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A surface acoustrc wave t“ Iter. lncludmg a plurality of surface acoustic wave

resonators connected m._-",

adder arrangement has been proposed as a band-pass

filter to be -used ina mob__r_l_e c__ommunggattons apparatus su__t__:h as a cellular phone or

other such apparatus

For example Japanese Unexammed Patent Pubhcatron No. 563-123051

dlscloses a surface acoustlc wave ﬁlter rncludmg a plurahty of edge-reflection type

surface acoustlc wave resona' __rs whrch make use of a SH type surface wave such as

"a shear wave as an example of' the above-mentroned surface acoustic wave filter.

Fig. 18 schematlcally shows one example of such a_conventlonal surface

acoustic wave filter.
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type surface-wave resonators 103 are arranged as parallel arns. The
@tge-refl ection type resonators 102 and 103 incl ude piezoel ectric '
substrates 102x and 103x on:iwhich |'DTs 102y and 103y are di sposed,
respectively, and each of the:-edge- reflection type resonators 102 and 103
. is connected via bonding wifes so as to define a |ladder circuit.

- The conventional . surface a ic wave filter has the follow ng drawbacks.
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pr ocess. Further, "I:n .edge-reflecti"on type sur

resonat oand ekbR wdwedggwéfre‘&omypé péditorRo] G2 Sht WoBSs cbnhéstelvigl to be
formed wth very: high preci:si.on-in order to function properly. Since the
edge surlbam@agamzes‘snastbdb _ahadd@dmﬁaﬂ, ectric substrates 102x, 103x are
cut by dicing, the process ‘cf:.dicing is required for each of the

pi ezoel ect ri cThalconventional: Aun‘acelangtxstrc whve fillebkas tife fihillowing drawbaekses i s
very large and the nmanuf act:urifig process i s al so canplicated. SUMWARY OF
THE | NvESwecifically, since gacholia 102y and @ashdbiTctAS aresdisposed abseparateef er r ed
enbodi nents of the preseni ‘ention provide a snall-sized and i nexpensive

sur f ac]e B'gé@@'ﬁctnmtﬁt?ﬁ 102x and dR3Ksraspactivaly uit M%@%%ﬁ%@l?ﬁﬂcany
t
weve LS@? et ipariber @%ﬁ%ﬁ&f&rﬁhﬁigﬁrrra@s;mfu@ny@r n&fg‘fe«‘?rfr%cigéfor :
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r esonat ore%‘"'%gfd anﬂgu@@g %%hhﬁt% Mcgﬁﬁ&ldoﬁl r%EQéé esonators are d| sposed on

a singlec andFare” a ranged SO aS to be substantially
parallel to tpgnRed s Baéé-?éﬁe&fon type surface acoustic wave resonators, the edge

surface for reflecting a S vave is requnred to be formed wrth very high precision in

order to furiction proper!ir 'ce the edge surfaces are-formed when the
prezoelectnc substrates 102x,:103x are cut by dicing, the process of dicing i rs

required for each of the: prezoel'ectnc substrates. Accordrngly, the number of drcmg

processes is very Iarge and the manufactunng process is is also complicated.

To overcome th J

bl ms descnbed above, preferred embodiments of the

present rnventron provrde s all-srzed and i mexpensrve surface acoustic wave filter

which is manufactured uslng atly srmpfrfled wire bondrng and dicing processes.
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3 the edge-reflection type surface acoustic wave resonators. According to
®this structure; the dicing processes required for the substrate end
surfaces are greatly reduced. In one preferred enbodi nent, the
edge-reflection type surface ‘acoustic wave resonators defi ni ng the series
armresonators and the edge: ;eflectlon type surface acoustic wave _
resonators deflnlng the paraktlel armresonators-are alternately arranged.

Accor di figh &4 'i‘éﬁec‘ikh‘tg%'s 68\ 2Rt WalRe Fe}%halbrﬁonﬁl@l?ér& ffy i es arm

resonators a d the par ir m resonators di sposed on the sanme substrate.
In a fusihelure b RidiRg pPocssdbaREduirdd or 998 Substfate Enidsuriaces é&?r@ﬁ@
acoustic wave resonatorsdefining the series armrtesonators are connected
to one peduderl by connecti:ng el ectrodes di sposed on the same substrate,
and the connecti:ng el ectrode:is separated fromthe outernost el ectrode
finger of thin edg@refefdedoemmmm,epe thalei:lgeafeflectlmslbjpe surfaeeracdastic wave
defining the parallel armiyesonators by a gap which is substantially equal
to a gapeSmlatm@rdeﬂnmgatI@eseﬁestarm Easeoatcmslandlthgeldgeo'eﬂechdmtymgsurlahe
edge-refl ection type surface acoustic wave resonators defining the parallel
arm reeénusmwauedesmt@m ___:__.nmthteartqra&elr&rnme@onatqraereatteME fingers.
According to this unjque structure, the nunber of connections via wire
bondi ng@f @nsregm AFEQM’PQ/*Q'@&?%@& a&rﬁie@l‘ﬂd%?ﬁ!t% C%chﬁ%th@cﬁﬁﬁ@@tafﬁ'g
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series ?{ Ve rrE§8H§tloP§ aefﬂ'lmgg %0 8558 5O Ped drdérsSare ¥p l'tbf:ﬂég etP qtlger by

edge re tron: € surTace acousti c wave resona 0rs

paral | elcoaﬁgw,fgsaae&gaés ueﬁbs@&on% sémﬁ's@ﬁsfrﬂféeﬁnd@ﬁﬁ %Hh@&lr'lgoelé&l'éde

structure, a narfow -l tef characteristic I's i eved
anot her l@é@é@'ﬁt&ﬂﬂ@ﬁﬂﬁd'dﬁﬁéﬁnos‘t Bldcemiediigies of me/edge l"&fé?:'ﬁ@hqvﬁe Qﬁﬁé’é&ecj

acoustic wave I esonators

' mg the parallel arm resonators by a gap which is

substantlally equal to a: gap tween the edge of the electrode fingers constituting

the edge-reﬂectlon type surface 'acoustrc wave resonators deﬁmng the parallel arm

resonators and the edge of a adjacent one of the electrode fingers. Accordlng to

this umque structure then umber of connectlons via wrre bondmg is significantly

decreased, and the effect of the-_ connectlng electrodes on the resonance

charactenstlc of the edge 'c_tlon typ_e surface-wave resonators is also greatly
reduced. . |

In another preferrefd_' embodlment, at least either the:electrode fingers

constituting the edge-reﬂécti . be surface acoustic wa\'re-'r”esonators which define

the series arm resonator: T electrode fingers constltutlng;the edge-reflection

type surface acoustic wavi ators defining the paralle '__rm resonators include

split electrodes. Accordin:g is s_tr_u_cture, a narrow-ban_d5§fi_lter characteristic is
achieved. ' '

in another preferred:_ernbodi_;me_nt, surface acoustic wave resonators arranged

Tiiimi




4 to act as a trap resonator are disposed on the sane substrate. _
Aecording to this structure, the attenuation value in a desired bandw dth
is.greatly inproved. Slnoa further preferred enbodi nent, reactance
el enents are di sposed same substrate. According to the structure,
the characteristic of -l ection type surface acoustic wave
resonators are easily ~by the reactance el enents I n anot her

ce elemonts | Inanothe
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arm resonators. | n: anot-her--prefefred enbodiment, the electrode
pattern of thin aggther pféferred @mbddimens, the widthefFEisposHRNSSEcliBA b e S
defining the series or pafall:el ‘armresonators is- divided into two or nore
pat t er nselesrodedingers constitsting thecedge reftactionitypé sarfacerteoustifwavs r s of

el ectrode fi n(tger;s of the edge-refl.ection type surface acoustic wave

r esonat ofésonaters clefiaingithet paratielarol tesenateraris made latgerdhanithie widthlof the
reduced. .. In another: preferred enbodi ment . ‘the nunber of divi si ons
of the el@BERQRIECN Baetion of the electredr fingers canstitiingthe esigetrefiectiarotypsi ¢ wave
resonat ors_defining the arall el .,rrr1‘1l reﬁonat ors i.s nade snaller than the

nunber oPIRST SPRCHaYS esonatars legrarmhesongtarsef Aseernding toype
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defining the series arm™
the series arm resonator:

In another prefefred;erﬁbbdiment, the electrode péifttern of the edge-reflection
type surface acoustic wé_Ve' ﬂré%‘;pnagors defining the seriee:.;'qr parallel arm resonators

is divided into two or more patterns - According to this; 's‘t_tflficture, even if the number

of pairs of électrode ﬂn_g:e'r's:'df?ftie edge-reflection type _sQE'face acoustic wave

resonators is increased; th

-apacitance can still be significantly reduced.

In another preferij_’_éé_l_ mbodlment, the number of divisions of the electrode

pattern of the edge-refi

n pe surface acoustic ’""\__f‘;e. ;esonators defining the

parallel arm resonators is m de smaller than the nurh_b, f divisions of the electrode

pattern of the edge-reﬂéfctl i_type s__ﬁrface acoustic wave esonators defining the

series arm resonators. According to this structure, th  equivalent parallel
capacitance of edge-refle tontype éurface_ acoustic resonators defining the
parallel arm resonators ¢: made lairger than thi_eg i\ielent parallel capacitance

of the edgeireﬂecti_on type s_t;ffé{ce';afgoustic wave res_ona"térs defining the series arm
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‘resonators. In a further preferred enbodi nent, dunmmy el-ectrodes are
kocated in the :vicinity of the end surface of the edge-reflection type
surface acoustic wave resonators defining the parallel armresonators or
the edge-reflection type surface acoustic wave resonators defining the
series armresonators. According to this structure, the different

di stances between end surfaces produced because of the different nunbers
of pair %ﬁ%ﬂ§§$ edge-refl ection type surface acoustic wave resonators
defininz ies armresonators and edge-reflection type surface

acoustic wav ‘?t& &?ftEﬂH@F Bfe?eﬁtﬁ& eﬂﬁﬂ&lr}w@ﬁ%f%h%y %Iecﬁfo%é @ré ﬂ%.’agéﬁ lrF B be

el i m nat ed. rocess pecause | ng akes pl ace

in the Wﬁl Bt e éﬁ@ﬁusﬁﬁaéé‘&tﬂ% eeée%%t:ﬁ&‘# défé’ééﬁﬁe cYrhe' i oration of

t he charact I st e to disc ectlon ms are able to be

prevent edsonators defirfiRg the BariNePash r@éoddtbﬂésdrrtﬂé'é@etr‘éﬂebﬁbf? eQurfackere is
shown in the drawi ngs  several forns which are présently préeferred, it

bei ng urdeustio wdvelresavators détiring tite séreeainn essorfattre!  IAcEbiding tothidie
preci se arrangenments and instrunentalities shown. BRI EF DESCRI PTI ON OF

THE DRA&tMNGEIre, the diffeferg dnﬂameeabeﬂmnmr@emfaeesspmﬂaeed becawsde of thave
filter according to a first preferred enbodi nent of the present invention.
Fig. 2 ic&ffmnéqumberseat pai'rs beiweeth e@earefbrction@ypmsmm acausticiwvavgave filter
shown in Fig Fig. 3is a plan view of a surface acoustic wave
filter aeew%tprﬁgdeﬁnlagfthe §enes/afmae$wte¢s an@eﬂge-geﬂqm@névpeauea%du ment of
the present jnventi an vi ew of ace acoustic
wave 1| REBUSHE VGvRIrRRORaIoEs defining the, daralef afin Grsanaaor, can be pliniiated

nmbodi f f
Surt ace FHIHRE i ﬁmﬁéﬁ%”ﬁt {958, biGauss dising teked pistoui e Beﬁloa-rv"n%&ﬁ. ot

preferr gfle STRIAY LFlthrodbs M6 188158 HetbANf2tbh Yl the charactenstlc dueto

disconnection, and other problems are able to be prevented.
For the purpose of illustrating the invention, there is shown-in the drawings
several fofms which are presently preferred, it being understood, however, that the

invention is not limited to the precise arrangements and.instrumentalities shown.

BRIEF DESCRIPTION OF THE DRAWINGS _

Fig. 1 is a plan view of a surface acoustic wave filter according to a first
preferred embodiment of the present invention. _

Fig. 2 is an equivalent circuit diagram of the sujrfage_:acoustic wave filter shown
in Fig. 1. o

Fig. 3 is a plan view of a surface acoustic wave ffiier_according to a first
Variation of the first preferred embodiment of the pres'eri.tf:i'i__nv:ention.

Fig. 4 is a plan view of a surface acoustic wave fiigeif'according to a second
variation of the first preferred embodiment of the preeeﬁi:':ih'Vention.

Fig. 5 is a plan view of a surface acoustic wave ﬁljt‘_e‘_'r_ according to a third

~ variation of the first preferred embodiment of the present invention.
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" Fig’ 6 is a plan view of a surface acoustic wave filter according to a
*tsecond preferred enbodi nent of the present invention. Fig. 7is a
plan view of a surface acoustic wave filter according to a third preferred
enbodi nent of the present invention. . Fig. 8 is a plan view of a
surface acoustic wave filter according to a first wvariation of the third
preferred enbodi ment of the present invention. I Fig. 9 is a plan

view of a smé TR ApRIASIiGW P ﬁ;rgadet&éo@ﬁewﬂbwm*‘ ctorfiPila s\é@éi&é‘t ion of

the third preterred enbodi nent of the present invention. 10 is
a pl anpréferredienbedifient of BrOprebbAt WREAtdN.| ter accordl ng to a fourth
preferred enbodi nent of the present invention. Fig. 11 is a top

pl an vi ew oFig %isrd plam viewustal mméodshemmcfmwla&eoﬁdmgtd afthid preferred
enbodi ment of the present invention. Fig.-12 is a plan view of a
sur f ac preferredtémbodiment of ther present idivegtiom a sixth preferred enmbodi nent of
the present invention. Fig. 13 is a plan. view of a surface acoustic
wave filter Figdbish plgndew dfiarsirfacgaadoustiowvaye ftlt_ee accardingtaea dirsted

enbodi nent ,of the present inventian. Fig. 14 is a plan view of a
surfacé‘aﬁémpfﬁ‘ﬂ/\gﬂ)‘é preferead embesdimen; Qf@%tpﬁﬁ?@@hmvemﬂﬁﬂatlon of the sixth
preferred e nment  of .the pres I nvention. Fig. 15 is a plan

Dl ew of & SHOAE Apiew mr?aqqmtﬁéematef@csommﬁsespe%rred

s_an equi val ent

. glmr)gg: %r;gﬁt?%‘%]; 8%‘?‘533?658 eé. § @83&"&‘?’?%&*1*’66 BFPsagngﬁ"k'BPef erred embodi nent

Communi cat 1 59 %%%‘f%@i?@%%&i& sitacs sohenb Rl Bt ArE R R ol o1 (e

presen tdrfibo chematic .view of a conventi onal
DLt soRréf@Hea erffodiment of thebrésefin Bpfor 1T 2 O D

EMBODI MENTSFig, 11 is a top plan view of a surface acoustic wave filter according to a fifth

preferred embodiment of the present invention.

Fig. 12 is a plan view of a surface acoustic wave '_fi_lier according to a sixth
preferred embodiment of the present invention. |

| Fig. 13 is a plan view of a surface acoustic wave filter accordlng to a first

varlatlon of the sixth preferred embodiment of the present mventlon

Fig. 14 is a plan view of a surface acoustic wave f‘ ilter according to a second
variation of the sixth preferred embodiment of the presént._inygntion.

Fig. 15:is a plan view of a surface'acothtic waveiﬁ;l_téﬁ éccording to a seventh

preferred embodiment of the present invention.

Fig. 16 is an equivalent circuit diagram of a duplex éc'_ording to an eighth
preferred embodiment of the present inventidn. N
Fig. 17 is a block diagfa_m of a communication apﬁaféiijs according to a ninth
preferred embodiment of the present invention. o
Fig. 18 is a schematic view of a conventional s_g-:rr‘% ce acoustic wéve filter.

AILED DESCRIP OF PREF ED EMBO .I ENTS
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"7 Hereinafter, preferred enbodi nents of the present invention are
sexplained in detail with reference to the draw ngs. As shown in
Figs. 1 and 2, a surface acoustic wave filter 1 includes a plurality of
edge-reflection type surface acoustic wave resonators 2a-2c and 3a-3c

di sposed on a single common piezoel ectric substrate 1x. As best
understood fromFig. 2, the edge-reflection type surface acoustic wave

(of Locti on ¢ fpEaater eeearaa srRodEenly olfharas VSRt v Srellne T o
defi .|, el __Th is, b he i - 4,
50 the SRR IR M hEAGT ace ncousti o wave resonators ba-26
and ¢ he edget ShPERfTRe FARE2 AishrBel AELERIRaYb Anef ihbdodaBagib™ =
def i ni Hplel ' h

Gor i os. o eekie FEMGRtof s SUiERAChAYHR Ao résOnBfy 2402 oA RN Asfoide" | "°

the edggn Rdihgel dotimbi RfeZudI A6 saBSYei 1 Wave resonators 3a-3c defining
the parallel armresonators and the edge-reflection type surface acoustic

wave resonat psbesdturderdtiodrorg H@F@,&ﬁé edgeaefledtivirype sufacé acowdticavaas el y
arranged so as to be substantially parallel to a pair of end surfaces of
the pi cesonatarsidac2calsaranged o defindsériesiaim pesonatbrst dred thededge-f aces f or
reflecting surface waves, of the edge-reflection type surface acoustic
wave r egeflestion dygmsafacendcaustiswvave resahatpre Gasiciartedirangadcto gefine of t he end

surfaces of the piezoelectric substrate. A connecting el ectrode 6a
i s ar r apgeallel grraxesonatensond hehis, betwern thelinpuk-putped pogs 4 Rethe edasrl ectri c
substrate, 1x so as tq electrically connect the edge-reflection type

sur f ace giesHon ity adace.acoustiswaveresenalorg 2ar2c AStinjng 4he SRR r ode 6b

e PR 8 AR RohBRfS SRR bR Blad BB R ©

ST e SRR B VR g oS Pl st mee o2
respectively arranged between the series arm and the ground potential.

Further, as shown in Fig. 1, the edge-reflection type_.-'_..:surface acoustic wave
resonators 3a-3c¢ defining the_'_parallel arm resonators ah_d the edge-reflection type
surface acoustic wave resonators 2a-2c defining the sefié_s:_éarm resonators are
alternately arranged so as to.-be substantially parallel toa pair of end surfaces of tﬁe
piezoelectric substrate 1x so that each pair of the en.d suﬁétes for reflecting surface

waves, of the edge-reflection type surface acoustic wa\(e rt_-igonators 2a-2c¢ and 3a-3c

are aligned and define the pair of the end surfaces of th , piezoelectric substrate,
A connecting electrode 6a is arranged to extend’-él__q g one of the end surfaces
of the piezoelectric substrate 1x so as to electrically conn : tthe edge-reflection type

surface acoustic wave resonators 2a, 3band 2b. A cop,h ng electrode 6b is

arranged to extend along the other end surface of the piéiQé_leric substrate 1xso as
to electrically connect the edge-reflection type surface ac §ti_c wave resonators 2b,

3c and 2c.

Furthermore, each of the electrode fingers constituting an IDT of the edge-
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8 reflection type surface acoustic wave resonators 2a-2c and 3a-3c has a
‘el ectrode finger width substantially equal to [err]/4, where [err]
represents a wavel ength of a surface acoustic wave excited in the
edge-reflection type surface acoustic wave resonators 2a-2c and 3a-3c. A
space between each pair of adjacent electrode fingers is also set to be
substantially equal to [err]/A4. : In the edge-reflection type

r esonat Ofgfledlion ifpe Surfadtcac RBEVRIR resBASIoPs Eﬁlfdhndiﬁﬁ-dc%&@édr%ﬁ to the

connecting el ectrodes 6a and 6b are set to have a.wdth substantiall

equal t ofifgsrdidth sastahinglyedqued tONE, WHSE NSreprogimsl aWdvbléigth 14 §J#afcéc es

opposite to the end surface on which t he connecting el ectrodes 6a and 6b

are | ocatmubticavavenexdittidin thd stigeirefiddtioregpelsuiface acolistic whve résonators
edge-reflection type resonators 2a-2c and 3a, the el ectrode fingers

| ocat ed 24-@ecetd Ba-3che Aogparei bejween each Haircefsadjdcent elgutrodiecfirgers iscalso
substrate 1x have a width which is substantially equal to [err]/8.

It i's nosetdotbessubmtantiallysquabto Nt t he nunber of pairs of electrode fingers
and the width of the electrode fingers of the edge reflection type surface

Choce. of Siac 1l Lett Lop.. Ly M:s"?*ii‘f%iﬁzﬁi% e o as
dfefl n: Pga'f% cﬁe ?Ez‘zt%ﬁ'}ﬁ ?%‘Eﬁ?ﬁ?@reieqmd:sﬁ?‘éﬁtv%ﬁé% Sef-ﬁﬂr/\%z‘??“f'wgr gunber
Shoor o oadstEntsily 66y 10 A8 ' RE sicirade oS AliBGe i ha %Lrﬂa%sﬁ. ¢ wave
Coonat chgradiets ARG kRSt RhichihbWohkPing Hiechlod A So BE |
edge- 1 ikt hafls hyHGSMcR sl Vil fo 1B © 1A PBALOTSNGApRGyAR] t he

edge-reflection type surtace ac ve resona

speci f i caddohatdrd @al 26 8RARGC the éueausaémngérstlbea@aqsoééﬁ‘t k6 tid BPpdsRg epdr f ace.
acousti c wave resonators 28.- 2C defini ng the series armresonators Is

L et et s e A g Sty egar

A8

It is noted that Fig. 1 .shows that the number of pairs of electrode fingers and
the width of the electrode fingers of the edge-reﬂection_.-tybe surface acoustic wave
resonators 2a-2c as series arm resonators are the same és those of edge-refiection
type surface acoustic wave Eesonators 3a-3c defining ‘t;he,; parallel arm resonators for
convenience. However, the number of pairs of electrédé.-ﬂngers and the width of the
electrode fingers should be different between the edge‘-réﬂection type surface
acoustic wave resonators 2a-2c and the edge-reﬂectlon type surface acoustic wave
resonators 3a-3c as resonance frequencies are made. d‘fferent between the edge-

reflection type surface acoustic wave resonators 2a-2c. and the edge-reflection type

surface acoustic wave resonators 3a-3c. More specxf cally, the resonance

frequency of the edge-reflection type surface acoustic;\i\ia > resonators 2a-2¢

defining the series arm resonators is preferably set to be ibstantially identical to an
antiresonance frequency of the edge-reflection type surface acoustic wave

resonators 3a-3c.
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9 | In such a manner, because the wavel ength and number of pairs of'
el ectrode fingers of the edge-reflection type surface acoustic wave
resonators 2a-2c are different fromthose of edge-reflection type surface
acoustic wave resonators 3a-3c, there are nmany cases in which the w dths
of the outernost electrode fingers of the edge-reflection type surface
acoustic wave resonators 2a-2c and 3a-3b are difficult to set to be about
[err]/8. Although it is ideal to set the w dths, of :th uternpst el ectrode
[ Fngers to bdt Ague maings Becaleh He whrgelpf i SumbRLobbeiEs AbSleckpdS. r ode
fingers | s of 3 0 . ol L sLig. LS not

det ori of HBSIT of e eIt rtOh Wpetaurtdte acchrbiifye fHsBibfiy Bhid a0

parti cul g \ ; ' ol / .

Bar  her grgnt frfit RBsd o bGe 8h de ot BB AALETHCEL G Rkl Isonatprs daspe

have a_ ey BB WAL WiarkSsiithé %ugf%s;g;_er%%dp%pemhpé edges

of connecting ectrodes and the edge -of" the electrode tinger

adj acentedge-rfecianfpeldutticedlcdusio davefasamtloRLADe ahgTesh bveHifficlitot 0 be
substantially equal to [err]/4. As mentioned above, in the surface

acoust i cetvtvbefaboutx/8l, Althoughtitis iddgicto set ¢ie addthe of thepsutermbsiceleogodst | C
wave resonators 3a-3c and edge-reflection type surface acoustic wave

r esonat dingefsatcioe aboubk/Baevenl ifdhe widthsanfdhe catarmost plecirodbdingersdevibts r at e
1x so as to be substantially parallel to the end surface, the dicing

pr ocess deom the valyenfA8.dbe charagtenstimisnat detevioratas:sigaifigantiyy andasg
processes of end surfaces are able to be reduced conpared with the

Co o N e e P ov o PHIRGH Deciliunot eeriaiPbriBt [ on type
resonat ors a}td"ﬁ\%’ &g@"l"@Fg'é% qu‘ﬁtf ﬁ@as%ﬁ‘# gb ége atsafgf Pf%'ak\,él\ﬁ?t F&Sﬁ%ﬁor s
connect AT AR fER R e I s ilipb§ 4 sfude of bORGEN ' "
Connet (ectees s and 8o} i febdge B s¥iBctoud oradiacrt 6 the olrideting

ey s ABUERU 2 MO BRIl 40 BRI o ectrode

As mentioned above, in the surface acoustic wave (i!_ter 1, since the edge-

reflection type surface acoué_tié wavé resonatdré 3a-3c én_d-:edge-reﬂection type

surface acoustic wave resonators 2a-2c are arranged on ﬂ_’_’ie same, common

piezoelectric substrate 1x so as to be substantially palfallel_ifto the end surface, the.

dicing processes for end surfaces are finished in two step;s'and the dicing processes

of end surfaces are able to be reduced éompared with the .conventional structures.
Further, because the edge-refiection type suﬁaCe_.;ééoustic wave resonators

3a-3c defining the parallel arm resonators and the edgg':-'_,_ngﬂ__ection type surface

acoustic wave resonators 2a-2c defining the series arrrjfr;eg@nators are alternately

arranged, the connection between the edge-reflection typé surface acoustic wave
resonators 2a-2c as series arm resonators is easily achle ed by the connecting

electrodes 6.

Furthermore, because the electrode fingers whi ha e located closest to the

end surface among the electrode fingers constituting the edge-reflection type surface
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10 acoustic wave resonators 2. 3 are.set to have a width nearly equal to
‘ferr]/8, the ripple wthin the pass band of the. surface acoustic wave
filter 1 is significantly reduced. I n addition, since the space
fromthe edge of a connecting electrode 6a or 6b to the edge of the

el ectrode finger adjacent to the connecting electrode 6 is preferably set
to be nearly [err]/4, there is no adverse effect onh the resonance

charact %{cbﬁﬁtr&wﬁ e fr?&rr?ét&"s 3.9 Jm%C%ét‘tB h%geace ! f\ rtlgﬂEQHélttbc)gﬁh‘é rﬁp‘f@“at or S

definin armresonators a e ‘conne ng ectrode

6a or 6'9v1th|n the pasfgéﬁ'@ﬁgthe': duifacelactilidtic w%%"ﬁl ]rEILlé-E Gy FetiGcelv e

filter whi ch edge- r ection type surtace COUStIg wave

resonat or s Zérn &eldivh, 8cdthasPads FraRPBe edde & e conlsttingleldctPederbh oF 6B M

resonator - a series armresonator - a parallel arm resonator - a series

ar m r eseohoedge af s electrbde fifgeradjacémttothe coAnéetingelBtlro8@84ds or .
However, the present preferred enbodinment is not fimted to this

arr angerpaeierabl&\ses twbe nearliF A, tBeret issmocaldverse effect orothet resenancd ace acoustic
wave resonators 2a-2c and 3a-3c may be arranged in the order of a series
armres Marmte(etég of the qmeataiﬂectioraty@eramo:etamuet%eyvaveateemate§ defining
resonator (2b) - a parallel armresonator (3b) series armresonator
(2c) - &hepardllet armraseralerfaadacendy thepgnnactmlgctaoeeﬁa&w acoustic wave

esonat ors 2ABOUIAT 168 B8 ﬁqgﬁééﬁg‘# Roonaicowawe A" BinBhicBhg, m
E%ﬁf "2 ok BhepoR Y Sllte AoUshSHRE " Sarlatpha Be Hel ol YR RERROSEY,
ot ace 181 e Y Y drall AP roRonb s strfbe A FlbBfor S PRI 8881 0O VB,
of a pangkbeliop! H‘s% 39% %sérr)ﬁer apardlel Sﬁn%&r{@ n%%%l?eé 2 rescﬁ']ait .

paral | el "arm resona a serifes armresona - a para arm

resonator ( %weve‘N tH%.f ﬂ%&éﬁﬁbféfer?e&%&b&iﬁéﬂt%‘ nbﬂtMﬁé&fb merﬁﬁgerﬁéntt he
series armresonator and the parall el armresonator or the series arm

r esonat gssshowin IMFigN 3, tHd edigeirefiectionppessrfacy acoustievgdk fesohhtors 2adey has

the same effect as in the present preferred
and 3a-3c may be arranged in the order of a series arm resonator (2a) - a paraliel
arm resonator (32) - a series arm resonator (2b) - a parallel arm resonator (3b) - a
series arm resonator (2c) - a parallel erm resonator (3c). Fig. 4 shows a surface
acoustic wave filter 1b in Vtth_t:Gh the edge-reflection type surface acoustic wave '
resonators 2a-2c and 3a-3b are arranged in the order ef a series arm resonator (2a) -
a parallel arm resonator (3a) - a seriee erm resonator (2b) -a parallel arm resonator
(3b) - a series arm resonator (2c). Fig. 5 shows a surfaceaacoustic wave filter 1cin
which the edge-reflection type -sqrface{acoustic wave resqéetors 2a-2b and 3a-3c are
arranged in the order of a pa'rat'lel arm _._resonatOr (3a) -a _s'eri.es arm resonator (2a) - a
parallel arm resonator (3b) - a series arm resonator (25) -;':-_:_a;'_parallel arm resonator

(3¢).

Alternatively, a construction in which =e"':'ach one of the s:e'rfiéé rm resonator and the

parallel arm resonator or the senes arm resonators and the parallel arm resonators

are arranged in this order has the same effect asin the present preferred
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~ enbodi nent . Next, a second preferred embodi nent of the present
‘tnvention is explained. Fig. 6 is a plan view of a surface acoustic wave
filter showing the second preferred enbodiment of the present invention.
Further, the same reference nunerals used in Figs. 1-5 are used to
indicate similar structure in Fig. 6 and therefore, detailed explanation

of like el errents s omtted. "As shown in Fig 6, the surface
acoustlﬁn%& Iter 11 has the structure of a series armresonator (2a) -
a par al arm resonator (3a) - a series armresonator (2b) - a paraIIeI

ar m r esonat oekgly) seco%f&%f&?e@éﬁbb@ﬁﬁ&ﬁtdfrtﬂé %Fésérﬁ rlh\ﬁrﬁi'ogl |s‘bx

react ance el enents /7 a | sposed between e edge: ection ype surface

acoust | Fighgvs d SIaARAEW 'of aurfied ddbRistiE WEva ek SRbivig MedsdnigRBdrgy edge-

reflection type surface acoustic wave resonators 3b and t he ground

pot ent i embodiment of the! presant ildintion e FurthBE @he sanmeivieterénte nulferals used in
edge-reflection type surface acoustic wave resonators 3a and 3b, the

di f f er eRigs. Bef aseused b ineicatasimilart stembenedp Fig.o6 andithersdore) detdiledquency  of
the edge-reflection type e surface acoustic wave. resonators 3a and 3b

def i ni ngxplapation of like e nteépamitted is greatly increased. As a result, it
is possible to significantly w den the frequency characteristic of the
surface acoubd®i s@omﬁe Frigy %%epprtm@ apoustic wavafilierd thes tbetstarctwenf a
attenuati gn val u pr esent gr ef erred enbodi nent, inductors

are prePRAGHAIM "%%Qf‘aief (Zaéa@teareﬁeiérmﬁwg to5 ¢Ba) na sefigs App r PWH%@U(? )
t hereto. _Faor ors, .resistors u s the
oot ant8 RAralR AT fesaR aRE 13bYT & serbs Hieanah o ERIndie Acndeous i o
wave reg G eristics
re not (TR %%efeﬁﬁ%%‘* a8 dirRfeckr g TP BHpR9 Bt LR RIBRES T 71 LS o
t he edg #dh% Hin ﬁﬁ:ﬂ@t‘n@ Les arm
r esonat gﬁéﬁ%‘ﬁ‘ﬁ a t?%rg?eé %’?@%@‘i@ ordc%&?ﬁ em mae?/I t@e changed.
Next, ardftctién rw;s'é 80Ffack 866Gt Rate %sdrié‘?or@r@sﬁﬁﬁ tHe YR pbtbAtigx P! ai ned.
Fig. 7 1s a plan view of a surface acoustic wave fiTter showng a third
preferred Thus, by adding reactance elements 7 to the edge—reﬂectlon type surface
acoustic wave resonators 3a:and 3b, the dn‘ference between the resonance
frequency and antiresonance frequency of the edge-re_ﬂ-eg;x_pn type surface acoustic
wave resonators 3a and 3b defining the parallel arm re_sgﬁétors is greatly increased.
As a result, it is possible to significantly widen the frequen'c'y- characteristic of the
surface acoustic wave filter 11 and greatly i rmprove the out—of-band attenuation value.

In the present preferred embodlment inductors are preferably used as

reactance elements, but this is not limited th_ereto. For e@mple, capacitors,

resistors, etc. may be used as the reactancé'-elements rther the edge-refiection

type surface acoustic wave resonators constructed for eas:ly improving filter
characteristics are not limited to the parallel arm resona ;and the characteristics
of the edge-reflection type surface acoust:c wave resonalc S series arm

resonators may be able to be changed, or both of the_ may::be changed.

Next, a third preferred embodiment of the prese:: ventlon is explained. Fig.

7 is a plan view of a surface acoustic wave ﬁlter showing a third preferred
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enbodi nent of the present invention. Like reference nunerals used in Figs.
¥:6 are wused to describe the structure of Fig. 7 and detail ed expl anations
of simlar structure is omtted. As shown in Fig. 7, a surface
acoustic wave filter 21 is substantially identical to the surface acoustic
wave filter 1 ¢ shown in Fig. 5 except that the edge-reflection type
surface acoustic wave resonators 3a-3c deflnlng the parallel armresonators

are rep ty: acoust,ic ve_resonators
e 2P BRBBHINbILraO Braalh B, o 3uidrBRce RGPRAS fdliTEloss R e
el ectrod t%b&'t en the
el ect rodggéétd)dﬁcgl pre es'ria JrB Jﬁ.—'@bf)ghd h(;eié'iéa‘[‘3 (e orﬁgt?? %ﬁﬁlfars?ﬁ@ ure

out er nDs{s &ritield. €l ect r ode Whl ch is closest to the end surfaces of the

pi ezoel ectric substrate 1Ix is- pref erably a single el ectrode. Wth
thi s construcAsehowhis Fli@Wd‘etlstirlacefacbbstuéwa(/éfiﬁelaéf’lssédtfste‘gl‘ﬂ*éﬂ jdartiRb ot 1S
made significantly narrower-iconpared with the frequency c aragterls I ¢ of
the surfrecsurtaveisddustioavaveffilfer dc showrsina¥g. § exEést that the edge-reflébﬂ'brpr esent
preferred enbodinent is noti-}imited to the structure shownin Fig. 7, and,
for exanfype sustaceracaustic vave resenatoisc3ande elefinirigethe Plarallel kewresondtos arg,

only the edge-reflection type surface acoustic' wave resonators 22a-22b
def i ni ngrenl@c%bmteedgefrﬁﬂeemwpemrtmg dvousticiwaye resorslterst23z:23¢ havingher
as in a ce acoustic_ wave filter 21 b shown in Fig. 9, both of the
edge- ref?a VQ%'A’P&JPf 8ce acoustic wave resonators 22a-22b defining the

ef t t ' f t
" esonat ors. 29500 $idiing ﬁéﬂgei fﬂ.@l%deglpégf%a%gr%esfﬁljée Bheutii, ansihaspscspl i
| ectrod t
¥ er o Gyeep e csfidbs Bl MRSl oo SIS R ARS ome or ¢ e
lit el Hl / Th bet
Pt - o SEEHPBBSAT RACREAN ok t@%tt sl e e8RS
bet ween glmstedeaxed ptéfgrépw_ smgqé eFeFHtl‘ddeel ectrode adj acent to the end

surface

With this constructlon ;the bandwidth of the surface acoustic wave filter 21 is

made significantly narrowe compared with the frequency charactenstlc of the

surface acoustic wave fllte 'sl_',_t_own in Fig. 5.

The present preferredf-"e'r'hbodiment is not limited to'-the structure shown in Fig.

7, and, for example, as in.a surface acoustic wave ﬁlter 21a shown in Fig. 8, only the

edge-reflection type surfa"';: acoustlc wave resonators 22a-22b defining the series

arm resonators may be made spllt electrodes Further as in a surface acoustic

wave filter 21b shown m:' g 9 both of the edge-reﬂectlon type surface acoustic

_ wave resonators 22a-22b defln g the series resonators and the edge-reflection type

surface acoustic wave resonat':__:_,s 23a—23c defining the parallel arm resonators may

be made split electrodes. |

Note that, in either of the surface acoustic wav_' 21a, 21b shown in Figs.
8 and 9, the electrode Wldth of one of the split electrodes is preferably set to be about
A8. The space between electrodes is preferably set to be" about equal to A/8, and

the gap between the edge ofthe outermost split electrode adjacent to the end surface
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and the end surface is preferably set to be about [err]/16. Next, a
“sfourth preferred enbodi nrent of the present invention is explained. Fig. 10
is a plan view of a surface acoustic wave filter showing the fourth
preferred enbodi nent of the present invention. Further, the sanme reference
nunerals used in Figs. 1:9 are used in Fig. 10 to indicate |like el enents,
and detailed explanation o6f |like elenents is onmtted. As shown in

Fig. 19nd ﬂ-@gﬁ&ggﬁ:aeg%Eﬁﬁgﬂﬁﬁf*g&éb&kﬂﬁg_ a structure including a

series armresonator armresonator (3a) - a series arm

resonator Nk ol f6BRh gﬁ%ﬁ%bé&ih%‘ﬁtid? fhé pReRY Hv%ﬁﬁoﬁ‘i‘é’éﬁﬁlhﬁmé@vg

resonators 38a and 38 acting as a trap resonator are arranged to be

subst aRig. 30lig apslaAMew obatsielRe ldtoustic Walve FilteP ShowiPig the 4ol pefefddt he
ground potential, respectively. The edge- reflection type surface acoustic
wave rembodimerst f8ke prebeddinventionesForthdr, tie bave refizenhtcefuinepdls used in
characteristics in order to.inprove the out-of-band attenuation val ue of

t he fi Figsr 13 are used in Fign1@ teeingdicade like plements cahddetailedexplangtion sfilikece
acoustic wave resonator 38a and 38b acting a trap resonator is preferably
made oelegrerdgiipomittackcti on-type, but this is not limting of the present
preferred enbodi ment._ |t nay be constructed so as to reduce the nunber of
pairs of sufPSPEWRJB G 10, @swrfacesannuise wayediltes Bd hasra sirugiuee inchiin@d on
bot h sides of sdcoust wave resong ors. Furthernore, the

ol cct r BIBTE AU ESONAKR ek A BT SonIR AORL< B 981157 ATBISRRAZ085 for o
pr csenlZE) R Al Blamefittbnind Rulreer bbbidi il F%%%@@M 38382 and
and t nacig8s T fRibtor MY AR T SR A el e 6 01 PO °
2o to [PUYBHE REPRRt Sh 5 S B gratind polnial TRSHECRRN. T Peklat POl | ani

trap chsfleatibAtysd baaca adolstic wad Risophtds I8acshSsl!ald Bedigred 16 Aaveat or s
for performng a trap resonator does not cause a problem

desired trap characteristics fi_g_'j_i-_order to improve the out-of-band attenuation value of

the filter 31.

In the present preféfféﬁ_lembodiment, the surface acoustic wave resonator 38a

and 38b acting a trap resonaté_f is preferably made of an edge-reflection type, but this

is not limiting of the present"ﬁ_;éferred embodiment. It may be constructed so as to
reduce the number of pairs?éf'éurface acoustic wave resonators and have reflectors

located on both sides of th fface acoustic wave resonators. Furthermore, the

electrode fingers of the surface coustic wave resonator 38a.and 38b for a trap
resonator may be made of splu lectrodes. Furthermore, in the present preferred
embodiment, the surface acoustnc wave resonators 38a and 38b for trap resonators
have been arranged beMe§h3ftﬁe input-output ports and the ground, but this

arrangement is limited to thi_s If the surface acoustic wave :féSbnators 38a and 38b

for trap resonators are inser__tg 0 as to be substantially parallel to the circuit, they
provide excellent trap characteristics, and the number of éurfa_{be acoustic wave

resonators for performing a trap resonator does not cause a problem.
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14 Next, a fifth preferred enbodi nent of the present invention is
‘sexplained. Fig. 11 is a plan view of a surface acoustic wave filter
showing the fifth preferred enbodinent of the present invention. Further,
the sanme reference nuneraks used in Figs. 1-10 are used in Fig. 11 to
indicate |ike elenents, and detailed explanation of 1like elements is
omtted. As shown in Fig. 11, a surface acoustlc wave filter 41 has

P rec 2! LSk R R el S itnl e HallR AV RATS BBUHIOL LS,

acoust | §4eUSIARSRIPEPA Sudicd oS Whdo Firér srﬁmﬁg i RhBREE L

edge re I'on type surft.ace acoustic wave resonators

- cross | grdainbhidT the ppesirt ﬁrvefnlﬂaﬁ t Pakthey, thé'§ ﬂﬁé%ferrsﬁéé%ﬁﬁme&ré Yipgd " face

acoustic wave resonators ‘3a- 3c. ' "such” a*construction

capaci t Figee 1010 bhPusswiy Figf head 'rﬁdlcéﬂéﬂﬂceselérfrﬁﬁ% aRBUETAI&d ¥RDISNAIRSPBAL OF S
3a-3c defining the paral I'ell armresonators can be " si gnificantly increased,

and t helikeielevheritaislonfittediuat i on characteristic of the surface acoustic
wave filter is greatly inpfoved. Next, "a sixth preferred enbodi nent
of the prese/s showminifig. 13, aeswﬁacmedousﬁcgrvavelﬂtersdfhhas aubstantiallyftha surf ace
acoustic wave filter showing the sixth preferred ‘embodi nent of the present
i nvent | SAMersiuctiye as that ohthe surfasecarnustio weavel filten Jeshown iRifje.5 axcept ar e

used in FI% 11 to indicate |like el ements, and detail ed expl anat i on of
li ke el thatibe eﬂsedﬁﬂe@t&m type surface agouslifaye resqpatars 2a;2h @hpwaén HoBtic

?%inéi i repla éfﬂf B Re eI big sr%cegc%eﬁﬁé%%‘?ﬁ%&ﬁe‘%ﬁtﬁ&ﬂ“’?éﬁm 4
acoust] a%is?r&%sh%&tﬁs VEh RN SRR R M B ASE
series gwﬁm%rg&ﬁws%%tggt ial. The edge- ref | ection type surface

acousti c wave resonators 2b and 53a-53b are .arranged on a

P i g; oe : leg} r gfnmsyéerg g;]egpgtrr&eggdm tﬁeegpgg%gqgrtﬁe sagésréﬂé&rarr@ﬁe sRHake(522) -
acoustrc wave resonators 3a-3c defining the parallel arm resonators can be
significantly increased, and the out-of-band aﬁenuatlon-charaderlstrc of the surface
acoustic wave filter is greatly improved.
Next, a sixth preferred embodiment of the present mventron is explained. Frg
12is a plan view of a surface acoustic wave filter showrng the sixth preferred
embodiment of the present rnventlon Further, the same reference numerals used in
Figs. 1-11 are used in Flg ' :-1 to indicate like elements, and detalled explanation of

like elements is omitted

As shown in Frg 1-2 a surface acoustic wave frlte Jincludes edge-reflection

type surface acoustic wave resonators 52a and 52b connected in series between

input/output ports 4 and 5 so as to define a series arm a' d ec ge-reflection type
surface acoustic wave resonators 53a and 53b connected '-p'arallel between the
series arm and the ground potentral The edge-reﬂectro type:surface acoustic wave
resonators 52a-52b and 53a-53b are arranged on a piezoele ___trrc substrate 1xin the

order of a series arm resonator (62a) - a parallel arm resonator (53a) - a series arm

is Sheet Has Been Reilaced
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15 © resonator (52b) - a parallel armresonator (53b). One of the essenti al
“sfeatures of the surface acoustic wave filter 51 is that el ectrode patterns
of the of edge-reflection type surface acoustic wave resonators 52a and
52b defining the series armresonators are divi.ded in half, respectively.
As a result, the edge-reflection type surface acoustic wave resonators 52a
and 52b are eqU|vaIent to and have the sanme stfucture as two resonators of

Capac! [t - B At e B0 184 - Prielo 6 cEBen LG .

52a ang%;[fﬁgé’_a%ﬁst?é)\}vﬁvé ﬁu@e%gﬁsgggﬁgtﬁgcgs%tggﬁegb n"; 8RieHb8 efeiord e . ng

edge-r ction type sur

the pakgthed aébﬂéﬁ@ﬁ%?éyohators 52a and%ti{i ‘Ehé: é&'leslérm ?es%ﬂa}@r% re

acoustic wave filter 51' includes an lectl on type surtace

acoust idiided i hﬂ$%§?0étn}é3ﬁ\ Ma@ésdlﬁ%hé‘eﬁbéfréﬂé or?&ygetswﬁ%e d&hé{% n from

that of the edge-reflection type surface acousti resonat or Thi s

makes waveaesohhters 52& andS2b drecequivalbhoidt and hiave thelsdhe atrdicfure 8o
position in the edge-reflection type surf ace @otsti ¢ wave resonator 52a'

| n t hi sesenatorsyofisiithe mmbera:fpawsMnlcrcaresmnnetcteﬂnreseraésomneneﬁrg&he 12 and
t he outgoing position of the input/output -port 4 is not limted and

c an be capasitaneeishe edge-reflectiontypersustaceanoustic wavevesonatoes 524 andi s

differen fromthe surface acoustic wave filter 51 shown in Fig. 12 in

that ePeBAB@PIHIA bemadesmaligr taagéhe@ape@tarme nytbe esigerrefectiontypst i ¢ wave
ot o O3S feu Sl WTR reim i A and B delninu s Ry Al esona. 53
of pairs of AL gk Phrtad® prel SRR ThaS] RBgsy 38 adask n° et
oreat | SRR ipe BulfdEs BaRte afl reshaldh S5H: WiIETnoF o GRERTH HRTBaL°

edge- rgtahem B thYP8f e’ ddifetretiertish g@%‘ﬁdﬁﬁé&é&ﬂ%& vga\fée.fé nghasbr

paral l el armresonators has been na er t e nunber o I Vi si ons

of _t he Thiliarakes i RiSsile 13 EONSCHLh FpLYRS dork@ 68 ol IRGIEAL BbsineA iR d 5 arm

resonators, the ‘equivalent parallel capacitance af parall armresonators
i s abl edge-rbﬂeaametybersgﬂace acoustic wave resonator 52a'..-.In this way, by using

such a divided construction as shown in Figs. 12 and 13 -tl'.i.é':':-outgoing position of the
input/output port 4 is not limited and can be changed eas;ly

A surface acoustic wave filter 51a is different from the surface acoustic wave
filter 51 shown in Fig. 12 in that electrode patterns of the edge-reﬂectvon type surface

acoustic wave resonators 52a" and 52b“ are divided mto -three and that electrode

patterns of the edge-reflection type surface acoustic wa e.resonators 53a' and 53b'

are divided into two.  With this construction, even if th r-of pairs of electrade

~ fingers of the edge-reflection type surface acoustic wa';v ators is increased, the
equivalent parallel capacitance is greatly reduced. F l:_a__e"c;ause the number of
divisions of the edge-reflection type surface acoustic wave resonators defining the

parallel arm resonators has been made smaller than the number of divisions of the

edge-reflection type surface acoustic wave resonators as series.arm resonators, the

equivalent parallel capacitance of parallel arm resonator: s able to be made larger

“ﬁﬁiiu‘ti’iitﬁﬂi"ufm



16 than the equival ent parallel capacitance of series armresonators.
‘-Accordingly, the out-of-band attenuation characteristics of the surface
acoustic wave filter is greatly inproved. . Next, a seventh preferred
enbodi nent of the present invention is explalned ‘Fig. 15 is a plan view
of a surface acoustic wave filter show ng the -seventh preferred enbodi ment
of the present invention. Further, the sane reference nuneral s used |n

Fi0s. Indfudl Souipant Bafainl f%p%éenba%f sahiés awﬁ%esgﬁéisrg AdSafgh el

expl anation o omtt ace acou ,
filter off-ofBang %hehaaﬁmbhardct@'si@%f e YalHES a8y dtf vé’f"l é.hs Ig??%t

acoustic wave filter 51 shown 1 n 12 except.”that ge t|on
type simpasedacoustic wave resonators 62a- 62b and: 63a 63b have dunmy

el ectrodes between the outernost el ectrode flngers of the edge-reflection
type surfacdext,auséventh preferrecissmbodinterniof thidprezent Fvehtion s explained.

piezoel ectric substrate 1x and between the connecting el ectrodes 6 and the
end su ﬁ@.ct&lscﬂ plaineviewaf @ssurtzce acoustie twantecfilor showing the Sdwanth prefesedhown
in Fig. on both sides of the edge-reflection-type surface acoustic
wave rembmilmeet el2he medentdsuention. Finther Hihediamyy raferancedurserals used in
dlsposed Since the connecting el ectrode 6 is "provi:ded on one side of the
edge- Figs.Ilet4 pemusodin Eig. 8B indisata ke alements.santhdetailed 2xplanatian ehy
electrﬁg 9 on the |, ge is arranged so as to be-adjacent to and

subst aMtP &ePeRzisomitedo "t he connecting el ectrode. 6. According to

this structyre, .the s ac.e bet he end e.of the i ezoel ectric
Slﬁbsé_r?t e 1?‘ %‘m:actan c '8M‘R)éet gqreét 6%%@”9% {\g]f thﬁe??é%%ﬁvﬁw reas byh
e o B 8RTadd ol ARAURR e S8Rl FUE 17 SEREPAR: e Sab@roRotBE, 1
resona ﬁbﬁé@éc&d&%c ViAlFresBhate ?%BQQ (ﬁzboé‘ncﬁééé%‘é aﬁﬁﬁm%&r&dﬁ onat or

for a P armresonator can usted or elimn pI’OVI |ng

the du fHélW@ér?ﬁfé eaterd8st electrode fiigéis 6 the'éﬁgb%ﬂ@&ﬁ&?%%%&fac@' ddoti8tic

because dicing takes place in the portion in
wave resonators and the end surfaces of the plezoelectnc substrate 1x and between

the connecting electrodes 6 and the ‘end surfaces of the—p_:_gpelectnc substrate 1x.

That is, as shown in Fig. 15, on both sides of the edge-reflection type surface

acoustic wave resonators 62a, 62b, 63a and 63b, the dudwmy electrodes 69 are
disposed. Since the connecting electrode 6 is provnded on; one side of the edge-
reflection type surface acoustic wave resonator 63a, the du' my electrode 69 on the

side is arranged so as to be adjacent to and substantna__!ly_{ allel to the connecting

electrode 6.

According to this structure, the space between the end urface of the

piezoelectric substrate 1x and the outermost electrode w h is:necessarily caused

by the difference in the number of pairs of the electrode finge between the edge-

reflection type surface acoustic wave resonator for a se fesonator and for the
edge-reflection type surface acoustic wave resonator fo ,Iel arm resonator can
be adjusted or eliminated by providing the dummy electrode 69 |

Further, inthe processes of. dlcmg, because dlcmg takes place in the portion in

This Sheet Has Been Replaced  _ 16 _
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whi ch dummy el ectrodes are forned, deterioration of the characteristic due
‘'to disconnection, and other problens can be prevented. : Al t hough
Fig. 15 shows that one dumry el ectrode 69 is arranged on each side of the
edge-reflection type surface acoustic wave resonators, a plurality of dummy
el ectrodes 69 may be provided. In this case, it is desirable to nmake the
nunber of dunmy el ectrodes snaller-than the nurber of pairs of

e har At Ry BRsTERE e RS HefertBifod §BR R udfaltalle vare

el act roqtecongestion At BRF ProfbmsSeie BRVERRELY 0. et Mot on type urface
acoustic mv%lfﬁ%@ﬁfigr%s%{bs Eﬂ%ﬁ ongmmggfe;dﬁoﬁg%% i%\‘ra‘i‘u"geﬁ'cﬂ%}%ﬁ}é" y In

the portion in i sconnection I's ‘toiocecur. an

ei ght h Mfﬁélteaﬁe-rsﬂ@&ﬂin;wgé sahakegcegagf\g?vé PSS, a?é&;agiyfc};%mfi 9. 16

I S an equi val efit circul I agram o exer - accordi e eighth

pr ef er r efle@riRst 6B fiayte providicEs A this e8B! it Wdeditiblé & makBehs AlDPber ence
nunerals used in Figs. 1-15 are used in Fig. 16-to'indicate |like el enents,

and detdunrhrag eleqitrieatsmaliepithan e rimbenbtpairs oheddesreflection type darfadeown i n
Fig. 16, in a duplexer 71, input/output ports 4 of:a surface acoustic wave
filter HEcousticuaveresonatorseseas aot tmaffectihe Characteristics of thesedgd-rédfteetion f or
defining a transmtter are connected to a comon ternminal 74 to be
connect dype surface anousticwaveresonal@rs. An i nput/output port 5 of the surface
.acoustic wave_filter 1' for defining a receiver iis connected to an out put
terminal 75[ diyrtheroit enelgipressaty togisposasthe; duspmyiglegiradesfft or fisBPth and an
I nput/ out put port of . the surface acoystic waye filter for fining a
transm (9475 pEall ghhecedar-TefiesHon fYR SURGR ARUSHS Ve resEnBrs i B ed to a
transmtgi (o] | 1 .(not . . . nj No) ed .
erbod magY 9@Hises Ry b8 8Rsest vty st Birhan n Wi aRbSidbBfl s .,
di agr aml%lftocé’éﬁﬂ{”i cations apparatus showing the ninth preferred
Next, an eighth preferred embodiment of the pkesqn.f invention is explained.

Fig. 16 is an equivalent circuit diagram of a duplexer according 1o the eighth

preferred embodiment of the present invention. Further._ thé:same reference

numerals used in Figs. 1-15 are used in Fig. 16 to indicgtéilike elements, and

detailed explanation of like elements is omitted. - _ '

As shown in Fig. 16, in a duplexer 71, input/outpgt.:_ports 4 of a surface
. acoustic wave filter 1' for defining a receiver and a surfgé_:_"':fac_:oustic wave filter 1 for
defining a transmitter are connected to a common termingl_-'a24 to be connected to an
antenna (not shown). An input/output port 5 of the s'___qrta’c acoustic wave filter 1' for

defining a receiver is connected to an output terminal.754; to be connected to a

receiver circuit (not shown), and an input/output port £ 5 surface acoustic wave

filter 1 for defining a transmitter is connected to an inp'_ al 75, to be connected

to a transmitting circuit (not shown).

Next, a ninth preferred embodiment of the present invention is explained. Fig.

17 is a block:diagram of a communications apparatus showing the ninth preferred

e St ot
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enbodi nent of the present invention, and one exanple in which the dupl exer
71 shown in Fig. 16 is used in the comruni cati ons appar at us. As
shown in Fig. 17, in a conmunications apparatus 81, the common termnal 74
of a duplexer 71 having a surface acoustic wave filter 1' defining a
receiver and a surface acoustic wave filterl defining a transmitter is
connected to an antenna 90. An output termnminal 75[err] is connected to a
receiver ﬁerUI %?d an

oo embhfert gt S oflbent flentih hAd opd SBmmIS it WRItH b lsfrtr 74

el R i Pl 183 CAPR I ML EamERPic DR SBBABL, L2 U T ack which i s

cut by dici ”ﬁls%flﬁ%'nﬂ K"'gf‘ 17‘3‘i'|’?%técﬁ‘ﬁrﬁuh§aﬂéﬁ EHFatB%%ﬂO X rreréiogh‘&@%h‘éi‘ 'S

not limted to er ’grooves an ave eeh processi ng

such  apq Qgﬁ'dl%le)@ren 'h Qa@urfa’&@ ﬁéﬁ@h&%rﬂlt‘ér ﬁiuaéﬁﬁlﬁb&azre&Wé?%nﬁlﬁ and

separ at ed clng or other sult e processes” le preferred

errbodi ”@W&c@écéd&iclmﬁlteﬁ dETMg 8 Sane s Rdnneatedidsan AMenRado.

carrying out the principles disclosed herein are contenpl ated as bei ng

wi t hi n Aheutputiterminal 18, ¢4 commeded taareceiVbe tieéuit, &and &n irput teteninaiozs), t hat
the scope of the invention is not to be limted except as ot herw se set

forth iis cdmmectexd tosa transmitting circuit. - 19 -
What is clained is: 1. A surface acoustic wave filter,

conpri sing: Inthe first threugh sinde praferred esthediments, ertheend p@nface)forend
surfaces; plurality of edge-refection type surface acoustic

wave reffiesting §urfa¢e mea of eclgbrrefiection fype SMITRCBAGEIUSEE WAV 1eEBRIRI® I

whi ch ar e con i n
rface wﬁlc is cut by dicing an original substrate is used but the present invention

is not limited to this.  After grooves and holes have been formed by processing such
as dicing, etc., each of the piezoelectric substrates may be cut and separated by
dicing or other suitable processes

While preferred embodiments of the jn\)ention hav_e'.@b'_'_een disclosed, various
modes of carrying out the principles disclosed herein are eOntemplated as being
within the scope of the following claims. Therefore, itis understood that the scope

of the invention is not to be limited except as othenmse set forth in the claims.

Sheet Has Been Reﬁaced

T




|l adder configuration, each of the edge-refection type surface acoustic wave
‘yresonat ors making use of SH type surface acoustic wave and a pair of end-
surfaces of a piezoelectric substrate for reflecting the SH type surface

acoustic wave and causing a resonation; wherein ~the
edge-reflection type surface acoustic wave resonators are all di sposed on
the piezoelectric substrate and arranged al ong t he end: sWbfsiSheeHas@he ReDffced

pi ezoel ubstrate so that each pair of the end surngW
it ot MR S0 skl s, o e M I3l
Zﬁ(r:l surface;jf A%yﬁé@é’%f:é@%&r@éﬁ ﬁ'&g‘?ﬂ@ﬁ%ﬁi 2. A gurface

acoustic wa é’stjb.l;ﬂ'ftﬁ gﬁgordl ng to claiml1, wherein the edge-reflection
type surface acousitt wave resonat ors defining the series arm resonators

and the edgeaPﬁj,g@tgtdf% byrlaﬁe?{)d gldcou ggé!ﬁ/a(/@?QM bs arfridey N9 the

paral l el armrfesonators~are ely arrang on the substrate.

3. A sujdf guihersetiti artd parefief afn ?éso’h%@&“scﬁriwak%cﬁirébfé(ﬂm 4 14ddeer conpri sing
connecting el ectrodes di sposed on the substrate, wherein the

edge- r e¢drefigguration; whegeipur f ace acoustic wave resonators defining the series
armresonators are - 20 -
connect ed totrmredgmmfhehorbyypdmrtawmnushg vedmbsodatsmdeﬁdnagsth@semes e, and
at |east one of the connecting el ectrodes is separated from an outer nost
el ect r oanrd paraugéarmﬂ'esmtwg@‘eralt disposedhon yhe substrate andoarranges smasto
resonators defining the ar al armresonators by a distance which is
subst anP® §ub§taeaaléu pargligl @ﬂdaﬁ'é'@ac%?e@fvtéé pdgggedesliontypetsusiaseracaysic
constituting the edge-reflection type surface acoustic wave resonators
def i ni n‘ﬂaY‘Pnge ?®el armresonators and the edge of an adjacent one of
the el ectrode fingers. 4. A surface acoustlc wave filter
according to claim1, wherein each of

2. Asurface acoustic wave filter according to clairinl 1, wherein the edge-
refiection type surface acoustic wave resonators defining the series arm resonators
and the edge-reflection type surface acoustic wave resonators defining the parallel .

arm resonators are alternately arranged on the substrate.

3. A surface acoustic wave filter according to claim 1, further comprising '
connecting electrodes disposed on the substraté,, where‘ih the edge-refiection type
surface acoustic wave resonators definiﬁg the series am_j fgsonators are connected
to one another by the connecting electrodes on the subét_ra_t_e, and at least one of the
connecting electrodes is separated from an outermost_eleétrode finger of the edge-
reflection type surface acoustic wave resonators deﬁning th‘e parallel arm resonators

by a distance which is substantially equal to a dlstance between edges of electrode

fingers constituting the edge-reflection type surface acoustlc wave resonators
defining the parallel arm resonators and the edge of an ;qgjggent one of the electrode

fingers.
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the edge-reflection type surface acoustic wave resonat or s~ defining the—————
‘series armresonators and the edge-reflection type surfacsg. oy | € W
resonators defining the parallel armresonators include -s@f‘s = I%e

5. A surface acoustic wave filter according to claiml1, furtm E
surface acoustic wave resonators which are arrange on the sd ;
as a trap resonator. 6. A surface acoustic wave filter according

e T AR Y
ther €1 @l ARcii, o SPPRBPRAINE O Bl ERATB e

constit ace acou wave resonators

def i ni nGokbiTatBRS ahi fhe BUGLIERGARINYBelshrtaBt GRbustORRVE rébdfidiofddiining

transposition section of-electrode’fingers constituting t

- 2_1 - théfda?ﬁlél%'ﬂmtr)éﬁénéfé&fa ma&y&téléctma&.resonators defi n! ng the
series arm resonators. . A surface acoustic wave filter

according to claim1l1l, wherein an electrode pattern of the edge-reflection
type surface acoustic wave resonators defining the series resonators and
t he paral |l el &r nAsadfacercoasticweve fittedacedrdingt to diaies 1, furthepebmprising

9. A surface acoustic wave filter according to cllaim 8, wherein the

el ect r ocsurfagetanoustic wave reggreatoss wbichi ane aryangesom thasubsitale to actas/a trap
resonators defining the parallel armresonators is divided so as to be
snal | er reg@ma@nunber of divisions of the electrode pattern of the
edge-refl ection type surface acoustic wave resonators defining the series
arm resonat ors.

6. A surface acoustic wave filter according to claim 1, further comprising

reactance elements disposed on the substrate.

7. A surface acoustic wave filter according to claim 1, wherein a width of a
transposition section of electrode fingers constituting the_-_.__'ei_dge-reﬂection type surface
acoustic wave resonators defining the paraliel arrh regonétprs is larger than a width
ofa transposition'section of electrode fingers constitutingiihe edge-reflection type

surface acoustic wave resonators defining the series ar_m_'-_ resonators.

8. A surface acoustic wave ﬁltef according to clgi_rh 1, wherein an electrode
pattern of the edge-reflection type surface acoustic wave.-.f[ésonators defining the
series resonators and the parallel arm resonators is deed into at least two patterns.

9. A surface acoustic wave filter according to cla|m8, wherein the electrode
pattern of the edge-reflection type surface acoustic wav ;ééonafors defining the
parallel arm resonators is divided so as to be smaller tﬁén number of divisions of
the electrode pattern of the edge-reflection type suﬁaéé; ,___a.____z'_c:_i_ustic wave resonators

defining the series arm resonators.




10. A surface acoustic wave filter according to claim1,further conprising
“-dunmy el ectrodes di sposed near end surfaces of the edge-reflection type
surface acoustie wave resonators defining the parallel armresonators or
the edge-reflection type surface acoustic wave resonators defining the
series armresonators R 11. A dupl exer conpri sing:

a surface acoustic wave filiter including: : a piezoelectric

substrate hayg nga 3,AgLe FEBU&W\%% ﬁﬁ&eéécordipg to claim 1 funhePcéngH{i%hét y of

edge-refection type surtrace.acoustic wave sonat'or s ‘arrang efine

series gttt SesdiBpESSDR ' -reflecti
- 22 - corr?gect ed ien é%aﬁéﬁ%ﬁ]@ gur%sgcﬁ?h%ggﬁggfﬂ? éonet(ygg_srue ggtion

type sugdoietic m&bﬁaw‘aeﬂmﬁgmé PhFaliERkin Jostifatéls ohbeRReSterEassn
acoustic wave and a pair:of- end-surface of a piezoelectric substrate for

ref | ecttypg sufacSHcbustic #avé Pesonatere tsfining \diesetied aratifdsbfiators esonat i on;
wher ei n t he edge-reflection type surface acoustic wave resonators

are all disposed on the piezoel ectric substrate and-arranged-atong the end
surfaces of the piezoel ectric so that each pair .of theﬁﬁg= for

; CLLTC . " Ut 25851
reflecting the Shduplgxer sompasingacoustic wave, of the @ B &m&H ype
10} t-he
xer

surface acoustic wave resonators are aligned and-defin

end surf aces? SHrface acousticonave filterdneluding: at e. |

according to claim11l, wherein the edge-reflection type surface acoustic
wave resonat®FYPEALHARY the series armresonators and the edge-reflection

type surface agousti ve resonators definin he parallel arm resopnators
a¥2 al t er nat2P rgﬁty&)ﬁ&?@e&ﬁﬁgﬁ&@ggﬁu&é@e acogstEcwa_ e resonators arrange

to define series and paralle| arm resonators and are connected in a ladder

configuration; wherein

the edge-reﬂection_.; surface acoustic wave resonators defining the series

and parallel arm resonator;

re all disposed on the substrate and arranged so as to
be substantially parallel to- d;';_éurfaces of the edge-reflection type surface acoustic

wave resonators.

- '_r__}g to claim 11, wherein the é_d__ge-reﬂection type

surface acoustic wave resonators defining the series arm resonators and the edge-

reflection type surface acoustic.wave resonators defining the parallel arm resonators

are alternately arranged on the substrate.

13. A duplexer acc  to claim 11, further comprising connecting
electrodes disposed on the substrate, wherein the edge—reﬂéﬁ}ion type surface

acoustic wave resonators dé,ﬁning the series arm resonators are connected to one

another by the connecting electrodes on the substrate, andat least one of the
connecting electrodes is separated from an outermost electrode finger of the edge-

‘reflection type surface acoustic | yave resonators by a distance which is substantially

1

T
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13. A dupl exer according to clai mII further conprising connecting

el ectrodes di sposed on the substratrﬁssmﬁhébnm flacedlge-ref | ection type
surface acoustic wave resonators d JMli es armresonators are
connected to one another hy the co%mnmuig[ ‘Mljodes on the substrate,
and at |east one of the connecting 'S 'separated from an
outernost el ectrode finger of the edge- reflectlon--‘____t.;ype surface acoustic

vave | e 36 3 didtaficd behadk g@éghf bisc rapé%gat Bdrisfiniittthe' dugs- i st ance

bet vveen edges of e rode-t:
) CLGR o th
22 o AR SRl g?é*ct?@ oA B oo o1 sRRR Sngef (e

reflection type
resonators and
defining the
15. A dupl exer

dupl exerthg@@étgbdwﬁﬁgérgl ai m'11l, wherein each of
surface acoustic wave resonators defining the sert S

the edge-reflection type surface acoustic wave .r-eso
paral l el armresonators include split .el ectrodé: 3
accordi ng to t4.ai Adiiplexef accdsrurng:wmaimnrtgwhe' lin@ac
resonators which are arrange on the substr.ate
16. A ddypeﬁarfaaeecodstrgwauecesnnatms définingithe
el ements di sposed on the substrate:: ..

cl ai m 1 edgereflestian fypa sunfacs aepust@nem
constituting the, edge- refl ctiop type surface .aco
def i ni ng"eﬁﬁga ‘gq thelednd®sors is |argerith

transposition sectlon of electrode flngers const
type -

dupl exer according to
thg e paraliel@s@le fi ngers
Ic wave resonators

1-a width of a

15. Aduplexer accordmg to. clalm 1 el
wave resonators which are arrange on the substrate t S a trap resonator.
16. A duplexer accordlng to c!atm 11 further;. mprising reactance elements

disposed on the substrate __-3-

18. A duplexer accordmg to herein an electrode pattern of the

edge-reflection type surface acoust wa sonators def mng the series resonators

and the parallel arm resona_t_ors |__s divid ito-at: least two 'patterns

19. A duplexer accordmg to 8 .whereln the electrode pattern of the

e nat'- """'s defm ng the parallel arm

edge-reflection type surface ac ' stlc-_wa

i IIIIILI-IIIHIIZ"II_IISI I
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surface acoustic wave resonators defining the series armresonators.
-+18.. A dupl exer according to claim1l 1, wherein an electrode pattern of the
edge-refl ection type surface acoustic wave resonators defining the series
resonators and the parallel armresonators is divided into at |east two
patterns. ' - 24 - 19.
A dupl exer according to claim 18, wherein the el ectrode pattern of the

ar 1 ectnanal s HRiaREh 38 To BE Rhst HRKR MBRH il Y licRns o
" ocona BHASH A Kot yES el 7hishR waBeBthaRFE gBRANG 1o .15 ©

accordi iégaﬁ.b@%igﬁa} g urther conprising dummy electrodes di sposed near
end surfaces o e?irgé-reflection type surface acoustic wave resonators

defining the parallel armresonators or the edge- reflection type surface
acoustic wave resonators defining the series arm resonators.

20. A duplexer according to claim 11, further comprising dummy electrodes
disposed near end surfaces of the edge-reflection type surface acoustic wave
resonators defining the pa,__r.allel arm resonators or the edge-reflection type surface =~

acoustic wave resonators defining the series arm resonators.

21. A communications apparatus comprising at least one surface acoustic

wave filter according to claim 1.
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