E&? 5?&’1@@1‘5‘@‘5% efé%%?cah?%enﬁé&éh%} é‘g&r%ézgggopeg- In

ot her words, in the ge reflection type surface 0
acoust i ¢ oevdudiyaiponiort 63.r kbwenveothe muntieer sif pairefof tehectrogiei finpers otthe AW

achieved, since it is nat .necessary to include reflectors_on both sides of
ors. " Acc bty et ek 35 1SARE R b oot HE SAEireR 6] 188 BT ng ¢ ne
abovedescri bed two SAWresonator filter units in series is disposed in the
edge refl ecti om deewdundd, de ehel SOV & sonamorefileg Bi1p athbugrathecmad ohgifAiMally
resonator fil tgwn be obt ai ned. Howev(gr, it is signifi cantl%/I difificult
to produc&o4P'p iTEFORAIOR BYRN Yrits) 2L BNGA4AB EOBRIFIESIBAEHBS: the NHEICSIH t s
by uSing. 81 BAROL LS ARGISHINS SIof NENTTS AT SAR ARANER) b EnifLEDERS Of
pairs of electrode fingers of” I DIs of the SAWresonator filter units

di f f er ent S4ase diffarenthebs Anesuham&ie stonetuagr the dreaesay pralibh chrispuritgs

For ot cltiRyos ulpheRt Ral Phibiet h ARTRA ROt dal st s S ge
refl ecti oresonatordiiéf uaR B34$ aiffershieformhratofdspericfs apoas®butside efthet r ode
fingers of the IDIs of the plurality of the SAWresonator filter units are

di fferent PaEH@XB%?Pii’bH? EPQ‘!WY&W’%@PF@F@SOUWﬁ*@NSRWrr‘%thﬂ'éﬁrd'fnitﬁ"r-t er
units ar eTﬂbFéfSFe?ﬂtisEPQ%%WePEPé’Ehe MAGhRLAE B¢ a‘@‘ghﬂo&@?éﬁ:o%@@‘{ﬁmé onal

devi ces, processing the surtace acouStic wave substrate Is very

di f fi cul t frendeacypclearasienisticsiof iervegalt 8AV nesonatdrafidtes Sitls reduced. As a
result, the filter characteristics are greatly deteriorated. SUMWARY OF THE

of "Che  pr esont TTRAERVP S SERB0T SEVRACRIGHOT BIYT etk M JacHBReH FUMAeEy -

coupl ed SAWexaFMMEY Patdnt IFL@licatibrRbCH.-2849A0! iflizes eRAGBRM WaVshdenafof thepass
band is effectively suppressed and m nim zed wi thout 1osing an advantage in

an edge r &frfage peplsticppa\gnyRecenity an edgetreflectipthlyRe seiEiage @6QUSHS WAYE n t he

si ze ther : . 1hat i rLSLLGS Leved. In an
edge refl ?%P'ECSFQ%R’%’%@@ ﬂ”g%gﬁ“j%?IHQ‘H:%,Egéﬂ%@ﬁg\%ﬁ\‘/é@égﬁﬁgréngi n

accor danc &uWadv-8hipmizh)ewaesl oealiaieveate, ek dlfeenathesaotthe Magytdiglowave eave
plurality of the longitudinally coupled resonator filter units are provided
on the si RGFB SHified@BdAeyaioped: P YUNTRalnethe adlgeiedeetillyPeisHERSe he
plurality of the longitudinally coupled



O ~ ~lUu 2002 -4 resonator filter units have equal nunbers of pairs of

el ectrode fingers, the distances between the first end surfaces and the
.second end surfaces where a surface acoustic wave is reflected are equal in
the | ongitudinally coupled resonator filter units. Accordingly, el@rUGH80igh
the plurality of the longitudinally coupled resonator filter units are
provied on the single surface acoustic Wwave substrate, the first and second
end surf i o \VA [ r t hods.
Furt her oSt B LR PE RSN i e S, O o e A Pyl e
r esonat orsifice ités nohmecgssehetoriatiudeotfl¢dtersnombettssidés phaidDBs.of t he el ectrode
fingers between the plurality of the IDTs is different fromthe ratios of

t he nunbers of ,pairs of the e trode fingers. hetween the plurality of the
| DTs in the otAERTFER: MRFAPTYY COtan’ LS HRTGH  TEPcng e apdveesul't,
SpUri ous Jd&£apBageRoSRAN fesBlaton filtBeuhitLinlastiay i§ iRprebalin Hd 68g@fefidifion
| ongi tudinally coupled resonator filter units are distributed: There?ore,
spuri ous typesbfece-agousli-wave eavipperts 8aPnapart HAWmesenatonsiter carse t, an
edge ref“g&g{%@ type longitudinally coupled SAWresonator filter has
excel | ent®TFlIver characteristics. Wien each of the | ongi tudi nal ly coupl ed
resonator filter units has a first IDT and a second I DT, and in at |east
one of the | ongbwedemaitlis gignificaney diffsulbid prodiick tzeplutity 8f eddeereafiaction 6fpet he

nunber s of ﬁzirs of the electrode fingers between the first |IDT and the
r Bole

second | DTAVSTRRNARIIET HPBRPY HeiNhe PEYIR PUTTACS AtPHRIicoVaYe pdbstatefnthe

el ect rOd?mfaW%‘é RAuRPlerBNpaiReof ibstroldhing8nlofli B sSHIRE S AVPTEsbittbiftet her

| ongi tudi nally coupled resonator filter Units, the positions where spurious
r esponsesunitcdifferand, a desaribedtin dapdosse Unexanivoad Parent Pubtisatiar) Nep8r i ous

| ongi t ua Pa Ry cBumn g W ERE, RGO |1fs BECHPY o RuRES BAGBiect 1 wipetng ne

two | DTs asarfdts poseastic wav®onaoth eidee ofeDITedH trnedypeeficetiontyst SAWY
coupl ed SAWresonator filter is provided. In this case, when the plurality

of the | of@§enakArnuhey t%nam@ar&@ RRiER of thei ¢leerodmiingers od thriHaT ot thest

| ongi t udi : fekal I 5§ﬁ6% L inally
coupl ed r@lgtér%{ gfhl% ?g\é\{ Pe%%ﬁ??d?tﬁkll%l' th%glr'@g eft—ﬂﬂ, f?‘eezygna org ﬁ}ﬁggﬁguni ts is
onl y two, suifadest dfehe SAWtresdradtoafilter wnitsoarpatitferedy @omed¢dacothen t ype

| ongi tudi nally coupled SAWresonator filter is obtained. 0 7 AuG 200z - 5

When each of t | itudinal ly coupl ed SAWresonator filters has a first,
2 second. and Metag. i AE o R GV G SRR s PG SRl | y

coupl ed rassumticawave $ustratdid verytdiffictifbng soprechtornimnfaahihgthesid surfdcet he
electrode,fiagerg ?gtmeen the three IDIs is different fromthe ratio of the
nunber s of® 'BAFFEd of\S EesEltPeThigE Chpigtsristice AR SReatydqtRR @I BTs in the
remai ning longitudinally coupled resonator filter unit, a spurious response
occurring in the frequency characteristics of each of the |ongitudinally
coupl ed resonator filter units is distributed as descri bed above. As a
result, a Iarﬂe §$urious response is effectively suppressed and m ni m zed,
and excel BEMMARRY O EHEINVENHOEN achi eved. Furthernore, since each of the
| ongi tudinally coupled resonator filter units has a structure in which
three | DTs ar eTdiovpoxunk thehprabéems debctitbed above rsefsfirgubémbodimertie oéthect r ode
fingers between. the.lDIs can_be different over,_a W @de range ich the
spur ous PESEBREYeRioTHindorE ssbpaeireiin Shedofabidicaly TbaT $Al.e) when
the pl ur atddonatdr fiteeid WARhtagpidls/reepUns € dutsidd BRA Pash ibahElis Bfteéthvelyncl udes
a first, a second, and a third |ongitudinally coupled resonator filter

uni t, onl §uprressed asdinyRgnized wikiory lasingae @dvariegatinanfedaediefigaliarstyRee
arranged | i j i i Nt i t r e
ncousti ¢ TAVE ErRab, frSUsfidsl el oalaRN Bk S BERAE R Hal SeIaARET
| ongi t udi Baadlagterictips atk S&Wevesonator filter is produced. Although certain
preferred enbodi nents of the present invention provide an edge reflection
type longitudipally coup] ed SAWresonator filter, in this case, as a
P T ace Scoust Ieaiieses TRiFSAN YBe (S Ay GBI S AU B e el Tbcs wave
or a Loveauey@ahse Wil £palibited 8RYIGHRENESH thirede fo RFARAbP
filter caﬁ be Sr&%iéed.bFor ?he purposg of iﬁ%Sstfgﬁ?ﬁg {ﬁe I ven??on,e
there i s &ngitndinally keupiedwesrpaterliterainifsoanespramidet o themirglesurfacer ef err ed,

the pr eci SEoG FataE ettt hUS Faheruars Brebuiibuat e lgngidhaeghdta | ©
BRI EF DESCRI PTI ON OF THE DRAW NGS .



Fig. 1 is a plan view of an edge reflection type |longitudinally coupled SAW
resonator filter according to a first preferred enbodi nent of the present
.invention. Fig. 2 is a plan view of an edge reflection type Ionqtixdrnally
coupl ed SAWresonator filter prepared for conparison to the pref He 2002
embodi ment shown in Fig. 1. Fig. 31ig a graph illustrating the
attenuation-frequency characteristics of the edge reflection type
| ongi tudi nal |y coupled SAWresonator filters used in the preferred
enbodi meresenatpr flterunitschaveceqyai MNMbess epapiesi of slectofpiNDstn tha distrnaesri g.

saw r esornapEn R Bet sl sDlefls BH8Ing BebEid BE shiBBen BRRH A SpRlR coont <

i nvent i oracdukfic wavess Pefldcbskad eguigim ee I@n@mﬁmléll@@brépl@daéwalbuﬁlte’mﬁﬂédi ng
to a preferred enbodi nent of the present invention is a plan view

of a conAGRIFSRALY p&sﬁrgmthrrasrarur@bwpwfébewwmlambpfad fesPnater fijer
Ry o1 oh i DEEOLL TR RE SR E LA, CEEREFERRFD A BORL VMRS B g Bl

preferre resent rnvention are explarn I h de
refer enceartdasmﬁf&carskraenewgﬁy ptodueddsigeuttied be otHenproggesescangl methoasl | y
coupl ed SAWresonator filter according to preferred enbodi nents of the

t i td Sh Ho t I f t '
Used as a sui (eGP a0 LA hRs Blraliker 43¢ BnegpBaturpidietacoust i c
wave is, Fe@bn@tbﬁ'ﬂﬁér%nr% Eﬂee#h?ﬁo%frthgrhh)ﬁ%\fs Shbai‘rgkbf (H%@)act’r\@a@ﬁngeﬂswe wave,
or aLeaky wave. Fig is a plan view showi ng an edge reflection type

| ongi tudrtretwregznctbeplteal@mnee rasadifferent Fomaibeoradpa gf the aupbersekpairs of
enmbodi rre%e leét Sad#n gse?g'%ewe/e%{h'eoﬂwahty of the IDTs in the other longitudinally

coupled resonator filter units. As result, spurious responses occurring in the

W th

frequency characteristics of the longitudinally coupled resonator filter units are
distributed. Therefore, spurious responses are greatly suppressed and minimized.
As a result, an edge reflection type longitudinally coupled SAW resonator filter has
excellent filter characteristics.

When each of the longitudinally coupled resonator filter units has a first IDT
and a second IDT, and in at least one of the longitudinally coupled resonator filter
units, the ratio of the numbers of pairs of the electrode fingers between the first IDT
and the second IDT is different from the ratios of the numbers of pairs of the
electrode fingers between the first IDTs and the second IDTs in the other
longitudinally coupled resonator filter units, the positions where spurious responses
occur are different as described above. As a result, spurious responses are greatly
suppressed. In addition, since each of the longitudinally coupled resonator filter -
units has a structure in which the two IDTs are disposed, a compact edge reflection

type longitudinally coupled SAW resonator filter is provided.

In this case, when the plurality of the longitudinally coupled resonator filter
units includes a first longitudinally coupled resonator filter unit and a second
longitudinally coupled resonator filter unit, the number of the resonator filter units is
only two, with the result that a more compact edge reflection type longitudinally

coupled SAW resonator filter is obtained.



0 7 AU& 2002 A SAWresonator filter 1 preferably includes a surface
acoustic wave substrate 2. The surface acoustic wave substrate 2 nmay
.include a piezoelectric single crystal of quartz, LiTa03, LiNbOS,Li&ﬁﬁQUPZWZ
La3Ga5Si 0,4 or a piezoelectric ceramc such as lead titanate zirconate. I'n
addi tion, the surface acoustic wave substrate 2 nmay al so be produced by
| am nating a piezoelectric filmsuch as a ZnO thin-filmon an insul ation
substrate or a piezoelectric substrate. Wien a piezoelectric filmis used,
| DTs, whi ch w 'Y”% éisancg the%rﬁduamaug%au RPSAW AnaidrhiRErORad B&rstpRer
surface or the lower surtace of" the pifezoelectric film The surface
acousti ¢ weeeorsl,lastraathirddDifaand, ihiat $eastwdexefithadengitadmatly sospledirdsemator

f 2b,.. whi ch d i ds_ of b 2. |DTs 3
Yo 6 are aitgoui B el GAE R B RRESut o e R b e
substrate gredMOTEY 8ot &P HRCItBDIHRE NBRTbePY b &IPS oﬁtﬁeféﬂé’ct?dhé fgers

bt
surface acoustic wave propagating direction, in which the IDIs 3 and ¢
al i gned. Thetwegmsthe three WTdnithe remaining longiydinallly aewpied cesanader flies st ar

filter unit_7..1n ition, the.lDPTs 6..ar Laned in,.t ur f ace
acoustic w%l%”%%Sorﬁgggb%%gcﬂfrbagﬂ'# &)W frg%%h%})(ecq%fﬁggéé%ﬁ(? aggfoPﬁ%éa second
| ongi t udi nRINgitugipapY edupled easdrator filtdr &inite i HisEributde abidestrivedlasegnnds a

| ongi tudi nal Iy coupl ed resonator filter units 7 and 8 define a

| ongi t udi nERSUL BIBICIPUSRYF resRaNseds efferii\aly SHPRIFSERYaNF ShinEiZedrANY pe
using a Le : ce acoustic wave. In other words, in
t he | ongi tg |er%b§?1}/§h§%8§}g§%%gé;§gtﬁg\?é¢i Iter unit 7, the IDT 3 includes a
pai r of conb-shaped el ectrodes 3a and 3b. The conb-shaped el ectrodes 3a and
3b have a pl ur aFutthemhore), sinice sdehfaf tiyee langitubinaly apepledraseredosiitar unfitathashe

el ectrode fingers of 3a.and 3h.4nterdigitate with each other. Simlar

The 10T 4 Pribticuie th Wil here B 10 o Asthe . dod rth 8753 indSers oLpRimatid o

i nterdigit afeRtrodbRingaebsiveen. the IDTs caH bedifferend ovéina YHAES FARYE, boIvRGEl atte
finger 3c in the surface acoustic wave propagating direction of the IDT 3
has a wi dt RP@loYHIRseRNRiSeeYen-more efipctiely gxsﬁw r than the widths of the
remai ni ng el ectrode fingers. The widths of the remaining el ectrode fingers
of the IDT 3 ar shherfite ) LR de
fingers al ong tﬁ%ﬁgﬁg%g%gégzoust@gﬁﬂ§vgqgsg%§%%t|n39§%¥E§$P%ESP§kgﬁgéoabout
~. /4. |n theits DiEludessa fitstaa bggondhandiaithirddongitudinallyr sauplecbiesonated dilter agjgr

4c in the surface acaustic. e_pr atin prection is about. ~ /8, .and
the wi dt s B PR R PE e BB ngy IER G IR Bre Frafhod ina gigerh
bet ween t hevhedreetsubdemtiang palpatidiculdrio alierfasrcadtslistio wEvieystopagatingcaradtiof,
resonator filter unit 8 preferably has substantially the same structure as
that of th&°fhaksa CPFHRGFL %aeh%ﬁﬂpyﬂ%’bweéeng@%ﬁatyoqo%lw AV, regonaton fftegisher
wor ds, the #8{, d ncludes conb-shaped el ectrodes 5a and 5b, and the IDT 6
i ncl udes cg -shaped el ectrodes 6a and 6b. In addition, in the second

| ongi tudinally coupled resonator filter unit 8, the widths of el ectrode
fingers 5c and édthaupkicedrid preterma emhodiments of thaleresenyievention prayidauam ace

acoustic t |+ i.on ~ I - ' f_the
e ni ng. Shaet PEARR WBEIHdBEARE R GRS regaBaisB el M L CarE At d e
fingers areuphostacbustichwavd)earc®Hlysdapdgdcebeststizowavd sath bba BESstave or a

l ongitudinally coupled resonator filter unit 7 is electrically connected to

the conb- sh¥BIVAUEIE Y BigERY J6ReRARA POINE HFomRRCIAVNEPSCBA HiLiaT &N P§
coupl ed reipgﬁaga'filter unit 8 by a connecting conductive portion 9. Wen
used, an input signal is sent to the conb-shaped el ectrode 3a of the IDT 3,
and then, an Ou%ﬁ;t signal is extracted fromthe conb-shaped el ectrode 6b
of the IDT 6 of Fanéhspumeselddilystratingthe inveotipn gherecisahawnerinithe deawingst 8.

The conbshaped el ectrode 4a of the |DT, 4 t he conb-sha I [ 5b
of the | DT BURiAL G AR ERdTe ety PSS R RERaltoth o VEh gadt the
refl ection grygehtlimrgitionds Rat irvité® tpinROoreAMder £ FHRINME Nt iahtignstiurBéntilitiss
preferred enbodi nent, the nunbers of pairs of the electrode fingers of the

first and $86¥Rd | ongi tudinal |y coupl ed resonator filter units 7 and 8 are
preferably equal. Accordingly, since the positions of the end surfaces 2a
and 2b where a surface acoustic wave is reflected are the sane in the first
and second longitudinally coupled resonator filter units 7 and 8, the end
surfaces 2a and 2b can be easily fornmed by cutting during manufacture of
the surface acoustic wave substrate 2.



_ g _ 0 ~ aus Zooz However, since the ratio of the nunbers of pairs of the
el ectrode fingers between the IDTs 3 and 4 in the first longitudinally
.coupl ed resonator filter unit 7 is different fromthe ratio of the nunbers
of pairs of the electrode fingers between the IDIs 5 and 6 in they A8 726l
| ongi tudi nally coupled resonator filter unit 8, the position of a spurious
response occurring in the frequency char dcefistics of the | ongitudinally
coupl ed resonator filter unit 7 is different fromthe position of a
spurious BERIPBBESORIRTIONF THENDRAWINGSBcy characteristics of the second
| ongi tudinally coupled resonator filter unit 8. Accordingly, since the

posi tions of tRR. qus=zoflahaisly BPHNicRige refstivrsHpe dongiaidlyoublke SAW
| ongi tudi nally coupl ed resonator filter units 7 and 8 are different, it is

possi bl e tesospfaditer argormslinmhices §rst peefsrredgmbrgimesh oF thaurresertiprertiam t he
frequency characteristics of the SAWresonator filter 1. As a result of
this structureg; el i 1St RIS } ill be
illustrated baggégﬁ Aaﬁgét\ﬁaél»}/ggéggp@r%ﬁggﬁ&goﬁa%?e@ﬁ@s a s” ecg’ig’P %eyée@g)r?ﬁpl e of
a SAW r es ozsanatorffiler ereparedfor camparisorptoetherprefiredbembogiment showa ipiFeg ent
invention, the edge reflection type |ongitudinally coupled SAWresonat or
filter 1 in which _t.he numbers of. pairs,of electrode fingers, of .the, | DTs 3-6
are di tierent FO gramaren oG ok ngnuStdretacy Bt Deuts Sike 3,
and 68 Pabﬂge@éfl&iti@ﬁ?t?é@ﬁ)rfqitﬂﬁﬂaﬁy cobapReSAVLIeson bR fikerPIdSiANhean edge
reflection type longitudinally coupled SAWresonator filter shown in Fig. 2
i s prepar pteferrad ankadiment et Bigt | AN geXaaie Prepsred| for earopardepnstygwn in
resonator\ﬁiéllgt er 21, IDTs 23 to 26 are disposed on a rectangul ar surface
acoustic je substrate 22. The IDTs 23 and 24 define a first

| ongi tudinally coupled resonator filter unit 27, and the |IDIs 25 and 26
defi ne a secon#id.adngia pidnnédw pf anguigedefestoratype |dngituetinallyi doupked AW he
edge reflection type |longjtudinally coupled SAWresonator filter 21,

Sim | arl yfeRaReten iR ASCORing q & Perrere SmRedimsat of Mrgeiesest nVRian 1 st and
second longitudinally coupled resonator filter units 27 and 28 are equal.

Accordingly, ey Bisfall08k &PagramdofZ2bomiurieatRnsapparbisREckdingts 4i ng a
surface acoustic wave substrate 22. O ~ au~ zoos - io fn the IDIs 23 to

26, the n@rderedemMbrdimenspf theerrepertinyertian. ngers are the same. The ot her
el ements of this exanple of a preferred enbodi nent are arranged in the sanme
way as in the Qf i t POk SAW
resonator fil tg?gg'is%saeglaﬁn\ﬁﬁgﬁ %ﬁ@fngrgbte@%e‘%o }dr?(grﬁl? wdﬁ?%%éwg%gsgﬁi g. 3
shows at t ditemusing-af Ray|e@hoyavhar act eri stics of the edge reflection type

| ongi tudi nal ly coupled SAWresonator filter 1 of the present preferred
enbodi nent and the edge reflection type |ongitudinally coupled SAW
resonator filter 21 prepared for conparison. The surface acoustic wave
substrates 2 and 22 are nmade of LiTa03, and the size of each of the
subst r at ePEFBAILED PRSCRIRTION QFOPBEFERRER EMBQDIMENTSe nunber of pairs
of the electrode fingers of each resonator filter unit is 34. A solid |line
A shown in Fi gHedeinatter areferidtcernbeadiatiras os tHepregbnt inveMioN arsoxpainedin | ter
1 of this preferred enbodi nent, and a dotted Iine B showmn in Fig. 3

i ndi cat es JéF@' with eefaeancenorthe girwiegschar act eri stics of the edge reflection
type longitudinally coupled SAWresonator filter 21 prepared for

conpari son. As i i j iW&el 1 Ne A and
the dotted Ii ngl‘ %neéaﬂ cg’rgﬂ?%tg t%b?ﬁ?gﬁpre %%Aﬁ%&wﬁ%%&aggsﬂé%ﬁ ous
response @ccardingtp preferogd embogdimentsofdhé eeesardlinpventippr @ Shedr Hotigortal

rovidin t i roved f.ilter .characteristi,cs. This occurs becapse the
Pl oo CEES Mrel s R Xt Wi, 1§ DRERAST SR 5y DRcS sl maYE PR 5

and 4 is dinf$Kippé stiface hbsustriwavedls, fdreexzimbier Blléusléihr@wgéev%irﬁizac”f)de
fingers between the IDTs 5 and 6, by which the positions ere the spurious

r esponses (BESUwamee adigvesvayr, diet kealy Wa¥e ongi t udi nal |y coupl ed resonat or
filter units 7 and 8.

Fig. 1is a plan view showing an edge reflection type longitudinally coupled
SAW resonator filter according to a preferred embodiment of the present invention.



Fig. 4 is a plan view of the edge reflection type longitudinally coupled
SAWresonator filter according to another preferred enbodi nent of the
.present invention. A SAWresonator filter 31 including a surface acoustic
wave substrate 32. Three longitudinally coupled resonator filter Hpj @ 2@ﬁh
having three IDIs aligned in a surface ?coustic wave propagating re F
are di sposed on an upper surface 32c of “the surface acoustic wave substrate
32. - 11 OABANGe20Aatdr fitet Nereferdihg indutkes a sstadeaghdstdiviald y coupl ed
resonator filter unit has a first IDT 33, a second IDT 34, and a third IDT
35. In a8dpstradf2.t he second |ongitudinally coupled resonator filter unit
has a first IDT 36, a second IDT 37, and a third IDT 38 aligned in the
surface acoust r [ j

o0 C0USThE SIRKEGREAIRNA IO hES Dhiey THILUSHIRE R IRs S

| ongi t udi nal | resona ter unit - has a
| DT 40, arydta of lguartz) IDTa@; ldNb@nfd, B, @7,tltagGsaJ5|$rlCager acpmmeiertui\atzeramlopagati ng

direction. Each of .the first to ‘ﬁ |tu i na ed resonator
(1 tor oRuebas eatLilanal HICosate ATl odle SHIRGS BCPUSIE Wak SUPTSAIEBupl od
resonat Oy Al&@be%b&ué@d B IRinatihd ¥RFeRBEIEARE fifk QUEH b a"@rY@)thl-ﬁhﬁn\dbr‘i ection

connecting’'the nmutually opposing first end surface 32a and second end
surface 3nbnsflatidgreswhatiale or aquezaalectriaeubstnatet rate 32 is the surface
acoustic wave propagating di rectlon to provide a structure in WhICh a

f f
e or oS Wi B ¥fegot e i LR Y578 e 3 8 Uekresg BEpy e >
| ongi t udpralided st @dtweempmtsorfate lot ¢hie lowersusface jof ﬂfapnabbsfleatric flilme sane.

As a result, as in the case of t he edge reflecti on type longitudinally
coupl ed SAWregsonator filter used ref erred, enbodi ment  descri bed

above) the ed ersé‘ffla@’éthBHStE%/WéV?SHBW%@%B & fEhmsIckeH 22880 % or filter
31 can bgeg&sd bidRUALES SH, \Q/ﬁldﬁsér@%rfzé?‘%e‘&‘ﬁtfo?ﬁ%sﬁéglﬂl% b PN ostiHRS br at e 32.

In other words, after formng t on the large surface
acoust i c /D&Y toarerdisposaden medumﬁrfw@sea@apfatha sgdface anowsticcsaye y f or med
by cutti ggb *%Foérhl s preferred enbodinment, in the first longitudinally
coupled 7 ) filter unit and the third longitudinally coupled
resonator filter unit, the ratios of the nunbers of pairs of the el ectrode
fingers bet wedhetdiection conhectirty the dridisuréaces@=cémed abliyyasqrake adousticer , t he

rati os of the nunbers qQf pairs of. the ctrode fingers we the fjrst
oo S W PREg G dredtRn i FhichdRe JRES Bl A rrS Aiditedt oS 355 drasid 4
filter U'@!'e?lﬁe%rfﬁsﬂbh?ﬁucﬁﬁéllyfé&!’ﬂlé&‘?es{cfhta't&f@tferhhf@?nunberS of pairs of the
el ectrode fingers befween t'he in the second | ongitudinally coupled

resonator filter unit. Myre specifically, the ratio of the nunbers of pairs
of the el ect rd;a@dphl’tlﬁgemg IDTs 5 and 6 are aligned in the surface acoustic wave

propagating direction, and the IDTs 5 and 6 define a second longitudinally coupled

resonator filter unit 8.

The first and second longitudinally coupled resonator filter units 7 and 8 define
a longitudinally coupled SAW resonator filter of an edge reflection type using a Leal{y

wave as an SH-type surface acoustic wave.

In other words, in the longitudinally coupled resonator filter unit 7, the IDT 3
includes a pair of comb-shaped electrodes 3a and 3b. The comb-shaped electrodes
3a and 3b have a plurality of electrode fingers, which are arranged such that the
electrode fingers of 3a and 3b interdigitate with each other. Similarly, the IDT 4
includes a pair of comb-shaped electrodes 4a and 4b arranged to interdigitate with

each other.



~ between the IDTs 33 to 35 in the first longitudinally coupled resonator
filter unit is 27:35:27. Simlarly, the ratio of the nunbers of pairs of
_the electrode fingers - 12 between the first to third IDTs 39 to 41 in
the third longitudinally coupled resonator filter unit is 27:35: 277 b6 200
ratio of the nunbers of pairs of the el ?c_trode fingers between the first to
third IDTs 36 to 38 in the second | ongitudinally coupled resonator filter
unit is 33:23:33. Therefore, as in the case of the gre,f erred enbodi ment

described abovén 9HerMestqleiRIRYnaaraicdb B Puiipes agpusliveVaNRPRPROBHR
refect | OprbYRth bPRG! IO RAL YneY/BY SoroRNAIBR08T Whichis hBFroRbr thdifine

positions of Spurious responses oOcCurring in frequency characteristics
of the fi msdthard thdrerdainbpeleotiode fihyersoufieedidties oitheoentfainihg elaotiode ar e
dififerent fromthe Bosition of .a spurious, resggnse occurring in the

f r equency fieaars@ftteei BT it arepabawid/scishine Wid oLrpaRbevesn fieelecEadmat or
filter uniit. As_ ,a result | nce the uri o .esponses .are distributed in
the frequdnBsraradieryteie 66 Ra B BlRABe L BRERRRy S r Srbodadin 1"
coupl ed SHYY I8P anaindifarlyl tHeWid of BR®UIEEHYSt BiiRtrobe fiRges AL PléSsurRzRONSES 'S
greatly reduced such that excellent characteristics are achieved. In the

SAW r esonacoustic wave pgapagatingrdirection isstleeutri/8aand/theomaths oftthe remeagtingind
second longitudj nal |y coypl ed.resqgnator, filter unit t he conb- ped

o) ot 1 ode st Hiaets BRI Pad B oaR PP BnA Bt dipcks S B5Buhb Aonaped
el ectrode 36a of the IDT 36 by a connecting conductive portion 42a.

Simlarly, the THedshanssgitldrediyatrpfidrebnbite filtelumbs igﬁef%'réiﬂy hasal |y

connected to the conb-shaped el ectrode 38a of the |IDI 38 by a connecting
conduct i veupstantishy HEnsame stiaiure @s thathef thedrstdengiedingllycovpied resenater t he

DT 371 S s5eP ARt 70h oG NGRE! i (EFr & ity GRID-SHIBRAG, &4 Sflls sA0Pdn | e

| DT 40 by ng conduct i ve portion riven, I'nput ~ Si gnal

i s transmdridee DT 6 inelueesiroinpraped elctrodes 8&anaf6d. him additiGg.in g an
output signal is extracted fromthe cogg-sha ed el ectrodes, K 39b and 41 b of

the | DTs 3§cqnd longitudinallycraplediirorriapalersyats ihaaudst etegirodssnaesyy,
37a, 38D, 53%hq 0QnidErethed r‘?nyé‘sg%ﬁqﬁ.{ggﬁtﬂr@ewfnemg%ﬁaeeta%ehsﬁé Wwavd ne

present invention can be suitabl o varlous el ectronic comnmponentss

or devi cesarbpagatdig@r@tisurdra@@oatb&a’nd thewadths lof the x‘remnarihi_ngreleug)dmi que

features qf il LOYth LRSS aBOtelnthe flentle Rsents LONST4 Ofngre
comb-shaped electrode 5b of the first longitudinally coupled resonator filter unit 7 is
electrically connected to the comb-shaped electrode 5a of the IDT 5 of the second

longitudinally coupled resonator filter unit 8 by a connecting conductive portion 9.

When used, an input signal is sent to the comb-shaped electrode 3a of the
IDT 3, and then, an output signal is extracted from the comb-shaped electrode 6b of
the IDT 6 of the second longitudinally coupled resonator filter unit 8. The comb-
shaped electrode 4a of the IDT 4 and the comb-shaped electrode 5b of the IDT 5 are

connected to each reference potential.

In the edge reflection type longitudinally coupled SAW resonator filter 1 of this
preferred embodiment, the numbers of pairs of the electrode fingers of the first and
second longitudinally coupled resonator filter units 7 and 8 are preferably equal.
Accordingly, since the positions of the end surfaces 2a and 2b where a surface
acoustic wave is reflected are the same in the first and second longitudinally coupled
resonator filter units 7 and 8, the end surfaces 2a and 2b can be easily formed by

cutting during manufacture of the surface acoustic wave substrate 2.



- 13 used. For exanple, preferred enbodi mnents of the present invention may
be applied to a dupl exer and conmuni cati ons apparatus including the
.duplexer. Fig. 5 is a block diagramof a conmuni cati ons apparatus 90 havi ng
a dupl exer 80. The conmuni cati on apparatus 90 may be a cel lul ar phone, for
exanpl e, as a cellular phone which usually requires a small handy( pdd§ 2600d
a high frequency selectivity due to a"narrow comuni cati on band can greatly
benefit fromthe aforenenti oned advant ages achi eved by the filter according
to preferred Howedrneinces the rati@eofﬁhemmbarwénaire@f thmelectmderﬁngans on

appar at ys_,90 ref bLy i ant en 1 receiver
o> and PAPERAMG MfS éf%ﬁ@”@%&%@ﬁé’b@gﬂ@| Chne0 PSR, r uBit 73RS " Saw
filter ﬁﬂﬁert’ehdfr@ﬂﬂth@rrdﬁo of tHeeurbbWYsf ¢l gatirs c&iherecbdtmesmye‘rs bb&vediithar e
connected in parallel to define a first term nal The ot her ends of the

SAW f i | tIBTsgLan § it Hee speend IODGHEDE ORI SRR o7 2T Sdcnane BPRRRRI 54
d Al
one o TR dRs etk o o dls SR o Rl o

ant enna &hplémmsoaamr\ﬁﬁer 921t @nisl diffeeerttrieoms the pesition oalaspmmue(rewbrts@ t he
first term nal t he secon and th t hj rcha rm nal 85 of the

dupl exerocﬁﬁ'”‘%@ tbﬁs‘:"se%'éﬁ@é Cg? F?é'sgﬁl\f’?ﬁ]et‘ﬁ%o”@ oggitH cquRiedupl exer 80

are sel egkgfaeHeRelidt gt he signals received through the antenna 91 passes
t hrough the SAWTilter 81 and are bl ocked by the SAWfilter 82 and that the
signals to be transmtted fromthe transmtter 93 passes through the SAW
filter 82. ASAWQFGIHQU gingertee positipns AT thecoutf ofrkanchspwinus r@ﬁpbml ons, the

et et Fer s ROk End Rl e Rt s SRR del ibhe 7 AR & Brd kT hance
W th t heispoesiy ta éﬁmtfelqrwpermtthem-rdf@ead sparibbe respdree inmeé uded in
preferred enbodi nents of theﬁ&gsent i nventjon shown in the figures. In

ot her V\foegueqqlﬁha@ct%ﬁt@s@ AY reganpterdilisrdd Aeadravibet this Fté‘r'CtHFﬁ ts can
be incl tm? cﬁargaéﬁgufceg?e aeméacm@svenu%@mhsﬁaed a¥cldgy gore, the

nunber o s I'n ongi tudinally coupled resonator ter units is also
not restdeteﬁedjemlrtdaeenam'pbr included in preferred enbodl nents of the
present invention shown in the figures. Four or nore |IDTs can be used. -

14 9~ 7 - R LLOLIRIeURAAS of eShvteBbHLR} bk SLcdrBREIb U/l coupl ed

resonator fil te
embodiment of the present invention, the edge reflection type longitudinally coupled

SAW resonator filter 1 in which the numbers of pairs of electrode fingers of the IDTs
3-6 are different is prepared. In this example, the IDTs 3-6 have 56, 44, 32 and 68

pairs of electrode fingers, respectively.

For comparison, an edge reflection type longitudinally coupled SAW resonator
filter shown in Fig. 2 is prepared. In an edge reflection type longitudinally coupled
SAW resonator filter 21, IDTs 23 to 26 are disposed on a rectangular surface
acoustic wave substrate 22. The IDTs 23 and 24 define a first longitudinally coupled
resonator filter unit 27, and the IDTs 25 and 26 define a second longitudinally
coupled resonator filter unit 28.

In the edge reflection type longitudinally coupled SAW resonator filter 21,
similarly, the numbers of pairs of the electrode fingers of the first and second
longitudinally coupled resonator filter units 27 and 28 are equal. Accordingly, end
surfaces 22a and 22b can be easily formed by cutting a surface acoustic wave
substrate 22.



I's provided, and each of the longitudinally coupled resonator filter units
has a plurality of |IDTs, according to preferred enbodi nents of the present
invention, in at |least one of the |ongitudinally coupled resonatoriily Z
units, as long as the ratio of the nunbers of pairs of the electro ﬁ g $@
between the plurality of the IDTs is deL?rent fromthe ratios of the
nunbers of pairs of the electrode fingers between the plurality of the |DTs
in the remaining longitudinally coupled resonator filter units, spurious
responses ar e (mitne D73 tm@ﬁhthk—:-hmmteaemldf piahatofme:ellechfUUe cﬁhge@carerthet ics are

achi eved. Wil erred enb di nents he | tion have been discl osed,
vari ous F80¥s *Fg é’g'ﬁrﬁ %rae%tétO {hig %PF}P%F Bf §r%1 Pé’@ ﬂ@\eé‘ﬁ Are,pganged

cont enpl ?er e ame: é;gaé’"l]ﬁﬂﬁb%a‘s'@%ﬁﬁ@@@g@?eﬁ&‘ﬁoﬁ%é&w gﬁu&hﬁll%oué—naéregf ore,

it is un e scope of the“invention is n
except a§/kwrresmnater §her T osedhin hetprefertend embodimert Slesaribed-abovo~ 1. An
edge reflection type longitudinally coupled SAWresonator filter

and s second &8 S PRl SRR RGP el o pelbBiraloiondhbd e

pl ural i t YosdituRfikeelyrcubRet SAW reddahtotditanl lof ttoprisedt prsierned embddirhent unI ts
arranged on the substrate such that a surface acoustic wave is reflected

bet ween taméi therefdgedgiiegtian tyee lengitudinglly coUR@IPAIVGiAsPRRIOT fitet Rb PseRarade
t
acous !C H#?éé i’ﬁe ﬂﬂ&@ﬁ@y@%ﬁ%&%ﬁ%ﬁ %?éﬂd%ﬁér‘eor'ﬁaﬁ 2ppeh3 0

electrlca nnec 'ur a udi na cou resondtor
filter urartdsthevsinmreﬁ eaceta@ﬁthefsubhteaﬂeerigntmmmalz Qmmuqoﬂ)ed mesdnaaddltldn | ter

units has a rali.t nt rdi gital transducers aIi edlnasurface
ooust i ol PR ok birs ag IHh Stk Sl Angers SR resorathER el stk i88et f ade
fingers in the plurality of the longitudinally coupled
A solid line A shown in Fig. 3 indicates the characteristics of the SAW
resonator filter 1 of this preferred embodiment, and a dotted line B shown in Fig. 3
indicates the attenuation-frequency characteristics of the edge reflection type

longitudinally coupled SAW resonator filter 21 prepared for comparison.

As is evident from the comparison shown by the solid line A and the dotted
line B, according to this preferred embodiment, a spurious response occurring out of
the band is effectively suppressed, thereby providing greatly improved filter
characteristics. This occurs because the ratio of the numbers of pairs of the
electrode fingers between the IDTs 3 and 4 is different from the ratio of the numbers
of pairs of the electrode fingers between the IDTs 5 and 6, by which the positions
where the spurious responses occur are different between the longitudinally coupled

resonator filter units 7 and 8.

Fig. 4 is a plan view of the edge reflection type longitudinally coupled SAW
resonator filter according to another preferred embodiment of the present invention.

A SAW resonator filter 31 including a surface acoustic wave substrate 32.

Three longitudinally coupled resonator filter units each having three IDTs
aligned in a surface acoustic wave propagating direction are disposed on an upper

surface 32c¢ of the surface acoustic wave substrate 32.



resonator filter units being equal; and a ratio of the nunbers of pairs of
the el ectrode fingers between the plurality of the interdigital transducers
.in at least one of the plurality of the longitudinally coupled resonator
filter units is different fromratios of the nunbers of pairs of the

el ectrode fingers between the plurality of,the interdigital t r anddudeg gpp n
the other |ongitudinally coupled resonator filter units. 2. An edge

Grai m 1, “whot oo REREHT e S T B A S R Rthelel ShEX WP RRPELD®, 17 o

has a firfyT BBt 8lsdc@hd @Tnmaaﬁdlacmrrdandas Skecaditidri) ttes degdidlongitaaimaiger ,
and the ratio of the nunbers of pairs of the el ect rode fingers between the

first andceeRiBAdeseaterdlitaruait ha%ﬁe&ﬁé@?@ﬁ R/ SfconddRi Hhangra thiel 10T 38

| ongi t udi g I ferent fromthe ratio
of the nungirrés/d @?HQgﬁ?ng%%%tB %g%&)?%oé%tﬁw edr"s%C g{]ween the first and
second interdlgltal transducers in the other longitudinally coupled
resonat or filt Eurtbheiniore3ihealinireld gegitusinalit ¢Q).rplecymdnatrgifﬂt&dhnﬁlhla§s actirspI 3T

SAW filt di t.h it f th
ongi ¢ uai 31 PecaubIRh Poatit At ST A ianetdfif Putiee Bepdigwdne 17
l'ongi tudi BaddagaGALRireetieesonator filter unit and a second |ongitudinally

coupl ed resonator " filter unit. ~ 7 AUG 2002 - 16 4. An edge reflection
type longitudinally coupled SAWresonator filter according to Claim1l,

wherei n each ofFach®! heaifirgt ta thirsk!ongieudinally @QI%H‘%FEP%PF@&IW@G upiss Srefebly
filt

{181 i i BA3eofdcih o 6 bl HogsdlcEina G 6l e
nunber s oburface acodsticheawd.ethe ddect‘iwmgemmecaumgrtge tmnﬁualm,r eppmsnm@rﬁdat@ndal

t d t f ot I it t filt
onr e Sirbe e FAtecohd Pl BB e et R 55 ARt e
fingers ampg édr%cb@c%@sh@%bé';ﬂbbé%;atﬁfg’i‘di?é&r%ﬁrté p'rdS\n&@% $tRIBRraiiAGvhich a

| ongi tudinally coupl ed resonator fiTter units : ge reflection type

| ongi t udi sarfage ecopstisava/isred eateddretveen éhe aod@udrangss a@ndi3d4, wherein
the plurality of the Iongrtudlnally coupl ed resonator filter units includes

a first longituydi fhﬂ YR a?r Jf%}?@?fétéﬁ%dta ﬁ'nb@Fs @%E*ﬁﬁ& tg%%‘ﬂa tycinally .

| ongi tudinally co res unit, I'ong eudr na
coupled r cesapl@tidesbmatbeﬁlterrumts aadarefeeablatalldbecsanteheAsrarrbetuls asfrnpae casef

t he eIectr fi,nger nong the three interdi in . the first
and i rd o SeyPHaR R AtheeRa o E P P A rasp RSB ESTT kped kiPer ¢ om
the ratio péfctried é?ﬁtﬂ&ﬁﬁ@n@‘de@@‘ideﬁj %o@%@b@?é refktibhngss foranmasalijpe t hree
interdigital transducers in the second |ongitudinally coupled resonator

filter unicoupd SWeragenater figet %ﬁaﬂ@@eeasﬂugqrt:@w%w ysn@el}bﬁ sdriepgy

resonat or t ve is
Lot or ool wade SLbPle'd. Chtdfer wohiEaliel rdr[Hng e RFEs SERYAH L eV e | >
coupl ed SMbgemfaetemtobstlm eavacubsitatey trreaeﬁm aurfades 8= nadr32blearshe easity

acousti c \éva ﬁylone of a Bl eustei nGul yaev-Shi m zu wave, a Love wave, and a

Leaky wav CHHGS- ref I ecti on type | ongitudinally coupled SAWresonat or
filter accordr ng to Claim1, wherein in at |east one of the plurality of

the | ongitudi nah kwis peeratred ernﬁﬁ&!lﬁﬁe‘hf ihithé BFstYeHditidiridlg cougidusre8bnatoe filter

el ectrode fingers which are the out er nost el ectrode fingers in the surface

acousti ¢ wHiteanst Beabisd iongiwdinady icorpigderegpoator ﬂlt¢r8umbrﬁhe fafios @fdbasuptbarse

remai ni ng gl r t t de
fingers arog a %)L??%e %lfeggaégﬁagﬁge r efeﬂ tH ?ﬁc')srfl ype Pﬁr—rgr | nalaﬁf&%ua?l ed
SAW r esonadiowevdr| therratios of me\rgumbe@ afi psards ofvthe retg atrddei rsg,eré bebvearothet first
wave substrate is_nade of % At G 2002
to third IDTs in the ﬁrst and third Iongltudlnally coupled resonator filter units are
different from the ratio of the numbers of pairs of the electrode fingers between the

IDTS in the second longitudinally coupled resonator filter unit.

More specifically, the ratio of the numbers of pairs of the electrode fingers
between the IDTs 33 to 35 in the first longitudinally coupled resonator filter unit is
27:35:27. Similarly, the ratio of the numbers of pairs of the electrode fingers



-ma piezoelectric ceramic material and a piezoelectric single crystal

I ncl udi ng one of quartz, LiTa03, LiNb03,Li2B40, and La3&5Si 0,4. 10. An
.edge reflection type longitudinally coupled SAWresonator filter according
to Caim1, wherein the surface acoustic wave substrate includes a
substrate having a piezoelectric filmdisposed thereon. 11. A duplexer
conprising: at |east one edge reflection“type |ongitudinally couplgdA

resonat Genlbdt fe HAFIIIAIHTE ST ACR RERA idhalBuRaRyBSIpRHGLEYAGE 2

first end surface and a second end surtface di sposed at opposite ends of the
subst r affiter anipisu2&BE127. of edge reflection | ongitudinally coupled resonator
filter units arranged on the substrate such that a surface acoustic wave is

flected b the first end surt th d end surf f th
sur f ace acoudi i HRVE i BUTPEReCTRAF O 105 FRETIGTES SR BrtroR

ar r angeght@ 18T €86 1tb 88lih Yhe 88t IohBRudhEmAtdiple@feddm@tdramer Lpdigal |y
coupl ed resonator filter units; wherein each of the longitudinally coupled

resonat &3:23:BBer units has a plurality of interdigital transducers aligned
in a surface acoustic wave propagating direction, the nunbers of pairs of

FLPELy e, | LRSS IR L SRl of ki) BRI BBt R
el ect r odesduiengg chataetavstios ohthe overall edge reflection type longitudinally coupled

SAW resonator filter 31, the positions of spurious responses occurring in the

frequency characteristics of the first and third longitudinally coupled resonator filter

units are different from the position of a spurious response occurring in the frequency

characteristics of the second longitudinally coupled resonator filter unit. As a result,

since the spurious responses are distributed in the frequency characteristics of the

edge reflection type longitudinally coupled SAW resonator filter 31, the magnitude of

the spurious responses is greatly reduced such that excellent characteristics are

achieved.

In the SAW resonator filter 31, in order to electrically connect the first and
second longitudinally coupled resonator filter units, the comb-shaped electrode 33b
of the IDT 33 is electrically connected to the comb-shaped electrode 36a of the IDT
36 by a connecting conductive portion 42a. Similarly, the comb-shaped electrode
35b of the IDT 35 is electrically connected to the comb-shaped electrode 38a of the
IDT 38 by a connecting conductive portion 42b. In addition, the comb-shaped
electrode 37b of the IDT 37 is electricaily connected to the comb-shaped electrode
40a of the IDT 40 by a connecting conductive portion 42c.

When driven, an input signal is transmitteed to the comb-shaped electrode
36a of the IDT 36, and an output signal is extracted from the comb-shaped
electrodes 39b and 41b of the IDTs 39 and 41. The other comb-shaped electrodes
33a, 34b, 352, 36b, 372, 38b, 39a, 40b, and 41a are connected to reference
potentials.

The present invention can be suitably applied to various electronic
componentss or devices including a surface acoustic wave filter in which the unique
features of various preferred embodiments of the present invention are successfully



plurality of the interdigital transducers in at |east one of the plurality
of the longitudinally coupled resonator filter units is different from
_ratios of the nunbers of pairs of the el ectrode fingers between the
plurality of the interdigital transducers in the other longitudinally
coupl ed resonator filter units. 12. A dupl exer according to O aithy AUG 2002
wherein each of the longitudinally coupl’éd resonator filter units has a

first i nterdii_gi tal transducer angpa_ seconq interdigital transducer) and the
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the longitudinally coupled resonator filter units in the edge reflection type
longitudinally coupled SAW resonator filter in accordance with the present invention
is not restricted to the number included in preferred embodiments of the present
invention shown in the figures. In other words, four or more longitudinally coupled

resonator filter units can be included on the same surface acoustic wave substrate.

Furthermore, the number of IDTs in the longitudinally coupled resonator filter
units is also not restricted to the number included in preferred embodiments of the

present invention shown in the figures. Four or more IDTs can be used.
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1. An edge reflection type longitudinally coupled SAW resonator filter
comprising:

a surface acoustic wave substrate having a first end surface and a second
end surface disposed at opposite ends of the substrate;

a plurality of edge reflection longitudinally coupled resonator filter units
arranged on the substrate such that a surface acoustic wave is reflected between the
first end surface and the second end surface of the surface acoustic wave substrate;
and

a connecting conductive portion arranged to electrically connect the plurality
of the longitudinally coupled resonator filter units;

wherein each of the longitudinally coupled resonator filter units has a plurality
of interdigital transducers aligned in a surface acoustic wave propagating direction,
the numbers of pairs of electrode fingers in the plurality of the longitudinally coupled
resonator filter units being equal; and

a ratio of the numbers of pairs of the electrode fingers between the plurality of
the interdigital transducers in at least one of the plurality of the longitudinally coupled
resonator filter units is different from ratios of the numbers of pairs of the electrode
fingers between the plurality of the interdigital transducers in the other longitudinally
coupled resonator filter units.

2. An edge reflection type longitudinally coupled SAW resonator filter
according to Claim 1, wherein each of the longitudinally coupled resonator filter units
has a first interdigital transducer and a second interdigital transducer, and the ratio of
the numbers of pairs of the electrode fingers between the first and second interdigital
transducers in at least one of the longitudinally coupled resonator filter units is
different from the ratio of the numbers of pairs of the electrode fingers between the
first and second interdigital transducers in the other longitudinally coupled resonator
filter unit.

3. An edge reflection type longitudinally coupled SAW resonator filter
according to Claim 2, wherein the plurality of the longitudinally coupled resonator
filter units includes a first longitudinally coupled resonator filter unit and a second
longitudinally coupled resonator filter unit.
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longitudinally coupled resonator filter units is different from the ratios of the numbers

of pairs of the electrode fingers among the three interdigital transducers in the
remaining longitudinally coupled resonator filter units.

5. An edge reflection type longitudinally coupled SAW resonator filter
according to Claim 4, wherein the plurality of the longitudinally coupled resonator
filter units includes a first longitudinally coupled resonator filter unit, a second
longitudinally coupled resonator filter unit, and a third longitudinaily coupled
resonator filter unit, and the ratios of the numbers of pairs of the electrode fingers
among the three interdigital transducers in the first and third longitudinally coupled
resonator filter units are different from the ratio of the numbers of pairs of the
electrode fingers among the three interdigital transducers in the second longitudinally
coupled resonator filter unit.

6. An edge reflection type longitudinally coupled SAW resonator filter
according to Claim 1, wherein the surface acoustic wave is an SH-type surface

acoustic wave.

7. An edge reflection type longitudinally coupled SAW resonator filter
according to Claim 1, wherein the surface acoustic wave is one of a Bleustein-
Gulyaev-Shimizu wave, a Love wave, and a Leaky wave.

8. An edge reflection type longitudinally coupled SAW resonator filter
according to Claim 1, wherein in at least one of the plurality of the longitudinally
coupled resonator filter units, the widths of the electrode fingers which are the
outermost electrode fingers in the surface acoustic wave propagating direction are

about A/8, and the widths of the remaining electrode fingers and the width of a gap

between the electrode fingers are about A/4.

9. An edge reflection type longitudinally coupled SAW resonator filter

according to Claim 1, wherein the surface acoustic wave substrate is made of one of
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10. An edge reflection type longitudinally coupled SAW resonator filter

according to Claim 1, wherein the surface acoustic wave substrate includes a
substrate having a piezoelectric film disposed thereon.

11. A duplexer comprising:

at least one edge reflection type longitudinally coupled SAW resonator filter
including:

a surface acoustic wave substrate having a first end surface and a
second end surface disposed at opposite ends of the substrate;

a plurality of edge reflection longitudinally coupled resonator filter units
arranged on the substrate such that a surface acoustic wave is reflected
between the first end surface and the second end surface of the surface
acoustic wave substrate; and

a connecting conductive portion arranged to electrically connect the
plurality of the longitudinally coupled resonator filter units;

wherein each of the longitudinally coupied resonator filter units has a
plurality of interdigital transducers aligned in a surface acoustic wave
propagating direction, the numbers of pairs of electrode fingers in the plurality
of the longitudinally coupled resonator filter units being equal; and

a ratio of the numbers of pairs of the electrode fingers between the
plurality of the interdigital transducers in at least one of the plurality of the
lengitudinally coupled resonator filter units is different from ratios of the
numbers of pairs of the electrode fingers between the plurality of the

interdigital transducers in the other longitudinally coupled resonator filter units.

12. A duplexer according to Claim 11, wherein each of the longitudinally
coupled resonator filter units has a first interdigital transducer and a second
interdigital transducer, and the ratio of the numbers of pairs of the electrode fingers
between the first and second interdigital transducers in at least one of the

longitudinally coupled resonator filter units is different from the ratio of the numbers



10% & () - O f gg#hwhxhyhzhdYNCOOO 10\ 10\

10\ &&<"10% & ()-& "10% & ()-8 10% & ()-&13"10% & ()-/10% & () -zhhhi bi jj dEYN
.C000 Yz10%4& ()-1 !10%4&' ()-ZS 10%& () -

OYLOYH () - " 10%&' () -10%& () -j mm nannndEYNCOOO! , 10%4&' () - * 109 xik 266
"10%4& ()-9' "10%4& () -9%0%& () - 8

"10%4& () - n| ppgf gqgghgi qogxmbCOOD @0%\/&"(5 - "10H 10H

10Hg 109 () - 89! 10%4&! () - 710%-& () -. " 10%& () - Foq{ qg*t t t t udEmbCOOD! #10%0VK!

] mumoongh RIS E00S Aebads THSe b dmkeey Tiegissenl soanespeigtal yaprduars

10M-10%V&iH{ $reliother lon gltudlnally coupled resonator filter unit. _
VXVVV SMAEBCOOD 31007 & 10%& ()-g&" 10%& ()-  10%& ()-10%& ()- LY

t 10% & () - WwwF XXX SydEb(I)OO' S
10%& () - 10%2&6( P dsplaxsragcpyding toekim 12, wsreir the - Plusiy qfthesy zz| *} ~} } dEBC

000 Y: & 1052 & i 'chlpfed rebondbPHRE drits indiBd&&atkstTongitudinally coupled

resonator filter unit and a second longitudinally coupled resonator filter unit.

14. A duplexer according to Claim 11, wherein each of the plurality of the
longitudinally coupled resonator filter units has a first interdigital transducer, a
second interdigital transducer, and a third interdigital transducer, and the ratio of the
numbers of pairs of the electrode fingers among the three interdigital transducers in
at least one of the longitudinally coupled resonator filter units is different from the
ratios of the numbers of pairs of the electrode fingers among the three interdigital

transducers in the remaining longitudinally coupled resonator filter units.

15. A duplexer according to Claim 14, wherein the plurality of the
longitudinally coupled resonator filter units includes a first longitudinally coupled
resonator filter unit, a second longitudinally coupled resonator filter unit, and a third
longitudinally coupled resonator filter unit, and the ratios of the numbers of pairs of
the electrode fingers among the three interdigital transducers in the first and third
longitudinally coupled resonator filter units are different from the ratio of the numbers
of pairs of the electrode fingers among the three interdigital transducers in the
second longitudinally coupled resonator filter unit.

16. A duplexer according to Claim 11, wherein the surface acoustic wave is
an SH-type surface acoustic wave.

17. A duplexer according to Claim 11, wherein the surface acoustic wave is

one of a Bleustein-Gulyaev-Shimizu wave, a Love wave, and a Leaky wave.

18. A duplexer according to Claim 11, wherein in at least one of the plurality
of the longitudinally coupled resonator filter units, the widths of the electrode fingers
which are the outermost electrode fingers in the surface acoustic wave propagating
direction are about A/8, and the widths of the remaining electrode fingers and the

width of a gap between the electrode fingers are about A/4.
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and an antenna connected to the duplexer.



