TI TLE OF THE | NVENTI ON MULTI - MODE SURFACE ACOUSTI C WAVE FI LTER DEVI CE AND
DUPLEXER 5 BACKGROUND OF THE INVENTION 1. Field of the invention The present
invention relates to nulti-nmode surface acoustic wave filter devices. 2.
Description of the Related Art 10 Miulti-node surface acoustic wave (SAW
filters are well known as bandpass filters (see Proc. |EEE U trason.

Synmp., pp. 95-104, 1992, for exanple). A multi-node SAWfilter nornmally has
input I DTs (interdigital transducers) and output |IDIs arranged 15
alternately, with SAWreflectors being provided at either end. The nost
comon type of TARLE -Od@ESAWVENTIOBr has one input | DT denoted by reference
numeral 20 1n FO. Loi3dubpe SUkPAL: | DIsyARROLat DY Ay gecenueral s S0
and 40. Afilter_having this structure 20 utilizes two resonance nodes, and
therefore, is HRPUEEHNEED a "doubl e- node SAW (DVB) filter". A grating
reflector 50 is provided in the propagation direction of surface acoustic

waves on the exggrtiosiderofruEhenyventpey | DT 30. Li kewi se, a grating
reflector 60 iS’ZB_ﬁTGV??éﬁ_rﬁzgqggpﬁﬁﬁa‘ation direction of surface
acoustic waves on the ‘extEFHAI%i dﬁ”@%§l8ﬁtput | DT 40. The input IDT 20
and the out put | DTs 3beapdeddnar envénripd walat g5 éxosludctirirodsubstrat e 10.

Each of the inpiirddde 20caR€:ibhQaodt pUi+dDlgeB3l-cx30 and 40 has a signal
termnal (input/output) and a _.ground terninal  tha re connected to a
signal bus bar and g' r%&ﬁﬁf%ﬁé§Qﬁﬂé% e ?S@??F&Spy?fg "bus bar" is a
conductive Xhi n il mMuhat -ingdeopnetre’] AUV elvecter d§&W) f fadérssand ext ends
in the propagatd.on winexhnioan @b BSnapsfacei Beotst | Leavaves:. Nk
specifically, thgi t 20_hasgan, hpp r g nal a ground
terminal 26 that 5§£Hboﬁh5%fédppb %gs?%ﬁarf%%é ggggf?égﬁggg'gr%und bus bar
22, respectivelSPLERT@ose 560 EHFtep pagmally has input IDTs

(interdigital transducers} and output IDTs arranged

15 alternately, with SAW reflectors being provided at
either end. The most common type of multi-mode SAW
filter has one input IDT denoted by reference numeral
20 in Fig. 1, and two output IDTs denoted by reference
numerals 30 and 40. A filter having this structure

20 utilizes two resonance modes, and therefore, is often
called a “double-mode SAW (DMS) filter”. A grating
reflector 50 is provided in the propagation direction
of surface acoustic waves on the external side of the
output IDT 30. Likewise, a grating reflector 60 is

25 provided in the propagation direction of surface
acoustic waves on the external side of the output 1IDT
40. The input IDT 20 and the output IDTs 30 and 40 are
formed on a piezoelectric substrate 10.

Each of the input IDT 20 and the output IDTs 30

30 and 40 has a signal terminal (input/output) and a
ground terminal that are connected to a signal bus bar
and a ground bus bar, respectively. A “bus bar” is a
conductive thin fiilm that is connected to IDT electrode
fingers and extends in the propagation direction of

35 surface acoustic waves. More specifically, the input
IDT 20 has an input terminal 25 and a ground terminal

26 that are connected to a signal bus bar 21 and a




an output termnal 35 and a ground termnal 36 that are connected to a
signal bus bar 31 and a ground bus bar 32, respectively. Likew se, the
output I1DT 40 has the 5 output terminal 35 (shared with the output |IDT 30)
and the ground termnal 36 (also shared with the output IDT 30) that are
connected to a signal bus bar 41 and a ground bus bar 42, respectively. In
each of the input IDT 20 and the output IDITs 10 30 and 40, the signal

el ectrode fingers extend fromthe corresponding signal bus bar to the
corresponding ground bus bar. Mre specifically, the signal electrode
fingers 23 of tdwumpbis| DEFr202extespedtriomlyt.helsegnatpbusiPhr3@lhdon t he

ground bus bar aazoum@tlée%fngnﬁi @t e&ﬁ& odeyfd Qe 33 ndh tshetagt;pg&el DT 30
extend fromthe S|%pal ba us bar kemnse t he

? r 1 []Cf lgr und %2
signal el ect r od@FINgEFs t232 o?l?%% o%?% Ex &Y™ BﬁFt 8%signal bus
bar 41 to the gﬁbuﬁwspbﬁ§lbaiy423L#Kasza:ntéachubputhéDTnb@tha{ﬂuﬂﬂ and the

20 out put dl BTs &&p@gdg@@}mha@ QBOEﬁ@aﬁé&mmﬂ&gd REE Rt emread;fa@w t he
correspondl ng u ar tO responal | g re
,?ELh Toun _r[ §6f r c?gn_%:h UPu?BIfQZBD%/b

specifically, round “&f&ctfode ng jer s the in ext end
fromthe ground®Bushpar aze F@nﬂﬁ@t%¢gﬁaﬁiﬁm§qﬁ%’bgf bag 1ﬁea§ﬁoﬁnd el ectrode
fingers 34 of tdrewid pus bBE 30, exdgnskivaayp.the ground bus bar 32 to the

i | bus b 31. k t h t put
FLanl, bus bar 3L hkeMecr % orgund heni 68 LLO0BSd plpd e, out oy

conventi onaP DMS A% éP the shpiRltetertrade éﬁdl%eﬁé Gotpat £&8PH Ha® are
normal | y arrangsdrepposdties sogeathbwd hedr 30 ttheatcosirgsabadeéan be prevent ed

from reachlng‘ggg%d@u5ggtbggrrnggyefgwg@ﬂfggau@ uttggrg1€§él through the air
or the substrat Accordln 25 §> round e ectr%g ggr% 24 of the
Tnput 1 DT 20 et ot EhATBEBoS] 1o diiecriRur (0 TH0Sdb5RBe BPPY or ent
from the grourtdheelségnrddeuti hgerdl 3z artte 4kound2bus bar 22. The
15 signal electrode fingers 33 of the output IDT 30 extend
from the signal bus bar 31 to the ground bus bar 32.
Likewise, the signal electrode fingers 43 of the output
IDT 40 extend from the signal bus bar 41 to the ground
bus bar 42. Also, in each of the input IDT 20 and the
20  output IDTs 30 and 40, the ground electrode fingers
extend from the corresponding ground bus bar to the
corresponding signal bus bar. More specifically, the
ground electrode fingers 24 of the input IDT 20 extend
from the ground bus bar 22 tc the signal bus bar 21.
25 The ground electrode fingers 34 of the output IDT 30
extend from the ground bus bar 32 to the signal bus bar
31. Likewise, the ground electrode fingers 44 of the
output IDT 40 extend from the ground bus bar 42 to the
signal bus bar 41.
30 In a conventional DMS filter, the input terminal
and the output terminal are normally arranged opposite
to each other, so that signals can be prevented from
reaching the output terminal from the input terminal
through the air or the substrate. Accordingly, the
35 ground electrode fingers 24 of the input IDT 20 extend
in the opposite direction to (180-degree different
from) the ground electrode fingers 34 and 44.



Fig. 2 shows typical bandpass characteristics of a conventional DVS filter.
In the 2 GHz band, an insertion |oss of approximately -4 dB and a stop-band
suppression of -35 dB. are obtained. 5 The bandpass characteristics of a
conventional DM filter, however, exhibit poor steepness in the rising
region and the declining region, as shown in Fig. 2. Also, there is a

| unmp-1i ke shoulder fornmed in the stop-band area on the hi gh-frequency side,
as shown in 10 Fig. 2. Furthernore, the insertion |oss becones too great.
Filters to be enployed in_conmunicatjon systens for nobile tel ephone
conmuni cations or thé FirkésSAPES hyphwt PRt Fed aaE 166 FSacEnal | | oss
and to be abl e torrexdnthicnad VEBYyf$ieep. ddel ithe &t GHat baeddsanf 15 the

pass-band ar ea. rl\mtl%mi%@tsl erabo DM fhiL &l 5 h@Vc?a Jrﬁ:l led dp-ganpt ai n those
characterlstlcs t hat ar.e g%ngaln filters for le co ni cati on
NT

systenms. SUMVARYREE °f5e PN@ 03f¢ ¢RE ?+Eﬁ%ﬁore an obj ect of the
present inwvention t&hprbuhdeasas noha raciooe surfsacd acowstviectwauel filter

device in whi chopder ;aheve dofaduant ageih st SddM Natthe A Mr enspecific
obj ect of the present inven rovide.a hlga erfornan e surface
e

acoustic wave Tfilter & fﬁé?nefﬂlblﬁs gegﬁﬁp NPoEEIAAG” s hRYR - b?f
characteristics?- afdsar diptexeks usigesudikea sbarfldes facnadtivc wWawe fllter

These obj ects oftdhepresest bﬂvenélmﬂgﬁwftéﬁhéﬁﬁyfﬁﬂﬂé by sa shdlvhi 1AOde
Syriace acqustigdiave TEhEBhe iRl 0GOS NG 308 %gs' gelrigosubstrate;
ta

at least one in I'DT (1 nt er ransducer) P8agt ““Bne out put
| DT that are fcHifRSd -onFEhECHF eZd I @MHICYesuBSt Fé?f“@unﬁéﬁl:é@tloﬁxs’@m are
fornmed on the aﬁnpmeﬁﬁ&becéﬂephsubs&mmm&nfﬁﬁtﬁmﬁangedﬁﬁﬂlﬁkberaab si des of

the input DT anddng,0ubpuleblliodfl.jOrstf &f HiAl 1L LSUPRLT B8 | npUt
signals to the |qput an output term na receil ves out put
si gnal s from t Ple to exhlblt a very steep decline at both ends of
15 the pass-band area. Mocst conventional DMS filters have
failed to maintain those characteristics that are

expected in filters for mobile communication systems.

SUMMARY OF THE INVENTION
20 It is therefore an object of the present

invention to provide a multi-mode surface acoustic wave
filter device in which the above disadvantage is
eliminated.
A more specific object of the present invention
25 1is to provide a high-performance surface acoustic wave
filter that exhibits a small loss and steep cut-off
characteristics, and a duplexer using such a surface
acoustic wave filter.
These objects of the present invention are
30 achieved by a multi-mode surface acoustic wave filter
device comprising: a piezoelectric substrate; at least
one input IDT {interdigital transducer) and at least
one output IDT that are formed on the piezoelectric
substrate; reflectors that are formed on the
35 piezoelectric substrate and arranged on external sides
of the input IDT and the output IDT; an input terminal
that supplies input signals to the input IDT; and an



output IDT, the input terminal and the output termnal extending in an
identical direction. The above objects of the present invention are 5 also
achieved by a nulti-node surface acoustic wave filter device conprising: a
pi ezoel ectric substrate; at |east one input IDT and at | east one output |DT
that are fornmed on the piezoelectric substrate; and reflectors that are
formed on the piezoelectric 10 substrate and arranged on external sides of
the input |DT and the output IDT, ground el ectrode fingers of the input

| DT and ground §|GQh!Q%§nﬁi”Qer§ Qf the.output_t Igﬂ'beig. %onneﬁ%ed to an

i dentical ground Bus bar “TRE 4BBYeTBBFLlTS BttR'He Hriddent FAlefffon are 15
achi eved by a mHERUHTAE stibkacepatotstnengavand jtiheeoutgeyi cervonpti si ng at
|l east two nul tiexmseiisiy flacan agensiésl vevesdidders that are electrically

connected in paralleh. gagheofyfhe 8t4 eant Loyl tiopde sypface
acoustic wave filters conprising: a 20 piezoelectric suSs_ra e; at |east one
i nput | DT ard at1Sq S43regRe bift puibel Br1oRe e 4% ms@UsH iEhEavpi ezoel ectric

substrate; reflgctons devdtearemboi sty ona dihes i lezaeliecubetgubst rate and
arranged on ext£rngl o3 483,07 thhe, Lapyt #é%@é“%%é'QEF%%%pHgT'Eigta” I nput 25
term nal that supplles input S|gna?s to the 1 nput I'DI;  and an out put
terminal that r¥&cei\VEEeFuPputhei BhafFeelesionm ¢ atsitptesl B the i nput

term nal and theefdigqieirs term aaé Bxtresdliorg ihe and=zdenkictalicdi rection. The

abo;ge obj eqtostpsfuﬁs&erarst][e_elgtﬁetakgxﬁgéa% aé}?c_eﬁ%la%{licfe‘ée@tfb%fh@ w%gi-mge
surface acousti ve filter dev conpri si at least two nmulti-node
sur f ace acoustﬁ%MGﬁV%tPFIPgFguFhtﬁgar%ggngfggﬁgﬁpfec5&H88F§d°fiEh%aralIeI
each of the at irgast Iioandl tronndecleatfabe fHowssts ofwahe bukpers
conprising: a 3DHPiRzee] echhietsdbss rat eiadit i@astyOned ppYt phPT and at

| east one output |DT Qa are forqggsqﬂfthe plezo%lectrl .subsgéate; and

% e ob th
reflectors that are FormalaoY 4RI © present invention a
15 achieved by a multi-mode surface acoustic wave filter

device comprising at least two multi-mode surface
acoustic wave filters that are electrically connected
in parallel, each of the at least two multi-mode
surface acoustic wave filters comprising: a

20 piezoelectric substrate; at least one input IDT and at
least one output IDT that are formed on the
piezoelectric substrate; reflectors that are formed cn
the piezoelectric substrate and arranged on external
sides of the input IDT and the output IDT; an input

25 terminal that supplies input signals to the input IDT;
and an output terminal that receives output signals
from the output IDT, the input terminal and the output
terminal extending in an identical direction.

The above objects of the present invention are

30 achieved by a multi-mode surface acoustic wave filter
device comprising at least two multi-mode surface
acoustic wave filters that are electrically connected
in parallel, sach of the at least two multi-mode
surface acoustic wave filters comprising: a

35 piezoelectric substrate; at least one input IDT and at
least one output IDT that are formed on the
piezoelectric substrate; and reflectors that are formed



on the piezoelectric substrate and arranged on external sides of the input

| DT and the output |IDT, ground electrode fingers of the input IDT and
ground el ectrode fingers of the output |IDT being connected to an 5

i dentical ground bus bar. The above objects of the present invention are
achieved by a nulti-node surface acoustic wave filter device conprising at

| east two nmulti-node surface acoustic wave filters that are electrically
connected 10 in parallel, each of the at least two nmulti-node surface
acoustic wave filters conprising: a piezoelectric substrate; at |east one

i nput | DT and &n theastesneleatpit $WIStiwte ang faoramegednonhextpieabel ectric

substrate; and srl@felse@tfoq;ﬁet bﬁlg,u@rpgf ogrmac{-_lﬂé Qi dhe I@h_«ezggbgﬁgrl C substrate

and arranged on si des 9 t he | t d the ut, I DT, the at
| east two nul tll-ec egsurfa%% 2costiT W v‘% f]‘:[ﬁt rngi @681“?8@ g CFR9B%ral | el

bei ng arranged {43983 st fhabe pderit CEI’T e g €@eegsedc tea®e propagati on
paths, and a camanicd0 gebheetvisbeing |nterposed between the at | east two

mul tir- node surface a@{?gsgﬂ)gY%vaovbe]rmdc# ders,  t %r%%mnlnggﬁtfﬁ%o ré)gl ng shared

bet ween the at | east Ur face “AcoUSti ¢ wave The
above objects GChRESHr Egeﬂtmilh%bﬂf“?‘%ﬁ‘l Sd%refa% aglogistdchraved byt ar nul ti - node
surface acoust idewlaee cohpki eingewt CleeLonpives inid tat-moelassutflacaul ti - node

surface acoustiGavect Lhier s 1hat anf eladl idialdy ce0gnechadciagparal lel

each of th(fo | east g % surface acoustic ters
conprising:Va 30 piré2 éFéct?"f‘%hs stitard, R29edd BHeHAPAESI DT and at
| east one out pyurifBEet hatuat ecfornedt ot dive cqguipezeelnget ri ¢ substrate; and

reflectors that;iargeharpede Qzﬁ‘bsg'tt‘ﬁat%‘ezé}?'l%‘ésrﬂ Greubstiat epangndrganged on
external sides of the in t he out | DT e at least 35 two
mul ti - node sur §@§ta8885?ﬁgp%vg[)fnﬂiae9 s‘?”'ce eéjd on % Paral l el being
arranged so as Rigzhaveckdent et ratief avwl a@ﬁlﬁqt@l\ﬂavéapr apagaetrodd pat hs,
and gratings on the piezoelectric substrate and arranged on external
sides of the input IDT and the output IDT, the at least
two multi-mode surface acoustic wave filters connected
in parallel being arranged so as to have identical
surface acoustic wave propagation paths, and a commcn
20 reflector being interposed between the at least two
multi-mode surface acoustic wave filters, the common
reflector being shared between the at least two multi-
mode surface acoustic wave filters.
The above cobjects of the present invention are
25 also achieved by a multi-mode surface acoustic wave
filter device comprising at least two multi-mode
surface acoustic wave filters that are electrically
connected in parallel, each of the at least two multi-
mode surface acoustic wave filters comprising: a
30 piezoelectric substrate; at least one input IDT and at
least one output IDT that are formed on the
piezoelectric substrate; and reflectors that are formed
on the piezoelectric substrate and arranged on external
sides of the input IDT and the output IDT, the at least
35 two multi-mode surface acoustic wave filters connected
in parallel being arranged so as to have identical
surface acoustic wave propagation paths, and grating



5 el ectrodes being interposed between each two neighboring nulti-node
surface acoustic wave filters anong the at |east two nulti-node surface
acoustic wave filters connected in parallel, the grating electrodes 5 being
arranged at an angle not perpendicular to propagation directions of surface
acoustic waves. The above objects of the present invention are also
achieved by a nulti-node surface acoustic wave filter device conprising at

| east tmg nulti-émﬁktﬂdhéﬁJE%Q?@ %ﬁ@@%ﬁ%QeMﬂHé%Jééﬁfﬁé%H|E%? are Flectrically .
connected in par eac the at | east two nulti- node surface acoustic
wave filters corr%%%(ﬁbnorzla}’ag m%ilé:zlorélf’ggt FFEfgﬁ%s?‘f%liset,lcaﬁ‘(fvﬁ fll:ié?FSone i nput

| DT and at | east™¥He Fit LEBFLt hep mvetionedsl o fidwe Beopiseioelentri c
substrate, the afilteasd domnedikti i ADE8raSUET ACHACPURLIG Wave thllker s
connected ingarglie Lgedin%%dar Eaggednsg as to have jdentical surface
acoustic wave propagation pat As, “and"& T riAh R HPHPatPern  bei ng

i nt er posed bet weRFPRAAT 1190 WAERGRBONF NG L ik f2Xd amtls tsuy fvasesacousti ¢ wave

filters anong the at ITe@stbotwoobibtis Mg i RGRnRCausthe i WaveEilters
connected in parall - ahov hects of the present invention are also
achi eved by a wl%-%océ]é-g?%fif ggegaggth;g%irgo ?I?%rrfan BEACE cEREFi si ng two
or more nuiti- notfe! & 8V CEc608PFEShaT et i leayts Tummuditd -oasleaded to each

other, forming swofaare nooassetswalendl ! te Mdehsurfrace 1aceusiche1ywave

filters, each ofg c ti.- de surf acoustic wave
filters conpri s@%?a:z\géaéﬁegggﬁégg?f ?gég(g%ggt’%r a heez rggtt %1%5’& %g"r%emflggﬁt | DT and

at |least one o RafCarat1or e ohl s sicgrgdisd®gri @ substrate;
refl ectors that prerdagrmsdionsubherptezostdcit i lzsubsteatiapandIarr anged on

external sides of fdid oRdt ohbfuandod Nen QUL fheABol RRUL 35 ter i nal

that suppli s inpp.ut sil%ré%l s to ithe é{\gut | DT; and an output term nal that
S r

recei ves output Sﬁ%ﬁ%ﬁ ric substr the at least two multi-mode
surface acoustic wave filters connected in parallel
being arranged so as to have identical surface acoustic
wave propagation paths, and a triangular prism pattern
being interposed between each two neighboring multi-
20  mode surface acoustic wave filters among the at least
two multi-mode surface acoustic wave filters connected
in parallel.
The above objects of the present invention are _
also achieved by a multi-mode surface acoustic filter
25 device comprising two or more multi-mode surface
acoustic wave filters that are cascaded to each other,
forming two or more sets of multi-mode surface acoustic
wave filters, each of the two or more cascaded multi-
mode surface acoustic wave filters comprising: a
30 piezoelectric substrate; at least one input IDT and at
least one output IDT that are formed on the
piezoelectric substrate; reflectors that are formed on
the piezoelectric substrate and arranged on external
sides of the input IDT and the output IDT; an input
35 terminal that supplies input signals to the input IDT;
and an output terminal that receives output signals

from the output IDT, the input terminal and the output



fromthe output IDT, the input termnal and the output - 6 term nal
extending in an identical direction. The above objects of the present
invention are also achieved by a nulti-node surface acoustic wave filter
device conprising: a piezoelectric substrate; at 5 | east one input IDT and
at | east one output IDT that are fornmed on the piezoelectric substrate; and
reflectors that are formed on the piezoelectric substrate and arranged on

external sides @l hhgahnpytch BT, and, the LD round el ectrode fingers
of the 10 input eIID+ %Zf qjd?ng |(il qheﬁsé%%gﬂga%t E%ﬁgag gr ound el ectrode

fingers of the output UGS Sobjfeths BFSERRE piRERHI1GAg® | on are
al so achi eved b@léombhnewe@ldossmfmﬂe:lammt isarwave atblseicdew€e

conprising at |gastetWeePtbdic m&%éurfgﬁéz%%%é{% V\?ML? Erigefe{s that are

electrically nnected in araIIeI node
surface acoudti 2‘ ge ORP| 1RPEE (AN 7g: 1525hi €28ePUEPRE cIRTIbS At e; at
| east one i nput arBTfanuedt on | Bastp i edwicputi cl Bibshastay ead®r ned on the 20

pi ezoel ectric subgteat8rsamuht ef fEHAR A f&%t +Ake EQEBEPec?P .%
pi ezoel ectric subgt{:a and arranged on external des” of 1he i nput I DT and

t he out put | DT, gr oun% Sefaldtd S SX6PTPRG PRPET PDTtEMMthg in the
sane direction a§Tgrodnthe| @gtpwdd Oh.ngewrsndf et het 25deuf pudet D The above

obj ec'éls ?)f the phpsentDt nyedrDimAre t@q'esgaﬁﬁhbﬂégt%’naa@%% alcousti c
wave dupl exer g.a trans i on a reception filter, at
ERHPELSUd dethad i ﬁr? F fné’uf:ﬁggz gD?ece

| east one of the transmission ptlonfllter being a
mul ti - node surface acHiatdkevenspgeritist ef thatprespri sosvers igirezoel ectric

substrate; at heastacheevapuy |d:)-ﬁluaftd.—ﬁlbdlee§§§:fQ8§ 9&6@%1& Riadhat  are
formed on the p@;gg}cegé‘;if %p@trrl% r.ef &ectg ﬁ a.% are formed on the
3 4 S de

pi ezoel ectrjc subsirate an rranged on exXt ot e[he i nput | DT
and t he surface acoustic wave 1lters that are electrically

connected in parallel, each of the at least two multi-
mode surface acoustic wave filters comprising: a
piezoelectric substrate; at least one input IDT and at
least one output IDT that are formed on the

20 piezoelectric substrate; and reflectors that are formed
on the piezoelectric substrate and arranged on external
sides of the input IDT and the output IDT, ground
electrode fingers of the input IDT extending in the
same direction as ground electrode fingers of the

25 output IDT.

The above objects of the present invention are
also achieved by a surface acoustic wave duplexer
comprising a transmission filter and a reception filter,
at least cne of the transmission filter and the

30 reception filter being a multi-mode surface acoustic
wave filter that comprises: a piezoelectric substrate;
at least one input IDT and at least one output IDT that
are formed on the piezoelectric substrate; reflectors
that are formed on the piezoelectric substrate and

35 arranged on external sides of the input IDT and the
output IDT; an input terminal that supplies input
signals to the input IDT; and an output terminal that



output IDT; an input termnal that supplies input signals to the input |DT,
and an output termnal that - 7 receives output signals fromthe output

| DT, the input termnal and the output term nal extending in an identical
direction. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS O her objects, features and
advant ages of the present invention will becone nore apparent fromthe
follow ng detail ed description when read in conjunction wth the

acconpanyi ng draw in which;. 10.Fig.. 1 illustrates conventi onal

doubl e- nnde SA \énf%%%sf%?%uﬁc =Ry gt:?(?\r/\“rst et ?5&@?1 Sthes 8t he
conventional DMVSeFPERet amdwilhe Uiyt fermigall3ektéudinatis an DVS filter
device in 15 acaendange &frectfidrst enbodi nent of the present invention;
Fig. 4 illustrates a first nodification of the first enbodinent; Fig. 5
illustrates a second nodification of the 20 first enbodinent; Fig. 6 shows
the filter char SBLEF| BEFCRIREIGMOF Ihmy BRANANGE DMVS filter of Fig. 1 and the

DVB filters of the fotlsdr emjedicepnteandrébeand radvant gacerd vaedi fications;
25 Fig. 7 shows the.fes f 1. 9- - ' lons, carri out on the
convent i onal DMS lfg’li ?tgrﬁl]%%%ogn.l@la@:éégﬁg‘gﬁkg%%ég% ftaoepf'l %%res‘t
enbodi nent  and TPheC¥iRStdehil i&sk ivg crdatirrariensre s gln FYHIRS HRE resul ts
of 800- MHz- bandw30hstihel atdonsrodmy edaatihgen §hewgdDaventi onal DVS filter
of Fig. 1 apgl the DVE-fd | tiens 19kit-he ki LSt ]%Qpij ﬂ;gﬁt ol i and
second nodi fi cat hggi Iée%f Ql shows t he r_es%l ts o .4-d(§i1‘-[zi§“§a%§dfes?§rﬁl ations
carried out on t oh Jonal DVB filter 35 of Fig. 1 and the DV filters
of the first enbodi nefitg. 2 shows the characteristics of the

conventional DMS filter shown in Fig. 1;

Fig. 3 illustrates a DMS filter device in

15 accordance of a first embodiment of the present
invention;

Fig. 4 illustrates a first modification of the
first embodiment;

Fig. 5 illustrates a second modification of the

20 first embodiment;

Fig. 6 shows the filter characteristics of the
conventional DMS filter of Fig. 1 and the DMS filters
of the first embodiment and the first and second
modifications;

25 Fig. 7 shows the results of 1.9-GHz-band
simulations carried out on the conventional DMS filter
of Fig. 1 and the DMS filters of the first embodiment
and the first and second modifications;

Fig. 8 shows the results of 800-MHz-band

30 simulations carried out on the conventional DMS filter
of Fig. 1 and the DMS filters of the first embodiment
and the first and second modifications;

Fig. 9 shows the results of 2.4~GHz-band
simulations carried out on the conventional DMS filter

35 of Fig. 1 and the DMS filters of the first embodiment
and the first and second modifications;

Fig. 10 shows standardized filter characteristics



and the first and second nodifications; Fig. 10 shows standardized filter
characteristics - 8 of the conventional DVS filter of Fig. 1 and the DVS
filters of the first enbodiment and the first and second nodifications;
Figs. 11A through 11L show wiring patterns that 5 were used in experinents
for the present invention; Fig. 12 shows the filter characteristics of the
first enbodi nent and the first and second nodifications, wth the 1DT

aperture | ength hei varied:;.Figs. 13A throu 13C illustrate structures in
10 which filter sot%oftﬁghEOQ}é%%hOW%ﬁi?’%%3%1&&%%3 ¢ofinedt 88Y Fhepdfaliel in
accordance with falsezsndfepbodf hest efbodirergr esenthendénstoandFi g. 14 shows

filter charact ersiesbnasmeif f esencess; caused by differences in the nunber of
filters 15 connected Ln_ par l.:_ Figq. shows the results of sinulations
carried out on the sfjr’%%t_ uﬂegsecs}i‘ir_oo\m%i rJr]lgi SE‘QWlﬁArfﬂ?oB@Etﬁ%@ UHYy. 16
shows st andaPdi z&def PBedr iphexperErgnsts deofthehersseatt dnesnshown in Figs.
1'3Ahthroﬁ'ghdl3c; 20 Fig. 17 didwistorat esiaekd hhg&aéf_:éy%ti%@s,:& @fcordance
with athird e [ . pr esent nvention; Fig. llustrates a
modi fi cati on oﬁgﬁgg??hpgglﬁ]gﬁ u%?%r‘gelh%hkoﬁs? P ¢ I‘%d meciiﬁ C31g°%Rows t he
charact eri sti cs vdithf ErenteT #eeveere tiraatr betlnge vairtkdani f or m propagat i on
paths shown in Fig. &¥gand iderstouet une withsdirbfter sptucpiepagat i on pat hs

shown in Fi 184 :Ehge; LLIust filter. r r ay| 0, di agonal
grating el eg?r o] ,géggsfag?r%%%f(lyjia%}?%ﬁsseocfaoﬁdnéoalﬁﬁkagg%go%%e%@?gﬁ%d 21
illustrates a fitft BRr&Liatt if PHERANYE Witihsm Faceeeneabodhpeherot

nodi fication of theepthsedt Embadiient ;

Fig. 14 shows filter characteristics differences
caused by differences in the number of filters

15 connected in parallel;

Fig. 15 shows the results of simulations carried
out on the structures shown in Figs. 13A through 13C;

Fig. 16 shows standardized filter characteristics
of the structures shown in Figs. 13A through 13C;

20 Fig. 17 illustrates a filter structure in
accordance with a third embodiment of the present
invention;

Fig. 18 illustrates a modification-of the filter
structure shown in Fig. 17;

25 Fig. 19 shows the characteristics difference
between the structure with uniform propagation paths
shown in Fig. 17 and the structure with different
propagation paths shown in Fig. 18;

Fig. 20 illustrates a filter structure having

30 diagonal grating electrodes as a modification of the
third embodiment;

Fig. 21 illustrates a filter structure having a
prism pattern as another modification of the third
embodiment;

35 Fig. 22 illustrates a filter structure in
accordance with a fourth embodiment of the present

invention;



35 Fig. 22 illustrates a filter structure in accordance with a fourth
enbodi nent of the present invention; - 9 Fig. 23 illustrates a conparative
exanple in which two sets or stages of three DVS filters connected in
parall el are cascaded to each other; Fig. 24 shows the filter
characteristics of the 5 fourth enbodi nent and the conparative exanpl e;

Fig. 25 shows standardi zed filter characteristics of the fourth enbodi nent

and the conparative exapple; ; Fid%tf%%éé Iu%g&ggggtgi% ng%%f rqgture in

accordance with fifth enbodi nent ion; Fig. 27
shows a conpari &6fCBefHRefthedT cHet 28 &1F §FF@§ QwstﬁélFSHFtﬁO%W%ﬁﬁﬁhent and
the characteri sni psroefileheafé fddsenbeilittertachFioghe28 illustrates a filter

structure in 15 accopdgnos; Wildhaa 31 2UhodhaeaL cof  Lhe. present.

i nvention; ari son bet ween aracterlstlcs of the

fifth enbodl ngoﬁﬁggtﬁ@boéﬁ%ﬁ et St SBPARE L¥PxER2BRBBI nent ; and 20
Fig. 30 illustrates aFdupl&xerhaws ateoddandeedi Eh]ltarselw&m&tﬂﬂmﬂjdmnt of

the present invemtigs. fQE.SQRI@JAmn%Jd%dD'%EEEBBEE EQ/@QP&'\@Q

following is a descriptio ment s resent entlon with
reference to the accg aQV?hﬁﬁ%ﬁéiﬁ%ﬁi§ 3 l%ﬁSElﬁtBB Eﬁﬂ%r%ﬁood however ,

t hat the presenﬁCFﬁvéﬁFFani%hn@tflﬁvht&mqu;memhe0ﬁothempngsembod|nents. As
descri bed inothenbesetbpti on of the Related 30 Art, the conventional DMVS

filter shown in Fig. as, . t input and out erm nal s arranged at a
di stance from each o%ﬂ% 527 o tHat 5F8W§F§léﬁﬁ %8£ ?%@eﬁ?%d from reaching

t he out put ternFﬁéFaFF8ﬁ+§¥kﬁ$rﬂﬁnthﬂﬂﬁﬁQﬂﬂh eméndlmhat ehe shop- band
suppr essi on cancherbhoceeaseiks of the fifth embodiment;

Fig. 28 illustrates a filter structure in
15 accordance with a sixth embodiment of the present
invention;

Fig. 29 shows a comparison between the
characteristics of the fifth embodiment and the
characteristics of the sixth embodiment; and

20 Fig. 30 illustrates a duplexer in accordance with
a seventh embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following is a description of embodiments of

25 the present invention, with reference to the
accompanying drawings. It should be understcod,
however, that the present invention is not limited to
the following embodiments.

As described in the Description of the Related

30 Art, the conventional DMS filter shown in Fig. 1 has
the input and output terminals arranged at a distance
from each other, so that signals can be prevented from
reaching the output terminal from the input terminal,
and that the stop-band suppression can be increased.

35 More specifically, the IDTs are arranged in such a
manner that the input terminal and the output terminal
are situated opposite to each other. To increase the

- 10 -



35 More specifically, the IDTs are arranged in such a nmanner that the input
termnal and the output termnal are situated opposite to each other. To
increase the - 10 stop-band suppression, it is natural to design a surface
acoustic wave filter in such a manner that the input term nal and the
output termnal are situated opposite to each other. On the contrary, the
inventors 5 of the present invention made an intensive study on a DMS

filter in whi chsgepl_gggg E@ﬁ;?&é@él % %U%%%ratlew ng gée | ocat ed cl ose
iC

to each other, i gu and an out put
ternminal are adjséfécgﬁfe 8C8%§T11%t‘1‘13e‘fe f‘lioltlf’e‘T r’?‘ﬁ‘réuf §p@ép¥1?€ Bivdutththe
arrangenent of theutnparmieshi arad trendutipeitoyteputinbér sraakiadi@eent to each

other, the inpeppberebnab &o¢n sfstpfpz_llyl nanl PR céh@f‘é‘i? G d heJdipile s | DT
extends in t?e same direction as uf termnal” that receives output

signals fronithé ouPSuPr‘i%erPBT]s“VEfr}Fltcm dgs @ dRECHPOURASEIS%tDdR fingers
of the input | D¥Safsbtextemdvhich e sampmtditeeotined asdt he o@lrpumd el ectrode

fingers of ‘the eurmuhal Dfee ieediias OQUSEOkaheothudy mde on e present
i nvention, the |T¥gnt oIrlswlgra uf act & 2[%\/5 tl eac haV| ng the 20 above
structure as expérinents, o%r%ern\Pe SWHRE f"'flfit 8P ehEPYtteristics
differed fromtk6s8ippl %éﬁv@iﬂﬁm VB afchl éhsr . Edbh Wof ndwe f ol | owi ng

enbodi ment si@andspedi i catbomns tas atﬂ‘l%r@é@\é&td%%lthbeﬁinpafr@@ﬂﬁlm agd
structure. 25 S nvie a_mul.ti-node SAW
h (ghﬁ EhE”QQ%B&‘P@%%nF %cen% % ﬁflciévf {]ﬂ% p‘?le%ent

filter device in accordance |rs Sbodi e
i nvention. |n Fr§Pu8, teRBlaahel Yorpmrdmiadad npufoséaral Fige theriemienot ed by
the same refereft® 8ftauderal sties ddeseiiireckion is IheSOth node SAW

o e ey s EEALEELLIR S AU T (00300 oUly Bl 0 e
p|ezoefecfff§ > %9 2 his case, the ground electrode flngers of

the input IDT also extend in the same direction as the
ground electrode fingers of the output IDTs. In the
course of the study made on the present invention, the
inventors manufactured DMS filters each having the

20 above structure as experiments, and observed how the
filter characteristics differed from those of
conventional DMS filters. Each of the following
embodiments and modifications has the above described
arrangement and structure.

25 (First Embodiment)

Fig. 3 is a plan view of a multi-mode SAW filter
device in accordance with a first embodiment of the
present invention. In Fig. 3, the same components as
those in Fig. 1 are denoted by the same reference

30 numerals as those in Fig. 1. This multi-mode SAW
filter is a DMS filter that has an input IDT 20 and
output IDTs 30A and 40A. Reflectors 50 and 60 that
include grating electrodes formed on a piezoelectric
substrate 10 are provided on the external sides of the

35 output IDTs 30A and 40A. In this embodiment, the
ground electrode fingers 24 of the input IDT 20 extend

in the same direction as the ground electrode fingers

_11_



substrate 10 are provided on the external sides of the 35 output |DIs 30A
and 40A. In this enbodinent, the ground electrode fingers 24 of the input

| DT 20 extend in the sane direction as the ground el ectrode fingers - 11

34 and 44 of the output |IDTs 30A and 40A. In other words, the signal

el ectrode fingers 23 of the input IDT 20 extend in the sane direction as
the signal electrode fingers 33 and 43 of the output |IDTs 30A and 40A. Wth

5 this arrangement ;,4hg4i Bputnieg 59% fodhe in | pT and the
out put term nal 3528f ;ge outgui lIE[TJCTS %%rioa‘?not& %&E g)%?éndgf nOIZtheer sane
direction and ar@*%dj &CEnFLlE02takteotIRde Qingswissé3 efietrobnEut efPi nal 26
of the input |DEO2@x&rddt he gheusand etideraliddb aef th@ thgnaut puéct EJse 30A and

40A extend in th95ar8 39i nAGLE 9N AN AT A AGERL OACARN PHACT i The DVE

filter shown_in I;:Ng 3._was lgroduced, an frequency characteristics in
the 1.9 Gz Band™i&r BTTABERUPRD: Tie IRRIUrEHEINale<dl P§ She shRWh in Fig.
6. 15 The absci §93 3Ri sndntke goutpundicaties Iif BequeEncyie( Muzput wWhide the

ordinate axis indacahasonsektémd 195sd WBhe JERS RGN gégf%ﬁgg£2 withe

| ength of the overla n art of the adjacent electro

in I%i g. 1) is gijﬂ.cgﬁlérg? 37l pr et s%tlh‘lsw\]/va@el ERGt A HnD - Sringde
acoustic waves. 2Pn°ofi gheginphe BPDKEh drichahe gdiovatiesethénghasacéeri stics of
tEe DVs filter shewsutpOtFigrs 330@nchd hﬁ]fp]l {@x&e%@i'hiiq LhBeshndi cat es tEe )
characteristics 2_conventional. DMS filter own in Fig. 1. Wth the
arrangement in \?ﬁ%&ghg?ﬁg ig%gu%_re%aéjearcrﬁ%almz?agﬁdO\f,:vﬁgrout put termnal are
adj acent to each ot hEpe W£ Gildeggmedevwinn inhEigi sBngas egi otueatl tahel

decl i ni ng regi onhef trbquénty echLharaotiendisls G gheatly ciipckeasesk Mt hout

et Sy g R O L

characteri sigcs bndi cated the thin sorrd
loss in the > pad8ShaARACYBRS ekt 1TFifG9 -4 6§ Hndécraresfacaierey ndéHi.cati on of
t he while the ordinate axis indicates insertion loss (dB).

The aperture length W (the length of the overlapping
part of the adjacent electrode fingers, as shown in Fig.
1) is 80 A. Here, A represents the wavelength of

20  surface acoustic waves. In Fig. 6, the broken line
indicates the characteristics of the DMS filter shown
in Fig. 3, and the thin solid line indicates the
characteristics of the conventional DMS filter shown in
Fig. 1. With the arrangement in which the input

25 terminal 25 and the output terminal are adjacent to
each other, the steepness in the rising region and the
declining region of the filter characteristics greatly
increased without impedance mismatching, compared with
the conventional filter characteristics indicated by

30 the thin solid line. Also, the insertion loss in the
prass band decreased.

Fig. 4 illustrates a first modification of the
first embodiment. In Fig. 4, the same components as
those shown in Fig. 3 are denoted by the same reference

35 numerals as those in Fig. 3. In the DMS filter shown
in Fig. 4, the ground terminal 26 of the input IDT 20
of Fig. 3 is connected to the ground terminal 36 of the

- 12 -



first enmbodinent. In Fig. 4, the sanme conponents as those shown in Fig. 3
are denoted by the sane reference 35 nunerals as those in Fig. 3. In the DVS
filter shown in Fig. 4, the ground termnal 26 of the input IDT 20 of Fig.
3 is connected to the ground termnal 36 of the - 12 output |IDTs 30A and
40A of Fig. 3 on the piezoelectric substrate 10, so that a common ground
termnal 26Ais forned. Fig. 5 illustrates a second nodification of the 5

first enbodi ment,  ln. Fj 5 he me caonponents as those shown in ‘Fig. 3
are denoted by toﬁgplégn%%%f?é@%rﬁ@aar%&fal%gas3t RB EBRreiperRi sy Oites in
Fig. 3. In the sPRBLfateeildesd dhaghewmuommoki gro5ndt hergimamdz druisibar 22 of

the input |IDT 2@cksegonnected to the ground bus 10 bars 32 and 42 of the

out put |1 DTs 30A and 4E0iA on t.gﬁ ﬁi erzr[oel ectric éubstra_te 10, so that a common
ground bus bar 22A i's Yorhed hTEhESsEr BREAPEST_PbFA N | & theand 5, the
ground potentiaflsfttHebdHgRANY.DTIR0FG. efuathe osanee colfpogremsd apot ent i al  of

the out put | DTstB6Ae agilodA 0MFitdhe @ia%éoﬁhﬁg’téﬁcbfﬁgt%%g%isﬁ% é%fee\aéie dhis

structure, the ss.increased further, and

further, as i ndpgggggfﬁy% hge]j?boﬁodfrsec?lploﬁdllf’ﬁeof’ﬁsFi“@.FB?' Fy. 17 $hBus the
resul ts of sinuP¥Pi bhkten diiicte sPOWhén1FdgcHz, behe §idumd mhmritaat eri stics
of the first embodfnmemé angd tpOD filscabhapst shove m% F@zgahurﬁi Weise f
reproduced.1d n ELgs 7 i L ' i-ndicat es characteristics o
the conventional . DNB %i%llt&grtfzhs 0\%2191 %HIEFB% ?Eg?hgﬁgr%ﬂinﬁﬁ & iM% cat es the
25 char act er i st PE829F ¢ Her VS UbsItEat eofl O haof Lhat a epdrweimmenttousisowmsi n Fi g.
3, and the bol dbaol 22R |inefodndi.cat es the characteristics of the DMS filters
of the nodifications shew ¢l EiQSes4 5, These sjmul ation, results also
show that , Wi th the input tarmiosrtse shamgin s Ut AETE S AP 35 bei ng
adj acent to eacH* DI MErPO BN EHdOhg thR ERBUEaRBT 070 ekt w2l the tdiceepness in
t he 15 ground potential of the output IDTs 30A and 40A on the

piezoelectric substrate 10. With this structure, the
steepness increased further, and the loss decreased
further, as indicated by the bold solid line in Fig. 6.
Fig. 7 shows the results of simulations in which

20 the 1.9-GHz-band filter characteristics of the first
embodiment and its modifications shown in Fig. 6 were
reproduced. In Fig. 7, the thin solid line indicates
the characteristics of the conventional DMS filter
shown in Fig. 1, the broken line indicates the

25 characteristics of the DMS filter of the first
embodiment shown in Fig. 3, and the bold solid line
indicates the characteristics of the DMS filters of the
modifications shown in Figs. 4 and 5. These simulation
results also show that, with the input terminal 25 and

30 the output terminal 35 being adjacent to each other
(extending in the same direction), the steepness in the
rising region and the declining region of the filter
characteristics was much greater than the Steepness
obtained with the conventional structure. The

35 insertion loss in the pass band also decreased. With
the structure in which the ground potentials of the
input IDT 20 and the output IDTs 30A and 40A are all
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rising region and the declining region of the filter characteristics was
much greater than the steepness obtained with the conventional structure.
The 35 insertion loss in the pass band al so decreased. Wth the structure
in which the ground potentials of the input IDT 20 and the output |DTs 30A
and 40A are all -- 13 equal on the piezoelectric substrate 10, as shown in
Figs. 4 and 5, the steepness increased further, and the |oss decreased
further. These Iatlo results ar 3|nll 5 experinent results,
and therefore, %@G?s safgh? P H A ngﬁﬁFabenaﬁé§Hﬂﬂiw5§ used in
the sinmul ati onsFigFhedsand 5i M%tﬂmmsrtﬁodnmsaaegofus‘elcbto aal dleate  t he
filter charactenioski aecirBagéderudteguency bands, and the effects of the

present invention on %ﬁg%%fgfﬁﬁT' %E%r?%%hgﬁélFE%|%¥T%ﬁ§y§§f¥ibands wer e

exam ned. Fig. 8 sho eTrTesults o a out on the
filter charadtefiEBErésenh Iheudoo Mad bhsdefrhnat it bfteafested say mobil e

t el ephone connuam@ahb06351mﬁiéhléhEﬂHbedihasraééht§n0EhéfEhﬁEiéﬂﬂdﬂé.0nS
carried 15 out t i [ 2 4 G}E that i's
et DEL 5@1&{5[8@[{%} ec@o% LGS | ?ﬁe S fgc

often used in wreless ua °c4 |ons t he
el ectrode pitchft Fhéll’éﬁér%feﬁléacrfe@rrg{%?lGtShénepééﬁroaéetﬁWWé:s@d% he bus bar
wi dth, the wi ri agdpahteefsectanbOither prasene 20vanal egosis! yhenl arged or

reduced, sojgha r C 8 In the
calculatlonébelthwgfﬁg%g{lcg fﬁngﬁ% %5%%%%gﬁg §92§%§Eé4%f%§f£§?ﬁé ‘st eepness
i ncreased whi |l eftfAe PnSBPYT o' desuldescPdadsba GRLRULRAYL S tFREBidUCt ur es
shown in Figs. 3ul5ohhtbeghi BieAcdarrdiongiryistitswas tloafdroetid kadind hose

structures showaphi Esgéft&tméw% %ofi'ﬁdet *EelsI;ESHé Qérﬁndr{%apcv'

characteristics FI l];l’ eqv\élncy Sg—{lt gg | ess of center r equency
of each filter. ﬁlg 16 hows™F i1% @hQFa &r PEEFLEEHHARS it 183D obt ai ned
by standardizi ngugnernihé zf hi)en lharacteristics in the 2.4 GHz band
that is often used in wireless LANs or the likes. 1In
the actual calculations, the electrode pitch, the
aperture length, the electrode thickness, the bus bar
width, the wiring patterns, and others, were
20 analogously enlarged or reduced, so that the center
frequency became 800 MHz or 2.4 GHz. 1In the
calculations either in the 800 MHz band or the 2.4 GHz
band, the steepness increased while the inserticn loss
decreased with any of the structures shown in Figs. 3
25 through 5. Accordingly, it was confirmed that those
structures shown in Figs. 3 through 5 had the effect of
improving characteristics in any freguency band,
regardless of the center frequency of each filter.
Fig. 10 shows filter characteristics that were
30 obtained by standardizing (normalizing) the
characteristics improving effects of the DMS filters
shown in Fig. 6 using the center frequency of the DMS
filters, with the above observations being taken into
consideration. In Fig. 10, the abscissa axis indicates
35 standardized frequency f/f; that is normalized with the
center frequency fy of each filter, and the ordinate
axis indicates insertion loss (dB). As can be seen
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characteristics inproving effects of the DMS filters shown in Fig. 6 using
the center frequency of the DM5 filters, with the above observati ons being
taken into consideration. In Fig. 10, the abscissa axis indicates 35
standardi zed frequency f/f0O that is normalized wwth the center frequency fO
of each filter, and the ordinate axis indicates insertion loss (dB). As can
be seen - 14 fromFig. 10, the characteristics inproving effect of each of

the structures F 3t seen in an requen band,
regardl ess of th%re}%\g{re]#tl@r h?feah%n%ﬁ/ o?gcrltearcli‘? Lt éfnprgwfﬂé Flg?'%.%t%ﬁll stl cs
i nprovi ng ef f ecte®SHf ofhéhef pEsecupirmishawn dnd Fiigs . mBdEhircaghohsisi . e. |

i ncreases in theent eapaag%a&@&e@&a&%ﬁﬁ irkgbha1kRserki PRl OSSter can be

obt ai ned not onl h Qut s shown in Figs. 3 through 5, but
also with ang XC #”En‘:ﬁ’u ﬁgmﬁ%&?ayo S ‘shown in Fi gs. 11A through 11L. Figs.

11A through 11|_ shom?bﬁe?W%ﬁ?er@rSémcs\Mlmpﬁgvnago@uféecm ofddte of the
wiring layouts, ftireti epbbdieent natd fidds nldRFiYaAGohBpUL . 81 gNahsrdasdde i nput
| DT and the outpyt .nteg r ut.put . si gn fromthe output 15
| DTs extend in thets%m%gﬁéﬁ%gﬁ{% h(fe %l%?%te%etlplr tetgéeg ?%tﬁ’? |n1ng Srfat terns.
Al'so, in any of “®RePi PPheL ¢AyRRI son]t?hé“@rhoﬁﬁé é’llééflgoéléytfﬂllﬁ@e‘?%o‘m t he
input | DT extend Fagshe3stneowtih &5t itons adsdt h&tgl’ atipdoel em:é r@ﬂﬁlncjl ngers of

t he out put 1| PTs.15;7he gngHg t tgrn e out ri ng patterns
are denoted by " aEr tg WOI\EM{FEM n&d%a lql% %h%g 1%? > but the
denot ati ons are “GmPEERdLHH THY ot de#ﬁ’&?nitof"lréﬁﬁvéﬁlf%%%% sdRe. In any

of the wiring | &ylgtltsf the winmg Jvﬂyrqutgs patkeeinpbl tsrmhtel pHsed bet ween

two 25 out put WskibBlyRakt ex IEI@(: al}!!; I%log%h 1;,3\ Egr h t Nyber  of
el ectrode fi ngeS bSl? 5 %n c ‘[12 %@ aljr&lLbhheeac out put

| DT. However, the mln%%rt%?t eﬁee%?lrvedé"*tlpﬁﬁeflﬁﬁﬁ}g SFOIBaE}ﬁeIWHLEt not
limted to the aB8vecxFardnimbidre ofamsl einesdéohi hjepugh the

respective wiring patterns. Also, in any of the wiring
layouts, the ground electrode fingers of the input IDT
extend in the same directions as the ground electrode
fingers of the output IDTs. The input wiring patterns
20 and the output wiring patterns are denoted by “IN” and
“OUT” orly in Figs. 11A, 11B, and 11C, but the
denotations are omitted in the other drawings for
convenience sake. In any of the wiring layouts, the
input wiring pattern IN is interposed between two
25 output wiring patterns OUT. In Figs. 11A through 11L,
the number of electrode finger pairs is 7.5 in each
input IDT, and 6.5 in each output IDT. However, the
number of electrode finger pairs of each IDT is not
limited to the above. The number of electrode finger
30 pairs may be 7 to 20 in an input IDT, and 6 to 18 in an
output IDT, for example. Although ncot shown in the
drawings, the number of electrodes that are actually
employed in each of the reflectors is several tens to
several hundreds. Filters were produced according to
35 the twelve layouts shown in Figs. 11A through 11L, and
the characteristics of each of the filters were then
evaluated. The evaluation results showed that the
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30 pairs may be 7 to 20 in an input IDT, and 6 to 18 in an output |DT, for
exanpl e. Al though not shown in the draw ngs, the nunber of el ectrodes that
are actually enployed in each of the reflectors is several tens to several
hundreds. Filters were produced according to 35 the twelve | ayouts shown in
Figs. 11A through 11L, and the characteristics of each of the filters were
then evaluated. The evaluation results showed that the - 15 effects of

i ncreasi ng stee r sertion Io s, were obtained with each
of the filters _; Ff%n%fd?&C§%§gggﬂ iﬁ?ep%$ﬁ% ﬁﬁ(ﬂ?ecrtﬁgﬁn regardl ess of a
smal | d|fference?ﬁ%?ﬁqﬁQQMlPﬁﬁgWF59oﬁbta%%%dg%wﬁhE?aﬂhapéCKGE|§uﬂtsr$nprOV|ng
effects can be abt dlired ilehthiblhyer s1BAciThhavibRgvkBethapUt ré@sranals and t he

out put * t o mi nal & (g kBoCbE A € GG, CSerend  Erbedirent) A

second enbodiment, of the present |nvention HOW Be CdEs2fibed. ~ The
second embodi’nerft QEi$9§rl§FﬁﬁétﬁW@r?ﬁhﬁgc%ﬁﬁQQﬁﬁwﬁﬁ§eb@h@b§ﬁéépﬁe§sthn t he
. declining regi ofildfertsheathl hevichataet st s nN=e ahBaRhthaticpicthe first

enbodi ment, and mlrneaq%chwsdlhgse&tm@ 448 fuanfdrther. Changes in the
15 characterlstl s were first obseéerved as ructuré having the input

terminal and t he""BRPGt BEPALASIT) adj acent to each other, with the aperture
length Wof each | DTAbeengndaenieetinkine elfechreogeesthucinventised will this

experinent g th@:vﬁ@t@ed@%cmseatrl&q{éﬂs%c%fﬁ%“@mbedgﬁeﬁtghaéahaV' ng a shared
ground bus bar (t.he e experinent results are

1e como round, bus b ﬁé?
shown in Fig. IZ°9 8§|tﬁgg Falutisteqse ﬁ&ﬁﬁ@“@ﬁéthhEthecllnlng
regi on of the f|qQQ%inéﬁaraégepns@fc%henflﬂﬂarlunyratmeqmenayssmdeeshlfted

toward the | ow firequency 2h ﬁhdefﬁiéﬁreﬂﬂBﬁfﬁgﬂﬂl“&ﬁdl%Bgt?eﬁﬁéer@HQCGd and
that the steepqgg%rtq0%h§ decllnln ion | crease However, as the

aperture |ength becare smafTg ev?%e % fe of ?ngﬁhb?ai?%rlstlcs curve in
t he pass ban g aracterlstlcs were Tirst observed as to a structure

having the input terminal and the output terminal
adjacent to each other, with the aperture length W of
each IDT being varied. The electrode structure used in
this experiment is the same as the structure shown in

20 Fig. 5, having a shared ground bus bar {(the common
ground bus bar 2ZA). The experiment results are shown
in Fig. 12. From these results, it was found that the
declining region of the filter characteristics on the
high-frequency side shifted toward the low-frequency

25 side after the aperture length was reduced, and that
the steepness in the declining region increased.
However, as the aperture length became smaller, the
shape of the characteristics curve in the pass band was
deformed, and the insertion loss greatly increased.

30  This is because an IDT electrostatic capacitance
decrease was caused by the decrease of the aperture
length, and resulted in input/output impedance
mismatching.

To solve this problem of impedance mismatching,

35 DMS filters having the same structures as one of those
shown in Figs. 3 through 5 were connected in parallel.
Figs. 13A through 13C show examples of such DMS filters
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defornmed, and the insertion loss greatly increased. 30 This is because an
| DT el ectrostatic capacitance decrease was caused by the decrease of the
aperture length, and resulted in input/output inpedance m smatching. To
solve this problemof inpedance m smatching, 35 DMS filters having the sane
structures as one of those shown in Figs. 3 through 5 were connected in
parallel. Figs. 13A through 13C show exanpl es of such DMS filters - 16 -

connected in parc@lnhglcteunlgl g§rall§56lthrlgugtﬂg;SCB}%hlﬁ.l %boléct er §3hovvn in

Fig. 5 is used. ﬁagerture,lentho (shownln Fi g.
13A) in which i:hr'is Gants nﬁlf‘%‘ﬁ?njgnl%lgrrarr’ntlél Hé& wi thf e RawTe 5 1ength W
is reduced to 1/ARngRhbeifng BMSihtlger )108f (shewnaper Fiige iamgtin Whitdre | DT

electrostatic ca@@@hhﬁa@ema@&§ph ecO MRS ntaNn@l L $noLi, 'Qﬁéﬂg&gga}ky -
0 e

Ther ef or e, f Iters avi e aperture, | engt

aperture |engt hl\ﬁ%NE beql BEtTT ‘éﬁef%/r}c nlr@ct(g ﬁnﬂoaﬁaf‘%?%?r) O tHE t he
total el ectrost@Pectoapaéerabdd, bdvomdy @@@altrbstaheced:epaa:ntsarma c
capaci tance of al@NBbeEbinégr1mvdﬂgﬂ§1%ﬁ@§hbqr%uBﬁBQE§' WTh%M:e%'r@

i mpedance t hat chy gg gﬁg e, PR Nt alcr}leqlanfg ?EE/B %égggﬁ?%\/gaw éqcl i ng

aperture |engths, *3t%8ephes
regi on of the f fofft ébe éﬁaF‘a‘ét%rl@’tqfé‘sW Héﬁeelﬁhérmliylct:femrse@cﬁd:)etrconnect ed

in paral | el 18hogladapteler abl yhdravend h&ut&d%ll@@ﬁ&ob@@d& céﬁac%]ﬂf‘az{a\és fil Ejers
have different n p ak t. appear._in_ the. pa ands
B@%Emgé ]ggmaf Tl.']tg tq'tur e%% r%staglc cgﬁ clta nci 90 SDZ%J;

The inventors 20 ac ual as experi ne
filter having tWwglPRE PRYi%9 st*l%(?lp%ﬁdlrfoéznef‘dhb@r nd3}2)d01(§7@nr$@@t ed in
paral | el , and anophéante9RGHzE bandtari Ieeaihauiingdt hiee WS fildears 1001,

1002, and 1003 EN, n o lel, 13B and
13C 25 Thﬁarei‘%ﬂ S e o B PRese™f 11 2 et [0

14. As the nb&a“og Dﬂ/rsh%‘?‘f? ey %ﬁ@&léalrlﬁ 5agaweq>f betare Itetger, the

aperture characteristics. Here, the DMS filters to be connected

in parallel should preferably have the same pass bands.
If the DMS filters have different pass bands, spurious
peaks might appear in the pass bands. The inventors

20 actually manufactured, as experiments, a 1.9-GHz-band
filter having two DMS filters 100, and 100; (N being 2)
connected in parallel, and another 1.9-GHz-band filter
having three DMS filters 100,, 100:, and 1003 (N being
3) connected in parallel, as shown in Figs. 13B and 13C.

25 The results of evaluation made on these filters are
shown in Fig. 14. As the number of DMS filters
connected in parallel became larger, the aperture
length of each DMS filter became smaller, and the
steepness in the declining region of the filter

30 characteristics increased, accordingly. When N of DMS
filters were connected in parallel, the aperture length
of each DMS filter became 1/N of the original aperture
length W, and the number of IDT electrode finger pairs
was multiplied by N. Accordingly, the IDT resistance

35 greatly decreased to 1/N° of the original IDT
resistance. As a result, the insertion loss greatly
decreased.
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| ength of each DVMS filter becane snmaller, and the steepness in the
declining region of the filter 30 characteristics increased, accordingly.
When N of DM filters were connected in parallel, the aperture length of
each DV filter became 1/N of the original aperture length W and the
nunber of |DT electrode finger pairs was nultiplied by N. Accordingly, the
| DT resistance 35 greatly decreased to 1/ N2 of the original IDT resistance.

As a result, the i nseﬁéDNg %(ﬁesmq{ r%ct%?ﬁr E%ngEBB\h?h %’%e fre yency

characteristics of the SHown i-n “wer e
calculated in fﬁW&ﬁBehEyFbaﬁdsl%ﬁrﬁﬂrqqﬂﬂ1%ﬂ@ewfrg Gﬁﬁcbéﬁﬂeﬁnlmhe same
manner as in théeérsiquehayi basdshowre:: ntHdrgsher it.Br gHghbIndSidhensadLad at i ons

were carried outyjnRethg 800 @ﬁg Q@ﬁg%agﬂﬁgagﬁuﬁa resuﬁ%%pdq inpa §%ant|ally

si mul ati ons shown in Flg hr oug WEr € SUb

the same as the FEsGRELEY ?tﬁ%W%LW%ﬁ?(ﬁﬁfﬁﬁﬁﬁwoéé dut tha B8PReMHZ agd band.
The sinul ati on resiukhs aré Showend, & Rirg.thtSsihnlEt@ondSshéde absci ssa

axi s indicates qugndaréhEég ﬁr§QQQﬂP%fk!&%su§Qg EQF OEQBQ@QS%fQﬂé?Iﬂ lar to

i ndi cates insertion | oss The cal cul atlon resu are ver
t he experi ment F@?u??@eo?gtﬁ S BSGEG It Solevsatirpar 2 Y MbPR %%%dﬂ?lcally,
as the 15 nunberthef 1DNEGEE| berd. cGheectimdlahiparaéselts noreasesn inhe

insertion | 0gs degreases,1and .hasst %ﬁ@n§§§cws£ hgxi degldiNg 4 €gion of the
filter characterlstlcs % gases fzg eads .to a concl usion that DWMVS
e

htg2dire ?eﬁﬁﬁﬂﬂyt %??EE?eo?rQ%ﬁﬁHﬁHQﬁjSZO filter

filters connectea rn-parafl
characteri stics indigayesregsenciendmes (dBgar dTes scafcut et icentresuflkequency

gf eaCthNE filbee. veEy951ﬂ£ﬂ§ﬁQM§1ﬂk§E&@e@ﬁﬁ%ﬁ%t??bﬁltgsofr@ﬁewerefOFta|ned
Dy oL endar o 2 00.bUe GO AP LG QULTO 1T EELS B LRI (11 ers
st andar d. g5Flﬁum?6r ?heD%b skl S saaopniesdiedat asparahlial dixexreases,
the insertion loss decreases, and the steepness in the
declining region of the filter characteristics
increases. This leads to a conclusion that DMS filters
connected in parallel exhibit the effect of improving
20 filter characteristics in any frequency band,
regardless of the center frequency of each DMS filter.
Fig. 16 shows filter characteristics that were
obtained by standardizing the characteristics improving
effects of the DMS filters shown in Fig. 14, with the
25 center frequency of the DMS filters being the standard.
In Fig. 16, the abscissa axis indicates standardized
frequency £/f; that is normalized with the filter
center frequency f;, and the ordinate axis indicates
insertion loss (dB}. The characteristics improving
30 effects of DMS filters connected in parallel are seen
with filters of any frequency band, regardless of the
center frequency of each filter.
(Third Embodiment)
Next, a third embodiment of the present invention
35 will be described, with the filter arrangement of SAW
filters connected in parallel being one of the features.
In the following, a structure having two filters
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frequency f/fo that is normalized with the filter center frequency fo, and
the ordinate axis indicates insertion loss (dB). The characteristics

i mproving 30 effects of DVMS filters connected in parallel are seen wth
filters of any frequency band, regardl ess of the center frequency of each
filter. (Third Enbodinment) Next, a third enbodi nent of the present invention

35 will be described, with the filter arrangenent of SAW filters connected
in parallel bei g:% one of the features. _In the following, a structure having
two filters - POGhEEt &8 Pﬁf%%&%h@llmq Ysedugédagseaamekanpl e. Fig. 17

shows an arrangenent Fhat tarsh®da iaze drhengenmehkeshapossn le'@a]ledet &hesSi ze.

Two DVB filters %Qles@ngoégﬂelér@lﬂéﬂrﬁf&éo Aot uday dJ}gs SAW 5
propagati on di recté%gra%oazr n reflector 70 I's provi etweeén the two

DVB filters 100£" ey B7o A Sr &P B@Y‘Brtl"l’% Y ePs a conmon
reflector fér threregetDhs flif¢erisord001AandmbOf2reNedtdhi® iar r angenent,

the area of one ﬁr%ﬁzllQQBObe@a@e@etﬁéV@% oMy and LR fbbi e%nd?'fo% can ?e ,
(0] | er In

reduced accordi I% &a Ha ustrates the structure

whi ch the two i P SnaF% 7T oHged $6THES §5hav ECTRPRT ER BHC AW

propagat i on pat H®r the teambns r@ﬂ‘e&:lti’orloozoans H00i.dedithtohisw reflectors

Igélanslm 7PB Eh%rﬁibéfubﬁﬁt Ofthd Oy SLTIC DS r%f'l%{clt%(i; eenfoE é%@}'ﬁl Il I ter
ile,the r ves, as a reflector fo ilter

1002, The rétledor sg% g\%%%PT% e a red&i‘ceﬁ fH&° Q%B%J;\ﬂl cul ar direction

to the SAW propagati 5hgdi1f%cit1i]dh3tr2ﬂe|5| @ el@%h@ﬁlsr@h@fcdnafrp&tt@rht@tri cs of

the SAW filter iof whigh tifeamdo tines chiartantsehiret besadhelihgo Wt d indwy of

Fig. 18. As can dtl%f{% eRcf ERI Olgfcgpaq;%mtnh% +ghar ag %gr& SIS Off&eh% SAWTfilter

of Fig. 17 have _smal spuri e T ow requenc%/ £t he pass
25 band, though "Ond st %VS%Werflltf%rfswce)aﬁ%etctgrm 78~ fpftépB. The

reflector 70A serves as a reflector for the DMS filter
100;, while the reflector 70B serves as a reflector for
the DMS filter 100;. The reflectors 70A and 70B are
aligned in the perpendicular direction to the SAW
propagation direction.

20 Fig. 19 shows the characteristics of the SAW
filter of Fig. 17 and the characteristics of the SAW
filter of Fig. 1B. As can be seen from Fig. 19, the
characteristics of the SAW filter of Fig. 17 have small
spurious peaks on the low-frequency side of the pass

25 band, though the two SAW filters exhibit similar filter
characteristics. The spurious peaks are formed due to
surface acoustic waves reaching the other DMS filter
through the common reflector 70, and might cause a
problem,

30 In order to reduce such spurious peaks, the
inventors developed structures that can prevent surface
acoustic waves from passing through the common
reflector 70 of Fig. 17. These structures are shown in
Figs. 20 and 21. The structure shown in Fig. 20 has

35 diagonal grating electrodes 71 inside a common
reflector 70A between the two DMS filters 100; and 100s.
The diagcnal grating electrodes 71 extend in a
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characteristics. The spurious peaks are forned due to surface acoustic
waves reaching the other DMS filter through the common reflector 70, and

m ght cause a problem 30 In order to reduce such spurious peaks, the

i nventors devel oped structures that can prevent surface acoustic waves from
passi ng through the common reflector 70 of Fig. 17. These structures are
showmn in Figs. 20 and 21. The structure shown in Fig. 20 has 35 di agonal

rating electro n5|de a co n r.efl ct 7 bet ween the two DMS
?llterg 1001 angq%ﬁg% bF 2" HHJoHS l%ﬂ#&?l gpgcgﬁgdﬁgoﬁﬁg%B&%ﬂﬂjl na- 19

direction not pé#ﬁéﬁéi@ﬁlé@rid“ﬁhéISAmﬁpﬂdpégattbnthedreéb¢¢tnt'(or not in

parallel with tkeecetbastpr A@lQﬁbraﬁa§%nafﬁg£$EhﬁBE%%EBﬂrdﬂé%thﬂg electroges
71 bend the SA 0 t surfa acoustic waves are prevente
from passi ng, thpéﬁghgﬁﬁgééﬁﬂ%ﬁj Qﬁ??é%&é?%gsTh5u§ ?ﬁ%t?ﬁ%ﬁ%ﬁlQPﬁ?ééﬁvflIter
shown in Fig® 28TChRECHCREPANEIABIPHTINE pdracarah (tdes slomtopatrediaFtde.

i nside a reflector 7théxﬁnMﬂﬁtu&beoEM@hEm@%WIfiEférJéKBMn.QWQE%@0226VWen
entering the pr c oystic.waves are y virtue
hﬁg] Q%Jt:féﬁ'cg] r %)q:rls?n % k(g ']l FOlV\@UEH%%e rgCO

of a difference.in g t10on cordln stic waves
are prevented frBtP s§|F@F%%ﬁﬁﬂbﬁO@héeéﬂﬁﬁﬁnth@fF%@t@MS fijterseitOfer of the
structures showangnl&dgs. Wﬁena@mtéﬂingsmugmﬁu&np@akﬁe@utszdesﬁhgaﬂgss band

can be suppi@ssgeouéélé%@eé@} %eﬂxf %E%B\gﬁ {Fﬁif&qe% ifhe present

i nvention can be_readi] %ﬁap | ef not Toi s SHE Havi ng one
i nput | DT and t ®R6°P3%E bu@cﬁPﬁﬁlT%ﬂ¥nnﬁqrﬁﬂﬁﬁa@SRMﬁﬁFFtEﬁgeéach
havi ng, for exaﬁpﬁeprevmmteqnﬁrdMT@asﬂuhqIuhnbu@mtmuh 20mhBhs refheceby.

provi di ng excel hept, SAWE Idensd hatucexbibi Eh!)QMV m;ﬁ{gﬁ o d Q559 ,and steep
|

ff haracteristics. (Fourt nmbodi nment ustrates a’filter
g??ugtureclﬁ ac spurious peaks out51g %g pas% bagd can be suppressed,

15 and a small-sized filter can be realized.

The present invention can be readily applied not
only to DMS filters each having one input IDT and two
output IDTs, but alsc to multi-mode SAW filters each
having, for example, two input IDTs and three output

20 IDTs, thereby providing excellent SAW filters that
exhibit low insertion losses and steep cut-off
characteristics.

{Fourth Embodiment)

Fig. 22 illustrates a filter structure in

25 accordance with a fourth embodiment of the present
invention. This filter structure includes two cascaded
sets or stages of DMS filters. 1In this filter
structure, each set has three DMS filters connected in
parallel. With the two sets of cascaded DMS filters,

30 the stop-band suppression can be at least doubled. The
three DMS filters of the first set are denoted by
reference numerals 200;, 200;, and 2003, while the three
DMS filters of the second set are dencted by reference
numerals 2004, 2005, and 200¢. The DMS filters 200,,

35 2002, and 2003 of the first set each has one input IDT
and two ocutput IDTs. The DMS filters 2004, 200s;, and
2006 of the second set each has two input IDTs and one
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25 accordance with a fourth enbodi nent of the present invention. This
filter structure includes two cascaded sets or stages of DVS filters. In
this filter structure, each set has three DM5S filters connected in
parallel. Wth the two sets of cascaded DVS filters, 30 the stop-band
suppression can be at |east doubled. The three DVS filters of the first set
are denoted by reference nunerals 2001r 2002 and 2003, while the three

DMS filters of t sekpar fer c upge 2004, 2005,
St SECoNF Sebnar £y Oszﬁds SHRICEs 1 DUDE g‘&

and 2006. The Dl\g%gllters 801 3 s¥t each has
one input |DT rwG Gutple qDfe ﬁﬁéODr?/SSPFl Pé?sCQ@mctezi)Om tosd 2006 of
t he second set eaetputasiiTigo cifnpbe DBFSEahte 0ne260,20200uf partd 1490, dlae i nput

| DTs of the DVS fhd t@rst2QR4r v;2005mm8Ads %&x??l of r%%e stecond set are
connected to the oum ters 0Ir 2002, and 2003 of

the first set via comton bﬁ-ﬁrngﬂ\:?ﬁ%s YY. 50Pne T 3095t efsthe0iir®p02, and
2003 of the firsiet g@vehaveoamconpoouyd oomsl bars Bar 9te Fheugsound

el ectrode fingersi&ftddie |fﬁﬂ'd%rED3§ @HQ 1%@%@1‘5 'n'aT%hgag h}ﬂ?h?b%”‘)de

fingers of the con&nkgj refll eet.ars ﬁ #rst set exten e _common

ground bus bar 97T kg\?\n 8 ©t énﬁﬁ/%sf‘? 1% Smeen 2865}605%82966 of the
second set have @%cﬁmﬁ?ﬁ gﬁéuﬁatbug Braem 9he Tdvrenngrognabunel eotr bde $ingers of
the input |D0s anckduwigsequirput DM@T@llaélglstm el eghrode f rgfo{hghe conm)n

reflectors of t ext nd from und_bus bar 15
In this manner, ch %f%l%lc’léd Re’Fim ng ?Jﬁourt’i\/%mfm%ér 33 comeecqlécﬂ”idn
parallel are co téd’dﬁoféﬁéea’ﬁo?ﬁe\ih@ ninscH st aond the pubpoel EBTsi C
substrate 10. Ward tthes elactangenentge 1 OMHEN G dr@io &@'fie@f:oEQeoPMS

W thoonly o eaﬁ'&nf%ﬂse%%“ﬁﬁ%?ogﬁgghgd o' B DESMRR TG 2 HE oaagi g
process canqge i é‘&nneNthet%%o‘DNgquntlé?aslsc@rfnébﬁeamﬁnfpht%lweI are

aligned on the mqmedpagapaomlp@l hate) @atteeld t80ohBaknother in

each set on the piezoelectric substrate 10. With this
arrangement, the ground terminals of the PMS filters of
each set can be connected to the ground terminal of a

20 package with only one bonding wire or one bonding bump.
Accordingly, the packaging process can be simplified.
Also, the DMS filters connected in parallel are aligned
on the same propagation path in each set, so that
reflectors can be shared among the filters, and the

25 filter size can be reduced accordingly.

As four reflectors are shared among the DMS
filters in the structure shown in Fig. 22, the area
equivalent to the four reflectors is saved in this
structure. As a comparative example, Fig. 23 shows a

30 structure in which two sets of three parallel-connected
conventional DMS filters are longitudinally coupled
with each other or cascaded. Since the reflectors are
not shared among the filters in this structure, the
filter size in the SAW propagation direction is larger

35 than that of the structure shown in Fig. 22. Also,
since the ground terminals of the parallel-connected
DMS filters of each set are not connected to one
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reflectors can be shared anong the filters, and the 25 filter size can be
reduced accordingly. As four reflectors are shared anong the DMS filters in
the structure shown in Fig. 22, the area equivalent to the four reflectors
is saved in this structure. As a conparative exanple, Fig. 23 shows a 30
structure in which two sets of three parallel-connected conventional DVS
filters are longitudinally coupled wth each other or cascaded. Since the

reflectors are ar| d._anon thefllters in . this ruct ure, the filter
B e s e R A TR S g 41112 AL
structure shown 3 AaEd§. nEQbeAI 86, 9reume etatingrloundndegti hekstofikhe

par ?Ihl el - comectteﬂ:dlla:tg‘swﬁlrbbebsgﬁixe@@ﬂfuﬁﬁ} ttﬁfn%&%trecii@&%&’&@@l EQrOPﬂ? - 21
anot her on the ri r ere exist A rge nymber
ground t er i pal ?O%%% iy 8%‘53 s% %%o |n%r°u?§st%‘?mjsri‘§<l Cgi?rﬁ% are
required for> c@r?né‘ctrieﬁg‘léacﬁh§eE’a@]'éa@m AR s degionals obmalpa@ka@]e 5 As

a result, the packagi BggprpeesisowecomrinaRlonCatedeenFige 240 stipns a
conpari son bet t | ter a i.cs of the SAW
mp Weah d rf%l%ﬁ% %raggﬁp gt! és I_.otcrl%fzgﬂgf_] Elﬁs Tep %tt-el?

filter of the fourth
characteristics Wrﬁﬁeeﬁ’Bﬁﬁé‘iﬂ%ﬁ v%h%‘%hnﬁﬂ eF1§hO\%¥r| AnFi §he1di2Berin Fig. 24,
t he absci ssa axichairaditeatesifseqfienoy c(nh,ﬂ:ﬁﬁatﬁsmi & anredli Sy aDﬂ Fig

| ndi cat es | moer ion toseis (05, s aeadyarentioneds e, YEINLS of the

present inventi o(@I S thg Ig erm nal and the ou acent
to each other (i' é'l 't RBgFBUng” %naeq%&’?%énﬁlﬁ@é% éPS?HElPTth?Si’r DTs
extend in the sd¥d) - d|$=ec&t1mcas mele ignedndtbkesiWotlel fengef sciaf t he out put

|DTs in the SAWLrEkEat ohviheidk esenteddvedhioRk:miAGSOLALNGhY ol {1 SI NG
regi on and the dC C|Inliﬁ ?gl on. of th I 'ter Q haracteristics are steep, as

shown in 20 Fig. 24" R T nserid qt@?sf i'h-Ehe pHEsIBAREis reduced
by 1 dB or %reelFGFFﬁé?nﬁ{t@geI%eOBMﬁ|Jlrtpel|t IS st kiks eedbbdi teatsdias t hr ee

DVS filters conméetedibA as the ground electrode fingers of the output
IDTs in the SAW filter of the present invention).
Accordingly, the rising region and the declining region
of the filter characteristics are steep, as shown in

20 Fig. 24. Also, the insertion loss in the pass band is
reduced by 1 dB or more. Furthermore, the SAW filter
of this embodiment has three DMS filters connected in
parallel, the aperture length of each DMS filter is 1/3
of the aperture length of a DMS filter that is not

25 connected in parallel with any other filter. This
further increases the steepness in the declining region
of the filter characteristics. As a result, the lump-
like shoulder that is seen in the stop-band area on the
high-frequency side in the prior art is eliminated, and

30 a high-performance filter is obtained.

The same effects as the effects shown in Fig. 24
can also be obtained in the 800 MHz band and the 2.4
GHz band. Fig. 25 shows filter characteristics that
were cbtained by standardizing the filter

35 characteristics of the fourth embodiment. The filter
characteristics shown in Fig. 25 can be obtained with
any pass-band freguency.
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parallel, the aperture length of each DMS filter is 1/3 of the aperture

|l ength of a DVMsS filter that is not 25 connected in parallel with any other
filter. This further increases the steepness in the declining region of
the filter characteristics. As a result, the lunp- |like shoulder that is
seen in the stop-band area on the high-frequency side in the prior art is
elimnated, and 30 a high perfornance filter is obtained. The sane effects
as the effects shomm in % can al so be obtained in the 800 MHz band
and the 2.4 G Hddd Qﬂb@ l?S“Ehoms filter characteristics that were
obtai ned by standar di ziinget tieefthter @irhanacbanksteaspmf thecdourth

enbodi nent. The d4d.te h el S 5 n ai ned
with any pass- band’ f?iéﬁe%%?pZ%o Eé§€9fgﬁwgnbodfneﬁF§ ?%C%E?ﬂggéhree
par al | el - connect®Y ‘DS SAIEL BFEPa9abhen kR idh@amh03et2008212005, and 2006)

are aligned 5on she isarse pprépagati asmepadh e dash feelqueat®l kiGespfiri ous
peaks are seen and Badsowahheanensy sida lemidiaase band Laydhed ourth

enbodi ment. The re U|re% to? nd suppressi on Fg ‘tai ned due to
the spurious peak® P89 F8Pa %ﬁ%ﬁo%.TﬁQﬂﬁeﬂﬂte?q 5ﬁ@8?§rduﬁrF%n¥%%ltern i's
provi ded bet weersraddlouswoengs ghlor iawp it siicht er probheect @dc fimmpariald el in a

fifth embodi mentprafsm PhetBrRSEBt piHYEMd Wheudddy 2B H«H%é%ﬁé Aigglter
structure |n acLqf, %%gc%omntg the, fifth ﬁﬁﬁo i ment_. k E S ?ter
structure in’accardance WPRFRE ToORTH difiméntt + 501 §mEg l%?“?H?%e DVB
filters 2101, 2Id® rasgepioldneemneeted in parallel is cascaded to another
set of three DMS fil Fegs 2404112405t and, %l@@eQOBBEGEEQréniﬁara||e|- A

R e ha BB R BN SR 0 g L O 1%, ond
provi ded bet weer? & BB 1P|P?%@§d?TGQVQH61Zi@sfoaﬁ@haﬁﬁbO@em&k@n ahe DVB
filters 15 set of three DMS filters 210,;, 210,, and 210; connected
in parallel is cascaded to another set of three DMS
filters 2104; 2105, and 210z connected in parallel. A
prism pattern 73 is provided between the DMS filters
210; and 210;, and also between the DMS filters 2104 and
20 210;. A prism pattern 74 is provided between the DMS
filters 210, and 2103, and also between the DMS filters
2105 and 210¢. The prism patterns 73 and 74 are not
limited to the shape shown in Fig. 26, and may not be
triangular, as long as the SAW propagation paths can be
25 bent. Also, two or more prism patterns may be provided
between each two neighboring DMS filters. As long as
the SAW propagation paths can be bent, the number and
the shape of prism patterns to be employed in this
embodiment are not particularly restricted. To bend
30 the SAW propagation paths, it is also possible to
employ grating electrodes extending in a direction that
is not perpendicular to the SAW propagation direction,
as shown in Fig. 20.
Fig. 27 shows a comparison between the filter
35 characteristics of the SAW filter of the fifth
embodiment shown in Fig. 26 and the filter
characteristics of the SAW filter of the fourth
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2105 and 2106. The prismpatterns 73 and 74 are not |imted to the shape
shown in Fig. 26, and nmay not be triangular, as |long as the SAW propagati on
pat hs can be 25 bent. Al so, two or nore prismpatterns may be provided

bet ween each two nei ghboring DVS filters. As long as the SAW propagation
pat hs can be bent, the nunber and the shape of prismpatterns to be
enployed in this enbodinent are not particularly restricted. To bend 30 the
SAW propagation paths, it is also possible to enploy grating el ectrodes
extending i n a GMPEEEMSATt RBLWN | kN Nty pdendscobarbe osedre SAW prigpagat i on
direction, as siowwiich Ei gri2f.pditer? bsShVpraviarBabkspBRELYREN the
filter 35 char eri.st,| t filter_.of the fifth enbodi nent shown
in Fig. 26 and ?Cﬁ% He??g%érgi%rg% e%éilvié 58y &% ﬁélrgﬁ‘ﬁ\?f PFERFELF YHEFourth -
23 enbodi ment SKERANA BREThDOring R fd teaen thronghi gomm@7, with a prism
pattern bei n§ prefidetobet neencencted,t WndeihghkeuiriguBVSehikt &k Sghd he

surface acousti qowa\fggquéggg[%]{@e nel ghRs rpirrégslglgﬁ fd'hlﬁtéart[ lc\EtN[]q[r(r).u h common 5

reflectors are reduced, an e spurious ‘peaks on t ency side
are suppressed. PRFER*PRe pre sYS plaittersss thierke appBcphheetedt bmt are connect ed
in parallel sopasafldedupprasstd hagmessounepepksidasnpbakaegs tox be

arranged in suche n § r [ ajps the DMV5
fil te?s di fAiﬁr ?lr g%ngﬁe.géa%l%f%%i& ?@\g‘%ﬁ’n% &Bﬁg%g ?ﬁ??e‘%‘hsig}réw can be
reduced. hoBGRPEPET197 Riovis The NS IMEr fdharast € FE8T cBrom ondhe 1.9 Gz

band, the same éfpebes.cadwrdsgdibyaynethentibtéersfzequanae hamdsedsuch as
the 800 Mz bandiandugherid5 2 4Hws Q@&%dﬁi(l%‘ie)ft Bh@?ﬁ@éf?ﬁ%cf‘r%{ Xth
e Tl e

enbodi nment of ttggepiggee%izlgvne@tit%l s t g same as t , odi ment ,
except that the ground term nal &6 A€ FrFEEtsefabi POMPEIIRGH simare 20
connected to t hetgrbuhBiegesnshadlandsf, shiehsesontles@00afiHz band and the
15 2.4 GHz band.
(3ixth Embodiment)

A sixth embodiment of the present inventicn is
the same as the fifth embodiment, except that the
ground terminals of the first set of DMS filters are

20 connected to the ground terminals of the second set of
DMS filters on the piezoelectric substrate 10.

Fig. 28 shows a filter device structure in
accordance with the sixth embodiment. In this
structure, a common ground pattern 95 is provided to

25 surround all the six DMS filters, so that the entire
filter structure can be connected to the ground
terminal of a package with only one bonding wire or one
bonding bump. Accordingly, this embodiment should
realize the simplest packaging process. However, as is

30 apparent from the results (Fig. 29) of a comparison
between the filter characteristics of the sixth
embodiment and the filter characteristics of the fifth
embodiment, the stop-band suppression greatly
deteriorates due to the ground terminal connection

35 Dbetween the first set and the second set on the
piezoelectric substrate 10. The insertion loss in the
pass band also increases. Judging from these results,
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DMS filters on the piezoelectric substrate 10. Fig. 28 shows a filter device
structure in accordance with the sixth enbodinent. In this structure, a
comon ground pattern 95 is provided to 25 surround all the six DVS filters,
so that the entire filter structure can be connected to the ground

term nal of a package with only one bonding wire or one bonding bunp.
Accordingly, this enbodi nent should realize the sinplest packagi ng process.
However, as is 30 apparent fromthe results (Fig. 29) of a conparison

- between the fil tér 1éhBPEGIRFF TR Ot fePsirrth thrbodPwrdt termindls filter
char act eri sti csodf ohbesét f £ fom erthodjmeitts, tERRiEh0p- banchsuppiessd«an greatly
deteriorates dugut he. wnel termnal ectiogn between the first set
and the second gntQ%% §h§£9p|e£%i§%;§ﬁ§55%§3%sgba ec%g?aﬁkéf%?ﬁﬁéh%ﬁﬁ1 | oss in
the pass band 8Ffsb"PneF &R SSRIGIMPEr St RESeCf el tBresE}Y it s nore
preferabl e t® seépaeateothe Adrbondht £ig1l nad sshefs oiree setl dfgrom t he ground

termnals of thenabhgtesedeidh {qy a2eekact phfiaSubslralg. [y f Gascaded

structure of t nore se DVS filters of fhe present invention

or ts o .
Al t hough Fi g. 2‘@8%%9\}56%%%?% tET Leh it BpasiPcether t heeQuen@z band, the
sanme filter charadserssth css dare BOlobtHai beddi anat hiee frequendandands, such
as the 800 Mz haadeapdl thedibiehz band. (Seventh Enbodiment) 10 A seventh

enbodi ment t he present iq&gg&kog. Erovi es, a dupl exer_  in which any of the
mul ti-node SAW filt et s O t*e SFPPSEMPBLsPxt @it $Rntid %At 198 enpl oyed.
Fig. 30 illustrafesidesupldxeexdratin wbligdesny 161 nuhé¢ i mubidie-rSAW fialt er s of

the present inventtons dn tHifS rduplex@hixth LAYGIndYPe SAWSd I ter 300 is
enployed as th n ssion filter, and a multi-nmode SAWTfilter 350 that
el &R

has two multi-no ilters cascaded is enployed as the reception
filter. Each of the thg®. 30 illustrates a duplexer that includes

15 multi-mode SAW filters of the present invention. 1In
this duplexer, a ladder-type SAW filter 300 is employed
as the transmission filter, and a multi-mode SAW Filter
350 that has two multi-mode SAW filters cascaded is
employed as the reception filter. Each of the two

20 multi-mode SAW filters of the reception filter is the
same as the multi-mode SAW filter shown in Fig. 21.
However, any one of the other embodiments of the
present invention can be used for the reception filter.
Although only the reception filter includes multi-mode

25 SAW filters of the present invention, the transmission
filter may also include a multi-mode SAW filter of the
present invention, or both the transmission filter and
the reception filter include one or more multi-mode SAW
filters of the present invention. The duplexer shown

30 in Fig. 30 further includes an input terminal 400 that
is connected to an antenna, a matching circuit 410 that
performs impedance matching between the transmission
side and the reception side, a transmission terminal
420 that receives transmission signals, and a reception

35 terminal 430 that outputs reception signals.

With the multi-mode SAW filters of the present
invention, the rising and declining regions of the
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20 nulti-node SAWTfilters of the reception filter is the sane as the

mul ti-node SAWfilter shown in Fig. 21. However, any one of the other
enbodi ments of the present invention can be used for the reception filter.
Al t hough only the reception filter includes nmulti-node 25 SAWfilters of the
present invention, the transmssion filter may also include a nulti-node
SAWfilter of the present invention, or both the transmssion filter and

" the reception filter include one.or nmore multi- e SAW_ filters_of the

- present inventi oér?a%‘?ﬁéceaﬁﬁgﬁsérogh%% Jﬁf?%lﬁr’g@lgéeiruf’tfhé?‘ei AP HEFEST an

i nput term nal AFCFOFRatteps- comenddaotly . anransehsaion segreingrel rcuit 410

that perforns inpegance BREEHIHGIbeiyCaN IS RARTFSSI QL SLOg.ANd the
reception side, a.tr g@sgk%sj:%)glntermnal 420 that receives transm ssion
n 35

signals, and a receptio P Hat H U3 0 TG PAPE FEcEREY orl T Ynal s.
Wth the nul fi- FOdENSAPEERPEEPR Bfequrnqy ésent- i nvention, the rising and
?ﬁCI idni g r egi ons of hhe ona&)fcd]ﬁyaa@{nuerfii?_ttLa@g et the 5@&@@fi on Iji Iter OI'

e dupl exer - : i . tran sion sigpals and. reception
signal s do not %ﬁ‘\%grﬁslg%gggf?@gﬁ%%cﬂ&o T Ogléﬁ‘ei PrFﬁggPrbﬁ‘éﬁ?E’s‘?rbn
frequency band i“§TvERyMENBERASEE R tRRC KA f0 6 fteeguentge banphcianedne of
the SAWTfilters Sal tthétabodeviesbodi ments and nodifications of the present
i nvention ¢an be noupi ' a kaged SAW
filter device. 10 Alt ho?é%&% ?ae%aeg}r(%%grf%géaén%ga?%g#g&of?fﬁtghe resent
i nvention have BE&ERSEhotRYENG JedFiDdeen showguradbeeappieedated by those
skilled in the aotulthhe apghaeciestambbe hmade siki1lbasenethodi pendsatvi t hout
departing from tdagnBesNghPl €S ANk SR 'dHe @f Lhyvent | t he scope of
which is defi ne%ei Rgghe ctai ns, . and t hel rﬁegﬁpég%gﬁ#g%l M@f% CLAI MED I S:
1. A multi -Emde SEPF5ERI athuBt 1 RV FiRlegy and spirit of the

invention, the scope of which is defined in the claims
and their egquivalents.
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device conprising: 5 a piezoelectric substrate; at |east one input |DT
(interdigital transducer) and at |east one output IDT that are forned on
the piezoelectric substrate; reflectors that are fornmed on the

pi ezoel ectric 10 substrate and arranged on external sides of the input |1DT
and the output IDT;, an input termnal that supplies input signals to the
input I1DT; and an output term nal that receives output signals 15 fromthe

out put |DT, thevhgﬁuEEtEEEEQEt ﬁgg the output . termnal extending in an
i dentical direct —2: —node surface acoustic wave filter 20
device as clainmed in claim1l, wherein a ground termnal of the input IDT and

a ground termnal of the oui puiicil-Rbqar eueeARECh&Gud©; £3¢N, HINEL QN the
pi ezoel ectric %ﬁgﬁE%aESm 25 3. A multi-node surface acoustic wave filter

devi ce conprising: a plezgéf%%??iclsubstrate; at | east one input IDT and at
| east one oufput | DTat hitZegkedioriredubstirthbepi ezoel ectric substrate; and

30 reflectors that aretfbsaed o tihgupi ezeeleatelgi gubst rate antanranged on
external sides aof i T_and t put I DT, ground el ectrode
fingers of the iﬁ%LF%IEggg%dO$gi%uﬁjtéﬂﬁ%f%éﬁg FFﬁgngmﬁ thetSut put 1 DT
bei ng 35 connedl&G°Edeahridetii?T@latftiound bus bar. 4. A nulti-node surface
acoustic wave filter reflectlend athaaorpe SoRgeat oheassd pno:dailddedde surface
acoustic wayg fihbkerstthatqare gl ricall AN i aral | el each of
the at | east tméunulti-nn e suf?aé% Ecg%%ﬁ§¥Fggﬁagg&glI?grﬁh%oﬁ%?ﬁéing:

DT and the output IDT;

an input terminal that supplies input signals to
the input IDT; and
an output terminal that receives output signals
15 from the output IDT,
the input terminal and the output terminal

extending in an identical direction.

2. The multi-mode surface acoustic wave filter
20 device as claimed in claim 1, wherein a ground terminal
of the input IDT and a ground terminal of the output
IDT are connected to each other on the piezoelectric
substrate.

25 3. A multi-mode surface acoustic wave filter
device comprising:
a piezoelectric substrate;
at least one input IDT and at least one output
IDT that are formed on the piezoelectric substrate; and
30 reflectors that are formed on the piezoelectric
substrate and arranged on external sides of the input
IDT and the output IDT,
ground electrode fingers of the input IDT and
ground electrode fingers of the output IDT being
35 connected to an identical ground bus bar.

4. A multi-mode surface acoustic wave filter
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a piezoelectric substrate; at |east one input |IDT and at | east one out put

| DT that are fornmed on the piezoelectric substrate; reflectors that are
formed on the piezoelectric 10 substrate and arranged on external sides of
the input |IDT and the output IDT; an input termnal that supplies input
signals to the input IDT; and an output term nal that receives output
signals 15 fromthe output IDT, the input termnal and the output term nal
extending in an jdentical direction. 5. The nulti-node surface acoustic wave
filter 20 devi C68VASScFEPRENSIRE clai m 4, wherein each of the at |east two
mul ti-nmode surface acaustéxstwerwe hiultersodeonnecsed idopariad lalvdhas a ground

term nal of theriiRput tPJta@Peael%r&%%atﬁ?chﬂ effe gﬁn%&gﬂ“f |,DT

lel .
connected to each other_on heiﬁpl ezqQelectric substra A fful ti - node
surface acoustic wave® 171 t¥r “Meditcé @8hpFIsi Ayl at iR tsusidasul ti - node

surface acoudti @ceusbicfvaversi ttets aompeliedhyi:cal |y connected in parallel,

30 each of the at Ie@tpid%éméétir-i@@ﬁbéekéﬁa? acoustic wave filters
conprising: a piezoelgectric substrate; _at |east one input |IDT and at |east

one output |DT that &fe FOrmed ot "PHE pPE-0BE €2t ri%2 SuIRNS SdPUsNd 35
refl ectors that I8FetR®E netk ofrunesl pirezbel ederbelsubste aswbantchtas;r anged on

external sides of therdfpttodsDEnandatberguhditod Dhe piddodeynd €l ect rode
fingers of {he gggggr;lpgdﬁpc? 3 a%“%% el ectrode |njg§ersﬁ(?e t he output |DT
being connected to an Tdentical ground BESSHEPL BIYES THA ti"dde surface
acoustic wave fEPTefnd ey cvtasitc|T@Tied in claim4, wherein the at |east two
an input terminal that supplies input signals to
the input IDT; and
an output terminal that receives output signals
15 from the output IDT,
the input terminal and the output terminal
extending in an identical direction.

5. The multi-mode surface acoustic wave filter
20 device as claimed in claim 4, wherein each of the at
least two multi-mode surface acoustic wave filters
connected in parallel has a ground terminal of the
input IDT and a ground terminal of the output IDT
connected to each other on the piezoelectric substrate.
25
6. A multi-mode surface acoustic wave filter
device comprising
at least two multi-mode surface acoustic wave
filters that are electrically connected in parallel,
30 each of the at least two multi-mode surface
acoustic wave filters comprising:
a plezoelectric substrate;
at least one input IDT and at least one output
IDT that are formed on the piezoelectric substrate; and
35 refiectors that are formed on the piezoelectric
substrate and arranged on external sides of the input
IDT and the output IDT,
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mul ti-node surface acoustic wave filters connected in parallel have ground
termnals connected to each other on the piezoelectric substrate. 10 8. The
mul ti-node surface acoustic wave filter device as clained in claim4,
wherein the at |least two nulti-node surface acoustic wave filters connected
in parallel have identical pass bands. 15 9. The nulti-node surface
acoustic wave filter device as clained in claiml1, wherein: the nunber of
input IDTs is one; and the output IDT is connected to either -side of the 20
one out put |DT, the t@traunduabertopdeuf pudedDES bdiend npiit0IDT0and nul ti - node

surface acousti cgy@ues fdld@roddeyh A8 E9MPE i SAON% 12541 IRagkihyo nul ti-node
surface acoustic %f-té& l.ters tgat are electr%;§ﬂ4 connected in parallel,
WO

each of the at |eas 9 - ABEREEGP T aBEC U Afave filters

conprising: a piezoelectric substrate; 30 at |east one input |IDT and at

| east one outsput | DT7t.hat aRe rherieddr he Ricezeebgetfic,sybstrate, and
oelectric substrate and arranged on

reflectors that or n e.pie )
external sides of t é?ia%P%%QlPEQ éﬁdc fe"o pEIBE Us efhelsfstehE? two
nul ti - node sur f 8L HCHRStS suRdsee prpretic cavrediidd éns panakkekdbéhng

arranged so as tmerdided ihdest gealngutéasen ACOUSIrHEMRVE tBr aRagat i Ra- pat hs, -
20 and a commi, efeqlarelng, i ot grposed between the al Teast two
mul ti - node ﬁgrface acoustic wave frl Fie conmon refl ector bei ng shared
between the~at least 5 two nulti-node surface acoustic wave filters. 11. A
mul ti-nmode surface ac8usti cIThaweilfdiilteide surface acoustic wave filter

device as claimed in claim 4, wherein the at least two
multi-mode surface acoustic wave filters connected in
parallel have identical pass bands.
15

9. The multi-mode surface acoustic wave filter
device as claimed in claim 1, wherein:

the number of input IDTs is one; and

the output IDT is connected to either side of the

20  one output IDT, the total number of output IDTs being
two. '

10. A multi-mode surface acoustic wave filter
device comprising .
25 at least two multi-mode surface acoustic wave
filters that are electrically connected in parallel,
each of the at least two multi-mode surface
acoustic wave filters comprising:
a piezoelectric substrate;
30 at least one input IDT and at least one output
IDT that are formed on the piezoelectric substrate; and
reflectors that are formed on the piezoelectric
substrate and arranged on external sides of the input
IDT and the output IDT,
35 the at least two multi-mode surface acoustic wave
filters connected in parallel being arranged so as to

have identical surface acoustic wave propagation paths,
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device conprising at |least two nulti-node surface acoustic wave 10 filters
that are electrically connected in parallel, each of the at |east two

mul ti-node surface acoustic wave filters conprising: a piezoelectric
substrate; at |east one input IDT and at | east one output 15 IDT that are
formed on the piezoelectric substrate; and reflectors that are fornmed on
the piezoelectric substrate and arranged on external sides of the input

| DT and the output IDT, the at |east two nmulti-node surface acoustic wave
20 filters connédfed in paral |l el being arranged so as to have identical
surface acoustic maveaptapmgwiﬁénud&ﬁdﬁsbei@%digEagbagegiggg&Qggajgging

i nt er posed bet n i orin ti-nmode, surface acpustic wave 25
filters anong ?ﬁg'é%%%2a§%$?ﬁgf%%%ﬁr%ﬁo é%%ﬁﬁf§€8u55&8ugﬁyﬁ gb@Ee¥?1ters
connected in pardf EPMMPRerefEeE TPy ke e sddeedhbetyeanr Ahgeat ateast angl e
not per pendbcultar tolpiepagat swnfid eaiduts Ofvasdr Fageeracousti ¢ waves. 30
12. A nmulti-npode surface acoustic wave filter device conprising at |east
two nulti-node surface_acoustic wave filters that are electrically
connected in parall el 1135 %38t meRE gurfeast aeqws g tavendd 1sent ace
acoustic wave fidetvérs comprisimg: a piezoelectric substrate; and - 30 at

| east one input |DT and sladeaslo G quiBdL SLPE.LDAL A1 fOrEd, on the
two multi - e

piezoelectr&g sgbikrate t he at | east, sur%ace acousti c wave
filters conhect&d it paFift et bt iy Hricalddd c<opnasted 15 pavellelnt i cal

surface acoustic waveeprhpagdticomtpdehst tandmulti-mode surface
acoustic wave filters comprising:
a piezoelectric substrate;
at least one input IDT and at least one output
15 IDT that are formed on the piezoelectric substrate; and
reflectors that are formed on the piezoelectric
substrate and arranged on external sides of the input
IDT and the output IDT,
the at least two multi-mode surface acoustic wave
20 filters connected in parallel being arranged so as to
have identical surface acoustic wave propagation paths,
and
grating electrodes being interposed between each
two neighboring multi-mode surface acoustic wave
25 filters among the at least two multi-mode surface
acoustic wave filters connected in parallel, the
grating electrodes being arranged at an angle not
perpendicular to propagation directions of surface
acoustic waves.

30
12. A multi-mode surface acoustic wave filter
device comprising
at least two multi-mode surface acoustic wave
filters that are electrically connected in parallél,
35 each of the at least two multi-mode surface

acoustic wave filters comprising:

a piezoelectric substrate; and
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a triangular prismpattern being interposed between each two nei ghboring
mul ti-node surface acoustic wave filters anong the at |east two nmulti-node
10 surface acoustic wave filters connected in parallel. 13. The nulti-node
surface acoustic wave filter device as clainmed in claim 10, wherein each of
the at |east two nmulti-node surface acoustic wave filters 15 connected in
parall el has an input termnal that supplies input signals to the input |DT
and an output termnal that receives output signals fromthe output |DT
the input terminal andtt heashtpug irwpud ndIT exterdi Agash anei detpical
direction. 20 14DITh@atulatre- ABERS USH aCie agpwz&iélc‘ed&@f\i% fsbbts%atgew ce as
claimed in claim13, %ﬂgrgkn $§§p of th CﬁF nmpde surface
acoustic wave filters connected in P Fl §355 FSﬁnac?E?EfﬁaYa%ﬁ the 25
input | DT and a igrid6ia F@ﬂﬁ?ﬁé?doiﬂtmﬁlaﬁ#qﬁanuﬁg aggrngetiedot @seagh ot her

on the piezoél eataviec isebstical esudbacdhechldic e pHobagatrasqu Etﬁs“ﬂVe
filter device qﬁmplalned in claim10, wherein each of the at 3 | east two

mul ti-node surface acoustic wave filters has ground el ectrode fingers of
the input |DT and gro@n8rianr@etabder ¥shgatsesh bRénguipterp®Tedonnected to
an identical gﬁaum@thSabarthSnéﬁghwaﬂHgImdﬂﬂrim%ubféﬁQfa@@UStlC filter

device conpri si 0 r sy f ace stic waye. -
filters thaéaaréngngﬁgge&a?g géﬂﬁéﬁé EQﬁ:l% %% Ewo muygl mO&?

nul ti - node surf & 5€8u§FPBSRé9eW?Y¢t%&%?e%%dﬁ”@ﬁcﬁﬁé ﬂﬂoPéFahb?é cascaded
mul ti-nmode surface acoustic wave filters conprising: 5 a piezoelectric

subst rate; at | east ong. i npife bl Angcale & Igg%gcgnsc&gwﬂe R dhate ar e

fornmed on the p&oneIectrl gtrate ) ectors that are formed on the
pi ezoel ectric evice as C alme in clalm 10, wherein each of the at

least two multi-mode surface acoustic wave filters

15 connected in parallel has an input terminal that
supplies input signals to the input IDT and an ocutput
terminal that receives output signals from the output
IDT, the input terminal and the output terminal
extending in an identical direction.

20

14. The multi-mode surface acoustic wave filter

device as claimed in claim 13, wherein each of the at
least two multi-mode surface acoustic wave filters
connected in parallel has a ground terminal of the

25 input IDT and a ground terminal of the output IDT
connected to each other on the piezoelectric substrate.

15. The multi-mede surface acoustic wave filter
device as claimed in claim 10, wherein each of the at
30 least two multi-mode surface acoustic wave filters has
ground electrode fingers of the input IDT and ground
electrode fingers of the output IDT connected to an
identical ground bus bar.

35 1le6. A multi-mode surface acoustic filter device

comprising

two or more multi-mode surface acoustic wave
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substrate and arranged on external sides of the input 10 IDT and the out put
| DT; an input termnal that supplies input signals to the input IDT, and an
output term nal that receives output signals fromthe output IDT, 15 the
input term nal and the output termnal extending in an identical direction.
17. The multi-node surface acoustic wave filter device as clained in claim
16, wherein ground termnals 20 of each set of nulti-node surface acoustic

wave filters arg.fgg$rated fromground termnals of the other set on the
pi ezoel ectric subbtTrat®.thEE 2kenfPFradsdetaurd de o B usthicemiage tHP| 08r 25
devi ce conpri si ngera gEtezed ecfltiemsdbstuat£ce adcdigasic e HRUELDT and at

| east one output | DTé%E%to§r€h50£ﬂ8doPﬂT$J53&§ %%he@%@kg_agggtrate; and

reflectors that are.formed o i ezoel ectric su rate and arranged on

n.the ( . S,
external sides o?u?$ﬁ§?rﬁﬁﬂPStPSTw3E8 fhELRER RIS I0ground el ect r ode
fingers of tHe input lEDPieareéadingcisutdterssane direction as ground

el ectrode fingers of jtheegytpyte! DlpuB5rdP arfl ! tliefa'g.'edgn UBL€§§t acoustic

wave filter deviﬁf ng$r|3|gg - gZ at least two nulti-node s ace
acoustic wave fITter¥y fdf dPEMERRRr FRRIPICTUNREIEF iSsvogarabrel , each of
the at |east two nultirefddetonsf boet aoouliinedivave thiel péesocebaptisi ng: 5 a

pi ezoel ectric subsididare ahd aashnghe bhpstied QL and Als 18ashe008 putput | DT
that are foqud_P@rt %iQﬁgg%%keﬁ%rgﬁgsubstrate; and reflectors ? at are
r

formed on the piezoel'ectiic Substr: “ and arranged on external sides of the
i nput an i1nput terminal that supplies input signals to

the input IDT; and
an output terminal that receives output signals
from the output IDT,
15 the input terminal and the output terminal
extending in an identical direction.

17, The multi-mode surface acoustic wave filter
device as claimed in claim 16, wherein ground terminals
20 of each set of multi-mode surface acoustic wave filters
are separated from ground terminals of the other set on
the piezoelectric substrate.

18. A multi-mode surface acoustic wave filter
25 device comprising:
a piezoelectric substrate;
at least one input IDT and at least one output
IDT that are formed on the piezoelectric substrate; and
reflectors that are formed on the piezcelectric
30 substrate and arranged on external sides df the input
IDT and the output IDT,
ground electrode fingers of the input IDT
extending in the same direction as ground electrode
fingers of the output IDT.
35
19. A multi-mode surface acoustic wave filter
device comprising
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10 1DT and the output |DT, ground electrode fingers of the input
extending in the same direction as ground el ectrode fingers of the output
g a transnmission

filter and a reception filter at |east one of the transmssion filter and

| DT. 15 20. A surface acoustic wave dupl exer conprisin

the reception filter being a nmulti-node surface acoustic

conprises: 20 a piezoelectric substrate; at |east one

| DT

wave filter that

i nput 1 DT and at | east

one output IDT that are formed on the piezoel ectric substrate;
that are fornmed on thetplezoeltead mual SHrsldeakardadeakkanged: o wxt er nal

sides of the input+ 29 LRI-and. the put, | DT, an inpu
suppl i es i nput sigﬁals to ttﬁeeinﬁi?H$fﬁ%1%¥uf9§negﬁF§u

t term

"t BRRT

g

refl ectors

t hat
t hat

recei ves output signaP&cRiebmhtheétodignst tPP, m3dtineofapswrfaser nal and t he

out put term nal acexiséndi Rgvenf Ahtékenidngali sdingect i on.
5 a piezoelectric substrate;

at least one input IDT and at least one output
IDT that are formed on the piezoelectric substrate; and

reflectors that are formed on the piezoelectric

substrate and arranged on external sides of the input

10 IDT and the output IDT,

ground electrode fingers of the input IDT

extending in the same direction as ground electrode

fingers of the output IDT.

15 20, A surface acoustic wave duplexer comprising

a transmission filter and a reception filter

at least one of the transmission filter and the

reception filter being a multi-mode surface acoustic

wave filter that comprises:

20 a plezoelectric substrate;

at least one input IDT and at least one output

IDT that are formed on the piezoelectric substrate;

reflectors that are formed on the piezoelectric

substrate and arranged on external sides of the input

25 IDT and the output IDT;

an input terminal that supplies input signals to

the input IDT; and

an output terminal that receives output signals

from the output IDT,

30 the input terminal and the output terminal

extending in an identical direction.
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