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DUPLEXER 5 BACKGROUND OF THE INVENTION 1. Field of the invention The
invention relates to nulti-npde surface acoustic wave filter
2. Description of the Related Art 10 Multi-node surface acoustic
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(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 IDT
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 film 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



- 1 ground bus bar 22, respectively. The output IDT 30 has an out put
terminal 35 and a ground terminal 36 that are connected to a signal bus
bar 31 and a ground bus bar 32, respectively. Likew se, the output |DT 40
has the 5 output termnal 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
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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 to 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.



in the opposite direction to (180-degree different fron) the ground
el ectrode fingers 34 and 44. 2 Fig. 2 shows typical bandpass
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able to exhibit a very steep decline at both ends of
the pass-band area. Most conventional DMS filters have
failed to maintain those characteristics that are
expected in filters for mobile communication systems.

SUMMARY OF THE INVENTION
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
is 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
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
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



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

i nput IDT; and an - 3 output termi nal that receives output signals from
the output IDT, the input termnal and the output termnal extending in
an identical direction. The above objects of the present invention are 5
al so achieved by a nulti-nbde surface acoustic wave filter device
conprising: a piezoelectric substrate; at |east one input IDT and at | east
one out put | DPutthut tmmmifrgrlngdthain tdee ey ombttput i signddsr irem ahd
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1I‘O ilter degi ctgl%%rr%rc ?‘éﬁeﬁ%ogg) tyl gagfﬁ‘#zij'%n@% i‘%un%ges u?#%@%glgc‘g%i%i c wave
filters that &fdteredemics [opmpgrimdargsd a iniqrealectrieastbotrahe; adt| east

two nul ti-nodeeastr baee iagRUSTDT Wave ft |t CGHP o Sip\%e FoBOhat
pi ezoel ectric %ugét rrat%é at Least, one.input. 10T.and at  |east one output
IDT that are PSFNEQTBIRY RE B PE&ZEGAC SithstHREEaT%H 1¥ ors that are

formed on theefilezbekrscthiat suwkstficatredamt ahreapgszaslextetoal sides of
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that are el ectrical The cobppeetedjects of the present invention are

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 on
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, each 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



in parallel, each of the at |east two nulti-npode surface acoustic wave
filters conprising: a 35 piezoelectric substrate; at |east one input |DT
and at |east one output IDT that are forned on the piezoelectric
substrate; and reflectors that are fornmed 4 on the piezoelectric substrate
and arranged on external sides of the input IDT and the output |IDT, ground
el ectrode fingers of the input IDT and ground el ectrode fingers of the

out put 1 DT being connected to an 5 identical ground bus bar. The above

obj ects of thenmprdsemntidanedradton arsibsiotd tey exhdya aranged - ondexserhadte
acousti ¢ vave dilddsClor e ARATRHS M) And ARpULOLFH 4B Surface
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of the at | eaStleChEoRs fiingsde afuthednbusiilT and I5eynedreleshprdsing: a
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| DT t hat e f.or th pi ezoelectric substrate; and reflectors that
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reflector bei fig'irFEeFRBREASHEONEEN LERS Talt WO UM b |1FHE surface
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piezoelectric substrate; and reflectors that are formed
15 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 common
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 objects of the present invention are
25 also achieved by a multi-mode surface acoustic wave
@D 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



| east one output IDT that are forned 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
mul ti-node 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 nei ghboring
mul ti-node surface acoustic wave filters anong the at |east two nulti-node

surface acousﬁkﬁqM¥nﬁeSibaknqsinnﬂnpnsﬁﬁibeqwaenleﬁchthmograting _
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directions of surface acoustic waves bove ects of thé present
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devi ce conpri st‘irlgea-ts lceasie dtwal n tpa-rlmcl%]J,O Wf@&ﬁﬁ@tﬁlé@tMGsfl Iters
that are etec e raII ch | east two

mul ti - nnd% s%r eaggghgggﬁgﬁhgglg' ergéinﬁﬁéhﬁQé} éiafa%%zoelectrlc
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cascaded nul t@t least one output IDT that are formed on the

15 ©piezoelectric substrate, 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 comprisiﬁg 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



node surface acoustic wave filters conprising: a 30 piezoelectric
substrate; at |least one input IDT and at |east one output IDT that are
formed on the piezoelectric substrate; reflectors that are forned on the
pi ezoel ectric substrate and arranged on external sides of the input IDT
and the output IDT; an input 35 termnal that supplies input signals to the
I nput IDT; and an output termnal that receives output signals fromthe
output IDT, the input termnal and the output 6 termnal extending in an

i dentical dir d@iomallexttdhoinobircdrs bdenthibcpl edbnecthornti on are al so
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above objects 0 esent “i nvention ar

filter dev1ce comprising at least two multi-mode

15 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; 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 one 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



al so achi eved by a surface acoustic wave dupl exer conprising a

transm ssion filter and a reception filter, at |east one of the

transm ssion filter and the 30 reception filter being a nulti-node surface
acoustic wave filter that conprises: a piezoelectric substrate; at |east
one input IDT and at | east one output IDT that are forned on the

pi ezoel ectric substrate; reflectors that are forned on the piezoelectric

substrate and 35 arranged on external sides of the input IDT and the

out put | DT; arreqegutes erutimatl gimtalspiiorest hepottpst gheTs thet hepuhput
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out put I DT, the |nput termnal a he output termn extending in an

i dentical di r édandrcad BRITSCIIOIGRI PTI ON OF THE DRAW NGS Ot her obj ect s,
features and advantages of the present invention will become nore apparent
fromthe oll\ygg;dﬁgdﬁfﬁyi %ﬁrl ead in conjunction wth the
acconpanyi ng strates a conventional

doubl e- nrode SAW (DQB)le?-“l pbéﬁCtISbg feptairems anee ashvardages f cthef t he
conventi onal @l\_@s@nltt qrnv%hh@%d rwﬂllg belorfd Grorde 'Aﬂp’éﬁé@é egromDiMeefi | ter

device in or dance, of r enbaodi nent. of “t'he, present |nvent|on
Fig. 4 illust F%tclgf? w3 16; P?t% H’g(ﬁdf P on Hehen jreq 21'1’50%‘?% CtEPg. 5
i | lustrates awsdébomtienmadicompaniyimgofdrawengd) fiirr sthisrtbodi nent ; Flg 6 shows
the filtefgcharact eﬂﬁt' SlﬁuEE 2 %Q”‘ée%h the@?{%f 'dotu% imddd- say and

the DMS filters of i rst |nent an st an second
nmodi fi cati ons:(PMS% £ e?fshoms the results of 1.9-GHz-band

Flg 2 shows the characteristics of the
C) 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; 4

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




simul ations carried out on the conventional DMS filter of Fig. 1 and the
DMS filters of the first enbodinent and the first and second

nodi fications; Fig. 8 shows the results of 800-MHz-band 30 simulations
carried out on the conventional DMS filter of Fig. | and the DVS filters
of the first enbodinent and the first and second nodifications; Fig. 9
shows the results of 2.4-GHz-band sinulations carried out on the
conventional DVS filter 35 of Fig. 1 and the DVS filters of the first
enbodi ment  awd the fdonsternancbredc M fiddiefx aaft | By, Iﬁ@pdlﬂhshbms

st andardi zed fd;ht c r e C nuent filter of .
Fig. 1 and thf Ig)z}_\ %%te félsztét %mrbgztdlerﬁooé(;earrrgﬁt andﬁ?}ﬂe first and 10
second nDd|f|é&FPGﬁsmoﬁﬁ§§ca£}Rnﬁhrough 11L show wiring patterns that 5
were used in experlggggs &QA theop@aseum bthHWﬁﬁlng‘@aitéﬁhsﬂuwwtthe

filter chagacteristic rst £ di and t second
modi 11 cot roagWeEE” bR, I Wbl WY LG ddlens B8 350
t hr ough 13C i | | ust rBig. stRushawesthe filtehi chafacters sbtiashe i ddmd

nodi fication @&%sﬁoaﬁﬁeh%%edﬂWéﬁﬁ%ﬂﬂéﬂfiﬁs@cgﬁadgeean|hbdafyaaﬂyéns
enbodi nent of |nvent|oqﬁ g shows fi ter characteristics
|

di f f erences Héﬁgeagﬁy Ff?@?éﬁ&é? i |9%Hﬁﬂ V#r¥§9% ers 15 connected in
paral lel; Fig. 15 shbys.th2Arehpbtighol3€i dllasitaasec atmuet urms xnlthe

struct uregy ShQY;"H_‘ch”fﬂQéFslé‘% tReowaR 1 3G, odl:l'fq-cajtg-cﬁ'h%p\ ‘?’%

filter characteristics e structures 13C

20 Fig. 17 ilLDsppagdded #PI?§F°§ﬁP9§FuWétPna Iﬁﬂ?qﬁxmﬁqﬁt

enbodi ment of thBeppeegennt invBeAbNGN;, Fig. 18 illustrates a nDdlflcatlon-of
(EF filter 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;



structure shown in Fig. 17; 25 Fig. 19 shows the characteristics difference
between the structure with uni form 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

nodi fication of the third enbodinent; Fig. 21 illustrates a filter
structure having a prismpattern as another nodification of the third
enbodiment; 35 Fig. 22 illustrates a filter structure in accordance with a

fourth enbodi ment offiighe 2% eddntst Hateentd eomphrathe &&npleisimat es a

conparative exgmhe h{b dhigch t eacsxgeét ¥ ,ﬂ.;,_at?%spﬁé Ff{';[EgﬁPwﬁoﬁhé&

connected in parall are casca 0 eac WS t e filter
characteristidd pRradd el grpudas@arditRRadhPEMr conpar ati ve exanpl e;
Fig. 25 shows stand@riql zad fshlower tearfaqited %Héisacﬂérilélﬁlcfs)twﬁ ht legrbodi nent
and the co a illustrates a filter structure in
accordance§RA %%rﬁﬁﬁaﬂﬁﬂﬁﬂﬁnﬁhdzﬁkﬁtﬁ?ﬂﬂiﬁﬂﬁﬁve]fﬁ?mﬁéﬁtlon Fig. 27
shows a conparlson Fapwe@d tshewscisdeackadigeid £ idft ¢hecHanacte st srent
and the (c) egfarae! et erloditert fady edﬁ@daaﬂrf%graﬂee Sampleptrates a

filter structure in_ 15 accqrﬁance wth a sixth di.ment of the present

invention: Fig. 29 Eh8ws<% &&rﬁéFFéGﬁsbétﬁééﬁthé UeURE & stics of the

fifth enbodi maetoaddnicee witharaadtiditts tand difmerite «f xthe epbesiement ; and 20
Fig. 30 |iéu355ag§§l% duplexer in accordance with. a seventh enbodi nent of

t he present inven

Fig. 27 shows a comparison between the
characteristics of the fourth embodiment and the
(:) characteristics 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 understood,
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 theAinput 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
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The followng is a description of
enbodi nents of 25 the present invention, with reference to the Ot
acconpanyi ng drawi ngs. It should be understood, however, that the present
invention is not limted to the follow ng enbodi nents. As described in the
Description of the Related 30 Art, the conventional DMS filter shown in
Fig. 1 has the input and output termnals arranged at a distance from
each other, so that signals can be prevented from reaching the output
term nal fromstop-bgnd supprewdion,anidt timtnateral ope bd@sligupdr essi on can

be i nor eased. g¥t ML SRRETICAN Ve e diDlin AgoRTS ARt NelENcRe MRNNer

that the input, termnal and the output termn are situated og osite to
each ot her. TN &e@infd And fthsp- BRI S JppF R brar¢ ST uUakedral to
design a Surfo@xp@sa’ﬂm,lsid eamy eottdd.er onn tmch:oaatrmmr ﬂﬂmtmwmtdmut

term nal agld rfet%lét @ali:l se rtmg.q{i‘}erfc[] nS'r&a"@et ea% 1 %ﬁéf@etgtl?é}zh lther

the contrary, the present” T nven |ntenS|ve
study on a DPMSf |fIJ¢1€treI'| nmvmmraran rirnnu'ct drgpminabrandmoueRptPutt er mi nal

are | ocated clt@&ﬂuhcale%% AlRQted A osed HMradn |d&ket ) Whé ch anpusput
term nal and erm nal ,are adjacent to e ch ot her.. To be nore 10

specific abou? % arlrnal‘?' oA NPRE | inal And an QHERYE out put
term nal adj atemrminaleacte ethercentheéo iegmit didrem nalTo e swpgd yi ng i nput

i gnal s t0t Ngpbatt OBECHENAS ahfdiorta By AHE LAY, Ao ienatit put

termnal that receives output signals Tromthe output DIs. In this

case, the gro@RE &P&couEdEtf tegadads adiegaijuttq e s%t}é%-"c"en"&"?n the sane
direction as thputgreuwndnalledorodapplygeis iofputhesigngild ddTshe | inphe

r se of theBRqéUgéétgﬁ‘a% 99 ttlﬂ%ag g‘%e 1rer2:\4:3ﬂ>tr{ oy S odéB’xﬁ?t ors

anuf act ur ed I'ters éach
terminal that recelves output signals from the output

15 IDTs. In this case, the ground electrode fingers 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. 1In Fig. 3, the same cdmponents 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. 1In this embodiment, the
ground electrode fingers 24 of the input IDT 20 extend
in the same direction as the ground electrode fingers.

- 11_



20 above structure as experinents, and observed how the filter
characteristics differed fromthose of conventional DMS filters. Each of
the followi ng enbodi nents and nodifications has the above descri bed
arrangenment and structure. 25 (First Enbodinent) Fig. 3 is a plan view of a
mul ti-nmode SAWTfilter device in accordance with a first enbodi ment of the
present invention. In Fig. 3, the sanme conponents as those in Fig. 1 are
denoted by the sanme reference 30, nunerals as those in Fig. 1. This

mul ti-nmode SAWA fard erd it aHav®UtiguterIdTmt30msaraah 40hut IrDPAe@ANd  out put

| DTs 30A and Mdﬁefér%ctsqrg%abio a%&%&@afm%&cé L@'@ St aéwglﬁbéet i pges

formed on a plezoelectrlc strat . are provid t he external si des

of the 35 out gt SPBROBIR Fhe e |qau%erﬁfsl<é}m|mtﬂ$%l gtechyode
el ectrode fingamngyeds @‘3 tahﬁi I4ﬂ?pldf B ZutpdutenrbTs R30Aeasaneoni remttmn as

t he ground;el ro 34 ane u DI, A and
40A. In ot er(%%tl %‘% rfaljtlnel ectt odet??ﬁlgneér‘{s]eé% o?u%rﬁé Ttod ut DT 20
extend in theI@a'né’Odlarne’cttlf@n oAt ptute t@@rmalelft&:mf)d'ehefmhwfs BBTand 43 of
the output | DEpa3@ngandat@ateWd Rrd tH Sadd aige@iion tdyed idwpeit term nal 25

of the input _IDT 20 and t he output te t he out IDTs 30A and
40A exteng i n2FA&cERte ta rESH Sﬁ%zfﬁf igkegajs&ce%et 8%‘&&’031 HERNAL Kew se,
t he ground teR®i rdl th26 ioputthd DIn@2Wt andl t2He agnbur‘rda tgsmmual esénofil 36 of
10 the oujput ¢hRTs. 384 andrd0AXLER oh (4 ST dfedldmn and are

in

adj acent to each oth ter was produced, and
the frequency éﬁ&Féépérﬁ§9|é§e|ﬁdﬂﬁ§eﬁt91%}ﬁ?QEﬂuP & neasured. The

rreasurenent reSU|tSTﬁéeDMBO‘ﬁ/ﬂlt@rFlsﬁowﬁ ih5Fike abseisspromdiced,n dd). 6
QY. eates 1 emEne LBEy ol BRI Y B, SR e o
measured. The measurement results are shown in Fig. 6.
15 The abscissa axis in Fig. 6 indicates frequency (MHz),
while the ordinate axis indicates insertion loss (dB).
The aperture length W (the lengtﬁ of the overlapping
part of the adjacent electrode fingers, as shown in Figqg.
l) 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
pass 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
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part of the adjacent electrode fingers, as showmn in Fig. 1) is 80 A Here,
X represents the wavel ength of 20 surface acoustic waves. In Fig. 6, the
broken line indicates the characteristics of the DVS filter shown in Fig.
3, and the thin solid line indicates the characteristics of the
conventional DVS filter shown in Fig. 1. Wth the arrangenment in which the
I nput 25 termnal 25 and the output term nal are adjacent to each other,
the steepness in the rising region and the declining region of the filter
characteri sti c3itgngatiBrs i 3 easbdi U thDUE1g npdemceher prazehlagtréonpar ed

wth the CO“‘é‘%iHétC}:Qaaée fid,! & Ghpldd E‘édn%ﬁdr?s% Lo & At &Fm DY a 3026RE KNI N 4

solid line. Al so, e insertion loss in the ass band decreased. Fig.
il lustrates a % ‘nodi fication of the first enbodinent. In Fig. 4, the
sane conponents as Ftikosé iha\mstimtlésga I evondlenuaiiefl dat idre sfinehe ef er ence

35 nuneralg a S 1 ot & e t he
gr ound ter?n n§| L‘le% %{db%dgn%r%:ut FBT@% &h s m|%3Q:co nerﬂ?trﬁ{dsgto t he
ground terni n&hoze ehomie i Figu ﬁJtan@'Pkﬁl’m%‘hV 4ore o3ame grefesanefe
pi ezoel ectri ¢ nusehallsata® the %brtx’@%t phPHEhdE e i@l N3 nal126hd S

formed. Fig. I rate g sec rmdlf cati n f the 5 first
enbodi nent . Iﬁ)Mll§ fié ﬁ% §'gas % %%%d BugiBars are
denot ed by t héZ2sarfe thef arn@rmd;e ID‘IUrﬁé)r dlss mndts:ecd)rvestﬁwcnr@umahebusn Fig.

3. In the;o DMBalisl Bor %V'&Go%h@% gty 7d MO GASoREhe 22 Of the
I nput 1 DT 20 |§ connegte to gro&ng‘%us 10 bars 32 an%'& of the out put

| DTs 30A and BBRZ8FLERETIS éf&élté@ttﬁ d0rs @sstihate 2 EomRen HgFound
ground bus bber222ai §sf dormed.(c) In the structures showmn in Figs. 4 and

e, "o % Phe b HIESLERY! sy 20 3512l Whd 1, ko oround
v ground potential of the input IDT 20 is equal to the
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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pi ezoel ectric substrate 10. Wth this structure, the steepness increased
further, and the | oss decreased further, as indicated by the bold solid
line in Fig. 6. Fig. 7 shows the results of sinmulations in which 20 the
1.9-CGHz-band filter characteristics of the first enbodinent and its

nodi fications shown in Fig. 6 were reproduced. In Fig. 7, the thin solid
line indicates the characteristics of the conventional DVS filter shown
in Fig. 1, the broken line indicates the 25 characteristics of the DVS
filter of theelguadt orerdhedipiEHdoedfemtaria stlgst htearkd t hes bshowsoind |ine

i ndi cates theggharagteristdi c f eddBd iy t | f t

shown in Figs. %% ?]‘ % d?'r?észth% st‘%a |onJrer{s é)é ﬂ?rrf'nrctl;%)vg't héil?é {:R?h t he
i nput tern nallos5 &SeErsasese ther -t er mi nal 35 belng adj acent to each
other (extending imnhkbe §aﬂi_a1dtriaﬁt re’lil tha ret @amiasy itdb tdee rising

d. the_ decl, f t filt h, terist h
Gr st or { i ERECELBERTOTE Sttt AR RNITHRE Corkertd TS o£3 RRUre. The
35 insertion kudsabiet sémpded ilvandtedhool decy esssll. inNthe simubaticnsre in
whi ch the groypd EQR@”E ﬂ'llu“ftaql, o%h‘ﬁlet'hwtwalsDEl?sQJ %dr fa\f%oégpéﬁlé%s 30A

and 40A are al| 13 ual on the pi ezoelectric s own in
Figs. 4 and 5th?h£1§F§ pﬁ§§§apﬁ@Fé§§éGsf&Ptm&he§1 QQR?nq¥mQ? r eased

further. Thesandlnhbaéfﬁectesuﬁtah&r@r&s@mkauﬂMéﬂﬂﬂbﬁidnqﬁﬁenent resul ts,

and t her ofpr eepblalpepdle te Y che $YeLANE SN LIl yag. used in

the sinulation so use Cul ate
the filter chBi@et8rFBewesthe éﬁﬁ@ﬁtﬁr@éﬂéﬁ@yqaﬁﬂk%atkﬂnﬁt¢ﬁ¥%ﬁ¢%cts of

the present iauenbhOﬂh@nfimeeieOcﬁa@é@%@riis%tﬂ:%s ilnh dre doeauenak@nds were
m ned. ? ? ons tge rg ulgs OL ;he %3 Iatlons carried out on the
ter char actBPFstPcRLFANt HESBOOPMIPHAR & N SIEHTREAF $ 9 Srobi | e
t el ephone confrugi cat sbows the results of the calculations carried
15 out on the filter characteristics in the 2.4 GHz band
that is often used in wireless LANs or the likes. In
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. In the
calculations either in the 800 MHz band or the 2.4 GHz
band, the steepness increased while the insertion loss
decreased with any of the structures shown in Figs. 3
25 through 5. Accordingly, it was confirmed that those
@B 7 structures shown in Figs. 3 through 5 had the effect of
improving characteristics in any frequency 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 f, of each filter, and the ordinate
axis indicates insertion loss (dB). As can be seen
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Fig. 9 shows the results of the calculations carried 15 out on the filter
characteristics in the 2.4 Giz band that is often used in wreless LANs or
the likes. In the actual calculations, the electrode pitch, the aperture
| ength, the el ectrode thickness, the bus bar wdth, the wiring patterns,
and others, were 20 anal ogously enlarged or reduced, so that the center
frequency becane 800 MHz or 2.4 GHz. In the calculations either in the 800
MHz band or the 2.4 GHz band, the steepness increased while the insertion
| oss decreasdaon tFiganyl 0of tthiee citamecttierrdss tshosvimpr ¢ gsg Sf P&ct hobugh 5.

pocor dingly, holPScUHld Wb ddiated RS S UL £% AR §1gs. S

through 5 had the effect of I nproving characteristics in a regquency
band, regardf€§® 4N amy daeamencyeddtby tFIadiess 12k rthei 68N shows

filter characteegseney dratassr €i13@abt ai ned by standardi zi ng
Shown 1n H g, 6 usi Dot REoCRREEF PFedTeaty Lo i NS br®™® it h t he
above observafiiost ewbogimekén ang dtscoesiiddcattiioms,| i R g. INcreases
absci ssa axi sjhngheakeeepneisaRRY UettdaldedUs Dhd /ffsd edon S159¢ Ml i zed
with the center frequenGy fo of each filter, and the ordinate axis
i ndi cat es ins@?Pigﬁ gg§§lP&§)P°ﬂs° y H&tgeéﬁebqu%Qﬂn#ﬁ¥ﬁuﬁﬁ,s??ﬂp
characteristita Fipsovdngheblight 50f butaall saf wilth sinwcifirgse shibomingn Fi gs.
2 Lo Su\E ! TayBER, LAGARY i SUUGICH et g sl i g
first enbodi nehronsl L% mbarr twalvensififexent] ndrdagedayeprthe dfeepness
) e cezeseho b aaeclianl auossyhe gkttt 1
£ Byouts sroMRE LA pooenPeT A% RPbdgh b1 Eherigent 2hT A doe Hitiow | "
twel ve differearmihalagthayoueseive output signals from the output
15 1IDTs extend in the same direction through 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” only 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. 1In 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 abovef 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 not 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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each of the wiring layouts, the input termnal for Q supplying input
signals to the input IDT and the output termnals that receive output
signals fromthe output 15 IDTs extend in the sane direction through the
respective wiring patterns. Also, in any of the wiring |ayouts, the ground
el ectrode fingers of the input IDT extend in the sane directions as the
ground el ectrode fingers of the output |IDTs. The input wiring patterns 20
and the output wiring patterns are denoted by "IN' and "QOUT" only in Figs.
11A, 11B, andeff€ctisutoft Hecreersdingt istreepmes Drand ete¢reasien®t her dr awi ngs

for ~conveni engeesaken |l'?>s%n¥1eq:fe Ubeca"ﬁr{édqgulta}y%& dfehé NPUitdEEi NG

pattern IN is interposed_between two output wiring patter

Figs. 11A thr8dghigsl, 11fh&hramsdy %%LEHEEﬂFoHéoﬁﬁﬁg PaﬁalF?Q%ggi%§§n each
i nput | DT, andf6 a5 simaldaci fdeiremice Dh ﬂﬂamm&ranPmaydununxheﬁs&mectrode

finger ai S n inte {%P%
el egt roge Etgl n%éra?ggtﬂer?gtl%s qk\gﬂfvmngzgftf%%%elcra]%ﬁ;ﬁ Iﬁﬂ% to 8 in an
out put | DT, ﬁléﬁaﬁpBQChAh?WG@@ht@@tLﬂ@ﬂﬁwﬁﬁfﬂ#ﬂ?l(ﬂQﬂmﬁﬁﬁ OYERURUNber of

el ectrodes th@terﬁmﬁaagt dahklhdiegplioy et Bagacidedtiod £f | ectors is several
tens to sever Fll%irs wer e produced according to 35, the

g hu d& g
twel ve |ayout $°Ef8 RPRAJ@ENEI A t hrough 11L, and the characteristics of
each of the filtersAweeeohicembedanaatedf The praiseati dmveadulars wihlched

that the i RbLepkodBLeiBLals! feoLeeanasgnBBdiiBatorsing | nsertion loss

were obtalned wth eac ters s. 11A throu 11L. This
proves that, PEHUFHPESsthEE &a§n&PFr6P§FeF@ﬁbéFQ?Hﬂﬁ§%M%q § ayout, the
sane 5 characteclshing lrmgliow b ehbedtidtean dharadtaniet ved mofe |l ters each

@00, he By enginoh oA ElR B bbaRHE 1 IR Rl sare
will insertion loss even further. Changes in the

15 characteristics were first 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 22A). 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
defprmed,‘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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10 now be described. The second enbodi ment has a structure that can

I ncrease the steepness in the declining region of the filter
characteristics nore Qthan that in the first enbodi nent, and can reduce
the insertion |oss even further. Changes in the 15 characteristics were
first observed as to a structure having the input term nal and the output
termnal adjacent to each other, with the aperture length Wof each IDT
bei ng varied. The electrode structure used in this experinent is the sane
as the struct goansictwd iim 2@rEildels, RavFagsa 3Bar e(lhr@mhlnd%us ther (the

conmon QVOU”@M%U%JR rz%)ownﬂi% %%f“s”“i@ é.{s%%!“ g ratfeSAPUT LUk Fig. 12,

Fromthese results found th t he eclining re |o of the fﬁlter

characterlst|&§naﬁhtﬁé ahP@@ fhddgendP Osi (hawy e k hn whic
| ow f requency idbeslatiecafatichting aBemhum&dﬁﬁaﬁ|WﬂMhsﬂhﬂthﬁktwmd that the

st eepness 4 n cli nin S er. e e

| ength beé%neagﬁgqﬁ h lfhged%%a e ofﬁ(%g C araggﬁﬁﬁstlcs d?bégfniéﬁe pass
band was defépﬁﬁﬁurandengéhlWbeﬁbﬁoﬁDﬁxﬁi%ﬁﬁﬁﬁﬂ%ﬁﬁkﬂx@ﬁﬂﬁﬁ#témpths i's
because an |EﬁlgbeﬁbeeﬁbgtUVNC%EaQt%a%&q gihRar Qpm tYaSy Ca?%%&e&bf@he

decrease of t p ure Iength a resul ed in t/out | nce
n smat chi ng. Q g ﬁ&é £hitEepFobPEM Vlﬁﬁé& c@ﬁﬁ%ﬁﬁi ?ﬂé%k Pﬁﬁé@
filters havingftbhesapersUrecﬁangshaW are efledtasiealdhowvonnedies. i

through §gier §aeamnest edo! Bnger shkekor sl Auectibdyiauah e s exarml es

of such DMVS filters connect e roug? 13C,
the DM f||t€?08ﬁ8ﬁneHHa¢|§° ShPse&§€Gr°§FaFH§ 5&@&9ﬁ§9nQQuﬂﬁrﬁ M3 DVB
filter 100 (shoWeknh&vrgngl8Ae bpewiiuek lempgeHamwce BRt dbihng is®,mai ntai ned

h the aper g2 Lenglboths Ledugedybo Ll CN baivag s ialgasrg of the

erture |l eng I C cap citande “also becomes 1/ N of
|ts ori gi nal kR@hegtyma¥hereppesture lengths, and a great steepness

15 can be achieved in the declining region of the filter
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—bénd~filter
having three DMS filters 100;, 1002, and 1005 (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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N of DMS filters each having the aperture length of 1/N of the aperture

| ength Ware electrically connected in 10 parallel, so that the total

el ectrostatic capacitance beconmes equal to the el ectrostatic capacitance
of a DM5 filter having the aperture length W By doing so, Q inpedance
mat ching can be maintained with DVS filters having smaller aperture

| engths, and a great steepness 15 can be achieved in the declining region
of the filter characteristics. Here, the DM5 filters to be connected in
paral | el shoul d preflbealfirgquencyt tbagartegdss ilgand thed OME DN dfs ters

have di {1 er enispass sbandps SAUA WroRARSCTle ApPRASLAPed henpass bands.

The inventors 20 actual|ly manufactured, as experinents, 3.1.9-G+E-band
filter havi ng fERIUSISYs PaREss ofder ft@mdde (N ity B3nd cthnkle e3P Me
paral | el , andmanoklensl.i9% @ie mithIaticis slewvnginhFegsDVE ftihidoergh 19D01r
1002, and 400 N_hei : nn ed.in. | ].els Qﬂﬁp ., R 13B and
13C. .25 he%rh%sSgﬁgﬁgfa@é‘\?g’%uzﬁ%%n%ﬁa _el%?r’]aotdntqslen ?’ﬁ}{ers al\ir]%Z ﬂé o?/m in
Fig. 14. As t Badniihiser -4f CHYSbRINd ers igorther tsddylptpans | showecke | ar ger

the aperture [Fegglh70khedughDV¥5 fanld @heD e tITHId R sk diteia Bl gepness

i n the declini region of the filter 30 characteristics increase
'accordingly.tgﬁeﬁa Cof SDVBE FESHdES gé;ﬁﬁlﬁﬁﬁﬁfﬁrFﬁﬁﬁiﬁ SUC R
aperture | engthe df 9cGdls beBdf.i | The bitwabetidh obsulésorirg sdlowapdmt ur e

| ength Wy @ndgtge myr.rbEanfiépTlsl, eEBéOQBSE{-ngraR%r §ndeeatas tiplied by
N. Accordingly, "the I DT resiStance 35 greatly decreased to 1/ N2 of the
original |DT Stardardhzed Azegquessyl ¢/ phe2RdsEhei rdipategpsds v

decreased. 17indheateesqiiaseytdbar doker i(aiB)cs Dhet balbikatiibheresudftewn in
s, 13A thropgh, 436 wenecal ey ahed ele fipRNCIRL NS, PLAR Lhan the
. n € Sane_ e as I n e sinu 7

GHz band TRt : nner a ati_ons shown in Figs.
through 9. 5 grXeeEamentadi BMS fdd&exsrriMareusreaifheaddy  vas BASd

15 number of DMS filters connected in parallel increases,
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.

@D In Fig. 16, the abscissa axis indicates standardized
frequency f/f; that is normalized with the filter
center frequency fo, 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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and the 2.4 Giz band, as in the sinulations shown in Figs. 7 through 9,
and the results were substantially the sane as the results of cal cul ations
carried out in the 1.9 GHz band. The sinulation results are shown in 10
Fig. 15. In Fig. 15, the abscissa axis indicates standardized frequency
f/fo, and the ordinate axis indicates insertion |loss (dB). The cal cul ation
results (c) are very simlar to the experinent results of the experinental
DMS filters. More specifically, as the 15 nunber of DMS filters connected
in parallel insonegsdsd time parsdritelowillds Peleryarhsas , amnexahpelet eepness in

the declining redi eagol 1hNarbids! ah GhaGRGRRidrt! iitye (A GARER 2 N6 | cads

to a conclu5|onah | ters ,.connected 1 n parallel exh|b|t the effect
of inproving SHefilesdr POsSibdEefidiieds SiFemy f’Pe(?HJesncf)}]B%%ﬁf 19%gar dl ess
of the center ahdeqO®acyref addagheBVBof Bkt €b. hakieg t hk6 saln@VSAW | t er

characteristi e y st [ i t c eristics

| mprovi ng 5 f% F %%FW%E d%%ﬁé#ﬂ1t§$s §h§§%ﬁ ﬂ é f%%r qt 25 center
frequency of PHEVERBf betaesnydihey tiee DMSarfdd-rt@rﬁ N anFB 10t0rze absci ssa
axi s indi cat eghsbapdandnz @@ r1leicReeney sl d had d cdiridml igereatdh the

filter center fr uenc t he I nat I.s 1 ngdicat I nsertion
| oss (dB). Th&° Eh chg |b&§c lqﬁﬁf@vqﬁ§136naf€§8?s gf'%ﬁm$ iFters
connected i n parahpemeate $benarwiat ko ff ionkeere fdfechor foaausncabaahd,
regard! esg of ahBethee Rl Tk el! 819RNCUNObe?dBdeld Hoodrdlidgh FTbad! ent )

Next, a third enbodi pent resent jnvention be descrlbed
with the filter arr%h%en%%tléiug PAtes| £BesSEEHRENTE At B AN 11188 ng one

of the featur#s.whioht bRef éwboBMSg fiadtetrsualre & fianiged tsw 43 [ Herisadd

(@nected in ﬁf{segksht%{m BEoHsgd: 3530 £XATP! BcFlnnlp SUGYRC

rangenent t can rea t possi Per *§irz8° o DVB
filters 1001 70 is divided into two reflectors 70A and 70B. The

15 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. 18. 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 Dband, though the two SAW filters exhibit similar filter

e@ 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 100,.
The diagonal grating electrodes 71 extend in a
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and 1002 are aligned so as to have the sane SAWS5 propagation directions. A
common reflector 70 is provided between the two DVS filters 100, and 1002.
This conmon reflector 70 serves as a common reflector for the two DVS
filters 1001 and 1002. Wth this arrangenent, the area of one reflector
can be saved, 10 and the filter size can be reduced accordingly. Fig. 18
illustrates the structure of a SAWfilter in which the two DMS filters are
arranged so as to have (c) different SAW propagation paths. The conmon
reflector 70 dirdicvidednont perpendétcdatrots e &AW fipadest ildn ref | ect or

70A serves asgy ?FE@EE%%t °r'OEOEoﬁﬁDyngll%?oéﬁig%%héM%% éggafeﬁlector 70B

serves as a refléctor f he Teflectors 70A and 70B
are aligned PheEheopgespendheutihe dirgenabnorating sAwctyeregsgdtli on

direction. 20pkhd. th8 Shﬂ"‘@rbbﬁgﬁ'ﬂ@bﬁcbﬁﬂ:h%tl%%ﬁadé“%c%’é’tfd'ﬁﬁe@f Fig.
17 and th characterlstl filt seen

fomFi g 516 SFRePTENENEEe trel Ba s nch et Fof somnel® re¥1aBE ST
spurious peaks on theel sterhctguenc§ theeSAW fhétpassh@ynbadmd Fighowdh t he

two SAWT | teﬁéseéh'tk?h% @hmagr&s}nt gatt%Q%r e %rdlsitd tt%)sw' ous peaks
are forned due to_ sur e acoustic ves reachin Oﬂ§¥ #ﬁ ter
t hr ough t he cbﬂﬁﬁﬁeréfFSEQSFt?G T9RdPRFYRENC dhse Mo fenhtess | der to

reduce such sandi D06, peaditen bh&eﬂﬂW@BMhﬁ1pnksmﬂpﬁtﬁbﬁﬁrD@Iuswsfabat can
brievent 4 f 3680, BE0USkhGLLOUES BLAR, BOS3:00.LNUAN iy an s of | ect or

70 of Fig ese struc ures are’s
structure smimppﬂgFFQOHZQPﬁaé:&%QﬁQﬁﬂ#ﬁﬂlnraﬁﬂﬁéaéﬁeéFPB§§§C7YaVﬁ§lde a

common refl ecips EQAvéﬁté@e@rbﬁepta\A@ﬁl&Btfuﬂd 15 60 lcamflonOfefletikor.
gQagonal gran% gﬁelecﬁrodeE z%e %gggthgeg 1 ow%l&%p 1%% n%t pekpqﬂplcular
the SAW priop
spurious peaks outside the pass band 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 also 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 denoted 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 output IDTs. The DMS filters 2004, 2005, and
200¢ of the second set each has two input IDTs and one

- 20 -



direction (or, not in parallel with the reflector electrodes). As the

di agonal grating electrodes 71 bend the SAW propagati on paths, surface
acoustic waves 5 are prevented from passing through the conmon refl ector.
The structure of the SAWfilter shown in Fig. 21 has a triangular prism
pattern (a solid pattern) 72 inside a reflector 70B between the two DMVS
filters 1001 and 1002. Wen entering the prismpattern 72, surface 10
acoustic waves are bent by virtue of a difference in propagation speed.
Accordi ngly, suwtfate I&TousThe wapes Iare pifetvaert OMSH fdhteassi2fPq hr ough t he

fl . ' ' ' ' 20 and
21 Spuri ous 0Qaks T 20 0 Tha e e “bek e CBaRIBEE D) Bhe 1P 71

smal | -si zed f PLE@utc IRTHe ofedihiez OYS fid tatss 01 n¢dfei 0ANEaR 0B PEadily
applied not enky figsBVBeki hiiar sopaeh E\Gnd angmdé@d. | DT and two  out put

| DTs, but also to ti-ymde, SAW I rs h hayi f anpl t wo
i nput IDTé?and thrgghgupggt?ig@FEﬁs%bﬁﬁérZ@gsz%V¥dﬂ%& éﬁ%éﬁﬁ%n lé%ﬁN
filters that sexhhbive kowommear giromnidodsess ke %lt.cefheuground

charact eri sti g3ectiEodbt 1 FEROdI BRNEh M2 il Sicdtase dipier ItsUCt Ur e
in 25 accordance wth fodrth enbodi nent. of the. preseni, | Vinvention.
This filter s?PGcFU?eeﬁﬁEF68Q§ f%ﬁg@§§c§5é&hgﬁﬁgyd§nsﬁ%éﬁﬁFQﬁr filters.
In this filtethesfinetusetr eatknsletrbas ther eomilds fgddurd mosirisat e@ll i n
parallel ;Wth, : ets d fhhhers 0 e - band
suppressilodrﬁv cgﬁkgglggl‘ggét D@%ugﬁzggqghgla%?hrggbﬁvsa?&l %%@% %# 0@?1% first

set are denot 88chpd petehaneeangrBERans 9xoond 2ue2 baghP2r00Thewginaainde

three DMS fikleegrofet Agngegendfsehediapd@nqDad Rnd afiry enpputhunpral s
4, 2005, and 2?&6. Ihe P'c\>/§ fifl.teres 20 1*t 35 %002, aﬁr\%ZO 3o osf the first
t each has oh8 FABUBIFBTICdRALERESES Sdt TRETSOMHR H{T%%%E Shos,
2005, and 20BBeotethndseetneéxsendedatorhashea voormpnit groTsdabdsobar 92.
15 In this manner, the ground terminals of the DMS filters
connected in parallel are connected to one another in
each set on the piezoelectric substrate 10. With this
arrangement, the ground terminals of the DMS 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.
eb 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—éonnected
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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20 output IDT. The input |IDIs of the DVM5 filters 2004, 2005, and 2006 of
the second set are connected to the output. IDTs of the DMS filters 2001r
2002, and 2003 of the first set via common signal |lines 90. 5 The DWVS
filters 2001, 2002, and 2003 of the first set have a common ground bus bar
91. The ground electrode fingers of the input IDTs and the output I|DTs

and the electrode fingers of the commopn reflectors of the first set extend
fromthe comon ground bus bar 91. 10 Likewi se, the DM5 filters 2004, 2005,
and 2006 of tl@otdhecomn téte Ipdezoslearhmic Euastrdis W HGRerdhexysbund

el ectrode fi n%erl%ﬁ%% LRGP e ?@B%n%ﬂ%etﬂ?ﬁrfﬂt uta Pl PeWst hgigl ectrode
e comion reF of !

fingers of th | ector t he second set extend fromthe common

ground bus baPodsiingswigeshiod FasndONdiKG RUIRT LS meHred 1P Dvs
filters conneoh@@dtinpakaldelsey eecofieciesuh® deemanatherf ian padayeset on

t he piezoel ect,ri trat 0. . Wth.thi rr e t
term nal sebt)f %\ﬁe%D%g%?l rlltt' er%gl %OP acgggﬁtng’etsp _rg}rge %g%cégér&ec e‘g‘gﬁgif%%g%?bund
terminal of a 20 paEkege2di showal § crwpPByAdongbaitwees thee bl bunp.
]{%s:f?r dingly, btaﬁgpgci&%ah:nlalhar:%%%i%%aé&eoif "ﬂhltéhfSP@ﬂ-fil‘\iéﬂof,P@uQNS o
ilters connegted, in paral.lel are aligned, on.,he sa ropagation path in
each set, so ﬁﬁfthr§538 EFEtcéﬁoﬁg gﬁa é@‘a@EHQQHd?%ﬂ%téﬁikeﬁnd the ' 25
filter size caehalbactediseédcacodr diheglgompsrdtoive rexampler shawa dharfddy.anong

the DVB | terS ify,thg, Styhcty Lo El i R
e id | 198BS i tReys f%ﬂﬁﬁ?h@QQ&"ﬂséQ Ek9s gﬁgﬂ:gﬁegr ?%eq%\‘%‘i'céé ent 10

the four reflectors is Save this “structure. a conpar at anpl e,
Fig. 23 shows (4H3),sepdcthreorAinpten agis d@0d catasAdeerhian et¥Hnnect ed

conventional DB){ilAerslseedy onght uehseal | yheospiedilvelrho€atiheot her or
Q@ecaded. S ngeoLlny ShLSSLICE Aeg ol URSCL NG Ind S SR N S,
than that of feaemsnalcadiacenbwhoi mafFhgothker Alise., the ground
15 electrode fingers of the input IDTs extend in the same
direction 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
@i further increases the stéepness 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 obtained by standardizing the filter
35 characteristics of the fourth embodiment. The filter
characteristics shown in Fig. 25 can be obtained with
any pass-band frequency.
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since the ground term nals of the parallel-connected DWMS filters of each
set are not connected to one 21 another on the piezoelectric substrate 10,
there exist a large nunber of ground terminals, and at |east six bonding
Wi res or six bonding bunps are required for connecting each set to the
ground term nal of a package. 5 As a result, the packagi ng process becones
conplicated. Fig. 24 shows a conparison between the 1.9-GHz- band filter
characteristics of the SAWfilter of the fourth enbodi mrent shown in Fig.
22, and the fi(Fiéth E€mboadmenitsti cs of the conparative exanple shown in

Fig. 10 23. In Fig. sgﬂcetPﬁea’Bﬁ‘Eleés%ai‘?ﬁeh”gg@@e%}gfdr%‘Mse Medddiz), and

the ordinate axis indicates insert nentloned t he

SAWTfilter of 2PRer 99 emertnd RRGH i(390has2Phe |=H|’.‘ﬁ|t29%¢)m%1‘?ﬁ B¢ out put
term nal adja@ﬁnthbosgﬁghpgbb@@a¢uo@ paEMelgrQ@mm g@ﬁyegmgxMe flngers of

the input JDTs_exten % sane dir E Qn .as 59 <f0t5€

fingers of thSPSE%BHP pFB § ?ﬁetﬁgegA@Pf ht 99% ﬁ? Ve tion).
Accordingly, the passnbandgiionthed fohe tlieemboidiqendgi ofheofrequd ried t er
CharaCter'St'E%oﬁLﬁaﬁBe§9p5§§s§99W“gighgon%%gbe2$btgfﬁédt&ﬁé'ﬁE*%ﬁéon | oss

in the pass band is reduc r more. Furthernore, the SAWfilter

of this enbodPRBR{OHEsPERKEe 27pidrsuchnAcRFeRLPR, BatZipBOUlKe
aperture Iengphlsm pathebWbiki previdedlbdtweknt kachpemcumeighigiting a DVS

[t 1L |21 00LrE-6RAOEELA: LN pRACIIEE) (W B EBLHO Eiblodirdt qf T ©

further |ncreases ee ness’in €Cl ining région ter
characteristithe Eéeéeﬁéshnventh@nlunp i ke shoulder that is seen in the

st op- bandhar ﬁa on t ey th:im:gﬂ@a@&ssadeliﬂet:hstaﬁbeurar inis eli m'hnat ed,
eggsashgan i %HH§Z$1£én£§FS P@PﬂéEeP age§§ gﬁﬁt%ﬁzﬁgtaﬁd t he
2.4 GHz bandstfmgtuﬁé sho&scbrdaececwathcth5|§pu¢$hthmbodlment, a
15 set of three DMS filters 210;, 210, and 2103 connected
in parallel is cascaded to another set of three DMS
filters 2104, 2105, and 210 connected in parallel. A
prism pattern 73 is provided between the DMS filters
210; and 210,, and also between the DMS fiiters 210, and
20 210s. A prism pattern 74 is provided between the DMS
filters 210, and 2103, and also between the DMS filters
210s and 210g. 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
v 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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wer e obtained by standardizing the filter 35 characteristics of the fourth
enbodi nent. The filter characteristics shown in Fig. 25 can be obtai ned
with any pass-band frequency. - 22 (Fifth Enbodi nent) Since the three
paral | el -connected DVS filters 2001r 2002, and 2003 (2004, 2005i and 2006)
are aligned on the sane propagation path in each set, small 5 spurious
peaks are seen on the | owfrequency side of the pass band in the fourth
enbodi ment. The required stop-hand suppression mght not be obtained due
to the spurieubosealent Eh@woiih Sch &2 oBisemana ber iseeyul from Figm
pattern is provided ety s@@cﬁaéﬁ@aﬂ%&wr fwvﬂ@ea%é@wéeﬁoageﬁt ed in

parallel in a fi'fth enbodi nent of present I nvention

i |l ustrates atVPIP€PQQHQRﬁQQ f%ﬁﬁﬁﬁ%kﬂﬂﬁ?Vﬁ%?ﬁ%%% ????ﬁg%ﬁbﬁﬂVﬁEnt
Like the fil temcmmtgctmm@hbbmmgomdhmws ttter Suglt t doremdowdi nent, a 15

set of three g%%%{ 03 e LD P | is
cascaded t% a%herclttsogs 0] thr aapﬁ tzté'r s 21 ,'&%%%?fég?]dgé%%g
connected i n paralirequencypsisie pae aupPPrEgsedr oWiddd the B he DVB

filters 2101pande2h@?, takd m§Q1QQ@&%6&HéE£\§éddﬁ@é@eélﬂ4 and 20 2105.
A prism pattern 7§&€i provid d bet ween t filters 2102 and 2103, and
al so between PRE? f o étss %2 PHPPLTF S sﬁ’rlf“ﬁ’r‘f%rﬁ $ FNs"9% and 74

are not |imheddt tot be shlapagedovun isudh g mahneruthag/thﬁ $RW triangul ar
as | ong aﬁotherﬁé%gwe gfag%% B tt&%ecaj&sbefﬁ%eqe&tdl#b SO £1UR Ofig IMOT €

prlsmpatterns between each two nel Ol‘ln ?llters
As long as tfRBOE wpro%‘aa%%ﬂgbm htheafipEeBefi zet ﬁénnm)éﬁ%dthe
shape of prisAlpabtughn®igo RE shpweyete Filier oiEettenistaies nit

QT cul arly cestii 6 e, Kanendd0stlie SMULNPANR LoD BBled (44 21 >0

possible to gra el'ec S exten N & difection th
ot er frequency bands, such as the 800 MHz band and the

15 2.4 GHz band.
(Sixth Embodiment)

A sixth embodiment of the present invention 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. 1In 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 between 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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I's not perpendicular to the SAW propagation direction, as shown in Fig.
20. Fig. 27 shows a conparison between the filter 35 characteristics of
the SAWfilter of the fifth enbodinent shown in Fig. 26 and the filter
characteristics of the SAWfilter of the fourth -23 enbodi rent shown in
Fig. 22. As can be seen fromFig. 27, with a prismpattern being provided
bet ween each two neighboring DVS filters, the surface acoustic waves
reachi ng nei ghboring DVS filters through common 5 reflectors are reduced,
and the spuri éts iseaioseoprieferabdw ftrremepanpts dheargrauppriesyetnal®th t he

prism pattergs, oh@es@bésffrbknt %'h% tg%hn%r ¢ SAnRAlL b ¢ rth&aaa%élelsé@ as to

suppress the sgurbous peaks do need to be arranged cg such a manner
that the SAW ? Sp%&FP&%eﬁz&F% SHbsfEages 1 & GASRIGLSEIYTE bR

anot her. Accoodi ngbyprt herki sees sifzoMsatfilearaduwdecdhe Atdsrgh Fig. 27
shows the il racte th same effects can
be obtalné% |%ﬁgeﬁﬂgrgfrég£€%%85% gacﬁgggt%ﬁga gélk%? band and the 15
2.4 GHz band. C{lsirﬂﬁﬁelgﬁ:ﬁ@dpﬁenp) tAesulxﬁhG@@b@@m%ntthﬁ sane

It nventllon I? cﬁhe?éﬁgtﬁ‘léﬁtlbgecéhf bl @Bs@aq'n@ant%@m fihg uémt@h gr oundoI
ermnals o e firs are 0.t he, groun
termnals of %’ﬁ@dgec&‘}ﬁ s8P %Pg\% \L’j 2t Pé‘doﬁntdng-’?‘ﬁ ?7@% B3 Aubst r at e
10. Fig. 28 sk8ementhi Emboddmenté structure in accordance with the sixth
embodi mentp I n thisy §é68ﬁ£Hr G4 EREHENo rQH@dEE@EEﬁ%nl%Qen%lBhpv'ded to

25 surround all the six ters, so t entirre_ filt structure
can be connecPE@Vigesna SPB&ﬁHertéPnWH&FhoﬁnX Ric e Mkt -&de o bondi ng
wire or one bbhtleng bfnpheA€tosdi ogl gixthi embokidtientst camobed realize the
| est pack@ﬂbfgygagcess. However,-as is
Fig. 30 illustrates a duplexer that includes
15 multi-mode SAW filters of the present invention. In
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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30 apparent fromthe results (Fig. 29) of a conparison between the filter
characteristics of the sixth enbodinent and the filter characteristics of
the fifth enbodi nent, the stop-band suppression greatly deteriorates due
to the ground term nal connection 35 between the first set and the second
set on the piezoelectric substrate 10. The insertion loss in the pass
band al so increases. Judging fromthese results, 24 it is nore preferable
to separate the ground termnals of one set fromthe ground term nals of
t he ot her set chanatberp'sezoel eft the sekbeptdba ifilxerasdaddee sduplexer of
two or nore s ilt pr n ugh Fig.
29 shows the ?EF? E@E Fact%g?% %%@8?% ﬁ§§§§8§25§3§ Egaﬂaﬁélég%b filter
characteri st|€§céﬁﬁlﬁé ébgaahéddpnn@tthédwep@&&érn@;ffe&én@@c wihe® the 800

MHz band and &hen2ié €he b@aﬁsm1é§ﬁbﬁntf|%e§ﬁ§ﬁ@|ymtrﬂd i@ Aea8yedlidse
enbodlnent of _.th resent. iLnvention gs a dupl exer in which any of

t he nultl-nDdEOS f?F?BF§°8f Fﬁguﬁpggt%FB si xth enbodi nents can be 0O
enpl oyed. Fig. 30 iAnyisenatef theluphéxéilthas oAckbdesboy® nulti - node SAW

filters of th&npaaﬁﬁ@ﬁtgngﬁatfnealf&eataem e;ep'tﬁéebre%éxﬁd%{vémeor%w

filter 300 is enpl oyed the transm ssion node, SAW
fi1ter 350 tFAR RASOWBLAd| Fp- AABCKAGR! P éﬁsteagegaré&lq 8 Pa?diac%a as
the recepti onsAwl feIteFagbvoget he two 20 multi-node SAWfilters of the

receptionqgfilter isy t t wn in Fig.
21. Fbmgver any gﬁéhgl“ﬁﬁ dﬁ%% QP o%%éan€88°§%¥ékkg ?gsgﬁg i nvention
can be used fmeﬁmtr&mtmnfhw@rbeem shewghasA ylelsﬁéfllb@@eptliton filter

i ncl udes mul tyowPdleoe SaSPWEEi bt €4 Shof thbsepéﬁﬁmbdl AveRhieodrtt Rhat
nsm Sssi on fllterlg%% al so i ter. of the
t

| ud
O A A e i M ikl UL

departing from the principles and spirit of the
15 invention, the scope of which is defined in the claims
and their equivalents.
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the reception filter include one or nore nulti-nmode SAW filters of the
present invention. The duplexer shown 30 in Fig. 30 further includes an
input termnal 400 that 1is connected to an antenna, a matching circuit 410
that perfornms inpedance matchi ng between the transm ssion side and the
reception side, a transmi ssion termnal 420 that receives transm ssion
signals, and a reception 35 termnal 430 that outputs reception signals.
Wth the nmulti-node SAWfilters of the present invention, the rising and
declining regions of the - 25 <characteristics of the reception filter of
the dupl exer becMHATIS GLAIMERGSdi ngl y, transnission signals and
reception signals do not adversely affect each other, even if the

transm ssion frequency band is very close 5 to the reception frequency
band. Any one of the SAWfilters of the above enbodinents and

nodi fications of the present invention can be nounted to a package so as
to provi de a packaged SmNVfrIt@hedmwltxerQB/#uﬂﬁnqy1amohsﬁapre&eerﬁﬂlter

erbodi rent s of the @eebentas dieiban; hueabifely R $36h Hrmiha)
(c) woul d be appreci qg} %Q&sﬁ §kllled i n t art %h es na
made 'in these enbodl nen PT 8293 1950 o‘fﬁ’f"ffé‘ag'r" ci B e?“&ﬁ
spirit of the 15 in/Hf i3&¢, conaestedctafeaght cithier dar ithedpiezokdectnics
and their equival entsabs@rate.WHAT IS CLAIMED I'S: | The multi-node surface
acoustic wave filter device as clained in claim 17 wherein a ground

termnal of the input IDT and _a ground term nal of the output |IDT are
connected to each of her ‘on2t heApRBlbitnede  surfadstacoustiz waveulfiiltende

surface acoustic wedevige t@mprising:
: 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 1nput
IDT and the output IDT,
ground electrode flngers of the input IDT and
ground electrode. fingers Of the output IDT being
connected to an identical ground bus bar. ~

3. A multi-modg_surfacé acgﬁsfic 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 piezoelectric substrate;

at ‘least one input IDT and at least one output
IDT that are formed on the piezoelectric substrate;
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device conprising: a piezoelectric substrate; at |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 of the input |IDT and the output |IDT, ground el ectrode
fingers of the input IDI and ground el ectrode. fingers of the output IDT
being connected to an identical ground bus bar. 3. A nmulti-node. surface
acoustic wave filter device conprising at |least two nulti-node surface
acoustic wave filters that are electrically connected in parallel, each
of the at least two nulti-node surface acoustic wave filters conprising: a

pi ezoel ectric substrate; at |east one input |IDT and at | east one out put
efl ectors, that

| DT that are formed on th j.ezoeleciric substrate, - 27

are forned on the piezoeleéﬁ?ﬁgg°§ﬁbéé?%l%?%ﬂéf%ﬂ%ﬂéﬁQeHEBnp RERFLEFCE Ges
of the input |DT antURsferadiqt gad porangediompaxtieamalnalidehaofsthel input nput
signals to the inpup? Bhid amé auteut pvyrier m nal that receives out put
signals fromthe output T ut t.erm nal and.the, output, term nal
extending in an identical 2 i %‘é%'&eodr?% .nallhgmﬁﬁl FFPﬂgﬁ%s s’tﬂqlglt)ésm iQ(?
wave filter device @€ dPREKeEDTH andhi m 4, wherein each of the at | east
two multi-node surface acamiSéutputaerinihber 6hatopdesiveh idutputaldighallas a.

ground termnal of thg, { | a ground term nal of the output |IDT
connected to each otEe? oﬁgt %géﬁgégggrectric substrate. S. A nmulti-node

surface acoustic wave fill input terminal and the output terminal
. extending in an identical direction.

- 4. The multi-mode surface acoustic wave filter
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 piezoelebtric substrate.

5. A multi-mode surface acoustic wave filter
qevibe 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 piezoelgcéric substrate;
o ‘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,

=28 -



device conprising at least two nulti-node surface acoustic wave 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 |DT that are
formed on the piezoelectric substrate; and reflectors that are fornmed on
the piezoelectric substrate and arranged on external sides of the input
.rDT and the output IDT, -28 ground el ectrode fingers of the input |IDT and
ground el ectrode fingers oYKk ed@chiede Diingsrey ofc diveednpdtt DDRNandlent i cal
ground bus bar. 5 6g9réhednuléctrmide fingbaseoACONStdpiavepll bbghg device

as.-clained in clai goflnedb&feid atnheidgkt_li ?ffg%o\l\@nd ?r.ld Liﬁargode surface

acoustic wave filters connected In aralTe ave term nal s
connected to each ot her n the piezoelectric substrate. 10 7. The

mul ti-nmode surfate acoustfc walke fiulltar-modieyisae fade CAGb B d WateitM ¢er
wherein the at | easfedike QI L3 e; C I.C. ve filJters
connected in paral]el ..Qava;wieggﬁ{ﬁlgga%ﬁB%gazﬁfgaﬁdg&%%glg. @ﬁe it tj[?‘?ﬁfdé:w°
surface acoustic waVeFTMe SHEERcR acansitis wgvesfalterasconngstad tin node
surface acoustic waRaralielt baget gmburad e eaineitialisC abhie 606MEES A dH otded | el ,

each of the at |easdn tte wgggemi%r;,%%%rgggust ic wave filters
at,

conprising. ajpiezoelectric substrate; g¢ast one input |IDT and at
| east one output |IDT that are formed on the piezoelectric substrate; and
reflectors that are fornmel onTheempltizeeddetsunface acoustic wave filter

s 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

8. 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: o
a piezoelectric substrate;
30 . -at least one input IDT and at least one output
IDT that are formed on the piezoelectric substrate: and
v 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,b
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substrate and arranged on external sides of the input |DT and the out put
| DT, 35 the at least two nulti-node surface acoustic wave filters

connected in parallel being arranged so as to have identical surface
acoustic wave propagation paths, 29 and a conmon refl ector being
interposed between the at least two nulti-node surface acoustic wave
filters, the common reflector being shared between the at |east two

mul ti-node surface acoustic wave filters. 9. A nulti-node surface acoustic

wave filter device gpnprising at least two nulti-node surface acoustic
wave filters that are electrically connected in parallel, each of the at
| east two multi-node surfAcEPRRBuSELLeGhoR ke ineriatespprrdi hgtveen the

pi ezoel ectri c subst pdt decaat tveastulanembdpuiu it Ricarntoalstlieawhvanei Dt ps)

IDT that are fornmedt@d &bfmdH Q%qu'e%%ir' Ber] dér{a%% b%géeeBeEbSCLPrPeéé‘@t

are formed on the p%ezoelectrlc substr ernal = si des of
Ke med tmquTs”Fﬁéc%tan%ﬁﬁlq\M@Vﬁuf#itﬁﬁﬁe surf ace

the input IDT and
acoustic wave filters connected in parallel being arranged so as to have

i dentical surface acousti% vvav,@ rﬂfﬂﬁ%hleogul?f&@é ac@lml:dlgf %lrv;égcfgllgg%lrjg?ﬁ

bei ng i nterposed bq;meen each .two nei ghboring nul
wave filters annng‘?ﬁé: aCoPRELF18%0 nmul ti-mode surface acoustic. wave
filters connected in parar| &ast Hwo gudtingode estx fass dvmiusy iar wamged at an

angl e not perpendifiultaist GhdE oep@egaatllé&r%sﬁy' eaénéécéd”irﬁ%raa%qst i C
waves. 10. A multi-node surfaqg ?Fou%ti filter, device ompri sing
ea t eas two multl-mode surfac

acoustic wave filters 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 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

grating electrodes being interposed between each
two neighboring multi-mode surface acoustic wave
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.

10. 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 piezoelectric substrate; and
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at least two nmulti-node surface acoustic wave filters that are
electrically connected in parallel, each of the at |east tw nulti-node

surface acoustic wave filters conprising: a piezoelectric substrate; and
-30 at least one input IDT and at | east one output [|DT that are formed on
t he piezoelectric substrate, the at least two nulti-node surface acoustic
wave filters connected in parallel being arranged so as to have identical
surface acoustic wave propagation paths, and a triangular prismpattern

being interposed between gagh,tpo Hgigqgﬂri cmultis e_surface acoustic
wave filters anong the a | east two multh-mo e_gggr gggg%%%d¥F?é“ﬁéV§
filters connected in ﬁr‘ér%ﬂ‘?tela.relf?“?ﬁ% Pl the Pi@E oSl PEAEEC az st fat qrave

filter device as clainedthe staleadt) twhauditi-naa8 Sfrfdee acodsrast wiave
mul ti-node surface agousid<C Lt o N I
CtiNEctld B se ST A PLALEL S 1

I nput term nal that sgpplle?,ln ut sig stot .
terminal that recei VEY%de50 lg?gn%lf"sf‘af%rﬁCPHétbﬁt paYe prypagatdqmpaths,
term nal and the outamgt terminal extending in an identical direction. 12.

The mul ti-mode surface acoueiidngiue bich LA oo i belf 1AkERoLRAC! al m 13,

wherein each of the,a | east .t mul T - surface acoustic wave filters
connected in parallngﬁgg?agiﬁQJﬁ%? P&FHPHEF?B9 Ykt imode supfagRd a ground
term nal of the outpgeustic wnenddiléersoamand tidart dratsite tpoematt benode

substrate. 13. A nubtifiesledcoustacewaseusiitedd |dfned®WdCen paPRiisiNg two
or nore nulti-node surface acoustic wave - 31 filters that are cascaded

to each other, formng two or nore sets of nulti-node surface acoustic
wave filters, 11. The multi-mode surface acoustic wave filter

device as claimed in claim 10, wherein each of the at
least two multi-mode surface acoustic wave filters
connected in parallel has an input 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.

12. 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
input IDT and a ground terminal of the output IDT
connected to each other on the piezoelectric substrate.

13.‘ A multi-mode surface acoustic filter device
comprising
two or more multi-mode surface acoustic wave
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each of the two or nore cascaded nulti-node surface acoustic wave filters
conprising: a piezoelectric substrate; at |east one input IDT and at | east
one output IDT that are formed on the piezoelectric substrate; reflectors
that are fornmed on the piezoelectric substrate and arranged on external
sides of the input |IDT and the output IDT; an input term nal that supplies
input signals to the input IDT; and an output term nal that receives
output signals fromthe output IDT, the input term nal and the output

oottt veneTTo1 19, ra1Rect e Gl EubEEOIL KhenTBERDY H o AP, W A5

acoustic wave filter device as
termnals of each sBPTHfSHuT Ak Wﬁaélsﬂ??%ﬁ%“ﬁ@ﬁﬁ%?F@UQEV% WQYQ(ﬁ%#Leéﬁb
separated from ground ter machl efofthé¢ havotchemozet cascaddie niilazacaloaet ri c

substrate. 15. A mul sirfmee s26uER5E @%Sﬁ&e\é@v‘éow][f{n devi ce comprising
32 at least two nultl-nDde surface acousti c wave % that are

el ectrically connected i n®pBFafPetectddch sybstratat | east two mul ti-node
surface acoustic wave fiBtetesastorme dinpgt 509.@ﬁ@&ﬂﬁh@ﬂbti&néUbﬁtp@Me at

| east one i nput |DWJ&ﬂdtﬁbt|Eaétf6¥M%d3%hpQBe bigiééfﬂc (f% %Bgﬁgaeg the

pi ezoel ectric substrate; an refleghors are, tormne

pi ezoel ectric substrate and SiT&Afed8h @ﬁ?e ?EﬂeQNQﬁe§h6fP?ﬁé°?+ﬁﬁﬁriqi)I DT
~and the output |DT, sypstretelanst mgdenfedgensextertrnal isiges bBTtheximmaing in
the sane direction aprgasdntheelodepuedeprti ngers of the output IDT. 15 16. A

surface acoustic wave dugleﬁg E°Q£§$555¥3

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.

that supplies input signals to

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

15. A multi-mode surface acoustic wave filter

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

transm ssion filter and the reception filter being a nmulti-node surface
acoustic wave filter that conprises: 20 a piezoelectric substrate; at

|l east one input IDT and at | east one output |IDT that are fornmed on the
pi ezoel ectric substrate; reflectors that are fornmed on the piezoelectric
substrate and arranged on external sides of the input 25 IDT and the
output IDT; an input term nal that supplies input signals to the input

| DT; and an out put term nal [ hat peceives,ouﬂggt signals fromthe output
DT, -.30 the input term fhlleqd e BULphT™ed MUFd2ceeRCaHAE kY Y3Ve an
identical direction.fil88r$7thadt mre ieleodeisal I ypomracaued ¢nwaseailél er

device conprising: a pi eznal @3t the gHDBLIAL Gwd ulliciTREGe SH f AGG acoustic
wave filters arranged on the %eﬁgglectrlc substrate so as to have groups
g

that are cascaded, 85QHSbHECt bE LR nEPTRA *Y il ti - node surface

acoustic wave fiPters cormedeedelecpuialsulistrate;refl ectors that are forned
on the piezoelectric subsltr abgs8néharl {Aed DN an8Xhe NédsSidifs Rfepulke i nput
| DT and the out put @l input termnal that supplies. 1nput signals to
the input |DT; and g@oﬁl‘%uf"?e%ﬁf'ﬂ%‘? Uhdihe @&5?9%2"“85%&3@?%%' ﬁ’f?fn
the output IDT, the inputefieatorns that tire Sarped omrthergiiemcededtmgci n an

i dentical directionsubdteateNafd@Cir nddit oillektePRAE SiddfASr atUShbatwave

filters includgg at e_l.nput T and at | east one output |DT that
are formed on the pﬁdg‘g%éfjegﬁgi%“@&sftoﬂate, wherein a total nunber of said

i nput 1 DTs and sai d out p¥¥ourprelestgodeefitngerhrafe theTdnputcADThat t he
nul ti-node surfaceeaxconding iva\thel islaier die¥tefor AR Iriindileleeastieone of a

plurality of inputFkR§§r%ug¥e%H§ %h%bPEyIB§ out put | DTs, wherein a signal
[ put i

term nal of said plur y of 'I'n TS are connected to each other. 18. A
mul ti-node surface acoustic wave filter device conprising: a piezoelectric
substrate; mulld-node s16.f acea asntifdde avusticl vave atpbewer conprising

pi ezoel ectric substrate,sQ g5smission 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 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
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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each of the groups including nmulti-node
and reflectors that
external sides
I nput

to have groups that are cascaded,
surface acoustic wave filters connected in parallel;
are formed on the piezoelectric substrate and arranged on
of the input IDT and the output IDT, ground el ectrode fingers of the
| DT extending in the same direction as the ground el ectrode fingers of the
out put | DT, wherei n Hach ohlti-tredarsirfdce moalestis wakafikerateoiss toropriging filters

i ncl udes at | east at | east one output IDT that are
formed on the pi ezoﬁ%ﬁ?ﬁt}l‘:g%ﬁ@gte wherein a total nunber of said

i nput | DTs and sai d ®Alfieade spriace acoystiq waetfiltepsargangerhpa the pippolasHic t he

mol d- node surf aabstpate¥s hé €o N @rdupsteRat aieua@ed&pawu a&ﬁe glouph aREldiNAWi-
vvherei n a signal

plurality of inp and .a pluralit out pu
term nal of sai ch&ShRI‘TS G YU \pave &efﬁgnﬁ‘?t%&]cop r%‘! %o each other or a
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claim 15, wherein the piezoelectric substrate is
at least two MRUEFiERYELe thednryt IPTyardan pyutput ?"mHB‘éthat receives output signals

from the output IDT, the input terminal and the output termmal exceeding in an

identical direction,
wherein each of the multi-mode surface acoustic wave filters includes at least

one input IDT and at least one output IDT that are formed on the piezoelectric
substrate, wherein a total number of said input IDTs and said output IDTs is at least
three IDTs, such that the multi-mode surface acoustic wave filter device comprises at
least one of a plurality of input IDTs and a plurality of output IDTs, wherein a signal
terminal of said plurality of input IDTs are connected to each other.

18. A multi-mode surface acoustic wave filter device comprising:

a piezoelectric substrate;
multi-mode surface acoustic wave filters arranged on the piezoelectric substrate so as
to have groups that are cascaded, each of the groups including multi-mode surface

acoustic wave filters connected in parallel; 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 the ground electrode fingers of the

output IDT,
wherein each of the multi-mode surface acoustic wave filters includes at least

one input IDT and at least one output IDT that are formed on the piezoelectric
substrate, wherein a total number of said input IDTs and said output IDTs is at least
three IDTs, such that the mold-mode surface acoustic wave filter device comprises at
least one of a plurality of input IDTs and a plurality of output IDTs, wherein a signal
terminal of said plurality of input IDTs are connected to each other or a signal
terminal of said plurality of output IDTs are connected to each other.

19, The mold-mode surface acoustic wave filter device as claimed in claim
15, wherein the piezoelectric substrate is provided in common to the at least two

multi-mode acoustic wave filters.
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