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SURFACE ACOUSTI C WAVE FI LTER APPARATUS, DUPLEXER, 3?9?/@45 @
GBVMUNI CATI ONS APPARATUS  BACKGROUND OF THE I{NVENTION 1. Field of ,t "?}"

| nventi on The present invention relates to a surface acoust |“‘9
filter apparatus including a plurality of nulti-node filters which are
defined by edge-reflection type surface acoustic wave devices, and nmoré - aaly

particularly, to a surface acoustic wave filter, a dupl exer and a
comuni cati ons apparatus which has a very snall size and can be connected
with a m ni num bondi ng wi re because of an inproved arrangenent and

structure of the nmulti-node filters. 2. Description of the Related Art
Conventional Iy, a nulti-node filter includin aglurality of #
edge-reflecti ors&lﬁﬁécﬁuﬂﬂﬂiésﬁl&)m\(ﬁ %ﬂ&q(ﬁ%ﬁk ATRES; DIRLEXER] as a ‘

bandpass filter in a por AND COMMUNICATIONS APPARATIS8S such as a cellular
phone. A transversally coupled nulti-node filter wherein edge-reflection
type surface acoustic wave resonators, which operate using SH type surface
acoust i c BAOKGROUNDaOFLTINE INMENTIONd pi ezoel ectric surface shear waves,
are electrically connected in series, and a | ongitudinally coupled

nul ti - nodeField péthe lnventdm edge-refl ection type surface acoustic wave
resonators are acoustically arranged in series, are known types of such a
mul ti - node fi (Therpresent inventiveselatgptesa stirfane 'acplhﬁlamzh\te filtercappfaratusr s are
often connected in nultiple stages to inprove the passband w dth and

at t enuat iRHUGRE PaRIHEH IS P myltlrmir@geafters which are defjned by edgegedactiaretypef an
exanpl e of .a conventional surface acoustic wave filter, in which three

st ages oFUFTRSH 2peNei yave deyiees. A mormBarticulary: 1o a purfateaseystisivgye
filter, a duplexer and a communications apparatus which has a very small size and

can be connected with a minimum bonding wire because of an improved arrangement

and structure of the multi-mode filters.

2. Description of the Related Art

Conventionally, a multi-mode filter including a plurality of edge-reflection type
surface acoustic wave devices has been used as a bandpass filter in a portable
communications apparatus such as a cellular phone. A transversally coupled
multi-mode filter wherein edge-reflection type surface acoustic wave resonators,
which operate using SH type surface acoustic waves such as Love waves and
piezoslectric surface shear waves, are electrically connected in series, and a
tongitudinally coupled multi-mode filter, wherein edge-reflection type surface
acoustic wave resonators are acoustically arranged in series, are known types of
such a multi-mode filter.

'izhese types of multiple multi-mode filters are often connected in multiple
stages to improve the passband width and attenuation characteristics thereof.

Fig. 8 is a plan view of an example of a conventional surface acoustic wave

filter, in which three stages of transversely coupled multi-mode filters are electrically
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#
connected in series. The surface acoustic wave filter 1 01 includes
transversely coupled nulti-npde filters 102,103 and 104. As shown in Fig.
8, the three multi-node filters 102, 103 and 104 are electrically
connected in series between input/output ports 105 and 106 by using
bondi ng wres 107. Each of the nmulti-node filters 102, 103 and 104
I ncludes two interdigital electrode transducers (hereinafter referred to
as "I DT") disposed on piezoelectric "substrates 1 02x, 1 03x and 1 04x,

respecti v define two edge-reflection type resonators. Generally, an
| DT .has agdgzller&égfﬂgoe%n]%-gshaped el ectrodes which include a plurality of

I de fi i
e ety ot | nomesamiondoisibym s aer Pk peBtar Ol SIS SRR

fingérs, respectively. In ad pal r of conb-

arranged fiteed 10D2103 Bed bsCt ASEROWhHIETS I&fg{théﬂﬂ@e sRRPRb Y Mdrs %2,8?1@% e

interdigitated wth each other. e that, however, In eac t he
mul ti - nodend 104 are elbdRicallP dommatiddih serus ipdtwieBR issUtoushdRRAtsel BarPdles i n a

first of the IDTs and one of the conb-shaped el ectrodes in a second of the
| DTs ar e by using®dndimgasirésoi@har e one bus bar or so as to define one
integrated bus bar. As a result, each of the nmulti-node filters 102, 103
and 104 act ual Egchhefthe mmult-mostedfiliehag 68, t02and dddsncllities twas intéendigimbnb- shaped
el ectrodes are arraQ?ed such that the bus bars thereof are parallel to each
ot her ancelecleede ansdusere(hsceinafier fefersed to an dPIoY dispesrst on pisizpelsctrind
i nward between the bus bars sg as to interpose a conb-shaped el ectrode
whi ch i nc3uhedratesn t0dx, d 08%and d 04xd@spectivebaio drting e edaerettegtion twpect r odes
and el ectrode fingers on_ bot | des of .t he us, bar, so as.to extend toward
The tvio dERBTERED A SITEI GIIDT el ) coyb-Sharned SRcibteswhichaduds
structure : rrefl i resonators of .each | t.i.- node. filter
re el acca PRI R B EorE ThoRR AN L LLE FREROE EotBh 1 858 PR 1AE BiSGbtp o o
each nulgls | a j . e ot put signa
based on fmgeé@’glggé%%ﬁr\{gry\hav eﬁllt %‘% l}ié\@ ¥)rsg rﬁ? tcgg{%o%‘ﬂéepﬁé (al %%@Ensc t he hi gher
order nmodgraigddSuch that the electrode fingers of comb-shaped electrodes are

interdigitated with each other.

Note that, however, in each of the multi-mode filters 102, 103 and 104, one of

the comb-shaped electrodes in a first of the IDTs and one of the comb-shaped

electrodes in a second of the IDTs are arranged so as to share one bus bar or so as

to define one integrated bus bar. As a result, each of the multi-mode filters 102, 103

and 104 actually has three comb-shaped electrodes. That is, two comb-shaped

electrodes are arranged such that the bus bars thereof are parallel to each other and

such that the electrode fingers thereof respectively extend inward between the bus

bars so as to interpose a comb-shaped electrode which includes one bus bar located

between the two comb-shaped electrodes and electrode fingers on both sides of the

bus bar so as to extend toward the two comb-shaped electrodes, respectively. Asa

result of this structure, two edge-reflection type resonators of each multi-mode filter

are electrically connected in series. When a signal is input to one IDT of each

multi-mode filter, a standing wave is generated and an output signal based on the

standing wave is output from the other IDT. Since the higher order mode of the
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- 2- standi ng wave having a different resonance frequency is also

generated, each nulti- node filter exhibits filter characteristics.

Fig. 9 is a plan view of an exanple of a conventional surface acoustic wave
filter, in which longitudinally coupled nmulti-node filters are electrically
connected in series in tw stages. The surface acoustic wave filter
apparatus 111 has longitudinally coupled nulti-node filters 112 and 113. As
shown in Fig. 9, the two nulti-node filters 112 and 1 13 are electrically

wre 117 cteRdRGWAE RS AN eR8hBHe FBhIGIY S e aretaee, mBrRL g
| DTs di Sgﬁééﬁﬂ%r %5&?*&1?&2%1’%&1&%@&5“ es 112x and 113x, respectively. Each

of the | as a palr electrodes which include a plurality

of el ectrode fg; 99'i§a%%ﬁ ohity dﬁbﬁxaﬁﬂa%?%tc%ﬂvé&&&?ﬁgﬁg%ééc%ﬁﬁc f rode

fingers, respectlively. the pair o ape rodes

are arrangeq, ipughich Mglﬁ:ﬁ?maﬂ{/%hbl@@%ulh%%éfl@érsﬁéﬂéh cﬁ@ﬂﬂ?%oﬁhg%wﬁes are

|nterd|g|tated wi th each ot her I n each ters
112 and Iskdiestihewbweagdsls are arranged in the direction in which the
surface acoustic wave propagates. Wen a signal is input to one IDT of the

each nul ti - modehd slrfae acoustiamdivedilterappaatgentr haeibngitddinalipgbapiedsi gnal
based on the standing wave is output fromthe other IDT. Since the higher

or der rmdﬁul@lfmade fitesnti2handvdvd hAsishgwa iniFid. @, #rd tweemaliiamode fiiteuety i s
al so generated, each nmulti-node filter exhibits filter characteristics.

In the ccﬁﬂﬁbh‘!$ arfaplestiically sonretied i serasbetwesnisputmutputporsl 15 and 116
multi-nmode filters 102~ 104 112 and 113 are provi ded on separate

pi ezoel eRAPAHG WHBII 7. 102x~104x, 112x and 113x. Therefore, each of the

mul ti-node fi léaecrhsofjtge mu(itl-modle filters 112 and 113 include two IDTs disposed on

piezoelectric substrates 112x and 113x, respectively. Each of the IDTs has a pair of
comb-shaped electrodes which include a plurality of electrode fingers and a bus bar
connected to one end of the electrode fingers, respectively. In addition, the pair
of comb-shaped electrodes are arranged such that the electrode fingers of comb-
shaped electrodes are interdigitated with each other.

In each of the multi-mode filters 112 and 113, the two IDTs are arranged in the
direction in which the surface acoustic wave propagates. When a signal is input to
one IDT of the each multi-mode filter, a standing wave is generated and an output
signal based on the standing wave is output from the other IDT. Since the higher
order mode of the standing wave having a different resonance frequency is also
generated, each multi-mode filter exhibits filter characteristics.

In the conventional surface acoustic wave filters 101 and 111, the muiti-mode
filters 102~104, 112 and 113 are provided on separate piezoelectric substrates
102x~104x, 112x and 113x. Therefore, each of the multi-modse filters 102~104, 112
and 113 must be connected with each other using bonding wire, which makes the
manufacturing process complicated.

Further, the end surfaces of the piezoelectric substrate in the edge-reflection
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and "113 must be connected with each other using bonding wre, which nmakes

fhe nmanufacturing process conplicated. Further, the end surfaces of
t he piezoelectric substrate in the edge-reflection
-3 - type resonators must be formed with high precision in order

‘to achieve accurate operation of the edge-reflection type resonators.
Since these end surfaces are formed by cutting piezoelectric substrates
via dicing, the dicing process nust be carried out for each piezoelectric

substr at Ety&é FsdHadlhs PR GG I ﬂﬂn?ﬁitﬂnlﬁ@’ii‘égﬁﬁ%% orddlr € Qghi%é%c&?ragé;“ ried

out nany 11 nes and very care € nanufacturing proce

compl ex. operation ‘r)t) ﬁt}e"é%@netﬂe‘ﬂﬁctiédlﬁ'ﬁ/peirg%t@@ SirfeeSHBEs eAbStriates bpeated at a

fi xed di stance ot her order to prevent nutual electromagnetic

i nt er f er GBfRed Bl WRBThG FlezdBlbétiic B0BSrAtes bR icinth Hd diegesrobbssliubi B!l t to
produce a small-size surface acoustic wave filter apparatus. SUMVARY COF

THE | NVENEG®Y out for eath phamefsotic slisstrite Mittrrglslpesuidibed Abav@nsBheésdd, ed
enbodi ments of the present invention provide.a surface acoustic wave
filter whighgirsustdrestarried edt sianpltiynesrahd very ansfulhg | ivaking ity maputetyrirggral |
size and such that nutual electromagnetic interference between the

mul ti - nodwotéss eoraplex. greatly reduced and the dicing process is
sinplified. _According to one preferred enbodi ment of the present

i nvention, a Jdordgilionathrpieresiaaivic supbstratesiareliochied at pifixedidistgnesd fremages of
mul ti-nmode filters, defined by edge-reflection type resonators which are

el ect ri cAac) XBRAHEQIEEr faPreventyButlgh glestramagasiic irtarferepce pebverptheos

mul 11 - moqg b mbab Ftdlse which makss R Yifflo P odles A%mairsize Surface acoustic

wave filter apparatus.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred embodiments of the
present invention provide a surface acoustic wave filter which is constructed simply
and inexpensively to have a very small size and such that mutual electromagnetic
interference betwsen the multi-mode filters is greatly reduced and the dicing process
is simplified. '

According to one preferred embodiment of the present invention, a surface
acoustic wave filter includes a plurality of stages of multi-mode filters, defined by
edge-reflection type resonators which are electrically connected in series, wherein
the plurality of stages of multi-mode filters are provided on a common piezoelectric
substrate, and arranged to extend in a direction which is substantially perpendicular
to a propagation direction of surface acoustic waves generated in the filter and
ground electrodes are provided between respective stages of the plurality of stages
of the multi-mode filters.

In the surface acoustic wave filter apparatus, at least one of the multi-mode

filters of the plurality of stages of the multi-mode filters may be coupled in a
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substrate, and arranged to extend in a direction which is substantially
perpendi cular to a propagation direction of surface acoustic waves
generated in the filter and ground el ectrodes are provi ded between
respective stages of the plurality of stages of the nulti-node filters.

In the surface acoustic wave filter apparatus, at |east one of the
multi-node filters of the plurality of stages of the nulti-node filters may

be coupled in a -4-
transver S@én p%l%odae &oggj pﬂg?mgl]mgag The above-descri bed
construction and arrangenen enents of the surface acoustic wave

appar at us accofgli QEond@é&fb%ﬁr&%sﬁU&ﬂﬁLﬁﬁ@éﬁtaﬂéé’tﬂghﬁ’?ﬁtﬁg lé?e%neﬁwgﬁgr batly

el ect romagnetic 1 nterference bet ween t ers

reduce t heureLREPA Xty wale abbﬁ?ﬁtu@%&dr&ﬁ fter rff@?re@'é?ﬁﬁlﬂinﬂ%ﬁfésf@%ﬁ@ Rlducae

substrate end surfaces. ectrodes pre occupy at
| east norgutlzpelstiemaghnatié mérféﬁéﬁce%@@ﬁ&rb@ie%@l'ﬁ rﬁb@élﬁﬁer%f ah@@réttyral ity of

multi-node filters. As a result, it is possible to further réducé mutual

el ect r onaguiate thé odreplegiteace tlb*{etmqeﬂﬂedi for thelbidingPrdeeéddd ¢fithe substrate ehbe
ground el ectrodes may be connected together via connection electrodes. As

a consequesrtasesar eas of | ow resistance can be sel ected for groundi ng the

ground el ectrodes. The inter stages of the plurality of nulti-node
filters are prEteganingd alesitasdestpraferaliy ospupy atl@aetfmomthantaémﬂt bakf af the
transducers which define the nmulti-node filters. result, the nutual

el ectr ona@qﬂaq ketyvaea stages i éhapiupaiy of W@lthmoﬂpimtﬁe an a epsillte Bis pessiblenost

conpl etel t>c/> further redtuce mutual electromagnetic interference between the multi-mode filters.

The ground efectrodes may be connected together via connection electrodes.
As a consequence, areas of low resistance can be selected for grounding the ground
electrodes.

The inter stages of the plurality of multi-mode filters are preferably longer than
an aperture of the interdigital transducers which define the multi-mode filters. Asa
result, the mutual electromagnetic interference between the multi-mode filters can be
almost completely eliminated.

Oné part of the interdigital transducers of the plurality of multi-mode filters may
be divided, and, in the divided part, grounded sides of the interdigital transducers of
the plurality of multi-mode filters may be connected at a plurality of portions to the
ground electrodes. Consequently, an increase in resistance of the connecting
electrode can be prevented.

For the purpose of illustrating the invention, there is shown in the drawings
several forms which are presently preferred, it being understood, however, that the

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

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view of a surface acoustic wave filter apparatus according to a

-5.



One part of the interdigital transducers of the plurality of nulti-node
filters may be divided, and, in the divided part, grounded sides of the
interdigital transducers of the plurality of nmulti-node filters nay be
connected at a plurality of portions to the ground el ectrodes.
Consequently, an increase in resistance of the connecting electrode can be
prevent ed. For the purpose of illustrating the invention, there is
shown in the drawings several forns which are presently preferred, it

bei ng unemétstpﬁgilerr@@\émb%smémadftﬁégregelavﬁ%hﬁéh' s not limted to the
preci se arrangenents and 1 nstrunentalities s BRI EF DESCRI PTI ON OF

THE DRAW NGS F!% 2 is &ipthan Viewofa sUrfite\disBE wave hﬁftéﬂﬁﬁpﬁf@mséddérdlﬁy?o bilter
apparatus according to a

first prdfrermodifieatiorsohetfiref preferrad eseotiment oftheopresent inventidd.g. 2 l S a

pl an view of a surface acoustic wave filter apparatus according to a first
nodi fi cati on dfigt Bies & ptest vipwedfer surthoendmdistie nave filtehapparatsndcoordiegte an.
Fig. 3is a plan view of a surface acoustic wave filter apparatus according
to a sec@sandoodificationmf the firsiereferred embddimeatiobtbgatesenttinventiohe pr esent

I nvention. Fig. 4 is a plan view of a surface acoustic wave filter
appar at us accdnigi hip @@'3@ viewiof @ ststace; Wﬁbﬁmvetflﬁef appaatysradosrding to a
enbodi ment, of the present invention. is a plan view of a

surface éBt’Sﬁé’ﬂ‘?@ﬂ%‘P@ qfithe @@t%ﬁ&ﬂgﬁﬁnmwm ‘Pnfgth?cp" ﬁseml”ﬂ‘ﬁ‘ptlﬁﬁdl fication
s a plan vi edi8rS 5 AATOIEN e HAARYSH BavBlpABr AR Rccording t6 8
fifth modification of the first preferred embodiment of the present invention.
Fig. 6 is a plan view of a duplexer according to a second preferred
embodiment of the present invention.
Fig. 7 is a block diagram of a communications apparatus according to a third
preferred embodiment of the present invention.
Fig. 8 is a plan view of a conventional surface acoustic wave filter apparatus.
Fig. 8 is a plan view of another conventional surface acoustic wave filter

apparatus.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of the present invention are explained in
detail with reference to the drawings.

A first preferred embodiment of the present invention will be explained with
reference to Fig. 1.

The surface acoustic wave filter apparatus 1 preferably includes a plurality of
transversely coupled multi-mode filters 2, 3 and 4. As shown in Fig. 1, the three
multi-mode filters 2, 3 and 4 are electrically connected in series between input/output
ports 5 and 6 via strip lines 7.

Each of the multi-mode filters 2, 3 and 4 includes two IDTs provided on a
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enbodi nent of the present invention. Fig. 7 is a block diagramof a
communi cati ons apparatus according to a third preferred enbodi nent of the

present invention. Fig. 8 is a plan view of a conventional surface
acoustic wave filter apparatus. Fig. 9 is a plan view of another
conventional surface acoustic wave filter apparatus. DETAI LED

DESCRI PTI ON OF PREFERRED EMBCODI MENTS Hereinafter, preferred

enbodi ments of the present inventi on are explained in detail with reference

to the dr l?gé%mmon ezd%l Odtﬁé%%ﬂig 'if(edE%ﬁ)ﬁﬂ':HBPﬁelé)énteQSef?{?ﬁé&fbﬁw

I nvention a ne erence e'surface

acoustic Feddniat$t aff RErBIONS th o?%fr%ﬂgé%y QE%‘HQ@&n@or@' é%éa'éléé‘tEﬂélly 1

transversely coupl ed rrultl-m)de sho t he

three msohheememfsbhb@'tédaﬁnéa %Bﬁeép&fo?anhﬁﬂﬂ frio@i@'ﬂlfér %U‘fﬁ%?b@%ob%cfr&r | es

bet ween i nput/output ports 5 and 6 via st lines 7. Each

mé | ti - modgrfackspesr Wavds aatlbé Lsbg laddies mpbaﬁﬁa@é @»:bd@tﬁc Whves,

si ngl e, common piezoel ectri¢ substrate 1x. Each |DT defines

an edge-r ef | eRdrthermbyperogabelstvodesBard pryvidad isetwesn tied gxgeafdiaissd i on type
resonators are electrically connected in series to define a correspondi ng

mul ti - nodeultiirhode filters 2, Baand4 erubdrealectricalylisdlated Fomethe siriebinesn. bThesed
as the SHtype surface acoustic waves. Furt hernore, ground

el ect r odegtognd plectiodes 8ate sennented vinsopnadtion ¢ecrodes 9o the groueded sidess 2,
3 and 4, and are electrically isolated fromthe strip lines 7. The ground

el ect r ode the HEs ebiheapuliomode fiters e stanstd el B&rﬁ&!@sth@ areund glegtiodea &

d
si des on the piezoelectric substrate 1x and the grounded sides of the IDTs of the muilti-

mode filters 2, 3 and 4 are all connected in a single structure. This structure is
grounded to ground electrodes of a circuit board and ground terminals on the case at
positions of the ground electrodes 8 provided between the stages of the multi-mode
filters 2, 3 and 4, using bonding wire or face-down bonding.

As described above, in the present preferred embodiment, the multi-mode
filters 2, 3 and 4 are arranged on a single, common piezoelectric substrate in a
direction which is substantially perpendicular to the propagation direction of the
surface acoustic waves, thereby reducing the number of dicing steps required to be
performed on the piezoelectric substrate, and greatly simplifying the manufacturing
process. |

Furthermore, in the present preferred embodiment, since the multi-mode filters
2, 3 and 4 are electrically connected in series via the strip lines 7, there is noneed to
use bonding wire for the multi-mode filter connection, thereby decreasing the time
and difficulty involved in the connecting operation.

Moreover, in the present preferred embodiment, the ground electrodes 8 are
located between the stages of the multi-mode filters 2, 3 and 4, thereby enabling
electromagnetic mutual interference between the multi-mode filters 2, 3 and 4 to be

greatly reduced.



of the IDTs of the multi-node filters 2, 3 and 4. Therefore, the ground

et ectrodes 8 on the piezoelectric substrate 1x and the grounded sides of
the I1DTs of the multi- node filters 2, 3 and 4 are all connected in a
single structure. This structure is grounded to ground el ectrodes of a
circuit board and ground termnals on the case at positions of the ground
el ectrodes 8 provi ded between the stages of the nulti-node filters 2, 3 and
4, using bonding wire or face-down bonding As descri bed above

the present prggqqégféﬁmtf@d’ébs Mc Su str Eé%fe%tr%gzafbé\%ﬂggﬂut%l ch

arranged on a singl comon pl ezoe e N

i s subst ajptdradredcd BERRRH tﬁé'n@umirﬁod@ﬁté%éngpé% '@W:QEV&%de?é‘trFHt tﬁé‘groéxﬁp”ace

acoustic waves, thereby reducing the nunber of dic steps requi o0 be

per f or nedelestrobies alcezféﬁﬂh%q:ilétdéiécﬂhé tsul@ét?ate qskcial@rﬁ ah bYeééérPArgé %Fgﬂ:rséig?e

manuf acturi ng process. Furthernore, in t e present

enbodi nenas losignasethelground electrodes Bidrbesalated flormtik driplines!7eCtHdvidleh V; 2
connected in series via the strip lines 7, there is no need to us€ bonding

wire for srall degtas ofodetul bleetromagnetid intarferbhes gbneraent satpicdd rhdig-rhode  and
difficulty involved in the connecting operation. Mor eover, in the
present pitterscrugesnd damagat and therefore)ad longeas theoarsadf a‘n@grdmdal@drdm@‘sme n
the stages of the multi-node filters 2, 3 and 4, thereby enabling

el ectr ona%ﬁ@?%‘@eﬁmﬁﬁlth@mt’@'f ptiherareathetwesenmthersiages, the apparatis cans 2, 3 and

4 b tl duc 7-
Ast '?heegr i %"é&ﬁ'ﬂ%@@@%a surface acoustisivave fillerr educe el ect romagneti c

pref or abl o ?LLfrﬁe&%&?%ﬁ%r@&tﬁ“qbe 95°€'§4x%'@°¥rﬁ€e-°p§é%‘g‘&9e@wqaé Substr at e
1 2 909 @B Fagnond AL e Baih g b ITher0D, BRHE L ErbageS ©
the width of the ground electrodes 8 in the direction substantially perpendicular to the
propagation direction of the surface acoustic waves, the better. As long as the
ground electrodes 8 are at least wider than the aperture (cross width) of the IDTs of
the multi-mode filters 2, 3 and 4, it is possible to almost completely eliminate mutual
electromagnetic interference between the multi-mode filters 2, 3 and 4.

In the present preferred embodiment, the ground electrodes of the circuit
substrate and the ground terminals of the case are grounded at the positions of the
ground electrodes 8, thereby enabling the ground electrodes and ground terminals to
be grounded with stability and low resistance. |

At this point, grounding should preferably be at all four of the ground
electrodes 8 shown in Fig. 1. Nevertheless, even when only one of the electrodes 8
is grounded, the surface acoustic wave filter achieves the desired characteristics,
although the attenuation characteristics may slightly decrease.

In Fig. 1, the connection electrodes 9 are located near the substrate end
surfaces which reflect the surface acoustic waves, and the ground electrodes 8 are
connected to the ground sides of the IDT of the multi-mode filters 2, 3 and 4.

However, the present invention is not limited to this arrangement, and the connection:
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smal | degree of nutual electromagnetic interference generated between
multi-node filters causes no damage, and therefore, as long as the area of
the ground el ectrodes 8 occupies nore than half of the area between the
stages, the apparatus can adequately function as a surface acoustic wave
filter. Furthernore, considering that the ground el ectrodes 8
reduce nmutual el ectronagnetic interference between the multi-node filters
2, 3 and 4, the greater the width of the ground el ectrodes 8 in the

q ti . : ' . : : ¢ th
Surface. SSRLRIe s o PREAREE e PRlideR i goslepp vy % AEEoMng. o'ar
at | east gﬁf@{ﬁéé@n the aperture (cross width) of the IDIs of the

|

mul ti - node ters 2, 3 and 4, it is possible to alnost conpletely

el i m nate nut UdérefaARk, POBEBSIAMS torthe fitRreRArdBEMERImbAEc M MEtdrasa1ie
filters 2, 3 and 4. In the present preferred enbodi nent, the ground

el ect r odeigventidrhwilidie explained beferiicetcfid. RaddFiguad Fig[ pigalpaplichhst £ase
are grounded at the positions of the ground electrodes 8, thereby enabling

t he gr ounfitsbinedificatiers ofithe figstqrafirtecrembadimenbobibepreserd driantivh, stdbid. Bty
and | ow resi stance. At this point, grounding should preferably be
at all fdeagianiiaw gf asadord modificatien 8f theofimst prefetred etbotlimenttdidhess, even
when only one of the electrodes 8 is grounded, the surface acoustic wave
filter adﬁﬁ@?@@nMH§KME$ired characteristics, although the attenuation
cloctrodes 9 ABTOMAILE e e FooNaIEWaKa et ARl RUAER! ect t he
S R Se e T FSe AR oS oS Behen BRI e,
P eSS RSP LAY 13y ekl G, B bl sBE BB e bR By
whi ch ar eqgli @b 1B 47€ and are provided on a single common piezoelectric substrate
11x.
Ground electrodes 18 are located between the stages of the multi-mode filters
12, 13 and 14, and are insulated from the strip lines 17. The ground electrodes 18
connect via connection electrodes 19 to the ground sides of the IDTs of the multi-
mode filters 12, 13 and 14.
Furthermore, as shown in Fig. 3, the surface acoustic wave filter apparatus 21
has transversely coupled muiti-mode filters 22, 23 and 24, The three multi-mode
filters 22, 23 and 24 are electrically connected in series between input/output ports
25 and 26, using strip lines 27, and are provided on a single common piezoelectric
substrate 21x.
Ground electrodes 28 are located between the stages of the multi-mode filters
22, 23 and 24, and are electrically isolated from the strip lines 27. The ground
electrodes 28 are connected via connection electrodes 29 to the ground sides of the
IDTs of the multi-mode filters 22, 23 and 24,
The structures shown in Figs. 2 and 3 achieve the same results as the surface

acoustic wave filter apparatus 1 of Fig. 1.
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end surfaces. Hereinafter, nodifications to the first preferred
enbodi ment of the present invention will be explained referring to Fig. 2
and Fig. 3. Fig. 2 is a plan viewof a first nodification of the first
preferred enbodi nent of the present invention, and Fig. 3 is a plan view
of a second nodification of the first preferred enbodi nrent of the present
I nventj on. As shown in Fig. 2, the surface acoustic wave filter
apparatus 11 includes transversely coupled multi-node filters 12, 13 and

14. The three pg,l{ﬁe}mapgjgvﬁén;}hgrr%%i?%gc?[%ggﬁgqi%é &t ?lggb%&ﬁ{ |y connected

in series between 1 nput'/out put usi h Oes 17, and

are provighedrdtidsbetontd £ pfHismin %@ﬁfgﬁtﬁfgggg‘fﬁgﬁ’ﬁ@b% ,ﬁpielrpcn%n er of Ground

el ectrodes 18 are | ocated between t lters 12,

13 and 14onnsekic elechodbat&tibé rodddinplividng ba%eS ofth lﬁ?*;arﬂf &;H?{é hgctrodes
18 connect via connection el ectrodes 1% to t% groung sides o ﬁg DTs of

the mul t ithe groughed dides efthelDT of heamditilifode filters tothis FRRINAY Sctrfes AW N
Fig. 3, the surface acoustic wave filter apparatus 21 has transversely

coupl ed wiNided pads, 48 shawrs iPPigs23 and @, Horebj fedUrimpth@rebistamdempbhbhgr s 22,
23 and 24 are electrically connected in series between input/output ports
25 and 2@&vhighsRreycausingprdhbierss27, and are provided on a single comon

pi ezoel ectric _ substrate 21x. G ound el ectrodes 28 are | ocated

bet ween t he staglerdheeirctiogetwidinoefdhe iconeectionzglectradanmio the multinaatee

ar e conniketeliia” L Sares BRopndna onitbasesason ot thadigantdne Pisoeiscticne I DTs
of e bR bt Big vBR 08 o e SR ooty | T o
appar at Ugelobsf Srobfem, it can be sliminated by dividing parts of the IDT and conneét?rfg
the ground sides of the IDT of the multi-mode filters to the ground electrodes 28 only
in the divided parts, as shown in Fig. 3.
Next, a third modification of the first preferred embodiment of the present
invention will be explained. Fig. 4 is a plan view of a surface acoustic wave filter
apparatus, illustrating a third modification of the first preferred embodiment of the
present invention.
The surface acoustic wave filter apparatus 31 includes longitudinally couplé_d
multi-mode filters 32 and 33.  As shown in Fig. 4, the two multi-mode filters 32 and
33 are electrica!ly connected in series between input/output ports 35 and 36 via strip
lines 37.
Each of the multi-mode filters 32 and 33 includes two IDTs provided on a
single common piezoelectric substrate 31x. Each IDT constitutes an edge-reflection
type resonator, electrically connected in series, thereby enabling piezoelectric
surface shear waves to be used as the SH-type surface acoustic waves.
Ground electrodes 38 are located between the stages of the multi-mode filters
32 and 33, and are electrically isolated from the strip lines 37. The ground

electrodes 38 are connected to the ground sides of the IDTs of the multi-mode filters

-10 -



Furt hernore, when the resistance conponents of the thin connection

et ectrodes becone a problemin the nulti-node filters of Fig. 1, the nunber
of connection el ectrodes can be reduced by dividing parts of the |IDT and
connecting the ground sides of the IDT of the nulti-node filters to the
ground el ectrodes 28 in the divided parts, as shown in Figs. 2 and 3,

t hereby reducing the resistant conponents which are causing probl ens.
Further, the electrode width of the connection electrodes in the multi-node
filters @?aﬁi 1 varies depending on the precision of the dicing of the

pi ezoel ectric Substrate. When this variation in the electrode width of the

comnect o el s e sohEsarhed AN Shntin oSG ol i ¢ v
il rodsolild fago ot ApSAQY NP BT ok el der o

pr ef er r etheshodirasts & tHeeurRicesRBUsHOWADS RSy a&»;&éraaﬁsegw!nﬁ fiRg. Flg. 4is

a plan view of a surface acoustic wave filter apparatus, illustrating a

third nogréferatiembafimeht halingttransvbaielyeSoIbe HURModd filtdhs, explsed|
I nventi on. The surface acoustic wave filter apparatus 31 1ncludes

| ongi t udiFigd. Mytoddupl ed nulti-node filters 32 and 33. As shown in Fig. 4,
the two nulti-node filters 32 and 33 are electrically connected in series
bet ween i nput Next, gifoupbmaedificationdofaie first pseferned dmipedim@it of the preserifach of
the multi-node filters 32 and 33 includes two | DTs provided on a single
common pifvEREPBMi be explainedit £igikis &atam view of arsurfacetasouatic waye filtef | ect i on
type resonator, el!‘ ectr. caI# i‘ onne_%;t ed in series, thereby enabli ng

pi ezoel e@PPRRAMUS jFysirating At ’t&ém i¢afiopeofibe fird prefeerediernhediment pbibe

acoustic Ves. . G ound el ectrodes 38 are | ocated between the stages
of the wﬁ\f\%emgnpppt ers 32 and 33, and are electrically isolated fromthe

2 ]E r It Eel : B$§ g]ﬁ'h{%égﬁfﬁg% %Eeg%t@e\ﬁ%% ﬁlg«?ei'zap?b%rgtﬁg 419RAGEa5S ?ra%gvérrs]glygcro%%@d si des
- 10 - multi-mode filters 42 and 44, and a vertically coupled multi-mode filter 43. As shown
in Fig. 5, the transversely coupled multi-mode filter 42, the vertically coupled multi-
mode filter 43, and the transversely coupled multi-mode filter 44 are €l ectrically
connected in series between input/output ports 45 and 46 using strip fines 47, and
are provided on a single common piezoelectric substrate 41x.

Ground electrodes 48 are located between the stages of the multi-mode filters
42, 43 and 44, and are insulated from the strip lines 47. The ground electrodes 48
are connected to the ground sides of the IDTs of the muiti-mode filters 42, 43 and 44.

With the above-described unique arrangement and construction, a surface
acoustic wave filter apparatus which includes a combination of a vertically coupled
multi-mode filter and transversely coupled multi-mode filters, achieves the same
results as the surface acoustic wave filter apparatus of the first preferred embodiment
explained in Fig. 1 to Fig. 4.

Next, a second preferred embodiment of the present invention will be

explained. Fig. 6 is a plan view of a second preferred embodiment of the present

invention.
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32 and 33. Wth the above-descri bed uni que arrangenent and
construction, a surface acoustic wave filter apparatus having vertically
coupled nulti-node filters achieves the sane results as the surface
acoustic wave filter apparatuses of the first preferred enbodi nent, having
transversely coupled nmulti-node filters, explained in Figs. 1 to 3.

Next, a fourth nodification of the first preferred enbodi nent of the
present invention will be explained. " Fig. 5 is a plan view of a surface
acoustic wave A duplexer Sphas dhnsversslly estprid mditianbes fikérsa2d, BPpas3Hanef t he
first preferred enbodi nent of the present invention. The surface
acoust i c S@bve Ad shawn mpifigr 6 the twa muitiimotisfilters 5ebersksda aeugibaricaty ti - node
filters 42 and 44, and a vertically coupled nmulti-node filter 43. As shown
in Fig. Somieetadiassvies betwesrviapLioutput portsbslentliSeasda atrip ee 8&rtical |y
coupled multi- node filter 43, and the transversely coupled nulti-node
filter a4 wiherethedwoirdtitmodefiterstssa dnd 53 arselbetrinaliynconmmatédin gartespor t s
45 and 46 using strip lines 47, and are provided on a single comon

pi ezoel edi§tyveeR iHitioatrut pogts 55 and S6lryigumstripl lisets7 d dsachgrfihe mubt-maste

bet ween the s es.of__the | ti-pode filters 42, 43 and 44, and are

i nsul at ed‘”ﬁe}’%;ﬁ?g@%@ﬁ?@q%m@ degwo 4 b provided pp snePieRPelp@ric onnect ed
to the grsglg%g §|€§)§ of the IDTs of the nulti-node filters 42, 43 and 44.
Wth the 8%y ri bed uni que arrangenent and construction, a surface

Couptod i ¢ 1C1bHE SRRREEE et theloteritot He Spdieadh sl ibaled o 'f ’
The 11ratprepdiie R e Mhel 6ad Hic 328 AR BElugeri iy Tglishétp ARIESIAR T

a second HPESH." el gRSTHCLIBRPSdSS Iss® PRAAIEd bEWRRBHIRE miii-mdRfe filters 52b
and 53a.

The ground electrodes 58 are connected via connection electrodes 59 to the
ground sides of the IDTs of the multi-mode filters 52a, 52b, 53a and 53b.

The present preferred embodiment achieves the same effects as the surface
acoustic wave filter apparatus of the first preferred embodiment explained in Fig. 1to
Fig. 5.

Next, a third preferred embodiment of the present invention will be explained.
Fig. 7 is a plan view of a communications apparatus illustrating a third preferred
embodiment of the present invention. The same reference characters are used to
designate the same members as those in Fig. 6, and detailed explanation of these is
omitted.

As shown in Fig. 7, a communications apparatus 61 includes the duplexer 51,
which has surface acoustic wave filters 53a and 53b which are used for receiving
signals and surface acoustic wave filter apparatuses 52b and 52a which are used for
transmitting signals. An input/output port 55 of the duplexer 51 is connected to an
antenna 65, the input/output port 56b is connected to a receiver circuit, and the input

terminal 566a is connected to a transmitter circuit.
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explained. Fig. 6 is a plan view of a second preferred enbodi nent of the
ptesent invention. A dupl exer 51 has transversely coupl ed
mul ti-node filters 52a, 52b, 53a and 53b. As shown in Fig. 6, the two

mul ti-nmode filters 52b and 52a are electrically connected in series

bet ween i nput/output ports 55 and 56a via a strip line 57. Further, the
two multi-node filters 53a and 53b are electrically connected in series

bet ween i nput/output ports 55 and 56b via a strip line 57. Each of the

mul ti-node filhtiee frs2ad se2bnd pBeferrnd drifodimehtsdte endsliffcesopmfideingn one
pi ezoel ectric substrate 51x. G ound el ectrodes 58 are insul ateéed
from t he sitrfeicg acoustic $avesntither eddestadlieetion gipsemfachecoubic wave esdonatsrtss 52a
and 52b, and between the nulti-node filters 53a and 53b. A ground

el ect r odevg fpaned by dining and cultinge mothérdaantt | Howedeer, ithe presehRinventich 53a.
The ground el ectrodes 58 are connected via connection el ectrodes 59 to the
ground sil@88t bnited o thissanst it isacqoeptable he geovide grooyes aad Hets, usitg and 53b.
The presentgégeferrﬁd ephodi nent achi eves the sane effects as the surface
acoust i ¢ RIB7AYPISUEP ag, PGt reafter e cut oyseach piervelanticisuhstitate upingi ned
in Fig. 1,t.0 Fig .b. Next, a third preferred enbodi nent of the

pr esent %ﬂ@gﬂf¥6&90§§1 be explained. Fig. 7 is a plan view of a

oresent ¢ nvenWERE P R e e foB LT Bt RTATRGR o 1
Same, TeThSdes'Sr AT bl FhrRipi 0oL R AL BRI B ATGSR S o
the dupl qifin Be scoftl SMthBISHSWIRG REEMEC O AbdlorteSs LhlidRicbARat fakRRR Whi ch

are used for recelving
of the invention is not to be limited except as otherwise set forth in the claims.
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Si gnél s and surface acoustic wave filter apparatuses 52b and 52a which are
used for transmtting signals. An input/output port 55 of the dupl exer 51
is connected to an antenna 65, the input/output port 56b 'S connected to a

receiver circuit, and the input ternminal 56a is connectﬂgsﬁl&tﬁmbgcﬁ@gﬁgc&# er
n

circuit. -12- WHNT L A

the first and second preferred enbodi nents, the end surfaH'mjﬂmuuHIUMti ng
surface acoustic waves of the edge-reflection type surfac e
r esonat or $¥hetie daimeeidsby dicing and cutting a nother board. However, the
present invention is not limted to this, and it is acceptable to provide
grooves and hol.esA susaceacoysticoealerfites apparusitompdsingnd thereafter to cut
out each piezoelectric substrate using dicing or the Ilike. Wi | e
preferred enbdpiesaelecic substraterent i on have been di scl osed, various nodes
of carrying out the principles disclosed herein are contenplated as being
wi thin the sccobRluglity REstagps efmudti-alodierfitersrwbichfarealefined iby aupideality obd t hat
the scope of the invention is not to be linmted except as otherw se set
forth in qc%@-@ grtiqn type surface acoustic wave devices and are electrically connected in

series with each other, said plurality of stages of muiti-mode filters are all located on
said piezoelectric substrate and arranged to extend in a direction which is
substantially perpendicular to a propagation direction of surface acoustic waves
generated therein; and

a plurality of ground electrodes located between respective stages of said

plurality of stages of said multi-mode filters.

2. The surface acoustic wave filter apparatus according to Claim 1, wherein
at least one of the multi-mode filters of said plurality of stages of multi-mode filters is

coupled in a longitudinal mode.

3. The surface acoustic wave filter apparatus according to Claim 1, wherein
at [east one of the multi-mode filters of said plurality of stages of multi-mode filters

is coupled in a transversal mode.

4. The surface acoustic wave filter apparatus according to Claim 1, wherein
said ground electrodes occupy at least more than about half of the space between

stages of said plurality of multi-mode filters.

5. The surface acoustic wave filter apparatus according to Claim 1, further
comprising connection electrodes, wherein said ground electrodes are connected

together by said connection electrodes.

W . [eEmme

REPLACED




- 13- What is clained is: 1. A surface acoustic wave
filter apparatus conprising: a piezoelectric substrate; - a
plurality of stages of multi-node filters which are defi neglisBieetipbeth Repldcsd
of edge-reflection type surface acoustic wave devices and a :-I, i y
connected in series wwth each other, said plurality of staggm | de
filters are all |ocated on said piezoelectric substrate an r

extend in a direction which is substantialLLy perpendicular to a
propagation direction of surface acoustic waves generated therein; and

a plurality of ground electrodes |ocated between respective stages of said
plurality of s%afisséfaceacpustic wavadidter ﬁppal’@t@% aCCfOrdlrr:g touedaiol E, whéreirgr ound
el ectrodes ,qcc at Jeast nore than about half of the space between stages
of said p‘f%ﬁ? & H%’%&e Mﬁfﬁ inGgerintendiditak transducers ang a distance betweeriheust i c

wave filter apparatus accordi to,C.aim1, wherein at |east one of the
nul ti-no ag?$B&%‘dﬁ”@ﬁWo"fﬁT’@ﬁ%WW%%”g?mﬁ Qb@ierotﬁaﬁﬁntﬁlpe%ﬁ@f gaidters is
coupl ed i, | 1 udi nal de. . . . The surface acoustic wave
filter adggﬁg@gpgﬁﬁ\@ﬁeﬁg%@%&%ﬂﬁ,Sfld m‘&ﬁgpgﬁﬂﬁtﬁf&l east one of the
mul ti-nmode filters of said plurality of stages of nmul ti-node filters is
coupled in a transversal node. 4. The surface acoustic wave filter

appar at us accof df{srfade &dlistie wave filter apparatus according to Claim 1, whersin

said multi-mode filters include interdigital transducers, one part of the interdigital
transducers of said plurality of multi-mode filters is divided, and, in the divided part,
ground sides of the interdigital transducers of said plurality of multi-mode filters are

connected at a plurality of portions to said ground electrodes.

8. A duplexer comprising:

a piezoelectric substrate;

a plurality of stages of multi-mode filters which aré defined by a plurality of
edge-reflection type surface acoustic wave devices and are electrically connected in
series with each other, said plurality of stages of multi-mode filters are all located on
said piezoelectric substrate and arranged to extend in a direction which is
substantially perpendicular to a propagation direction of surface acoustic waves
generated therein; and |
a plurality of ground electrodes located between respective stages of said plurality of

stages of said multi-mode filters.

9. The duplexer according to Claim 8, wherein at least one of the multi-mode

filters of said plurality of stages of multi-mode filters is coupled in a longitudinal mode.

10. The duplexer according to Claim 8, wherein at least one of the multi-
-
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further conprising connection el ectrodes, wherein said greund—etectrodes—
af e connected together by said connection el ectrodes.

14 5. The surface acoustic wave filter Shegt Has Been Replaced
according to Claim1l, wherein said nulti-node filters incl UEil{EE "mﬁmal
transducers and a distance between the stages of said plurEENE
multi-node filters is greater than an aperture of said interdigital
transducers which define said nmulti-node filters. 6. The surface
acousti ¢ wawedeffiitbtseof swip phurtlity chetagediof onil-ridde fiteks igbsusied irsai d

mul ti-nmode filters include interdigital transducers, one part of the

i nt erdi gi twhnsversaidoods.s of said plurality of nulti-node filters is

di vided, and, in the divided part, ground sides of the interdigital
transducers of said plurality of nmulti-node filters are connected at a
plurality of portions to said ground el ectrodes. 7. A dupl exer
conprising: 11. Tha dyplexsepeearding tofbsim 8 wherein said grophdred¢dtrodest st ages
of multi-node filters which are defined by a plurality of edge-reflection
type surPSEEREJEast motRiihan abput Balf ahthesnace atweer stagescefisaict plegalitn oker i es
w th each ?ther ﬁ'gé[d plurality of stages of nmulti-node filters are all

| ocat ed BHICHIASIE Sel ectric substrate and arranged to extend in a
direction which is substantially perpendicular to a propagation direction
of surface acoustic waves generated therein; and a plurality of

diages of sai A2mullhoapRer A{ARd BaRh %ﬁ*é?’%?%‘aif’gﬁ*‘%‘"éf‘%fﬂhﬂ%%ﬁ%@% : Xd_é’%
ol ur i 15 GroRep kTSR Ala Birofbs ShEoSHR L IR B S8%5i no 1o

G aim7, cohgéstion dlbctredsst one of the nulti- node filters of said plurality
of stages of multi-node filters is coupled in a

13. The duplexer according to Claim 8, wherein said multi-mode filters include
interdigital transducers and a distance between the stages of said plurality of multi-
mode filters is greater than an aperture of said interdigital transducers which define
said multi-mode filters. |

14. The duplexer according to Claim 8, wherein said muiti-mode filters include
interdigital transducers, one part of the interdigital transducers of said plurality of
multi-mode filters is divided, and, in the divided part, ground sides of the interdigital
transducers of said plurality of multi-mode filters are connected at a plurality of

portions to said ground electrodes.

15. A communications apparatus comprising:

a piezoelectric substrate;

a plurality of stages of multi-mode filters which are defined by a plurality of
edge-reflection type surface acoustic wave devices and are electrically connected in
series with each other, said plurality of stages of multi-mode filters are all located on

said piezoelectric substrate and arranged to extend in a direction which is
—_—
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l.ongi t udi nal node. 9. The dupl exer according to | M s BYR REpRIcE
at |l east one of the nulti- node filters of said plurali :

mul ti-nmode filters is coupled in a transversal node. \iﬁhﬂ‘mnﬂm
dupl exer according to Claim?7, further conprising connectio )

wherein said ground el ectrodes are connected together by said connection
el ectrodes. 11. The dupl exer according to Claim?7, wherein said
mul ti-node filters include interdigital transducers and a di stance between
t he st agesubstarstialiy perparaiidular tofa prdphbat® el €irédtionedfsurface aeatstic whigss an
aperture of said interdigital transducers which define said nulti-node
filters. generated théin;Hral dupl exer according to Claim7, wherein said
mul ti-nmode filters include interdigital transducers, one part of the

i nt er di gia pluralityf droeandsel edtradsisd opdted detwgerpfespattive stades bf $didpurhbity of

di vided, and, in the divided part, ground sides of the interdigital

t r ansduc&atadges okeaid multimode fiitass. mul ti-node filters are connected at a
plurality of portions to said ground el ectrodes. 13. A

comuni cati ons apparatus conpri si ng: a piezoelectric substrate;

a plurality of, stages of nuJti-node filters which are defined by a

.

plurality of fye-MsFABMUBIcAlioN:aRRAAISAGOHIRG F%%’W’eﬁjé"(h%é@y%m%ﬁ%r e

l ectricall ed in. [ W th t her, i.d pluralit f st
o “mul t1 GRSt PPIRap Sreg TR of SelelereBR @ ateot ospatebes Biunideundand
arranged ‘5%155{9@@“%'38§%%at o di rd| rection which is substantially

per pendi cul"a ection of surface acoustic waves

generated therein; and a plurality of ground el ectrodes | ocated
between respective stages of said plurality of stages of said nulti-node
filters, 17. The communications apparatus according to Claim 15, wherein at least

one of the multi-mode filters of said plurality of stages of multi-mode filters is
coupled in a transversal mode,
18. The communications apparatus according to Claim 15, wherein said
ground electrodes occupy at least more than about half of the space between stages

of said plurality of multi-mode filters.

19. The communications apparatus according to Claim 15, further
comprising connection electrodes, wherein said ground electrodes are connected

together by said connection electrodes.

20. The communications apparatus according to Claim 15, wherein said
multi-mode filters include interdigital transducers and a distance between the stages
of said plurality of multi-mode filters is greater than an aperture of said interdigital

transducers which define said multi-mode filters.

21. The communications apparatus according to Claim 15, wherein said

multi-mode filters include interdigital transducers, one part of the interdigital

_—_—
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wherein said ground el ectrodes occupy at |east nore than a f of the
space between stages of said plurality of nulti-node filtegg&sm&gﬁ”;h“‘ placed
The conmuni cati ons apparatus according to Claim 13, wherein Hmﬂﬁl il

the nulti-node filters of said plurality of stages of nulti- S
coupled in a |ongitudinal node. . 15. The conmuni cati ons appar at us
according to Claim 13, wherein at | east one of the nmulti-node filters of
said plurality of stages of mnulti-node filters is coupled in a

t ransver g@instduders of said pluralitp of Muki-seABUIterAs dVIded PaRd, 3 He aRfdiiddhdry to
Claim 13, further conprising connection el ectrodes, wherein said ground

el ect r odgsoumae siclesod ¢he tht¢rdiitah ransgucees df sald pherkligrofehgltimoedesiiters are

17. The communi cati ons apparatus according to Claim 13, wherein said

mul ti - nodenhectedrat a plutaliteof perdods to saild groamd dieckodesind a di st ance bet ween
the stages of said plurality of nufti-node filters is greater than an
aperture of said interdigital transducers which define said nulti-node
filters. 18. The communi cati ons apparatus according to Cl aim 13,
wherein said nulti-node filters include interdigital transducers, one part
of the interdigital transducers of said plurality of nmulti-node filters is
di vided, and, in the divided 17
part, ground sides of the interdigital transducers of said plurality of

mul ti-nmode filters are connected at a plurality of portions to said ground
el ect r odes.
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