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Multiple-M~de P.iezoelectric Filter 

Technical Field. 

The pr•s~nt. inyention:relates tri ~multiple-mode 

piezoelectric filter '.~si.n9 a piezoelectric substrate, and 

more part~cularly to a multiple-sta9e-conne~ted multiple­

mode piezoelectric .filter unit. 

Background. ~rt .. . . 
' ' A piezoelectri~~ilte~ usin91 a thickness-shear 

.·1·, 

vibration ~f .•.pie~oel~ctric substrate ~r the lik~ is 

. generally Ci:rr~nged such .. ~hat the piezoelec·tric substrate is 

provided on one surface thereof :with ·a pair o:f input/output 

el~ctrodes ( splii:, ,el:e.c.trOd·e:s) ·'With a predetermined gap 

provided, and. on the.other surface thet'eof with a grounding 

electrode opposite. to t:he pair . of:· input/output electrodes. 

For examp_le, whe·n s,u.cJJ; a piezoelectric filter · .. is to be 
."! •. 

incorpor~ted · i,n a comnrQ.nication ·device· 'or the like, the 

' follow,ing ~tr11cture is of·ten .a'Ctopted : in order to simplify 

the .J.llountinq PJ'OCe=ss .or the li·ke. · That ·is~, the piezoelectric 

filter is in.serted .in a conta·iner of the surface mounting 

type made of ~ceramics -o:r. the like and the p'iezoelectric 

s~bs.tr~te is ,upport~d in :th:e contai·rier at such a suitable 

position as not to prevent the· piez·oelectric substrate from 

being vibrated. 
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To assure high.· attenuaticl'n '··char act.er ist.ics, a 

plurality of such piezoelectric filters are required-to be 

connected i~ cascade in multiple stages. However, when a 

plurality o~ piezoelectric tilteTs ~ac~ housed irt one 

surface-mounting-type container are connected in multiple 

stages, this zesults in increa~~ in mounting surface. This 

contributes to the failure to· make the ·device in a' compact 

desi9n. 

To overcome the problem above-mentioned, ~h~~e is 

conventionally propo,sed: and put in practical use a' so-called 

multiple:ostage-connected.multiple-mode piezoelectric filter-.. ~... . . . 

. unit in ~h,ich two ~iectr.ode groups ·each coin.prising a pair 

of ·inp~t/oµtpµt electi;oci,es and a grouriding· electr'ode, are . . .... 

formed on one. piez~.el.ectI'.iC $ubstra"te ·and two piezoelectric 
·... . . . ,··.= ··' •.. :; : . . . 

filters ar~ .. s.1,lbsta.nt~a,lly fo.rmed on a Single"piezo·e1ectric 
. ~ .. : . .. ·" . ' . . 

substrate .. and. housed in a. ,~ing le container. . . ,. .· .. . 

Such. a, .multi pi ~,."stage-.connected multiple-mode 
~ ., . . ... 

~iezoelectric filt•r.·unit d~· finished as-~ prri~ri6t by 

C:O'i1necting th~:: ~~tf~t el,•c;trode, -Of one electrode gr~up,. O~t 

of two electrode grou·ps .·.form·ed' on •t'he ·piezoeiect~ic 
.. ····· ·.. . . 

subst.rat.e, ,_1;.~ the input ·,e.l:e.ctro·de -of the other ele.ctrcide 

group. Howev_er, when on.a ele.ctrode group is ex·cited, the 
I • '" • • • 

other electrod~ group al1i5.0· resonates due to the acou.stic· and 

electromagnet~~ couplin~ between the-electrode grotips. It 

is therefore substantially impossible to indepenae~tly 
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adjust the respective filters, causing the fi'nal product to 

be adjusted with much difficulty . 

.. In this connection, ·a variety of· proposals have been 

made as follows •. In a piezoelectric substrate at its 

position .wh~re two electr.ode. groups are partitioned, a slit 

is formed to alleviate.the acoustic coupling between the 

. electro.de groups, and an electromagnetism intercepting 

mat•rial. is s.~.::ured to the container and passE!s thro·ugh the 
~ . . 

s.lit to .. prevent the electromagnetic coupling bet~een the 

e1e1c.trode 9.ro~ps (Japanese Pat.ent Laid-Operi Publication No • 

. s.,9,~24910). To·.partitio·n. the t·wo electrode groups on the 

.. :~ame. piezq~.l,,eetric sub•strate, an intercepting groove is 

·.~armed in the piezoe1ectric substrate by ·cutting the same 

. from a pe~~phe:t.al ad•ge :.ther.eof and· a ·band-like metallic 

:. ~ayer is di~po:sed ·~on each. of both side·s C>f the intercepting 

:9~oove (J.~parie·S·e_. Pa:tent Publication No. 57-56810). on a 

. p~ezoe+t:1ct~iq: .sub15trate at its position:· where two electrode 

.~rol;,ps. are, .pa,:titioned, a linear elec·trode to·· be connected 

. to ,a grounding el..ectrode is formed and a damping rnateria~ 

such ... as sil.ver paste or the·· 1ike is applied on the linear 

electrode (Japanese Pa·tent Laid-Open Publication No. 61-

17826). 

Howev,er , .. no.-i.e of these proposals provfdes a sufficie.nt 

ability of· :preventing th:e. acoustic~ and ·electromagnetic 

coupling bet.we·en: the electrode ·groups. Thus, the. final 
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adjustment ,~s.di1;1advanta9eously still diff1cult. 

Rec~nt.ly, in a communication dev.ice~ particularly, a 

~ortable-type communication device, ·1t is increasingly 

. required to~minimize the mounting area of each of the 

incorpo~ated .circuit elements. Accordingly, ·as a multiple-

stage-conne~ted multiple-mode piezoelectric filter unit, too, 

there is requir_ed ·.a str·ucture in which a small contafner of 

th~ surfa9e mounting type hou$es an element haVirtg two 

electrode groups formed on a small-area piezoelectric 

substrate. However, when . a piezoelec~r·ic substrate ·having 

two eleCtl'p_de., groups forme-d the~eon is housed in a small 

container, the dis:ta~ce .b.etween these two 'el:e<rtrode· groups 
! . . 

is v.ery sm_a.l_.l . in the· ~t-r0ucture accor·dinq~ t.o each' of the 

proposal~. ab9ve-mentioned. It ·is therefore diffi~ult to 

avoid interferences of the lines of ~el~ctric force . ·: . . . ,·. 

generated base~ on the electric ::field's formed'- by two pairs 

of. input/ out;.pµt_ electrodes •.. Disadva;·ntageous'ly j ··· th'is not 
,. ,:, ' • I: '. • 

only provi~es poor guar.antee a;ttenuation .. chal:acter"istics . . .. ·- ..... 

but also ma.kes the. final adjustment.-.diff·icult ·due to 

electromagnetic coupling. resulting from the lines of 

elect_ric fqrce. 

In view of the foregoing, the present invention is 

proposed wl,:th ;the main 01?:-ject o~-providing, in-a multiple­

stage-connec;::ted multiple..,.mode pl,~~oelectric .. filter unit, a . . . . . . . 

piezoelectric filter wh,ich is hic1her in·· the ability of 
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.Preven~Lng~•he acoustic and'electicimag~etic coupling 
. . 

~etween the electrode groups· t'han each of the proposal.s of 

prior art,, thus facilitating the final adjustment of the 

filter. 

It .is another obj·ect of the· pr·esent invention to 

. provi.4e a .. p;e~oelectric filter in which, even "though the 
; ... 

mounting: a.tea.is minimized to cause the two electrode groups 

t<;> ~et .near each other, the influences of line.s of electric 

t:o,rce fr-om:. the' electrode groups are har'd1y' exerted, such 

tha~ the p;i;.ezo,~lectric filter is small in si~~ and. easy in 
. - . . ·•· . 

. f_inal, :adju;sjtment and ca·pable of exhibiting excellent 

gµa_rantee att~nuat.ion characteristics • 
. ~·· . . . 

.. , Dj,.sclosure ·9£ the Inventi-On 

To achiev:e the o~bjects above-me·rit.ioned, a first 

invention i~ characterized in that a single container houses 

tw.o p~ez.oe~ec.tric- s·ubstrates each ·provid'e'd with a pair of 

;i.n~ut/output:. electrodes cand a groundi'ng electrode _and tha·t 

a.11 the el.:ectr,ode:s ,. or -~·those· except for the grounding 

e~ectrodes, orLthe·piezoelectric substrates are respectively 

c9nnected _to connec-t;i.'on termina.ls independently formed on the 

c;:c;m~ainer. 

,Acc()rdi~q; .to the atranqeinent oi th~ fir.st invention, 

th_e,. piezoelec,tric. substrates' in the container are perfectly 

separat•4 £ .. rom:;_ each' other ·and the input'/ output electrodes 
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are respectively connected, in the container, ~o the 

eorrespondinc;r connection .. terminals. It. is the ref ore possible 

to adopt the steps .. of incorporating, in the· container, two 

piezoelectric filters each having a piezoelectric substrate 

and an electrode 9rou~ formed thereon, finally adjusting the 

respective piezoelectric filters as incorporated" in the 

container and connecting these piezoelectr·ic· filters in 

cascaae, thus caus1ng the filters to be conne6t~d in 

multiple stages. Thus, t:itere can_ readily be obtained a 

highly efficient multiple-stage-connected multiple-mode 

piezoelectric filter unit having the desired 

characteristics. In this filter unit under use, the two . ·: . ... 

piezoelectric substrates are perfectly separated from each 

other, thus preventing the two piezoelectric filtet"s fr·om 

being acoustically coupled with .eac:h other •. 

Preferably, that ?,D~nection termina-l'Of- the container 

connected to th~, qutp}lt. elect.~ode .on one piezoelectric 

substrate, is connected, inside of the container,· to that 

connection terminal of ~he cqntainer connected-to the.input 
.• ' . -

electrode on the ot~'r piezoelectric sub~tra~~ with 

conductive ad hes iv~ s or::. a b o.n ding . .w i re • · In such a ·n 

arrangement, the wiring outside of the container is the· same· 

as that in a. conv~ntional multiple-s.taqe-connected 

multiple-mode piezoelectric_ filter unit in w·hich two 

electtode groups are formed on a single piezoelectric 
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substrate and in which the out~ut electrode ot one 

electrode group is connected,. ·on the piezoelect.rio substrate, 

. to the. input: electrode .·of the other electrode group. This 

requires no -~pecial_ step or wiring when actually mounting the 

filter unit.. . 

Pref~~a)ly, the grounding elec~iodes On the 

pif?!_Zoel .. ectric .s.11b·s.trates are respectively connected to 
.. 

connection terminals.independently formed on the container • 

. such _an,. arr.c.J.;~gement perfectly prevents· the piezoelectric 

.. substrate:s. fro~ interfering with each other. 

Pre.fer~J:>,ly 1 -t:.:he .two piezoe~ectric· substrates are 

ho~sed in : th,e .. cont•iner ·with the center lin·e:· between the 

input:( outpu.t- el1a,ctrodes "O.f one pair positio.nal ly shifted 

.fr.om the_.ce..~te:r. li·ne···bet.ween the· input/output ~lectrodes· of 

.the other pa,_i-.r .•. · 'l.'hi·s~. further improves' the: eff~ct of cutting 

off the electromagn:;.e·tic ·eoupli"n9 between 'the two 

_pi_ezoel~ct.r:i:c, f:U-:ters .• • . . .'J 

T~. achie·Ye -the 'ob_je:cts .. above-mentioned I a second 

invention l\as- another 'arran9ement ·characte.rized in that two 
.··; 

~lect~o~.e :group,s e~ch comp·rising a pair of input/output 

electrodes and ~ ··groundi:n9·. electrode are for'm'ed on a single 

piezoeleci;:~i:.i,c .su.bstrate and that· the· pi·ezoelectric 

sub~~rate isi~onnect~d, bet~~en·-th~~ t~o p~irs of 

input/output.el~Qtrodes~ t.o-the.~ontainer~~ith a material 

( d.ainping mat_erial) different in acoustic imped~nce f ram the 
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~i~zoelact~~c substrate. 

The arrangement of the· second invention is the same as 

a conventional multiple-stage-conneet&d multiple-mode 

piezoelectric filter unit in that two electr-ode qroups are 

formed on a single piezoelectric substrate and that a 

damping member is dispos'.ed between these ·electrode groups. 

According to tne ~~_co.n.:d invention, h-owever, the· damping 

member dispQsed b~tween the.two electrode qrotips is 

connected to _the conta~oer in which the p~e~o~lecitric 

substrate is housed. Acqordingly, at t·hat position of the 

piezoeJeqtric ~ubstrate .. that ,tl'le -damping ·member is disposed, 
. .. . . . . . -~ .. .. . I 

vibration hardly propagates due. to the :'anchor effect with . . . . . .. · 

. rE!spec::t t.o 1;he .q.:onta.in~r, thu-s further intprovinq the 

vibration. attenuation effec;.~ by·· the damping· :membefr:. This -. . ·: . . . ;. · .. : .. . ··~ ..... 

further secq,r;~-iy. p~ev~n~s -th.·!! electrod.e. :groups from being 
.· . ·.·:·.. .. .,. . .. 

~coustical,l.Y .c;oy.l,)led witb .. each. other. · 

According to the second invention,·· the piezoelectric 

su,,i:;trat~ may .be provided, on its, side having: ·the two pairs 

of. input/Qutpµt .electrod.es for~m·e·d ·thereon, with"..ini'other 
.. . .·' .. .. . 

grounding. t!le.c::tr.ode for; .partitioning:,th:e two pairs of 

input/output electrodes,. and this gr,oundi,ng electrod·e and 
.. : ., ! - ... 

the container,. may be ·connected to :each other with a 

conductiye mat,.erial Ccc;md:uctive damping :material) different 

in acous.tic impedance. tram the· piez·oelectric · substrate. 

Accordinq t~ •uch an •rrangem~nt, *he t~d pai~s of 

- 8 -



input/output electrodes are electromagnetically separated 

from each other, This exhibits an excellent a~ility of 

preventing.not only the acoustic coupling above-mentioned 

_but also the electr,oma9netic coupling between the electrode 

groups •. 

Preferably, this grounding electrode for partitioning 

the two pairs.of input/output electrodes has a pattern which 

projects toward .tb~ center of each of the pairs of 

input/output electrodes, and the width of each of the 

projecting.portions of. the pattern i~ sm~ller in the 

dire.c_tion t,oward· each .of the pairs of input/output 

electrodes. Accord~ng .to such an arrange·ritent, the vibration 

generated at and propagating from ·one electrod·e group toward 

-the other ~lectrode group is efficiently abjorbed by the 

m..as.s: ~ddit~on effect. of the grounding electrode of which 

mass is greater as the· grounding electrode· is·· remoter from 

.the vibration. starting point. Further,· the '·vibration is 

damped by the conductive damping material and the container, 

yet thereis not prev~nted·vibration from propagating in 

each electrode pair f.rom the input electrode thereof to the 

out.put electr.ode thereof. 

To achieve the objects above-mentioried, a ~hird 

inv.ention has a further arrangement characterized in that 

two electrode qroups each comprising a pair of input/output 

ele9trodes and a grounding electrode are formed on a single 
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piezoelectric substrate: that there are formed, at a 

positio~ where the two electro·de groups are partitioned, a 

notch, a slot, a·p1uralityof holes or a groove, the notch,· 

slot and holes passing -th:rough the pie-zoelectric substrate 

and the groove being formed in at least that side of the 

piezoelectric substrate on which the pairs of input/output 

electrodes are being .fQrm·ed; and that an elastic material 

is embedded in .the. notch, the slot, t-h:e plurality of· holes 

or the groove. 

Accord~n9 to the ~rrangement of .the third invention, 

the two electrode groups are formed on the ~ingle 

piezoelectric suhs.trate and partitioned ~by the notch or the 

like, and. thf!. .elastic mc;1.terial .is embedded inside of the 

notch or the.iike. This.f\lrther improves the effect of 

.d.ampin9 the vi~,r,ation propagating between the electrode 

groups and ~he~ability of preventing the acoustic coupling 

as compa~ed _with a qonv~ntional. mul tiple-·stage-connected 

multiple-mo~e p~ezoelectr;ic filt,"er unit. 

Accordin~ tq the arrangement ot the third inv·ention, 

when the elastic .material -embedded ins:ide ·of the notch or . . • ' 1.• . . ., 

the like, is connected to the container, the vibration 

atte~uation eff~ct is further improved. 

' ~ . Pre~~r~~ly,. t.be elastic material. is a conductive 

mate,rial,. and ttiis·· conductive ·elastic material is connected 

to a. grounding. connection, t:erminal formed~ on the container'. 
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Accordin.9, to such all a.rrangement, the electroma9netic .. coupling between 1:he electrode groups is also intercepted. 
According to each of the second and third inventions, the two pairs of input/output electrodes may be disposed at 

right angles .to each other on the piezoelectric substrate. 
such an arrangement reduces the influences of lines of electri,c force between the electrode groups. This not only further impro.yes the electromagnetic coupling.preventing ability, but also restrains the guarantee attenuation 

. . _characte.ristics ,from bein·g· lowered due to the influences of the lines of electric force when the filter unit is under use. 
··.;,. 

To a9ni~ve.the objects above-mentioned, a fourth invention has-.still another arrangement characterized in that two elec~rode groups each cbmprising a pair of input/output electrodes and a grounding electrode are formed Qn ,~ . single. pi.ezoelectric·· substrate, that· the piezoelectric s_:u.bstrat.e ~i:&. ··•·rectangular"' crystal element and has the sides ~hich ·d~. nqt. extend ::a:long· the ··x- and z '-axes, that the 
:, .·.! .. - . .. . . '· .. 

. . . 
pair! of input/o~tput electrbd~s are ~ormed with a gap e,xtending ~long·· the x- or z '-axis, and that the input/ output el_ect:rodes. are. connecte'd, ·.by outgoing electrode patterns 
hay~ng the .,s,ame:: length,. t·o.; connection pads formed at sides o_t the piezoel~ctric substrate. 

According __ to the arrangement of the fourth invention, 
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the pairs of input/output electrodes can be disposed such 

that the outgoing electrode patterns have the same length 

with the center line of one pai~ of electrodes positionally 

shifted from the center line of the other pair of electrodes. 

This restrains the acoustic and electromagnetic coupling 

between the electrode groups. Further, the out9oin9 

electrode patterns can be equalized in parasitic 

capacitance,. thus fac~litat;;ing the adjustmen't. 

Any of the arrangements of the second and third 

inventions may preferably be added to the arrangement of the 

fourth invention. That is, when any of the arrangements of 

the second and third inventions is added to the arrangement 

of the fourth invention, the acoustic and electromagnetic 

coupling between the two electrode groups can further 

securely be prevented. 

To achieve the o~jects above-mentioned, a fifth 

invention is arra119ed mainly to.restrain:the interference of 

lines of electric force between the two electrode groups. 

That is, the fifth invention provide~ 'a'mu~tipl~-rnode 

piezoelectric filter havin9 a single container i~ which 

the re are connected , , ,in. ca,_s cad e , two multi p l e - mode 

piezoelectric filter 1;tlements comprising one or two 

piezoelectric substrates and two electrode groups~ each 

comprising a pair of input/output electrodes:and a 

grounding electrode, the p~irs of input/output electrodes 

- 1 2 -



beins formed on one side of. the one or two piezoel~ctr1c 

substrates with a predet~rmined gap provided, and the 

grounding electrodes being formed on the other side of the 

one or two piezoelectric substrates at positions 

respectively opposite to the pairs of input/output 

electrodes. The fifth invention is characterized in that two 

pits adjacent, to each other are formed· in the container, 

that the one o_r two pie:zoelectric substrates are secured to 

the con~ainer, at .the peripheral portions of the pits with 

the pair$, of .input/out.put electrodes t.urned toward the· 

bottom surfaces of the pits, that each of the bottom 

surfaces of the. pits. i·s c~vered with a conductive material, 

that a conquctive materi:al.is disposed along a partition 

wall f o:r:me4 b.etween the two pi ts, and that the conductive 
. . . : . ~-:: .. ~·· . : . . . 

mat_~rials a~e connected .to a grounding connection terminal 

formed on. the container •. 

To ~chiev~ the obj..ect .. s abov-e-mention·ed, a sixth 

invention is arranged, likewise the fifth invention, to 

restrain the .. interfex:.-nce' f:)'t lines of electric·· force between 

th~ two electrode.groups. That is, the sixth invention 

provides a m.ultiple-mode piezoelectric filter having a 

single container in.which two multiple-mode piezoelectric 

fil,ter elemen.ts similar to those in t.he· fifth invention are 

housed. The sixth inven~ion is characteri~ed in tha~ two 

pits adja.cent .to ~ach other are formed.·in the container, 
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that the one or two piezoelectric substrates are secured to 

the container at the peripheral portions of the pits with 

the groundins electrodes turned toward the bottom surfaces 

of the pits, that a lid made of a conductive material is 

mounted on the container·, that a conductive material is 

disposed alancl a .partition wall formed between the two pits 

such that the ,upper end of the conductive material reaches 

a position at least in the vicin·ity of the underside of the 

lid, and that the conductive .material and the lid are 

connected to a grounding connection terminal formed on the 

copt~iner. 

Acc~.rding to each of the fifth and sixth inventions, 

each of the two multiple .... mode piezoele·ctric filter elements 

- may comprise a piezoelec·tric substrate and· an. ei~ctr'ode 
~ . . 

group foim•d there~n,.or·the two mu1tiple~mode 

piezoelectric filte~ elements may comprise a single common 

pi,ezoelectric substrate and-two electrode' groups formed 

.. thereon. 

Ac?cording to each of: the fifth and sixth inventions, 

. the pa i rs o f. input I output · el e ctr o d e s of th' e two 

pi~zoelectric filter. ~lements housed in the"sihgle 

container of ~he surface mounting type, are mutually 

electi:omagnetically separ-.a.ted from each ·o;ther by the 

structure C?f .. t::he container itself,· thus preventing the 

in~erference :of the lines of electric force betwaen the 
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electrode gro-q.ps. 

~ore specifically, the lin~s of electric force­

gen_erat.ed based on the electric fields formed by· the two 

pairs of input/output electrodes, exert influences upon the 

electrode groups through the space adjacent to the surf ace 

of the one. or two. piezoelectric substrates on which the 

pairs of input/output electrodes are being formed. 

According to the. arrangement-of the fifth invention, the one 

or two piezoel1:actri:c substrates forming ·two piezoelectric 

fil~er elem_ent~. are secured to the container with the pairs 

of .. inp\lt/~utput. electrode·s turned ·toward the bottom 

surfaces of the pits formed in th~ cti~tainer, the 

conduct~ve Dla~e.rial is disposed· on ·the bottom surface of 

. each pit a,n,<i _a,long the partition wall b_etween the pits, and 

t;hese copd.u-cti ve .. materials are -conn:ected to· a grounding 

potential. ~cc.or-di,.ngly, the lines -of electric force from the .·. .. . . ' 

pairs ~f inp~t/outpu~ electrod~s are tr~pped by the 

. con~ucti v~ ,.m~t;.e:i;::i,als, thu:s restraining' the 'inf l uenCes of 

t:,}t~. l,i~es.' __ o;f.: e·lectric: force 'betwe·efr the pairs Of 

.}~put:/ou:tPU:t .electro~d-es.· '.T·his can effectively 

electr:O~a.gne:t:i,,cal;ly :Separate. the tWO electrode groups from 

each.oth~r. . .. 

Ac.c.q .. ;rding, to the .. a'lt·rangement of.· tll:e ·sixth ·1nvention, 

the. on.e. or two _p.i,ezoel·e.ctric subs-ttates forming two 

Pi.~zoelect-r.ic fil~e;r el,ements are secured' tcf the container 
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with upside down unlike in the fifth invention, i.e., with 

the grounding electrodes turned toward the bottom surfaces 

of the pits. ln this case, the lines of electric ~~ree f~om 

the pairs of input/output electrodes are formed in the space 

opposi~e to the pits, i.e., the space under the lid. 

Acco~dingly,_ the lid of the container is made of a 

conductive material, a conductive material is disposed 

along the partition wall between the pits, and the 

conductive mat~rial and the lid are c~nnected to the 

gr.ounding potential. This effectively traps·· the lines of 

ele~tric forc:e, thus producing_ operational effects· similar 

to those .in the fifth invention. 

According to each of.the fifth and sixth inventions, 

the conductive material~along the partition w~ll between 

. the two pits in the: c::ontai.ner may be disposed ·in any of the 

follpwing spec~f ic manne.rs ,., ·A plate-like. oonduc·t,ive ·material 

~~Y be _inserted,in and:~lonq the partition walli·6r~~ 

conductive l'(la:terial may ,_cov'.er. the .whole inner: wall surface 

of each of .. the pit.s. ·Further, a plurality· of -~throug·h-holes 

mai be formed in th~ partition wall, and·a cortdtictive 

material may be embedded in each ·of su·ch ·through-holes. 

According to each of the fifth and sixth inventions, 

any of t.he ,.arrang:ements p,f the-. s:econd, .. thlrd· and four th 

inventions may .jo~nt,ly b~ used when the. two piezoel·ectric 

filter elements ~re tormetLusi-n9 a single piezoelectric 
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substrate, and the arrangement of the first~invention may 

jointly be used when the two p-iezoeleotrio filter elements 

are formed using two piezoelectric filters. 

Brief Description of the Drawings 

Fig. l to Fig. 3 show an embodiment of a first 

invention, ,in which Fi9. 1 is a plan view with the top 

~ortion (lid)_qf a container 1 removed, Fiq. 2 is a section 

view taken alo-ng the line b-b in Fig. l, and Fig. 3 is an 

enl~rged bottom view with the u·nderside (bottom) of the 

.container .l seen through; 

Fig. 4 is an enlarged bottom view of main portions of 

.. th~ embodiigent .of the fir~t inve·ntion.with the underside of 

the container l seen through, illustrating an arrangement in 

which the output electrode 22 of one electrode group and 

the input electrode 31 of· the other electrode group. _a.re 

. connected to each ot·her inside of the container 1; 

.. i ... 
Fig. 5 is a bottom view of another embodiment of the 

first invention with the underside of the container 1 seen 

through; 

Fig.·. 6 to Fig. 8 ·show an embodiment of a second 

invention, in which Pig. 6 is a plan view with the-top 

portion of a container i removed, Fig. 1 is an enlarged 

section view Qf main p.ortions taken along the 1 ine b-·b in 

_Fig. 6, and- Fig. 8 is a bottom view with the underside of 
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the con~ainer l seen through: 

Fig. 9 is an enlargad section view similar to Pig. 7, 

illustrating another embodiment of the second invention: 

Fig. 10 is a bottom view of a further embodiment of 

the second invention with the underside of the container 1 

seen through; .. 

Fig. 11 to Fig. 13 show an embodiment of a third 

invention, in which Fig. 11 is a plan view with the top· 

portion o~ a container 1 removed, Fig. 12 is an enlarged 

section view.of main portions taken along the line b-b in 

Fig. 11, and Fig. 13 is a bottom view with the unde·rside of 

the container l seen through; 

Fig. 14 is a plan view of main portions of ·anoth~r 

embodiment of the third invention; 

Fig. 15 is .a plan view Of· main portions of a further 

embodimeJtt of the third invention; 

Fig • .1,6 is a longitudinal section view o.f m·ain 

portions of still another embodiment of the third 

invention; 

Fig. 17 is a longitudinal ~ection view of main 

portions. of a still further· embodiment of the third 

invent.ion; 

Fil· 18 is a longitudinal section view of main 

portions of yet another embodiment of the third invention; 

Fiq. 19 is a lon.qit-udinal section view of main 
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portions of a yet further embodiment of the third 

invention; 

Fig. 20 is a bottom view of the piezoelectric 

substrate 20 or 200 having another pattern of pairs of 

input/output electrodes in each of the second and third 

inventions; 

Fig. 21 is a plan.view.of a crystal element 2000 at 

its side having pairs of i~put/output electrodes formed 

thereon, according to an embodiment ot a fourth invention; 

~ig. 22 is an.e~plode~ perspective view of an 

embodiment.of a "fifth invention; 

Fig. 23 is a section view, taken along the line A-A in 

Fig. 22, with the lid 330 removed: 

Fig. 24 illustr .. a;es the operation of· the embodiment 

sho~J;l in Fig. 22; .. 

Fig. 2~ illustrates the.effect Of the embodiment shown 

in Fig. 22, in which Fig. 25a is a graph illustrating the 

characteristics of a filter of a comparative example with 

the conductive material~. 341, 342, 304.· removed from the 

embodiment. in Fiq •. 22, an~· Fig. 25b is a qraph illustrating 

the characteristics of a.,filter -;according to the embodiment 

of the fifth Anvention with the conductive materials ·341, 

342, 304 attached; 

Fig •. 26 is a front view of another arrangement of the 

pie~oelectri~ f.j,,lter elements 301, 302 according to the 
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fifth invention; 

Fig. 27 is a perspective view, with portions broke.n 

c..way, of another disposition of the conductive material 305 

according to the fifth invention; 

Fig. 28 is~ persp~ctive view,'with portions broken. 

away, of a further disposition of the conductive material 

.· 305 according· to the fifth invention; 

.. Fi9. 2-9 is a lon9itudinal section view of an 

embqdiment of a sixth invention; and 

Fi9. 30 _,is a perspective view, with portions broken 

away, of another disposition o.f the conductive material 405 

. acco.rding to· the sixth ·invention. 

Best Mocl:e f.or:· Carryi"nq ·Out· .the Invention · 

The following description will discuss preferred 

embodiments of,thepresent invention with reference· to the 

. attach,ed. drawings •. · 

FL9. l~o-Fig. 3 show an embodimen~ of-~ first 

invention. A. container. F of. ceramics:'-' ls provided ·at the 

p,e,riphery t.hereof with an upwardly· projecting peripheral 

wet.11 la :and in the . b:ot tom, the re of with two pits lb, · 1c • As 

covering the pit~. lb, le, two pie~oelectricsubstrates 2, 3 

are housed inside of the container l. Eac~ of the 

piezoelect.ric.: substrat.es 2, · 3 is provided on one side 

.(underside:)'. th·ereof with' an inp.ut electrode 21, 31 and. an 
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output electrode 22,.32 with a predetermin~d gap provided, 

and on the other side thereof with a grounding· elect:rode 23, 

33 opposite. to the input/out.put ele~trodes 21, 22; 31, 32~ 

_With the piezoelectric subatrates 2 1 3 housed in the 

container 1, a lid (not shown) is put· on the peripheral 

wall la ~uch. that the container 1 is entirely packaged. 

Each of the piezo~,lectric substrates 2, 3 has sizes of 

about 2 x about 3 mm and.is mechanically secured, at three 

corners t~ereof, to the cont~iner 1 with conductive 

.a.dhesives. B. F'.:urther, with t.he conductive adhesives B, the 

electro~es of .the piez~~l~ctric substrates 2, 3 are 
.··: . . · :· ":· 

_ r.espectivel.Y. ~lectrically co·nnected to connection terminals 

{pads) 11.to_16 independently formed. on the botto~ surface 

of tpe con:tainer 1. 

Mc;>r.a spec.ifically, the i:nput electrode 21 and the 

9utput e.f ectrode 2~ at t,l)e underside of- the piezoelectric 

substr~t~ 2 a.i::e respect;ively guided --to diagonal corners of 
. . . . ·'' . 

,. th~ piez.°:ef:~c~ric subst,rate 2 by o-utgoing ele'ctrode 

pa,:;terns 21a, 2.2a .. and ,COJ.1-ne.oted to the conneotien terminals 

11, 12 of: ~he container l·.wj.th conductive adhesives B. The 

grounding elfi!ctrode .23 Qn· the top side of the piezoelectric 

$,Ubst:rate _ 2 is,. guided 1;.Q;·. a corner of- t.he piezoelectric 

substrate ~ by an outgoing ~lectrode -Pattern 23~ and 

connected to tll,e 9onnection terminal 13 of the container 1 

wit~ the conductive adhesives B. Likewise~ the input 
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electrode 31 and the ·Output electrode 32 at the underside of 

the piezoelectric substrate 3 are respectively guided to 

diagonal corners of the piezoelectric substrate 3 by 

outgoing electrode patterns 31a, 32a and connected to the 
.. 

connection terminals 14,· 15 of the cont~inet 1 with 

conductive adhesives B. The grounding electrode 33 on the 

top si4e_of the piezoelectric ~ubsttat~ 3 is guided to a 

corner of the piezoelectric substrate 3 by an outgoing 

electrode pattern 33a and connected to:the co~nection 

,te~minal 16 of the ·container 1 with the conductive 

adhesiyes.B. The .connection terminals 11 to 16 are connected 

.to ~xtern~l.connection terminals for surface mounting (not 

sho\'fn) formed at the: underside of the-container l. 

According to the. arrangemen·t above-mention~d, the 

connect~on ,,te·rminal 12' c·onnected to the output electrode 22 

on one p~ezoelectric. substrate 2 is· ri'onnected to the 

connection·1:;.et;mj.nal. 14 ·connected to the input electrode 31 

on the ath~:r pi:e:z,oeleetric · substrate 3, thus providing· a 

~.lilti.PiE!~sta9e-connected multiple-mode piez·oelectric ·filter 

unit. '],'he connection between the co·nnection terminals 12, 

14 may be .~ade outside of·· the container·!. Alternatively, 

such .a pon~Eiction. may be .. made inside of the' container 1 by· 

.disposin,g._. therein .a b.o-nding· wire for connecting the 

connection terminals 12, 14 or by using conductive adhesives 

17 disposed a.long the top: of a. partition wall ld ·fo.rmed 
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betw~en the two pits lb, le as shown in· an enlarged bottom 

yiAW of main.portions in Fig. 4. In any ~ase, such a 

conne~ti~n is made ~ft~r each of the piezoel~~tric 

s~l>&trates .2 , .. 3 has finally. be.en adjusted. 

According to the embodiment of the first invention, 

the two.piezoelectric substrat.es 2, 3 as perfectly separated 

from each oth~r ar~ housed in the single coritainer 1, ~nd 

a_ll the ele~trode groµps 0£· the piezoelectric substrates 2, 

3 are respectively:·connected .to the connection terminals 11 

.to 16 ipdep.e:ndently· for·tne-d ·inside of the container 1 . 

. Accord:i,ng.ly--, the pie.zo.e1ectric substrates 2, 3 and the 

:el~ctrode groups form t·wo. mult·iple-mode piezoelectric 

. filters. Aft~E: _individually adju-sted, thes·e multiple-mode 

.· p~ezoelect.ric filters. can ·be: -co:nnecited ·in· cascade, thus 

f 0 rmin9 a ·IJl:Jl.l tip.l e.-.stage-connecte d multiple-mode 

piezoelectric f ilte·r unit. Under us·e, the respective 

multiple-mod.e piezoelect-ric ·filters are substant1ally not 

acqustically coupled with :•ac;h other. Accordingly·, even made 

i°: a ... c.o.m-pa.9t. design._ and '.housed in th'e single container· 1, 

this mul.tiple .... stage-connected multiple-mode piezoelectric 

filte.:z; unit of th,e surf·ace mounting type is easy ·in 

adjustment: ;and: hi·gh in ·quality with spurious. response 

reduced to , inc·reasfe, the guarantee attenuat'ion. 

Further~ wh~n the~output/input elect~odes of the 

piezoel~ctric substrates-2·~ 3 are eonnect~d within the 
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container 1 usin9 the conductive adhesives 17 or the like, 

no special consideration i:s required for connection with an 

external circuit outside of the container l, likewise in a 

normal multiple-sta9~-connected. multiple-mode piezoelectric 

filter unit of prior art. 

In the e.rnbodiment above-mentio.ned, the grounding 

electrodes. 23, 33 of the piezoelectric .substrates 2·, 3 are 

respectively independe,ntly connected to the connection 

terminals 13, 16 of the container 1, but may be connected 

to a common co~nection terminal of the container 1. However, 

it has been found that, when the grounding electrodes 23, 33 

are respectively indepepdently connected to connection 

terminals as.done in.the embodiment above-mentioned, this is 

more effe.ctive in prevent:ing ·the two piezoelectric· filters 

from being .elec.tromagnetically coupled with ea:eh other. 

·Fig, 5 is a. bottom view of anothe·r· embodiment of the 

first invention •. In Fig •. 5, the piezoelectric substrates 2, 

3 are housed in the container .1 such that the center line c 

between the input/output ele,ctr·odes on the piezoel·ectric. 

substrate 2 .is .. positionall.y shifted from the c-enter·line c 

between the input/outpµt electrodes on the piezoeleCtric 

substrate 3. ( s.ubsequently, the centers of the grounding 

electrodes are also positionally, shifted ~from each other)~ 

such an arrangement ca.n red.uce the influences of lines of 

electric force·between t~e electrode groups. This· is mor~ 
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effective in preventing two multiple--mode piezoelectric 

filters from bein~ electromagnetically'.coupled with each 

other. 

The followinq description will di:scuss embodiments of 

a second invention. 

Fig. 6 to Fig. 8 show an embodiment of th~ second 

i;nvention. In this embodiment, one pie.z:oelectric substrate 

20 is hous.e~. in a .c:onta~ner l equivalent to that. in '·Fig. 1 

and has two p_airs of input/output electrodes 21, 22 and31, 

3.2 and grpun.ding electr_.pqes 23, 33 c·orrespondin·g; to the 

.electrodes ... 21, 22; 3-1, 32. 

The pi~.z.o~lectric substrate 20 is connected, at-· total 

. six. po.sit~o~s in,cludi.~g · t.he. four. corners· the .. re.of and 

substantially center·s of opposite two side;s thereof, to the 

container 1 wi.th. conductive: ·adhe.si v·.es B. connection 

terminals .(pad.s) 11 to 16 are formed on·'the ·container 1 at 

the r.esp~ctiy!! · connec.tion· positions. The; .electrodes of the 

. two, ele.ct.r:o.4~ groups. are: resp:ectively. conn~ected to the 

connectio,n .. termin,~l,s 11::-to .16 ,using. outg.o;i.ng electrode 
:) 

. patterns •. 

This, ,mbodim,ent Of the second inventiOQ is 

.. ch.ara.cteI'.ize.d ·in·. th-at there is disposed, between the two . . 

. electroc3,e _groups, a damping .~embe.t 4, such as a·dhesives or 

the like., m~de of a ma·terial dif.ferent ·in acoustic 

_,impedance :from the ,p~ez9electric substr.jlte. 20:· and that the 

- 2 5 .. ~ 



.p~ezoelectric subst~ate 20 and the contain•r 1 are 

mechanically connected .to each other by the damping ·member 4. 

More specifically, the damping member 4 connects the top of 

a partition wal.l ld between two pits lb, lc·of the container 

1 to the piezoelectric substrate 20 at its· under-s·i.de at 

which tne pair~ of input/output electrodes are being formed. 

According to· the arrangement above-mentioned, the 

v,:j.bration· :.propagating from one electrode group ·to the other 

electrode group, is considerably effectively damped by -the 

damping member 4 of which vibr:ation is regulated by the 

anchor effect of the container 1 or of which vibr·ation is 

. i::~9ulat.ed by-· t:he connection to the· cont·a·iner l. This 

r.emarkably increases the. ability .of preventing· the electrode 

grDu.ps from being•.acoustically coupled .. with each other. 

Fig. 9 is an enlarged section view.similar_toFig. 7, 

il 1ustra~in9 another embodiment :·of the second inventiOn. 

In tbe. embod.i·ment in Fig.. 9' two ·electr·ode ·groups 21, 

22, 23 and; .. 31 1. 32; 33 of: a piezoelectr'ic substrate 20 ·and 

; tlle arra·ngement of attaching a.:na · connecting the saine' to a 

container l are similar to those shown in Figs. 6 to 8. The 

.. t]tmJ:>odiment in :F:i9. 9 is: characterize.d in that another 

.. ground.t .. ng .electro.de 5 ... d'i:f ferent f·r·om the 9r6un'din9 

elec·tr,:0.des 23, .'33 on th:e.:·top s·ide of the piezoel'ectric 

. substrate 20,.~ia d~spos~d.at the underside th~reof to 

partition· the ·two .pair:s of input/output, electrodes, that the 
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piezoelec.t,r.ic s·ulJstra te 2 0 and the container 1 are 

mechanically connected by a conductive d~~pin9 member 6 

through the grounding electrode 5, and that the grounding 

electrode 5 is electrically ~onn~cted to· a 9round~n9 

connection terminal le ~ormed on the ~ontainer l. As the 

. conductive damping member: 6, conductive ad·hesives may be 

used for example. 

Acqording ·to the arran9.ement -in Fig·. 9, likewise in 

the embodiment shown~in Fiqs. 6 to·-~~ the vibr~tion 

propagating between the two electrode groups i"seffectively 

.damped by the,,conductive damping member 6 of which vibration 

. :is regulated by the container· 1. Further, the two electrode 

grou·ps are :'s~parated from each· other· by a:· conductor· of a 

grounding p.otential. This .effectively cuts of:f the lines of 

electric force between the electrode groups, thus preventing 

the-electrode :groups from being electromagnetibally-coupled 

with each other. 

Fig .• 10. shows ·a mo·difi:cation of the' ·embodiment "in Fig. 

9. and is a' bottom view wi-th the underside of the container 

.l.. seen through. 

The .·embodiment· in Fiq· •. 10 is the ·same as· that· in Fig • 

. 9 in that· the gro.unding electrode. 5 disposed at the 

underside.of·the piezoelectric substrate 20 is mechanically 

· and ·:.electrically co-nnee-ted to the grounding connection· 

. terminal le (.not shown in Fig. 10; S:ee Fig. 9 )" of the 

- 2 7 -



container 1 by the conductive damping member 6. Howev·er, 

the. grounding_electrode 5 is characterized in its pattern. 

More ~pecifically, the grounding electrode 5 has a pattern 

which projects toward the center of each of the pairs of 

input/output electrodes 21, 22 and 31, 32 and of which 

width is narrower as each projecting portion gets closer to 

each electrode pair. 

According to t}J.e arrangement in Fig. 10, the vibration 

from one ~lectrode group. toward th_e other ·elect,.:-ode group 

is efficiently ~sorbed by.tbe mass addition effect of the 

groun~ing electrode 5 of whiqh mass is gr.eater as the 

grpunding .electrode 5 is -remoter from the pair of 

input/output electrode~ serving as the .vibration starting 

point. Further, since the grounding electrode 5 and the 

container .1 . are connec:ted. ·t.o each other by ·the conductive 

damping member 6, the vibration·. thus absorbed is effectively 

damped. Further, each projecting portion of ··the pattern of 

the grounding.~l,ctrod~- 5 i~ smaller in width ~s each 

projecting portion gets.closer to each ·electrode pair. This 

does not prevent the propagation of vibration from the input 

.electrode toward the output :electrode of each electrode pair. 

In Fig. 10,_ the center.line between the input/output 

electrode~ of one pair is positionally shifted from the 

center line.between the input/output e-lectrodes of the 

other pair. However, it is a matter of course that the 
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concept of the grounding electrode pattern shown in Fig. 10 

can be app,lied to th.e arrangement in which such center 

lines are not.positionally shifted from each other and in 

which the groundinq .. electrode 5 has a pattern which projects 

in a transverse"ly symmetrical manner. 

The following description will discuss an embodiment 

of a third inv,ention with reference to Fig. 11 to Fig. 13. 

Likewise each-embodiment of the second invention, this 

embodiment c_.ompr-ises one piezoelectric substrate 200 on 

which forme.d. ·-.are, two electrode groups, i.e., a pair of 

. inp'1lt/outp:1;1t electrodes 21,: 22· and a grounding electrode 23 

()pposite thereto .and a .pair of input/output electrodes 31, 

. 3 2 and a grounding electrode 3 3 opposite ther·eto. ·The 

:-Pi..._ezoele9_tri~ su~S:trate :200 is~ mechanieally. connected, at 

,s_ix-. ·portions thereof, to a container. l with conductive 

adhesives.B, and the electrodes are elect·riOally 

respectively connected to connection terminals 1-1 to 16 

.d:isposed at the: container l wit.h- the conductive adhe-s·ives ·B. 

The em:bod·iment shown in Fi9. -11 to Fis. 13 is 

characterized in· that a notch 201 is formed ·in and passes 

through the piezoelect·ric substrate 200 at a position where 

the two electiode groups are partitio~~d, the not~h 201 

·:extending f:rom one'· .side of. the piezoelectric substrate· 200 

to a position.in :the· vicinity of the opposite side, and in 

that th~ -no.teh 201. is filled wlth an ela·stic material ·1 such 
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as adhesives, other resin or the like. 

According to the arrangement above-mentioned, the 

vibratiDn propagating between the two electrode groups is 

efficie·ntly damped by the notch 201 and the elastic material 

7 therein, thereby to securely prev-.ent· the acoustic 

coupling between the electrode groups. 

According to the third invention, instead of the notch 

2.0l. which partitions ·the two electrode groups·, a slot 202 

or a plur•lity of through-holes 203 may be formed at a 

position which pa.rtitioris two electrode groups as shown in 

Fig. 14 or ~S~_;Alternatively, a groove 204may be formed in 

th(! side.at which the pairs of input/output electrodes are 

forme.d,-.as shown in .ri-q;;. 16, or a groove 205 may 

_ "additionally be. tormed>-in~ .the. sid·e opposite'· to· :the ·side 

above-menti9ned, as shown in-Fig. i1. In each of the 

arrangements above~-Il!.ention-ed, each of the slot 202, the 

through-ho.J..es. 203 and the .grooves 204, 205 ··may be filled 

. witl1 an. -e.l:as"J;.ic. materia1:·7 ···Each of. the arrangements- above­

mentioned ~~n produce .the same effect· as that in the 

embodiment ]:n ;Fig. 11 to Fi.g. 13:. 

In each of tbe em:bodiments of. the third invention 

shown in F~gs. 11 to. 13:, Fi-g. 14, . Fig. 15, Fig. 16, the 

piezoelectric s~bstrate. 200 is not necessarily hous-ed in the 

container l Qf tl)e . surface: moun:ting type,. but may be. used 
,• . ·~ ··' . 

in an optional manner· with the same effect .produced~ 
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According to the third inv~~tion, when the 

piezoelec-tric substrate 200 is housed in· i:he container .1 of 

the ·surf.ace mounti.ng type, the Qlastic material 7 put. 

inside of the notch 201, the slot 202 or the like, may be 

so arranied as to project from the underside of the 

piezoelectric substrate~200 and to rea6h the. container 1 

such that the piezoelectric substrate 200 and:. the container 

1 are substantially mechanica.1·1y connected ·to eacn other 

.with the~ elastic materi•l 7, as shown in Fig. 18. In this 

case, the· -v,ib,ration of the elastic material· 7 is regulated 

by the c·onne.c.tion .of the· ·c·ontainer 1 ·to the· piezoelectric 

:substrate 2·00, thus fur·ther improving the abifity of 

· preventin-<J:·the acous·tic coupling between the'' two ele.ctrode 

.groups, likewise in.the arrangement of the.second 

invention.· 

·The following description will.discuss an embodiment 

. of a fourth in.vention. ·Fig.· 21 is a plan view of a· crystal 

.· ~1ement forming a piezo:el~ctric substrate at· its ·side on 

which pairs.of input/output -eleotrodes·are formed. 

This :e.mbod·iment comprises a single rectangular crystal 

·.element 20-.00 serving as -a piezoelectric substrate on which 

__ ,formed a .. re two··el·ectr,ode g·roups,· i·.e.·, a pair of 

input/output' e-lectrode·s· 2·1, 22 arid a· 9r'oundin9 electrode 23 

... opposite· ther·eto and a· pair· of input/output electrodes 31, 

·- 32 and .a .. grounding electr.o'de 33-· opposite there·to. 
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The crystal elemnt. 2000 has four sides which are not 

parallel to its crystal axes x and z', but which are 

incline.d, with respect to the$e ax.es, at a pred:etermined 

angle for example 45. On the .other hand,·the pairs of 

.input/output ~lectrodes are disposed with a gap extending 

along one ~rystal axis,_for example .the axis x. Thus, the 

pairs of electrodes ar~ disposed as inclined, in ~ts 

entirety, at an an.9le of .45 with respect to the sides of the 

crystal.element.2000. Also, the grounding electrodes 23, 33 

· ... are accordingly dispose.d as inclined at an. angle· of 45 ° 

with respect .. to the sides of t_he crystal. :e.le·ment 2000. The 

~lectrodes are respe9tively.guided to connection: pads P 

formed at. e4.9e POI'.tions of the crystal element· 2000 by 

outgoing el~ctrode patterns 21a to.l3~, and ar~ then 

connected, at the pads P, to connection terminals (pads>· ·ll . 

. to ·16 of t~e container by conc}uctive adhesives or the like 

(not shown) •.. ()f the outgoi~g· elec.trode patterns 2ia to 33a, 

the patterns, 2l.a, 2.2a,. 31a, 32a of the pairs of input/-output 

electrodes,_,21, .22 and 31, .. 32 hav:e the $ame length. 

Ac9orc:ling to th·e arrangem.ent ab,ove-m·entioned, the 

center line between the. input/output :electrodes 21, 22 ~s 

not iden:tical, with .a~d ·i$ inevitably positio.nally. ::shifted 

from the c:~nter line. between the inputlo:~tput e1ectrodes ·31, 

32. This restrains t~e acoustic. aqd electromagnetic 
. . ·. . .. ·. . . 

coupling between t,he. ~Jectrode groups'. F.urthe~r, t.he 
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input/output.electrodes-are guided to external circuits such 

as connection terminals of the container through the 

out9o_in9 ele9:;rode patterns having the sa.me length. This 

equalizes the parasitic capacitances generated in the pairs 

of· input/output electrodes. This advantageously facilitates 

to match·,the filter char•cteristics to each other, thus 

facilitating the final adjustment. 

When .. the: arrangement of the fourth invention shown in 

Fig. 21 is combined with any of the embodiments~ of the 

se.cond ,, a:nd third.· invenitions, this further improves the 

·ability of ·preventing the ·electrode groups from being 

~·:.'.acoustically and electromagnetically coupled with each other. 

·:Further, the· pa_rasitic capacitances generated in ttie 

.·ele.ctrode ·groups can be :equalized. 

Also, the arrangement.of'the fourth invention may be 

co~bined with-the arrangement-of the first invention. More 

specifically, two piezoelectric substrates each having an 

electrod~ group are disposad in on~ container, each 

.·.; piezoelectric:: substrate has the sides inclin·e'd with respect 

to the:. crystal, axes, each- electrode group is disposed along 

.a.crystal ax~s direction, and the outgoing electrode 

patterns are equal in length ~s done iri the embodi~~rit in 

···Fig:. 21•' In:this case, in addition to tha affects· p·roduced 

by the first.invent:ion,·there are produced, substantl.aily as 

they are, the:effects -produced-by the fourth invention such . 
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as equalization of parasitic capacitances and restraint of 

electromagnetic coupling due to the positional shift of the 

center lines of the input/output electrodes on the 

piezoelectric substrates. 

The following description will discuss a. fifth 

invention. Fig. 22 is an explode~ perspective view of an 

embodiment of the .fifth invention, and Fig. 23 is a section 

view taken a.long the line A.,...A in Fig. 22 with a lid 330 

removed. 

Two piezoelectric filter elements 301, 302 are housed 

in a single container 303 of the surface mounting type, and 

a lid 330 is placed on the upper edge of the container -303 

such that the .elements 301, 302 are hermetically clo,sed. In 

this embodiment, each of the piezoelec·tric filter elements 

301, 302 has a piezoelectric.·substrate 310, 320 which is. 

provided on one side thereof with pairs of input/output 

electrodes 311, 3 21 an.d c;m the other side thereof .. with a 

9roundin9 electrode 312, 322. 

The container 303 is mad~ of ce~amics for example and 

provided 1~ the bottom thereof with two pits 3~1, 332 

adjacent to each other. Each of the piezoelectric filter 

element 301, 302 is co.nnected, at three. corner p.ortions 

thereof, ~C!. E>eripheral portions of the p·lt. 331,· 332 as 

covering the pit 331, .332, .wi't!-h the _p~irs of input/output 

electrode&:. 311, 3.21 turned. toward a bottom 33la, 33-2a of the 
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pit 331, 332. 

More specifically, each.pair of input/output 

electrodes 311, ~21 and.the grounding electrode 312, 322 of 

the piezoelectric substrate 310, 320 are guided to three 

corner portions of the pie~oelectric substrate 310, 320 by 

corresponding outgoing electrode patterns. The container 

303 has total six connection pads P on peripheral portions 

of the pi~~ 33lr 332 at posi~ions eorresponaing to the 

corn_er portions above-mentioned. The piezoelectric substrate 

310, 320 is mechanically connected to the connection pads P 

at the three corner portions without the conductive . . .. .· ·, .•. . . 

~dhesives B preventing the.piezoelectric substrate 310, 320 

from vibrating. Further, the input/output electrodes 311, 

321 and the 9ro~nding electrodes 312, 322 are respectively 

electrically connected t9 the connection pads P. ·The 

connectio.n pads P pass through the container 3 03 and are 

co~nected to external connection pads .for surface mounting 

.tnot shown).which are ._formed at the underside of the 

co~tainer.;303. The piezoelectric filter elements 301, ·302 

may be .connected in cascade through the external connection 

pads or within the container 303. 

The, bo.ttom surfaces 331a, 332a of the pits 331, 332 

are coated as Jneta.llized with conductive materials 341, 342 

made of an a~loy of W and Au for example. ·A platelike 

.conductive m~terial 30~ is inserted, as pa.rtitioninq the . . . 
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pits_331, 332, in the center of a partiiion wall 333 

_interposed between the two pits 331, 332, The conductive 

materials 341, 342~ 30S· pass through the container 303 and 

... 2p:e connected to dedicated grounding connection pads 3 61 to 

363 formed- a-t: .the underside of ·the container 363. 

According .to the embodiment above-mentioned, the· lines 

of electric;: force . from one pair of inputlout·put electrodes 

do not in£luence the other pair of input/output electrodes • 

. . More specifically, as schematically shoWn in Fig. 24, when 

the conductive materials 341, 342, 305 are not disposed, 

.two pairs of input./output'-electrodes 311~ ·321 · intert'ete wlth 

each Qther~by.the influences of lines of el'ectric force 

£.ormed, based on the electric fields f~rmed ~y the 

~lect~ode pairs.311, 321, in the sp~~~ ·adjacent-to the 

·surfaces on whic.h the electrode pairs 311, 3 21 ar&: being 

formed. Jloweve:t:, when the conductive materials- 341, 342, 305 

·· .. of a grounding potentia•l ·•are interposed: :···iri the space· where 

,the lin.e:s, of:: :e·.lectric force· are being generated, this 

restrains.: :the'. .line.a .of·· electric force ·from:· one pa·ir :of 

-4!!iectrodes,·from• exerting -a:n influence to t·ha other pair ·of 

electrodes. 

Thus·, a' multiple-stage-connect~d iin:fltiple-mode 

, .. pi~zoelectric filter unit with the conductive·'materials 341, 

.342t ~OS r~mov.ed;:from the arrangement shown-in Figs. 22, 23, 

.. exhibits..the:f.requency characteristics as shown in Fig. 25a, 
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and a multiple-stage-connected multiple-mode piezoelectric 

filter u~it with·the qo~ductive materials 341, ·342, 305 

disposed~ exhibits excellent guarantee attertuation 

·characteristics as s'1own in Fig •. 2Sb. · 

In the embodiment above-mentioned, the conductive 

materials .341, 342, 30.5 .are respec·t.ively·· connected to the 

dedicated groundi.ng conn:ection pads 3 61 to 3 63, but may be 

connected to one another at· a suitable portion of the 

container_303 and then connected to ·a common grounding 

connecticm. ~a~. 

I.n the embodiment. ab.oYe-men.t"ioned, each of ·the two 

~iezoelectJ:icfilter elements 301, 302-has a:predetermined 

.. el.~c;:trode group which is formed on each ·of the· piezoelectric 

. · .. substrates-'. 31Q, .320. Alternatively,. as. shown in F'i·g. 26, a 

.single pie~.oelectric s~bstr,a.;te 30·0 may be provided on one 

. ~ide thereof with pairs .Q.f :input/output electrodes 3·11, 321 

and at the ot)\er ~;ide thereof .with grounding ··e1ectrodes 312, 

. 322. In th.is ca-se, the 'piezo·electric -s'Ubstrate 300 ·may be 

se~_ured / at total: .six portions thereof, ·to tot.al six 

. connectio·n p~d.s P· of the con.tainer 303 at ·peri-pheral 

. _portions .of the pit,-s 331, 332.,. likewise in the embodiment 

shown in F,igs. 22, 23. 

According to the :embod.iment above-mentioned,· as the 

conductive material .along .the.partition wall 333 between the 

two pit;s· 331, 332, ·the: plate-like conductive'- material 305 
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is inserted into the partition wall 333. However, according 

to the fifth invention, the conductive material 305 may be 

formed as sbown in each of Figs. 27 arid 28 which are 

perspective views, with portion broken away, of a container 

303. 

In an example shown in Fig. 27, the inner wall 

surfaces 331b, 332b of the two pits 331, 332 of the 

container 303 are coated with conductive materials 305. In 

such an arrangement, the pits 331, 332 are coated at the 

whole inner surfaces thereof with conductive materials 

.including conductive materials 341, 342 which coat ~he 

bottom 33l,a, 332a.of the.pits 331, 332. It is enough that 

the· conductive materials 305 coat at least both sides of 

the partition wall 333 out of the inner wall -surface& 33lb, 

332b of th;e pits 331, 332. However, not only·the both sides 

of the partition wall 333 but also the surfaces at right 

angles thereto may be coated. In this case, th•re can 

suitably be. elim_inated·, the influence's, upon ·external 

circuits, of the lines .. of electric force generated' by the 

electric fie.Ids of the pairs of input/output electrodes 311, 

321. Further. a- similar conductive material may be formed 

also on the top of the partition wall 333 and the conductive 

materials 341, 342, 305 in the pits 331, 332 may be 

connected to one another•. -In this case, . all· the conductive 

materials 341, 342, 305 can be grounded using a sin~le 
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grounding connecting pad. 

In an example shown in Fig. ·28, a plurality of 

through-holes 333a.are formed along and in the partition 

wall 333 between the two pits 331, 332 of the container 303, 

and a conductive material 305 is embedded in each of the 

through-holes 333a an~d connected to a common grounding 

. connection pad.306 formed at the underside of the container 

303. 

In each ~f the.~xa~ples in Figsw 27 and 28, the 

piez-oel~ctric. substrates are secured: in the same manner as 

~hat· in the embodiment shown in Figs~· 22 and 23. Thus, it 

, ·has been mad.e sure that ::each of the arrangements in Figs. 

27 and 28 .. prod-uces effects similar to those produced ·by the 

· ... embc:1diment in .:Figs. 22 and· 23. 

'l;'he. following· de·scription· will disc-uss -an em·bodiment 

.of a· sixth inventicm :with re·fer.ence· to a· longitudinal 

section view in Fig. 29. 

The. sixth'· invention- has an arrangement in which the 

-p±ezoelectr·i·c· ·substrate's -are secured in the container with 

.ups.ide down unlike in ·the ··fifth invention. Iri an embodiment 

in Fig. 29, two piezoelectric filter elements 301, 302 are 

t~e same .as those . sho:wn .. ,in c:F ig·s ~ · 2 2 and 23 , and a container 

403 h~s two pits 431, 43.2 adjacent to e·ach other as done in 

each of the· embodiments a·bove-mentioned. Each of the pi ts 

431,· 432 is provided at a position substantially at a half 
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depth with a flat step portion 451, 452 which extends along 

the whole inner wall surface of each ~it 431~ 432. 

Piezoelectric substrates 310, 320 forming the piezoelectric 

filter·e1~ments 301, 302 are secured, as turned upside down 

as compared with.the arrangement in Figs. 22, 23, to the 

step portions 451, 452 o-f the pits 431, 432 with grounding 

.. electrodes 3 ~2, 3 22 turned toward the bottom sides ·of the 

pits 431, 432. 

More specifically, .tha embodiment-in Fig. 29 is 

provided at the step portions 451, 452 o-f the pits 431, 432 

with connecti.on pads P equivalent to those shown in Figs. 22, 

23. Likewise in the -embodiment in Figs· •.. 22, 23, the 

piezoelectric .substr.ates 310 320 are arranged such that 

pairs of input/output electrodes.311, 321. and the·grounding 

. el.eetrodes 312, 32.2:. a-.re electrically connected to and 

mechanically supported -by corresponding ·co.nnection pads P 

through conductive adhesives B. 

A ring.Jllade of a Fe-Ni;-Co alloy 434·is secured to the 

peripheral edge _of th~ .top O·f the container 403, and a 

metallic lid. :430 is secµred o·nto the Fe-Ni-Co alloy ring 

434 by a seam:welding. 

A partition wall 433 disposed between the two pits 431, 

432 has the top which re·ache~ a position in· the vic,inity of 

the undersid·e of the- ·l,i:d 430. A plate-like conductive 

material 40.5 is inserted in the partition wall 433. The :top 
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of the conductive material 405 reaches the to of the 

partition wall 433. Accordingly, the top o.f the conductive 

material 405 reaches a position in the vicinity of the 

'!lnderside of the lid 430. 

Through the Fe-Ni-Co alloy ring 434, the lid 430 is 

connected to a grounding co~nection pad 464 formed at the 

underside of the container 403, and the conductive material 

405 is a1so connected to a grounding connectiori pad 465 

formed at the unders-ide ·of the container 403. 

According to the arranc]"ement above-mentioned, the 

.lines of electric force. generated, based o-n the electric 

fields f.ormed by the pairs of' input/ output electrodes 311, 

321, in the space· adjacent to the surfaces on which the 

·electrode pairs 311,.312 are beitig formed, ~re inteidepted 

~by both the .conductive .material 405 and the· m·etallic ·lid 

430 which are disposed in the space above•mentiorted and 

.. . : which are of ·the grounding potential. Thus, the lines of 

~lectric force exert no influences upon the piezdelectric 

· ... filter elements 301, J:().2. 

According to th·e sixth invention in which the 

pie~oelecttic.filter elements 301, 302 ~re housed in the 

container 403 with the .pairs of .input/output electrodes 311, 

321 turne~ upside, tha conductive. material 405 to be 

dispo&ed alon9. the partition wall 433 between the two pi ts 

.. ·43'1, 432 may be modified in shape as shown in each of Figs. 
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27 and 28. 

More specJf:ically, as shown in a section view with 

portions broke·n. away in Fig. 30, the conduc·tive material 

405 may be so arranged as to cover those inner wall surfaces 

43lb, 432b_ of_ the two-.pits 431, 432 which are higher in 

po~ition than the step portions 451, 452. Sueh an 

arrang~ment .. may proc,luce operational effects identical with 

thos~ producl!d in the embodiment in Fig. 29. In this case, 

the conductive material 405· covering the inner wall 

surfaces of: the· pits ·11:31, 432 may be ·grounded in the 

f:ollowing m~nn.er. Tha.t is., portions· of the con·d·uctive 

... material 405_, ~overing. :.the inner wall surfac·es of the pits 

431, 432 may .)e. extend~d. up to t.he step portions 451,. 452. 

Ttl,en, thesei portions'. ,may .. be connected to grounding 
.. . . ' .. . . . 

... ,connec~iOA: pads formed .at .the underside. of the container 403 

usipg · th-:i;-o~gh~holes •. 

Altho\1:9ll no.t 51hown., instead· 0:£ the plate-like 

. conduct.ive ma_teria~ 40.S.i a plurality of through-ho.les· in a 

line may be formed, in the P•rti~ioa.wall 433, as 

. partit;i.on:i,ng:,.the two _pits 431,, 432· a-n.d the conductive 

mater ia,1 4.os '.,may be embedded . in each of the through-holes, 

as d_one in,. tlte: e~bodime·nt· ·in Fig. 28 •. 

In eac;h, of., -the embodiments in Figs.: 29· and 30; the· 

conductive m~terial may also cover., n·ot· on.ly the·, bottom 

surfaces. 43la, 4.32b of the pits 431, 432 but als.o those 
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inner ~urfaces thereof which are lower ·in position than the 

step portions 451,. 452. According to· such an arrangement, 
; 

the inside of the container 4.03 is preferably 

electrom~qnetically shielded with respect to the outside 

thereof. 

Fu.rth.er, i:n order that a conductiv·e material is . a 

embedded, in the 9·.ap between the conductive. material 405 
~· 

disposed along the part~tion wall 433 and the metallic lid 

'· 
430, cqnductive adhesives may be interposed between the 

. . ~ ' ::: 

partitio~ w~ll 433~ and the lid 430. Also,· instead o.f such 
.. . . ·.· . ,.. . .. 

conductive a9-hesives, .the Fe-N:i-Co alloy ri.ng 434 may be 
·.:·. ·_.; .. . . : . " 

made in a B shape. such that the ring 434 is disposed not 

only on the top peripheral portion of the container 403 but 

also on the top of the partition wall 433. It is a matter of 

course tha·t, when the conductive material 405 along the 

partition wall 433 is electrically connected to the 

metallic lid 430, only one of the grounding connection pads 

464, 465 in Fig. 29 is sufficient as a grounding connection 

pad which causes the potential of each of the conductive 

material 405 and the lid 430 to be brought to the 9roundin9 

potential. 

ln~u5tr1Al Applica~ility 

In the multiple-mode piezoelectric filter unit 

according to the present invention, even though two 
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piezoelectric filters are housed' in a single small 

contain·er to r~markably reduce the mounting a'refa, the 

ability of prevertting the electrode groups from being 

acou·stical ly and e'leetromagnetical ly coupled with each other, 

is higher than that of a conventional piezoelectric filter 

unit of this type, and the infltiences of the lines of 

electric force from the electrod·e groups are hardly: axerted, 

such that the filter unit is easy in final adjustment and 

exhibits excellent guar~ntee attenuation char~cterist£cs. 
' ' 

. Accordingly,· the filter unit is particularly useful for a 

communication device required to be m·a·de in a compact ·design, 

such as a portable telephone or·the·like. 
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What· is Claimed is: \ \11\11\ \\ll\\ Ill\\ \\1\1 \\ \II\ 
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1. In a multiple-mode piezoelectri~ filter having a 

-- -piezoelectric substrate provided on one side thereof with a 

pair of input/output electrodes with a predetermined gap 

p-tovided and on the other side thereof with a grounding 

elect.rode o.pp·o-site to the pair of input/output electrodes, 

said multiple-mode piezoelectric filter characterized in 

that: 

a single container houses two piezoelectric substrates 

each provided with a pair of input/ output -el:ectrod~s and a 

grounding electrode; and . 

a'll- t-he elec-trodes, or, those except for said 

grounding electrodes I On Said piezoelectric SUbst·rateS are 

'r~specti•~~y conn~cted to connection terminals 

-independently formed on:~ said container . 

2. A multiple-mode-piezoelectric-filter according to 

Claim 1, wherein that connection terminal of said container 

~- connected·tothe outptit elect~ode on one piezoelectric 

subs·trate 1 · is connected, -inside of s-aid container, to that 

connection terminal of said container connected to- the 

-input elec:tr0ode on-' "the "other- piezoelectric substrate with 

conductive adhesives or a bonding wire~ 
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3. A mult:Lple-mode piezoelectric filter accordin-«J t.o 

any of Claims 1 and 2, wherein said grounding electrodes on 

said piezoele~ttic substrates are respectively connected to 

connection te.rminals independently form:ed on .said· container. 

4. A multiple-mode piezoelectric filter according to 

any of Clai~s l and 2, wherein said two piezoel~ctric 

substrates are housed in said contain~r. wi~h th-e ... center 

line between the input/output electrodes of one, pair 

positionally shifted ~rem the center lin• between the 

input/ output electrodes .of the other pair •. 

5. In ~ mul.tiple-mode piezoelectric filter having a 

piezoelectric substrate PJ;OVided on one sid.e t.hereo.f with a 

pair of input/output electrodes with a predetermined ·gap 

provided and on the othet side thereof with a grounding 

electrode opposite to the pair of input/output electrodes, 

s_aid multiple~m<>de piezo~lectric filter characterized in 

that: 

two electrode.groups each cqmprisipg a pair of. 

input/outpµt .el~ctrodes and a grounding ~lectr~o.<ae are 

formed on a .single piez.o.electric substrate; and 

said pi~zoelectri,c: substrate is. conn.e.cted ,. between 

said two pairs of. inp~.t/output. electrodes, . t;.o. said 

container with a material different in acoustic impedance 
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from said piezoelectric substrate. 
I If Ill~ 1111~ llf I I/Ill I/ Ill/ 

s " 

6. A multiple-mod·e piezoelectric· filter according to 

·· Claim 5,. wherein: 

said piezoelectric substrate i~ ~iovid~d, on its side 

having said .two pairs of input/output electrodes formed 

thereon, with· another grounding electrode for partitioning 

. . . said two pairs of input/output e1·ectrodes; aild 

said another grounding electrode and said container 

are connected· to each ·othe·r with a, 'JnateriaJ different in 

acoustic impedance from said piEfaoelecti:ic substrate. 

7. A multiple-mode ':piezoeieci'tr'ic filter according to 

Claim 6, wherein: · 

· .. - . said another 9roundi'n9 electrode for . partitioning said 

·two· pairs of 'input/output electrodes has a· pattern which 

.. p.rojects ·:toward the center of each of s·aid pairs of 

input/output· · elect·rode~;-: and· · · .·· 
... 

the width of each of the·projecting portions of said 

... pat·tern is· smaller in the direction toward each of said 

pairs of inputtoutput'electrodes. 

8. A multi~le-mode piezoele~tric filter· according to 

any of Claim~ S, 6, 7, wherein said. two pairs of 

"input/output electrodes"are formed at right angles to each 
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other on said piezoelectric substrate •. · 

9. In a multiple-mode piezoelectric filter having a 

piezoelectric substrate provided on one side-thereof with a 

pair of inp~t/output electrodes with a predetermined gap 

provided and ~>n the .other side thereof. with a grounding 
. ~ . .• . 

electr9de opposite to,the pair ot input/output electrodes, 

said multip~~-mo~e pie~_~electric fil.ter ~haracterized in 

that: 

two ~lectx:ode gro_up.s .. each compr is.ing a: pair of 

input/output electro~es and -a qi:ounciing ... :electro-de are 
.. ·.·. .•· ....... . 

formed on a single piezoelectric substrate; 

there are Jor.m~d., ~t a posit-ion· where· said two 
.. . . . . .. .:. :. , ' 

electrode group~ are partitioned, a notch, • sl9t, a 

pl~ral_,l.t~ ot.,,~o.l.e:;s :91';_ a 9rQ9ve,_ sa.id .notch, _slot .~nd holes 

passing ~hrpugll s~id. :P~:i-ezo,e~ectric. ,sµbstrate and .. -said 

groove b~ing fo.r~e_d ·in ·:il.t .. :least. t,hat ·l!Jid,e, of said .. ,. . .. ' .. '· ..... · . 

piezoelectric substrate on which~ said pa.ir,s; of, input/output 

electrodes ar, being fqr.m.~d;. and 
.: . . ~ . . . . . . .. . . . .:. : --~ ' 

an elastic material .. is embedded }El: ,said notch., said 

slot, said plurality of holes or said g.roove.· . 

. l.0. A. roult.iple-m.ocie piezqelectri.c _filt:e::r: according to 

. ),, ' . ... .: . ·' ~· . ·. ~- ··- ..• 

Claim 9, wherein: 

said piezoelect.~ic substrate is ho.used i.n said 
'·.· .. . ' •., • ·• I 
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c:ontainer; ·. and · 

said elastic material is connected to said container. 

ll. A multiple-mode piezoelectric filter according to 

Claim lQ, wherein: 

said elastic material is a conductive material; and 

said .cond-uctive material is co-nnected to a grounding 

connection terminal formed on said container. 

12. A multiple-mode piezoelectric filter according to 

.any of .Claims .9, 10, 11, wherein said two pairs of 

input/.output electrodes·are formed at i:ight angles to each 

-other on said piezoelectric substrate. 

1·3. In. a multiple-mode piezoelectric filter h·aving a 

.piezoel~ct.:ric s.ubstrate .provided• on one side· thereof with a 

· ;P·air of input/output electrodes with· a. predetermined gap 
.. 

p!r.ovided :: .. an.d· on the other side th'ereof with a qrounding 

electrod-e opposite· to the pair of input/output electroc:fes, 

said multiple-mode piezoete·ctric f11 ter characterized' in 

······that: 

two electrode groups each comprising a ·pair of 

input/:output elec·trod,es· and a grounding·· e·lectrode are 

formed on a single piezoelectric substrate1 

sai·d pie·zoelectric substrate is a rectangular crystal 
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element and has the sides which do not extend along the x-

and z'-axes: 

said pairs of input/output electrodes are formed with 

a qap extendinq alonq said x- or z 1-axis1 and · 

. said input/output electrodes are connected, by 

outgoing electrode patterns having the same length, to 

connection pads formed at, sides of said piezoelectric 

su:t>strate. 

14. In a multiple-mode piezoelectri.c filter having a 

single container of tha'surface-mounting type in which 

there are connected, in cascadeJ. two multiple-mode 

piezoelectric filter .~lements compr~.sing at least one 

piezoelectric substrate and two electrode groups each 

comprisil'l9 a pair of; :input/output el·ectrodes and a 

grounding electrode, said pairs of input/output electrodes 

being £ormed on one side of .said piezoelectric ~ubstrate .. . .. . 

with a. predetermined_gap provided, and said·9roundin9 

~lect~odes b~ing_formed on the oth•~ s~de of said 

piezoelec-t:-ric substrate at posi.tions respectively opposite 

to said pairs of input/output electrodes, said multiple­

mode piezoelectric filter,, characterized in that: 

tw~ pits adjacent to· each other are formed in said 

container; 

said piezoelectric substrate is secured.to said 
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container at the peripheral portions of said pits with said 

pairs 0£ input/output electrodes turned toward the bottom 

surface-s of said pits 1 

each of said bottom surf aces of said pits is covered 

with a c;:onr.iuctive material; 

a conductive material is disposed along a partition 

wall between said two pits7 and 

said conductive materials are connected to a grounding 

cc:mnec;::t;,ion terminal farmed· on said ·container. 

15.< A multiple~mode-;piez-oelectric filter according to 

Claim 1A~ wherei~ each ~£ ~aid t~o multiple-mode 

:·P-iez,oel-ec·tric .f ilt:er elements comprises a piezoelectric: 

substrate and each of said two electrode groups formed 

thereon • 

. 16.'• _A <multiple.,.mode 'Piezoelectric filter according to 

... Claim_ 14, 'where-in said t:wo· multiple..;iftride piezoe·lectric 

,~ilter eleme·nts comprisi! ·a· single ·common piezoelectric 

. substrate -and. s·aid· two electrode groups·· f'ormed thereon. 

17. A multip1e""m_ode piezoelectric· filter according to 

any of Claims 14, 15·, 1&:,,. wherein said conduci:ive material 

alo_ng said. partition wa-11 ·between said two pits is a 

. C!ondu·ctiv.e. material which covers the inner wall surface of 
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each of said pits. 
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18. A multiple-mode piezoelectric filter according to. any of Claims 14, 1·5, 16, wherein said· conductive material 

along said partition wall between said two pits is a plate-like conductive material inserted in said.partition wall 
between said pits. 

19. A multiple-mode piezoelectric filtez according to any of Claims 14, 15, 16, wherein said conductive material 
a~on.s s~i·d ,par·tition 1.(.~11 between :~aid two pits is a conductive material e.mbedded .in each o.f ·a plurality of 

., . ·.· :. : .. ·, . . . ,• .... 
through-hc:>ies formed ,~n s,aid partition wal:l:: between said 

.· . ;· · .. · .. .. .. . .. 

pits. 

20. In a multiple-mode piezoelectric filter having a single .. c9nta+ner _of. t~~.-,.~urf~ce, .. mounting ·!type~ in which . there are cqnnected.,. :i,n., cas·cade, ·t-w,o multiple-mode 
p;~zoelectric. f il.ter. 'lements comp.rcis:i·n·9 ·at least one piezoelec·tric sub:;tra:te and .. tw.o. e.leot.rqde. ,9roup.s each comprising a pair of input/output electrodes and a grounding e~e~trode, sai,4,p~irs of inp\~/~./output electrodes being f9rmed o~ one s~de.~f.s~id: piezoelectric substrate With a predeterm.i.ned gap provided I and· Said grounding 

,elect.r~des ·.~eing. forme.d on the other·side. of said 
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piezoelectric substrate at positions ·respectively opposite 

to said pairs of input/output electrodes, said multiple-

mode piezoelectric filter characterized in that: 

two pits adjacent to each other are formed in said 

containeri 

said piezoelectric substrate is $$Cured to said 

container at the peripheral portions of said pits with said 

grounding .electrodes turned toward the·bottom surfaces of 

said pits; 

a lid made of a conductive material is mounted on said 

con;tainer; 

a.conductive material is disposed •long a partition 

wall betwe.en sai<.i two pits. such that the upper end of said 

conductiv~ material reaches a position· at least in the 

vicinity of the underside of said li~; and 

said conductive material and said lid are connected to 

a .9roundin9 connect~on terminal formed on said container. 

21. ~multiple-mode piezoelectric filter according to 

Claim 20, yh~rein each of said two multiple~mode 

p,ie.~~o~.lectric· filter ele.me·nts comprises a piezoelectric 

substrate and each of said two electrode groups formed 

thereon. 

22. A multiple-mode piezoelectric filter according to 
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Claim 20, wherein said two multiple-mode piezoelectric 

filter elements compzise a single common pie~oelectric 

substrate and said two.electrode groups formed thereon. 

23. A multiple-mode piezoelectric filter according to 

any of Claim$ 20, 21, 22, wherein said conductive material 

along ~aid.partition wall between said two pits is a 

conductive ma.terial wh.i.c;:h. covers the inner wall surface of 

each of said pits. 

24. A multiple-mode piezoelectric filter ~ccording to 

.. any of Claims 20, 21, 22, wherein said conductive material 

along. said .,Partition wall: between sa~d two pits is a plate·­

like conductive. material inse·r·ted in said :.partition wall . - . . . 

between said pits. 

~5 ~-.·.A J~~l tiple-mode piezoelectric· filter according to 

any of Claims 20, 21, 22, wherein said conductive material 

al()nq said partiti:on,'·Wall" between·· said ·'t~o p:its is a 

conduc:tive ... m.aterial .e,ml:>edded in· each· ·o:f a plurali·ty of 

throu9h-hole111 fo~me:d in saicil ·partition wall: betwee;n· said 

pits. ··. ·: ... : ·.··: · ... 
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