ﬁ"hhltiple-wbde Pi ezoel ectric Filter Technical Field The present
’ invention relates to a nultiple-mde piezoelectric filter using a
prezoel ectric substrate, and nore particularly to a

mul.fi pl e='st age-connected nultiple- node piezoelectric filter unit.
Background Art A piezoelectric filter using a thickness-shear
vibration of a piezoelectric substrate or the like is generally arranged
such that the pi'ezoel ectric substrate is provided on one surface thereof
with a pair of input/qutput . electrodes (split electrodes) with a
predet er ni ned gap prgﬁf 1e7Med8, FlifF MR IRGE AR BAE®ereof with a

grounding electrode opposite to the pair of input/output electrodes.
Technical Field,

The present invention:relates to a multiple-mode

piezoelect;iq filter using a piezoelectric substrate, and

more particularly to a multiple-stage-connected multiple-

mode piezoelectric filter unit.

Bagkg:outhArt,.,

A p}ezqeiectriQafilter using’ a thickness-shear
Qihratiop:gfiﬁ_piezoelectricwsubstrate'br the like is
.gehérally a;;gnged such. that the.piezceléttric substrate is

..§f0§ided_on one surface ihereof:with'a'pair df'inptfloutput
| e}éctrbdes (split electrodes) with a'prédétermiﬁ;é gap
prqyided,“and,pn_the.bther-surface thereof with a gfdﬁnding
.electrode opposite to the pair.of input/output electrodes.
_Fg; example, when.such;anpiezoelectriC“filtef"is to be
:”inCQFPQtated-ip a communication- device or the like, the
"follqwing structure is.often adopted-in order to simplify
‘the mounting process or the like. That is, the piezoelectric
filter is inserted.in a container of the ‘surface mounting
type made of ceramics .or. the like ahd the piezoelectric
s?bStrate is supported in :the container at such a suitable
posigion as not to prevent-the piezoelectric substrate from

being vibrated.



For exanpl e, when such a piezoelectric filter is to be incorporated in a
communi cation device or the like, the following structure is often adopted
i-n order to sinplify the nounting process or the like. That is, the
piezoelgctric filter i.s inserted in a container of the surface nounting
type made of ceramics or. the |like and the piezoelectric substrate is
supported in the container at such a suitable position as not to prevent

t he piezoelectric substrate from being vibrated. - To
assure high attenuation characteristics, a plurality of such piezoelectric
filters are reqU|re8°tGﬂﬁ?r%dhhﬁbtéGﬁﬁﬂQﬁ%&QGecﬁnnﬁﬂtepheﬁﬁ%@esa

However, when a urali | ezoel ectric _filters each housed in one
sur f ace- nnurﬂﬂ%ﬂfaﬁﬁﬁg BSngﬁfbméiﬁﬁqg 1e6hRaEt Ul armAns greguizedgEe, Pehis

results in |ncreas nounti ng surfac
nneéieé11n cascade 1n mu?tlpge stages. However, when a

plurality of piezoelectric filters each housed in one
surfacefmqunting—type-containér are connected in Multiple
stages, this_results in.increase in mounting surface. This
.eontributes to the failure to make the device in a compact
design.

To overcome the probiem above—mentibned,”thefe is
coqventionelly_propoged;and put in practical use a so-called
mg;;iplerstage-connected.multiple-mode“piezoeiectrie'fiiter
unit in which two electrode groups each comprising a feir
lof'inppt/eptgut:eleqt:odes:and~a'groudding'elecﬁrbde, are

_.f°¥?¢§ onfpne}g;ezqelect:ic substrate ‘and two piezoeiectiic
,.fil#??é argeﬁubsﬁent;aALygfqrmed.on'a'Single“piezdeie¢£ric
| suﬁs#ragehanqlhouseq_in a-single container,
| _Suepnqhmu;giple#stagewcdnnected multiplé-mede
.“piezoelquric,filtergunit:iS'finishea as a prd&ﬁet by
ieopﬁeeging_therggepqt:ek%qtmpdencf one electrode gtaﬁp;'bﬁt
.of;twe electrode groups -formed oh*%he”piezoeféétfﬁc
.sﬁbstrate,:to_the-input«electrode~of-the'other electrode
.group However, when .ong electrode group is exclted the
other electrode group also- resenates due to the acoustic and
eleetrpmagget;c‘coup11ng;between the-electrode groups. It

is therefore substantially impossible to indepeﬂﬁehtly



contributes to the failure to nake the device in a conpact design
To overcone the probl em above-nentioned, there is conventionally proposed
~and put in practical use a so-called multiple-stage-connected
mul<t i pl e node- pi ezoel ectric filter wunit in which two el ectrode groups each
conprising a pair of input/output electrodes and a groundi ng el ectrode,
are fornmed on one piezoelectric substrate and two piezoelectric filters
are substantially, formed on a single piezoelectric substrate and housed
in as single container. . Such a .multiple-stage-connect ed
nul ti pl e- nod@dIpsethe desPretive tilt@ysy Fausing sHedl fipad product &y
connecting the output electrode of one el ectrode group;- out of two
electrode,gr_Ep§d3§%§ﬁ9dwbﬁhtmﬂF ddFELFREEY- ¢ substrate, to the input
el ectrode of the otherhelectrode_ group. However, .. when.one el ectrode group
is excited, the othetH KAPEGEIGR0D BEE e O5nREOROFALS t BAY R DUSt i ¢
and el ectronmagnetic ling ?etmeen.the_ | ectrode groups, It _is
t her ef or e suﬂ?%a?nﬁsal - @Pr%&s" B & tpc}‘qﬁ%gﬁﬁﬁér’rtcl f’ﬂ)StPate at its
position,whgre two electrode. groups are partitioned, a slit
..is formed to alleviate the acoustic coupling between the
.e;ect;9de.graups, and an electromagnetism intércepﬁing
.. material is secured to the container and passeés through the
. .8lit to. prevent the electromagnetic—cOupIing betwéén the
elgg;rode.gzoﬁps (Japanese Patent Laid-Open Publication No.
. 59-24910). To partition the two electrode groups on the
iasame_éieaqqgectric substrate, an intercepting gfobve is
_zfor@ed in the piezoelectric substrate by ‘cutting the same
from a pe;%phqtal edge :thereof and a‘band-like metallic
.layer is disposed 'on each of -both sides of the intercépting
.groove (Japanese. Patent Publication No, 57-56810). On a
_piezoelectric substrate at its position  where two electrode
.groups. are partitioned, a linear electrode to be connected
to a groundiny electrode is formed and7a damping material
such..as silver paste or the'like is applied on the linear
electrode (Japanese Patent Laid-Open Publication No. 61-
17826).
... - .However,. none of these proposalS‘provides'a sufficient

ability of ‘preventing the acoustic- and ‘electromagnetic

‘coupling betWeenvthe-eléCtrodewgrodps.'Thus,'the'final



adj ust the respective filters, causing the final product to be adjusted
with much difficulty. In this connection, a variety of proposals
have been nade as follows.In a piezoelectric substrate at its position
whetre twd el ectrode groups are partitioned, a slit 1is fornmed to alleviate
the acoustic coupling between the electrode groups, and an

el ectromagnetismintercepting material is secured to the container and
passes through the slit to prevent the el ectromagnetic coupling between

t he electrodg, r oups gJa anese Pat ent Laidicgen_Publication.hb.

59-24910). TB 58?Y94AQ1¢st teadianspaeP Y Dl S§LOPRLIGHTHE . sane piezoel ectric

substrate, an integrcept,in rogve_is formed i.n the piezoglectric substrate
by cutting the san%ecé)’?tb"ﬂga o Bﬂ%’f“éﬁliﬁfg‘é“t AEVEEE PRYF LI HRARE LY k@

metallic |a i I e ch of bofh sides,of . the intercepting :
gr oove (Japaﬁgéga &%e%& u%q(uﬁﬁ%#%ﬁ&fn, -%ﬁﬁﬁﬂ)%gchsalnﬁfsféIW&ﬁWJc

-S“bStrate“atrghﬁﬂ¥§§tééﬁhfﬁfﬁfzé“@hglESBEQQ%Q area of each of the
;ncorpQ;ated ;ircuitielementéj Accordingly, as a'multipie-
~ stage-connected multiple-mode piezoelectric filter unit, too,
there is requirgd:a structure in which a - small container of
. the su:fa?g mounting type houses an element having two
electrode groups formed on a small-area piezoelectric
sub;tratgf;ﬂgwever, when a piezoelectric substrate having
two electrode groups formed thereon is housed in a 'small
container, thgTdis;;nceubetween these two ‘electrode groups
. is iery smg;;.in the structure according to each’of the
proposals. above-mentioned. It is therefore difficult to
avoid interferences of the lines of eleéctric force
generated based on the;elecﬁric fields formed by two pairs
qf_ingut/oquugfg;ect:odes.ﬂDisadvantageousTy;Jthis not
only provides poor guarantee attenuation.characteristics
but also makes the final adjustment:difficult-due to
elgctromagnetic coupling resulting from the lines ‘of
electric force.
| In view of the foregoing, the present invention is
pProposed withqﬁhe.main ohject of.providing, in.a muItiple-
'st;ge-canEGteq,multiple*que piezOelectricpfilter.unit, a

Piezoelectric filter which is higher in the ability of



groups are partitioned, a linear electrode to be connected to a grounding
el ectrode is fornmed and a danping nmaterial such as silver paste or the
like is applied on the linear electrode (Japanese Patent Lai d-Open
Publ i cagton No. 61- 17826). - However, none of these proposals
provides a sufficient ability of preventing the acoustic and

el ectromagnetic coupling between the el ectrode groups. Thus, the final

adj ustment i s disadvantageously still difficult. Recently, in a
communi cati on device, particularly, a portable-type conmmunication device,
it is |ncrea@mmmqntxmmuthedap@mﬂﬁnqnqnﬂthéenﬁummaQPQMEa cbugdcnof the
incorporated circuit elenents. Accordingly, as a nultiple-. stage-connected
mul ti pl e- nodBepreeneteteiactmodecgravps, thasp eachh@fethe pquc$eu5aof

structure in which a small container of
prior art, thus fac111tat1ng the final adJustment aof the

_filter.
It is another object of'the'pfeseﬁt.invegtion to

‘provide a.piezoelectric filter in which, even ‘though the
__mouﬁtingta;ea;is minihiied to cause'the'ﬁwo.elECtrbée groups -

to get near each other, the influences of lines of electric

force f;om;theielectrdde groups are hafhly“exetted; such
:?ihat the piezoelectric filter is small in éiéé and easy in
f:flnal adjustment and capable of exhlbltlng excellent

.. guarantee attenuation characterlstlcs.

..Disclosure -of the Ieventidh '

Tb achieve the objects aboﬁéeméﬁﬁidned,.e:fi;st
‘invention is characterized in that a siﬁgle'container houses
gwg.piezoe;ectricvsubstiates each”pr6Videa with a pair of
;npnt[output:electfodesﬁand'a grounding eleetrode.end-that
all the electmodes;.or#those'excepe fbi”ﬁhe grounding
electrodes, on.the piezoelectric substrates are respec£i§e1y
connected to connection terminals independently formed 6n the
container. ' | “ | |

According to the arrangement of the flrst lnventlon,
the. piezoelectric: substrates’ in- the container are perfectly

separated from:each other and the inpuﬁVoutput electrodes



the surface nounting type houses an el enent having two el ectrode groups
formed on a small-area piezoelectric substrate. However, when a

pi ezoel ectric substrate having two el ectrode groups formed thereon is
housed :fn a snmall container, the distance between these two el ectrode
groups is very small in the structure according to each of the proposals
above-nentioned. It is therefore difficult to avoid interferences of the
lines of electric force generated based on the electric fields formed by
two pairs of input/output electrodes..D sadvantageously, this not only
provi des poo?1'guﬁf‘-&ﬁﬁ&é‘-w#%ﬁuﬁ?ﬁlﬁﬂc‘éﬁéwaé{%r‘?@%|%§nt5&t“eé:'l rs0-PrakB8 t he
final adjustnment difficult due to electrom etlc g I ng resultlng from
the |ines ofSCxASSPPPALng Janpection. terminglgy =Eﬁﬁrﬁ?sﬁ?ﬁ ®pr esent

t h th bj e d | tiple-
St age- connectR4AHS (Pre hRE. B cRsRiBArAELngr | r?tvr'tﬁ]":t”c%g'ﬂ&aez #bect i o
filter mhlchpiéigkfgy% Enflf¥%£%pbacﬁyh§¢1ng a piezoelectric substrate 4 -

and an electrode group formed thereon, finally adjusting the

respective piezoelectric filters as_incorporateﬂAin the
containéfland connecting these piezoelectric filters in
cascade, thus cauéing the filters to be connected in
multlple stages. Thus, there can readily be obtained a
_hzghly eff;c;gnt multiple-stage-connected multiple-mode
.piezoe1e§£ric filter unit having the desired
pharacteristics. In thisffi;tér unit under use, the two
pieioelectric substrates are perfectly separated from each
other, thus preventing the two piezoelectric filters from
being acoustically coupled with each other.

Preferabiy,_that gpnnectipn terminai: of the container
connected to ﬁhg,qptgpt,eleCtrode on-dne piezoeleétric
substrate,-is_qonngcted, inside of the container, to that
connection terﬁinal of the container connected to the input
electrode_on the other piezoelectric substrate with
conductive adhesives or a bonding wire. In such an
'érrangement, the wiring outside of the container is the same
as that in a conventional multiple-stage-connected
mulﬁiple—mode piezoelectric filter unit in which two

electrode groups are formed on a single piezoelectric



preventing the acoustic and el ectromagnetic coupling between the el ectrode
groups than each of the proposals of prior art, thus facilitating.the
ftnal adjustnent of the filter. It is another object of the present
inventign to provide a piezoelectric filter in which, even though the
nounting area is mnimzed to cause the two el ectrode groups to get near -
each other, the influences of lines of electric force from the el ectrode
groups are hardly exerted, such that the piezoelectric filter is small in
size and easy in final adjustnment and capabl e of exhibiting excellent

guar ant ee atdebsairia®e cAmd adhenmisic¢W¥Sthe dutSghesenedirble Idgweshieon

To achi eve the objects above-nentioned, a first
~electrode group is connected, on the piezoeléctric substrate,
_:tq_the_input:electrode:of'the other electrode group. This
__;equi:es no §peciaL step or wiring when actually mounting the
. filter unit. |

Preferably, the grounding electrodes on the
piezoelectric substrates are respectively connected to
gonngction terminals . independently formed ‘on the container.

_$uqh_an,arrgmgement-perféctly prevénts'the'piezoeiéétric
_substrates from interfering with each other.

. . Preferably, thegtwo'piézoe;ectric’éubstrétes are
‘housed in.the.container with the center line betWéen'the
.inpﬁ;(outgqtgelectredesﬂoffoneipair”poéitidhallyﬁshifted
from the.center. line between the input/ocutput electrodes of
the other pair.:This: furi-.her: improves: the’ effect of cﬁtting
off the electromagmeticfcouplinQ'between”ﬁhé.£wo
Piezoelegctric filters, . ..

To achieve the objects above-mentioned, a ‘second
invention has another ‘arrangement -characterized in that two
electrode .groups each comprising a paifiof“input/outpﬁt
electrodes and a-grounding:electrode are formed on a single
piezoelectgicﬁsghstragevand that'thé"piezoeieCtric
substrate is;connected, hétﬁéen=thé%tw6 pairs of
input/putputﬂeleqtrodes, to- the:container ‘with a material

(damping material) different in acoustic’ impedance from the



I nvention is characterized in that a single container houses two

pi ezoel ectric substrates each provided with a pair of input/output
elrectrodes and a groundi ng el ectrode and that all the el ectrodes, or-those
except for the grounding electrodes, on the piezoelectric substrates are
respectively connected to connection termnals independently formed on the

cont ai ner. According to the arrangenent of the first invention, the
pi ezoel ectric substrates in the container are perfectly separated from
each other and the input/output electrodes -5

- piereclanfirdct subétratennected, in the container, to t he
correspondi ng connection termnals. It is therefore possible .to adopt the
steps of incorpor ather@rrangementc ®ft sheesgcando invention is the same as
a conventional multiple~stage~conne¢cted multiple-mode
éiezoelectric filter unit in that two electrode groups are
formed on a single piezoeiectric substrate and that a
_damping mgmbe;.is &isﬁosed between these -electrode groups.
According to the second invention, however, the damping
member disposed between the two electrode groups is
cqnﬂected to the container in. which the piezoelectric
substrate is housed. Accordingly, at that position of the
. p;ezpelgct;iq supgtrate]that;the=damping member-is-disposed;
 vib;;tiQn,hardly propagates due:to the’anchor effect with
-_rggbgpt.tgﬁ;pe,qontaingr,-thus further ‘iniproving the
yib;gtionhgttgpuatinn gg:egt-by-the'damping“membeti This
further securely prevents -the electrode: groups from being
_ écogéﬁica;;yJqqypled,witnﬂeach;other;'

According to the second invention, the piezoelectric
substrate may be provided, on its: side having the two pairs
of  input/output electrodes formed thereon, with another
grounding electrode. for..partitioning:the two pairs of
input/outpu;=g;ect;odestﬁand this grounding electrode and
the container. may bg[connected~toﬂeach*other3with a
conductive material (conductive dambing material) different
in acous;ic.impedance-from.theﬂpiezoelectric'substrate;

According. to such an arrangement, the -two pairs of



pi ezoelectric filters each having a piezoelectric substrate and an

el ectrode group forned thereon, finally adjusting the respective
prezoelectric filters as incorporated in the container and connecting
these pi‘ezoelectric filters in cascade, thus causing the filters to be
connected in nmultiple stages. Thus, ther.e can readily be obtained a
highly efficient multiple-stage- connected mul tipl e-node piezoelectric
filter wunit having the desired characteristics. In this filter unit
under use, the two piezoelectric substrates are perfectly separated from
each ther1“ﬂ¥i§°ﬁF§V§nFiﬂ§tf?ﬁﬁﬁvﬁfﬁnﬁiﬂﬁﬁﬂg@ﬁﬁpétﬁFFﬂéYsSPPBﬁ?tBélng
acoustically coupled wth each othe Preferably, that connection
t er m nal oquﬂﬂ(ﬁﬁﬁ |?EkercoﬁhbétEHh@BlFﬁeaéuﬁﬁﬁﬁléﬁﬂﬁr&kkﬂbﬁYoﬂé

pi ezoel ectric substrate, is_connected, inside of the container, to that
connectlcn1tﬁﬁﬁﬁﬁﬂﬁlnafnPﬁe°EbhtSP%eﬁcQﬁﬁﬁkﬁnﬁﬂﬁPﬂénﬂhébPHﬁUFenEFEEﬁﬁode on

t he ot her ectric strate with copductive adhesives or a bonding
wire. In such‘l1 aﬁll gfé‘ﬁﬁﬁfc’mi‘?f?%cr FABP LIS iPeEWEEN ¢ ﬁ'éecf’t}r‘?f:é‘lrﬁéﬁ is the

sane as that in a conventlonal mul ti pl e- st age- connect ed
groups. . R -

Preferably, this grounding electrode for partitioning
the two pairs of input/output electrodes has a pattern which
'projects toward the center of each of the pairs of
input/output electrodes, and the width of each of the
p;qjectingwpo:tions of the pattern is smaller in the
direction toward- each of the pairs of input/outpu£
electrodes. According . to such ‘an arrangement, the vibration
_genérated at and propagating from one electrode group toward
-the other electrode group is efficiently absorbed by the
.massﬁgﬁdition effect . of the grounding electrode of which
mass is greater as the grounding electrode is remoter from
the vibration . starting point. Further;-the*vibtafion is
damped by the conductive damping material and the container,
yet thereis not prevented vibration from propagating in
each electrode pair from the input electrode thereof to the
output electrode thereof.

To achieve the objects above-mentioned, a third
invention has a further arrangement characterized in that
two eleqtrode groups each cdmprising a pair of input/output

electrodes and a grounding electrode are formed on a single



mul ti pl e-node piezoelectric filter unit in which two electrode groups are
formed on a single piezoelectric substrate and in which the
out put el ectrode of one electrode group is connected,. on the :

pi ezoel ectric substrate, to the input electrode of the other el ectrode
group. This requires no special step or wiring when actually nounting the
filter unit. Preferably, the grounding el ectrodes on the

pi ezoel ectric substrates are respectively connected to connection

term nal s independently forned on the container. Such an arrangenent
perfectly prebeapsleRd i Atheerate: shad rthesefasm Eorarddriag Wwith each
ot her. Preferably, the two piezoelectric substrates are housed in
t he conta|neP°§%§¥PQIH?368nFB? o Elpotkeds BREUPS XA /RARYILoBedet Rodesof

one pair p05|t|onally shifted
tch, a slot, a plurallty of holes or a groove, the notch,’

slot and holes passing -through the piezoelectric substrate _
and the groové being formed in at least that side of the
piezoelectric substrate on which the pairs of input/output
electrodes are being .formed; and that ‘an elastic material
is emb_e_dded in the notch, the slot, the plurality of holes
or the groove.

According to thé arrangement qf-the-third invention,
the two electrode groups are formed on the single
piezoelectric substrate and_partitioned‘by the notch or the
liké, and. the elastic material is embedded inside of the
notch or theﬁliké. This . further imprqves the effect of
.damping the vibration propagating between the electro&e
gfoups and the ability of preventing the acoustic coupling
as_compgxed,with a qonvgntional.multiple-stage—conﬁected
multiplefmoge piezoelectric filter unit.

Acco:ding to .the arrangement of the'thi;d invention,
when the elastic material .embedded ihside-af'the notch or
the like, is connected to the container, the vibration
attenuation effect is further improved.

- Preferably, the elastic material is a conductive
material, and this’ conductive elastic material is connected

to a grounding.connection. terminal formed: on the container.



paifr. This further inproves the effect of cutting Yo achi eve the

[ i ezoel ectric filters. e
cgypt;ngaggséMﬁggtfgﬁeémoa gecond i nventi on has anot her arrangene
obj ects - :

_ g it of
ach conprising a pair of
[ [ two electrode groups e P ngle
phaT?fgﬁgbﬁfd eregP?gdes and a groundi ng el ectrode are forned
i npu _

[ [ trate 1is
[ e piezoelectric subs
pi ezoel ectric substrate and that th iﬁput/output et e e

airs of _ _ h . OUSt |
connect ed, betﬂ@ggrﬁgﬁgtw% %mﬁﬁy-' derangeampndi, tleed) dd AGQUSLLG |
container with a material: :q;goel ectric sulSSt rate %g

i e fro i : e B Si Viaitd ted.
erpgﬁggﬁent opgiﬁg?%gﬁx%%EWFﬁgeﬁﬁkcﬁﬂiﬁqu¢@ J2ORPBSis fa LY iHld WP eq
nultipIe-Stage'CO”UQ&ESQ&E}%tQJJJEEEDof the second and third inventions,

the two pPairs of input/output electrodes may be disposed at
Such an arrangement reduces the influences of iines of
‘electric force between the electrode groups. This not only

further improves the electromagnetic coupling'preventing

ability,.but-also restrains the Juarantee attenuation

gnrg.single,piezoelectric+subetrate, that the piezoeleetric

epbetrate;iswe'rectanguiaficristal element and hae the
e;Qee_yhich§QQ,ngt_extend:anong-the”x- and'z'-axes,'that the.
pa;re of input/output electrodes are formed wiﬁh”a gep
qxtending.alqngnthe X= or 2'-axis, and that the'input/outpﬁt
e;ect;gdes-are.connectea,*by outgoing electrode paféerns
hay;ng.tneﬂqameclength, tb*connection pads formed at“sides-
q; the_piezoelectricisubstrate. | |

According to the arrangement of the fourth invention,

_11._



pi ezoel ectric filter unit in that two el ectrode groups are formed on a
singl e piezoelectric substrate and that a danping nenber is disposed
bet ween these el ectrode groups. According to the second invention,
however: the danping nenber disposed between the two el ectrode groups is
connected to the container in which the piezoelectric substrate is housed.
Accordingly, at that position of the piezoelectric substrate that the
danpi ng nenber is disposed, vibration hardly propagates due to the anchor
effect wwth respect to_the container, thus further inproving the
vibration at tBRUBELER @f f LRRUL\PUNRNtIRASCREORRALERN hdhydlsRoRadesuatecurel y
prevents the el ectyode-groups from bein acoustjcally coupled wth each
ot her. tgﬂgc%f’ﬁi ﬂ'ég‘i%" ‘heelse&(fﬁ(éei g’@EFFFBﬁ,h‘Hﬁ% @A kength
substrate ma .E rovided, on its_side havin %g; t airs. of
input/output%é gc??%dﬂﬁﬁfﬁr ﬂet%%ﬁﬁﬁhpaﬁftﬂga GO egrBBﬁﬁFﬁﬂP%AE%trode
for partitionin -EQ two,pairs of .in uﬁé t put. el ectrod anﬂ t$is
groundi ng el 305‘?5"’ ee‘:'e{"rﬁJ tFﬁec%notrﬁrarlﬁgg ? ;’tquoggﬁﬁe%ﬁlérd o%(s)ééﬁﬁ FRtSer with
a conductive, materi al .cong ctive d in ferial) different Jjn acoustic
i mpedance fr%ﬁﬁfh§e5?§? 8fe #?iﬁcgﬁ%§¥$afé@rg§e°tr°3agnetlc doupling
between the electrode groups. Further, the outgoing
electrode patterns can be equalized in_parasitic
capacitance,- thus facilitating the adjustment.

Any of the arrangements of the second and third
inventions m;y preferably be added to the arrangement of the
fourth_invention. That is, when any of the arrangéﬁents 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 ﬁhe phjepts ebove-mentiened,-a fifth
invention is arranged mainly to.restrain-the interference of
iines of electric force between the two electrode groups.
That is, the fifth invention provides ‘a‘'multiple-mode
Piezoelectric filter having a single container in which
there are connected, in cascade, two multiple-mode
piezoeleCtric filter elements comprising: one or two
piezoelectric substrates and two electrode groups' each

comprising a pair of input/output electrodes.and a

grounding electrode, the pairs of input/output electrodes



According to such an arrangenent, the two pairs of I nput / out put
el ectrodes are electromagnetically separated fromeach other. This
exhibits an excellent ability of preventing not only the acoustic coupling
aboeve-nentioned but also the el ectromagneti c coupling between the

el ectrode groups. Preferably, this grounding el ectrode for
partitioning the two pairsof input/output electrodes has a -pattern which
projects toward the center of each of the pairs of input/output

el ectrodes, and the width of each of the projecting portions of the
pattern is sheingrfermedcon Rnedidsm afowdred anec Prottwoh®igaioed esttric

i nput/ out put el ectrodes. According to such an arrangenent, the vibration
generated atSBRatERSSsgatitly & rpvsdpkernébefoda Ry PARY idedy dandh&hst her

el ectrode group i s efficiently absorbed by 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
elecﬁ;odes. The fifth invention is characterized in that two
| pits adjacent to each other are formed:in the container,
| that the one or two piezoelectric substraﬁes are secured to
~ the container at the peripherél portions of the pits with
the Pairs}of_input/outpuﬁ electrodes turned toward the:
bottom surfaces of the pits, that'each of the bottom
surfaces of the pits is covered with a conductive material,
thaﬁ a conductive material is disposed along a partition
‘wall formed between the two pits, and that the conductive
_materials are connected to a grounding connection terminal
formed on the container.

Tougqhievg the objects above-mentioned, a sixth
inventioﬁ is arranged, likewise the fifth invention, to
restrain the .interference: of lines of electric force between
the two electrode groups. That is, the sixth invention
p;pyides_ajmnltiple-mode piezoelectric filter having a
sing;e container in which two multiple-mode biezoelectric
filter elements similar to those in the fifth invention are
housed. The sixth invention is characterized in that two

pits adjacent to each other dre formed-in the container,

_13_



mass addition effect of the grounding el ectrode of which mass is greater
as the grounding electrode is renoter from the vibration starting point.
Further, the vibration is danped by the conductive danping material and
the cont'ainer, yet thereis not prevented vibration from propagating in
each electrode pair fromthe input electrode thereof to the output
el ectrode t hereof. To achi eve the objects above-nentioned, a third
i nvention has a further arrangenent characterized in that two el ectrode
groups each conprising a pair of input/output electrodes and a grounding
. el ectrode ar ¢hhbr el e arstwglmiezoelectric substrates are secured o -
pi ezoel ectri ¢ substrate; that there are forned, at a

the container at the peripheral portions of the pits with

the grounding 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_matetial'is
disposed along a.partition wall formed between the two.pits
such that the upper end of the conductive material reaches
a position at. least in the vicinity of the underside of the
lid, and that the conductive material and the 1lid are
~connected to a grounding connection terminal formed on the
gpntainer.
 According to each of the fifth and sixth invehﬁioné,
e;cﬁ of the:£wo multiplevmode-pigzoelectric filter elémenté
, may comprise a piezoelectric substrate and an'éiéctrbde
group formed thereon,:or-the*two"multip1e4mbde
piezoelectric filter elements may comprise a single?édmmén
piezvoelectric substrate and' two electrode:érouﬁs formed
_thereon.

According to each of: the fifth and sixth inventions,
the pairs_oftinput/output-eléctrodés'of the two
piezoelectric filter elements housed in'thersingle
con;aine;_o§ ;he'su:face mounting type, are mutually
electxomagnetically separated from each other by the
structure of the container itﬁelf,'thus preventing the

" interference.:of the lines of electric force between the



position where the two el ectrode groups are partitioned, a notch, a slot,
a plurality of holes or a groove, the notch, slot and hol es passing

t hrough the piezoel ectric substrate and the groove being forned in at

| east that side of the piezoelectric substrate on which the pairs of .
i nput/out put electrodes are being formed; and that an elastic nmaterial is
enbedded in the. notch, the slot, the pIurallty of holes or the groove.
According to the arrangenent of the third i nvention, the two el ectrode
.groups are forned on the single piezoelectric substrate and partitioned by
the notch or elREtred&@roypy. t he el astic material is enbedded inside of the
notch or the like. This further inproves the effect of danp % t he

vi bration propagat i¥RFHefRREALACAIdIYoct tlRIe1 1gRrEUSS zﬁﬂd@@'ﬁélab Flanae of
preventing the acoust| couyplin as_conpared with a conventignal

mul ti pl e- st a§&nesAREd: EseﬂuPPlgh% %bﬂ%tﬁ*%z%%ﬁkiﬁrﬁQFquthﬁ the ttwo
According to_the_ ar ange third invention,. . when the elastic

nt f t
materi al enbBAYES PhstHRM: Pufﬁ'ét %Bte(ﬂFr8fiesf hBX§T % N5 LUCRERREPRY §0 t he

i further rov
contai ner, th?ec%ro £'5¥Bu§§1£ Q%%ghoghgféﬁgéeIé%)a%e%teto t eos€¥¥ace

of the one or two piezpelectric substrates on which the
pairs of input/output electrodes are being formed.
According to the arrangement of the fifth invention, the one
or two piezoelectric substrates forming twd piezoelectric
.. filter elements. are secured to the container with the paits
~of input/output electrodes turned toward the bottom
surfaces of the pits formed in the container, the
cqnducﬁive material is disposed on the bottom surface of
‘each pit and along the partition wall between the pits, and
_these copductive materials are.connected to a grounding
_potential. Accordingly, the lines -of electric force from the
- pairs of ihput/cutputﬂelectrodes are trapped by the
_conductive.materials, thus restraining:the influences of
.the lines:of electric: force 'betweéen the pairs of
Anput/output electrodes. This can effectively
electromagnetically separate;the two ‘electrode groups from
each. other. .
".;Accq;dingrto theuaﬁrangement of the sixth “invention,
the. one or two piezoelectric substrates forming two

piezoelectric.filter elements-are secured to the container

-15-



Preferably, the elastic material is a conductive material, and this
conductive elastic material is connected to a grounding connection

termnal formed on the container. 10 -
Aceordi ng to such an arrangenent, the el ectronmagnetic coupl i ng bet ween
the el ectrode groups is also intercepted. According to each of the
second and third inventions, the two pairs of input/output electrodes
may be di sposed at right angles to each other on the piezoelectric
substrat e. Such an arrangenent reduces the influences of |ines of,

el ectric forecthaipwice doenchalikeod;m gheugiftRhisvastian \i.e. ,f witther

| nproves the el ectromagneti c coupling preventing ability, but also

restrai ns.t htheuareundindaelentuedes turnedatawaedi thé dntramsweifagesoner ed
due to the influences of _ o
of the pits. In this case, the lines of electric force from
the pairs of_input/outgut electrodes are formed in the séace
opposite to the pits, i.e., tﬁe space under the 1lid.
Accordingly, the lid of the container is made of a
conductive material, a conductive material is dispésed
along the partition whll between the pits, and the
conductive material and the 1id are connected to the
_grpundingwpotential. This.éffectively traps-‘the lines of
~electric forqe; thus producing.opérational effects similar
to those in the fifth invention.

According to each of the fifth and sixth inventions,
the conductive material.along the partition-wall-beﬁween
_the two pits in the container may be &iépcseaWin any of the
following”spec;fic_manners”ﬁA”plate-likegconduéﬁive*material
may be inserted in and. along the partition wall, ‘or”a
‘conductive. material may .cover. the whole inner‘wall surface
of each 6fwthe pits. Further, a plurality~ofithroughicies
may be formed in the partition wall, and a conductive
mateiial.mgy be .embedded in. each ‘of such through-holes.

According to each of the fifth and sixth inventions,
any of the arrangements-of the.second,-third and fourth
inventions may jointly be used when the two piezoelectric

filter elements are formed.using a single.piezoelectric
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the lines of electric force when the filter unit is Under use.

To achi eve the objects above-nentioned, a fourth invention has stil
anot her arrangenent characterized in that two el ectrode groups each
. conprisi'ng a pair of I nput / out put el ectrodes and a groundi ng el ectrode

are formed on a single piezoelectric substrate, that the piezoelectric
substrate is a rectangul ar crystal elenent and has the si des which do not
extend along the x- and z[err]-axes, that the pai rs of input/output
electrodes are forned with a gap extending along the x- or z[err] -axis,
and that thesupgtadirit mnd thel acrangesent cof otinectiast Hynveitdannegagl ect r ode
patterns having the sane length, to connection pads formed at sides of
t he pi ezoel egeintly Sb.ﬁ)fﬂtsledt when the tAm@idizogleotrie &iltangeyiemtendds t he
fourth invention,

are formed using two piezoelectric filters.

Brief Description of the Drawings
Fig. 1 to Fig. 3 éhow an embodiment of a first
invention, .in which Fig. 1 is a plan view wifh the top
. portion (1id) of a container 1 removed, Fig. 2 is a section
view taken along the line b-b in Fig. 1, and Fig., 3 is an
. enlarged bottom view with the underside (bbttom)"of'the
- .container 1 seen through;
‘Fig. 4 is an enlaiged bottom view of main pqrticns of
w,thg.embodiment_pf the first invention with the underside of
the container 1 seen through, iilustratiné an arrangement‘in
.which the output electrode 22 of one electrode group and
the input electrode 31 of the other electrode group are
_connected to each other inside of the container 1;

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 Fig., 6 is a plan view with the  top
portion of a container 1. removed, Fig. 7 is an enlarged
segﬁion view of main p§rtions taken along the line b~b in

Fig. 6, and Fig. 8 is a bottom view with the undérside of



the pairs of input/output el ectrodes can be di sposed such that the

out goi ng el ectrode patterns have the same length wth the center line of
one pair of electrodes positionally shifted fromthe center line of the
other pair of electrodes. This restrains the acoustic and el ectromagnetic
coupling between the electrode groups. Further, the outgoing electrode
patterns can be equalized in parasitic capacitance,,thus facilitating the
adj ust nent . Any of the arrangenents of the second and third

i nventions may preferably be added to the arrangenment of the fourth

i nvention. Thtlte jeontanaar ahysesh theowghiangenents of the second and third
inventions is added to the arrangenent of the fourth invention, the
acoustic and el ect r%gﬁeﬁcaﬁ riged aeﬁm “tijey smxﬁedmm -grfoups can

further securely be prevented 0 achi eve the objects

above- ment i onkblusEEting anoRhes FBH°4%‘“% Sfgkle n%ﬁqﬂwl ﬂa*'%%&eral n t he
interference of |ipes of electrl force bet ween th gtro o3 oups.
That is, the fifth h%ri‘t%‘r?ﬁr&’\? o glﬁw#B "&f filter
ESYLP8|Z i;gglﬁecgggéﬂ anegt%thglth Eﬁe Jﬂ&%rsx geg t’elégé¥§¥§2161 two

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 qf é container 1 removed, Eig- 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 underside of
the container 1 seen through; |

| Fig. 14 is a plan view of main portions of”anothé:
embodiment ofrthe third invention;

Fig. 15 is a plan view of main portions of a further
embodiment of the third.invention;

: Fig. 16 is a longitudinal sectioh view of main
portions of still another embodiment of the third
invention: |

| Fig. 17 is a longitudinal section view of main
portions of a still further embodiment of the third
invention; o |

Fig. 18 is a longitudinal section view of main

portions of yet another embodiment of the third invention;

Fig. 19 is a longitudinal section view of main
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pi ezoelectric filter elements conprising one or two piezoelectric
substrates and two el ectrode groups each conprising a pair of input/output
el ectrodes and a grounding electrode, the pairs of input/output electrodes
-2 - ¢ being forned on one side of the one or two piezoelectric
substrates wth a predeterm ned gap provided, and the grounding el ectrodes
being formed on the other side of the one or two piezoelectric substrates
at positions respectively opposite to the pairs of input/output

Fo each ot hehOatd g B8 H YRR ERAFREr eSdnahs' GFE bHA oz 2O
p|ezoelectrlfhégggyahates are secured to

Fig. 20 is a bottom view of the piezoelectric
substrate 20 or 200 having anothgr pattern of pairs of

_ input/output.electrodes in each of the second and third
inventions;

Fig. 21 is a plan view-.of a crystal eiement_zooo at
itg side having pairs of ianput/output electrodes formed
thereon, according to an embodiment of a fourth invention;

Fig. 22 is ah.exploded-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 1id 330 removed;

Fig. 24 illustrates the operation of the embodiment
~shown in Fig. 22;

Fig. 25 illustrates the effect of the embodiment shown
in Fig. 22, in which Pig. 25a is a graph illustrating the
characteristics of a filter of a comparative example with
the conductive materials-341, 342, 304 removed from the
emﬁodiment_in Fig.. 22, and-Fig. 25b is a graph illustrating
the characteristics of aﬁfilterﬁaccording to the embodiment
of the fifth .invention with the conductive materials 341,
342, 304 attached;

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

piezoelectric filter elements 301, 302 according to the
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the container at the peripheral portions of the pits wwth the pairs of

| nput/ out put el ectrodes turned toward the bottom surfaces of the pits,
that each of the bottom surfaces of the pits is covered with a conductive
material’, that a conductive material is disposed along a partition wall
formed between the two pits, and that the conductive materials are
connected to a grounding connection termnal formed on the container.

To achi eve the objects above-nentioned, a sixth invention is arranged,

| i kewi se the fifth invention, to restrain the interference of |ines of

el ectric forftfyetingentieme two el ectrode groups. That is, the sixth
invention provides a nultiple-node piezoelectric filter haV|ng a single
container in whlchF¥WW)3ﬂH%ﬁ @ Pexspecpiegoview rvith Mantdons dmedea sinil ar
to those in the fif i nvention are . housed. The sixth invention _is :

charact eri ze®"#¥r t ta“PinBe‘p ff%?“a‘d]"'&ﬁ’én?ftU“’eé‘ﬂﬁ‘d&FﬁéYea‘P%t?ﬁf%@Wsn t he

cont ai ner, ‘according to the £ifth 1nvent10n%3

Fig._28 is a perspective view, 'with portions broken .
away, of a further disposition of the conductive material
.305 according to the fifth invention; | |

. Fig.. 29 is a longitudinal'séction view of an
embodiment of a sixth invention; and

Fig. 30 .is a perspective view, with portions broken
away; of another disposition of the conductive material 405

~according to the sixth invention.

Best Mode for:Carrying Out the Invention

The following description will discuss preferred
emquimentsioﬁﬁthé-pfeseﬁt'invention with reference to the
_attached drawings. -

'Fig. 1 to-Fig. 3 show an embodiment qf'alfi;st

_inventibnrnA-container-liof-ceramicsfis proViaédfét:the

wall la.and in the bottom thereof with two pits 1b, lc. as
covering the“pits,ib, lc, two piezoelectric substrates 2, 3
are housed inside of the container 1. Each of the
Piezoelectric. substrates 2,'3lis provided on one side

(underside) thereof with an input electrode 21, 31 and an



that the one or two piezoelectric substrates are secured to the container
at the peripheral portions of the pits wwth the groundi ng el ectrodes
turned toward the bottom surfaces of the pits, that a lid nade of a
conducti‘'ve material is nounted on the container, that a conductive
material is disposed along a partition wall formed between the two pits
such that the upper end of the conductive material reaches a position at

|l east in the vicinity of the underside of the 1lid, and that the conductive
material and the lid are connecged to a ggoundln connection term nal

fornmed on th8“t88ﬁt%&?ﬁﬁ’°ae 22, 3ACKHIR hPreFeELERiBrdt BRP PO 4R si xt h
t t L pl e- pod. I I f t
my compr s se e BEpbY ce B, ShREFa ST SRR S Gk ke e
her eon, O 33CphHBs L 1! e Buc PhEGREL SEdd:t o' 81, e&s;mﬂ,s 53
,;Wlth the_p;ezoelectric substrates 2, 3 housed in the

.mcontainer_l,'a 1id (not shown) ié put on the peripheral
.wall la such that the congainer 1l is entirely packaged.
R _Each of the piezoelectric substrates 2, 3 has sizes of
abo_ut__z X about 3 mm and is me-chani;ally secured, at three
_cqrners_ﬁggreof, to the container 1 with conductive
. adhesives.B. Enrthe:, with the conductive adhesives B, the
_mg;gct:oggs_qffthe piezoelectric substrates 2, 3 are
,;?esgebpiyglg electrically connected to connection terminals
.(paAS) 11Jt0216 independently formed on the bottom surface
of the container 1. i
More ;pgcifically,_the.input electrode 21 and the
output e}ect;oée.zg at the underside of the piezoelectric
. substrate. 2 agg_:espec;ively;guideA:tO-diagohal corners of
.the piezoelectric substrate 2 by outgoing electrode
patterns 2la, ZZaﬁand;coanEted.to the connection terminals
11, 12 of the container l.with conductive adhésives B. The
grqquing_e;gctrodeﬁ23,qn~theutop-side.of the piezoelectric
substrate. 2 ;glguided_ﬁgﬁa-cprner of the piezoelectric
substrate 2 by an_ouhgding electrode -.pattern 23a and
connected to the cennection terminal 13 of the container 1

wiph the copductive_adhesives B. Likewise, the input
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pi ezoel ectric substrate and two el ectrode groups fornmed thereon.

According to each of the fifth and sixth inventions, the pairs of

i nput / out put el ectrodes of the two piezoelectric filter elements housed in
the'single container of the surface nounting type, are nutually
el.ectromagnetically separated fromeach other by the structure of the
container itself, thus preventing the interference of the |lines of

el ectric force between the - 14 -

el ectrode groups. More specifically, the lines of electric force
gener at ed bass®csmotedklasst the outputs elechroid32t b the urpisinsd.def of
i nput / out put el ectrodes, exert influences upon the
the piezoelectric substrate 3 are respectlvely gulded to
diagonal corners of the piezoelectric substrate 3 by
outgoing electrode patterns 3la, 32a and connected to the
connection terminals 14, 15 of the container 1 with
conductive adhesives B. The grounding eiectrOde 33 en the
top side of the piezoelectric substrate 3 is guided to a
corner of the piezoelectric substrate 3 by an outgoxng
electrode pattern 33a and connected to‘the connection
.terminal 16 of the container 1 with the conductive
adhesives B. The connection teérminals 11 to 16 are connected
to external connection terminals for surface moﬁntiﬁé (not
_shewn) formed at the underside of the.container 1.
According to the arrangement above-mentioned, the
. connection .terminal 12nconnec£ed to the output electrode 22
on one.piegoelectrie.substrate 2 is cdonnected to the
connection terminal 14 -connected to the input eléctrode 31
on the other piezoelectric substrate 3, thus providing a
multiple-stage-connected multiple-mode pieieelectrie'filter
unit. The connection between the connection terminals 12,
14 may be made outside of:the container 1. Alternatively,
such a gpnaectionjhay be made inside of the' container 1 by’
disposing therein a bonding wire for connecting the
_.connection terminals 12, 14 or by using conductive adhesives

17 disposed along the top of a partition wall 1d formed
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el ectrode groups through the space adjacent to the surface of the one or
two piezoelectric substrates on which the pairs of input/output electrodes
are being formed. According to the arrangenent of the fifth invention, the
one’ or two piezoelectric substrates form ng two pi-ezoelectric filter
el.ements are secured to the container with the pairs of input/output

el ectrodes turned toward the bottom surfaces of the pits forned in the
container, the conductive naterial is disposed on the bottom surface of
each pit and along the partition wall between the pits, and these
conductive nhebveen sthe ewsopisst &b, t Ic easgyrshowdi dg apoérhdrged bcasndi ngly,
the lines -of electric force fromthe pairs of input/output electrodes are
trapped by tmMéewcafdumainvepontéoinsl sn tRisg. rést Lai Rinyg ddwe | nEhednees of
the lines of electric force between the pairs of input/output electrodes.
Thi s can ef f egningagyion| dot madgnafitexd |gashpafattdhe heiewe el ectrdde groups
from each other. According to the arrangenent of the sixth

i nvention, - FHEﬁtEﬂﬁfsoF'téwﬁiﬁ digaldriheen edg¥etedes forning two

According to the embodiment of the first invention,
~ the two.piezoelectric éubstrates 2, 3 as perfectly separated
from each other are housed in the single container 1, and
‘all the electrode groups of the piezoelectric substrates 2,
- 3 are respectively. connected to the connection terminals 11
to 16 independently formed inside of the container 1.
Accordingly, the piezoelectric substrates 2, 3 and the
.electrode groups form two-multiple-mode piezoelectric
.filﬁers. Aftgr;individuaily adjusted,.these multiple-mode
ﬂpiezoelectric_filtersucan-be-cannedted"in~cascade, thus
formingga,multiplerstage—connected'multiple#mode
piezoelectric filter unit. Under use, the respective
multiple-mode piezoelectric -filters are substantially not

acqustically_coupieéiwithﬁeaqh other. Accordingly; even made

this multiple-stage-connected multiple-mode piezoelectric
filter unit of the surface mounting type is easy 'in
adjustmentuandrhigh im-quélity with épuriousjresponse
reduced to:increase the guarantee attenuation.

Further, when the“output/input electrodes of thé

pPiezoelectric substrates- 2, 3 are conhectéd within the
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pi ezoel ectric filter elenments are secured to the container
- 15 - with upside down unlike in the fifth invention, i.e.
with the grounding electrodes turned toward the bottom surfaces of the
pits. In this case, the lines of electric force from the pairs of
i.nput/out put electrodes are forned in the space opposite to the pits,
I .e., the space under the lid. Accordingly, 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 material and the
l'id are. conreotiadnies Lhesigy othedicopdoctenei adhesihies afff eet khel yikeaps the
l.ines of electric force, thus producing operational effects simlar to
those in thend ispebiabvennsideration is required for connection with an
external circuit outside of the container 1, likewise in a
normal multiple-stagg—connected-multiplé~mode7piezoe1ectric
filter unit of prior art.
~In the embodiment above-mentioned, the grounding
electrodes 23, 33 of the-piezoelectric substrates 2, 3 are
respectively independently connected to the connection
terminals 13, 16 of the container 1, but may be connected
to a common connection términal of the container 1. However,
it has been found that, when the grounding electrodes 23, 33
are respectively'independently connected to connection
terminals as.done in the embodiment above-mentioned, this is
more effective in preventing the two piezoelectric filters
from being electromagnetically coupled with . eath other.
- Fig. 5 is a bottom. view of another embodiment of the
first invention. In Fig.. 5, the piezoelecéric substrates 2,
3 are housed in the container 1 such that the center line C
between the input/output electrodes on.the piezoelectric
substrate 2 is positionally shifted from the center line C
between the input/output electrodes on the piezoelectric
substrate 3 (subsequently, the centers of the grounding
electrodes are also positional_lj;. shifted from each other).

Such an arrangement can reduce the influences of lines of

electric force between the electrode groups. This is more



According to each of the fifth and sixth inventions, the conductive
material along the partition wall between the two pits in the container
may be di sposed in any of the follow ng specific manners. A plate-like
conductive material nmy be inserted in and along the partition wall, or a
canductive material may cover.the whole inner wall surface of each of the
pits. Further, a plurality of through-holes may be forned in the partition
wal I, and a conductive naterial nay be enbedded in each of such
through-holes. ° ~ According to each of the fifth-and sixth inventions,
any of the artTiffHeif siPReeRektthEwe MY Ehte TReRe Piezoeherbadcmy
jointly be used mhené%he two piezoelectric filter elements are fornmed
using a si nglfd e den hedng electromagyghicpdd ¥ cauRleAcwatRafdchent of
the first invention may jointly be used when the two piezoelectric filter
el ement s other. . ' : “

The following descriétion-will discuss embodiments of
a second invention.
'Eig.'S to Fig. 8 show an embodiment of the second
_;nvention, In this embodiment, one piezoelectric substrate
20__is .l'_L_ou?_eg_:}_: in a ._cor_xt_;aj,ner 1 equivélent to that in-Fig. 1
and has two ﬁairs of input/output electrodes 21, 22 and:31,
32 and grounding electrodes 23, 33 corresponding to the
electrodes..21,..22; 31, 32.

The piezoelectric substrate 20 is connected, at-total
,six,pqsit;ogs“inp;uding~the_four.corners thereof and
substantially centers of opposite two sides thereof, to the
_cqqtaine;,1.wi;n,conductivewadhesiwes_B; Connection
terminals (pads) 11 to 16 are formed on:'the container 1 at
_the :espgctiyg~connection“positions. The electrodes of the
Ltyopglgct;pdg groups :are: respectively. connected to the
wcopngctiqggte;mingLs 11-to 16 .using outgoing electrode

__patterns. :

| . This embodiment of;the second invention is
Fcnarapteqized;infhhatﬂxhere is disposed, between the two
.electrode groups, a damping member 4, such as adhesives or
the like, made of a material different in acoustic

impedance -from- the .piezoelectric substrate 20:and that the
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are formed using two piezoelectric filters. Brief Description of t
Dr awi ngs Fig. 1 to Fig. 3 show an enbodi nent..of a first inven

he
tion,

in which Fig. 1 is a plan viewwth the top portion (lid) of a container 1

renbved,” Fig. 2 is a section viewtaken-along the line b-b in Fig. 1,

FLg. 3 is an enlarged bottomview with the underside (bottom of the

contai ner 1 seen through; Fig. 4 is an enl arged bottom vi ew of
portions of the enbodinent of the first invention with the underside
the container 1 seen through, illustrating an arrangenment in whicht

out put el ectpidz @l oftoie «wrstodeegrdlipanddthieheconpatinedectr ade 3
the other electrode group are connected to each other inside of the-
cont ai ner 1;me¢hapicmlily comneated tbeeact otherhby thehddmpéng mémhbdre 4.f
i nvention with the underside of the container 1 seen through;

6 to Fig. 8 YAoey peificaldEntths dampipgnuember chicopnects te c(tPrriaf.

plan view with the top
a partitlon wall 1d between two pits 1b, 1lc of the container

1 to the piezoelectric substrate 20 at its'underside at
which the pairs of input/output electrodes are being formed.
- According to the arrangement above-mentioned, the
vibration .propagating from one electrode group to the other
‘electrode group, is considerably effectively damped by the
damping member 4 of which vibration is requlated by the
anchor effect of the container 1 or of which vibration is
.regulated by~the~connection to the container 1. This
remarkably increases the ability of preventlng the electrode
groups from being:acoustically coupled” ‘with each other.
Fig. 9 is an enlarged section view7Similar.t6“Fig. 7,
illustrating another embodiment -of the second invention.
In the embodiment in Fig. 9, two electrode groups 21,
22, 23 and .31, 32, 33 of a piezoelectric substrate 20 and
s the arrangement of attaching and connecting the same to a
container 1 are similar to those shown in Figs. 6 to 8. The
. embodiment in Fig. 9 is:characterized in that another
.grounding electrode 5. different from the gréunding
-elec;:odes.231ﬁ33;onathe+tap-sidevofsthe piezoelectric
. substrate 20, -is disposed. at the underside theéreof to

partition- the :two.pairs of input/output.electrodes,  that the

-96 —

and

mai n
of
he

1 of

i rst
Fi g.
6is a



portion of a container 1 renoved, Fig. 7 is.an enlarged section vi ew of

mai n portions taken along the line b-b in

view wi th the underside of - 17 -

the contai ner 1 seen through; Fig. 9 is an enlarged section view
simlar to Pig. 7, illustrating another enbodi nent of the second

i nventi on; Fig. 10 is a bottomview of a further enbodi nent of

second invention with the underside of the container 1 seen through;
Fig. 11 to Fig. 13 show an enbodinent of a third invention, in which Fig.

11 is a pl anpiiezpel ehtirlic topbsprattieon2 df aadcrtai aenth ireepvad,ade g.
I s an enl arged

mechanically connected by a conductive damping member 6
through the grounding electrode 5, and that the grounding

electrode 5 is electrically connected to a grounding

connection terminal le formed on the c¢ontainer 1. As the

. conductive damping member. 6, conductive adhesives may be

used for example.
According to the arrangement in Fig. 9, likewise in

the embodiment shown-in Figs. 6 to 8, the vibration

‘propagating between the two electrode groups is effectively
.damped by the.conductive damping member 6 of which vibration
_is regulated by the container 1. Further, the two electrode

.groups are -separated from each other by a conductor of a

grounding potential. This effectively cuts off the lines of

. electric force between the electrode groups, thus preventing
‘the -electrode :groups from being electromagnetically coupled

- with. each other.

Pig. 10 shows a modification of the embodiment in Fig.

9. and is a‘ bottom view with the underside of the container

1. seen through.

. The embodiment in Fig.-10 is the same as that in Fig.

‘9. in that the grounding electrode 5 disposed at the

underside. of ‘the piezoelectric substrate 20 is mechanically

- and-electrically connected to the grounding connection

.termihal-le.(not'shéwn in Pig. 10; See Fig. 9) of the

- 9217 -

Fig. 6, and Fig. 8 is a bottom

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



Fig. 11, and Fig. 13 is a bottomview with the underside of the container

1 seen through; Fig. 14 is a plan view of main portions of another
-enbodi ment of the third invention; Fig. 15 is a plan view of nain
portions of a further enbodinent of the third invention; Fig. 16
I's a longitudinal section view of main portions of still another

enbodi nent of the third 1invention; Fig. 17 is a longitudina
section view of main portions of a still further enbodi nent of the third

7 vok St naonsala i ok engeRAFEh L eE G Sontest 2l gilager 2L O
'O”Q't”d'”a't.%f%&%ﬁnﬁiﬁgféieégﬁd}e 5 ig characterized in its pat%e?n.
More specifically, the grounding electrode 5 has a pattern
which projects. toward the center of each of the pairs of
input/ou;put electrodes 21, 22 and 31, 32 and of which
width is narrower as each projecting portion-gets cloéer to
each electrode pair. |
According to the arrangément in Fig. 10, the vibration
from one electrode group.toward the other electrode group
is,efficieptly_absorbed_byvthe mass addition effect of the
grounging,electrode 5 of which mass is greater as the
grounding electrode 5 is-remoter from the pair of
inbut/output electrodes .serving as the vibration startihg
. point. Further, since the grounding electrode 5 and the
container_llare connected to each other by the conductive
_damping member 6, the vibration.thus absorbed-is effectively
damped. Further, each projecting portidn of .the pattern of
‘the groundiﬁqﬁglectrodegs-is.smaller in width ‘as each
projecting portion gets closer to each-eleétrodé pair. This
does hot prevent the propagation of vibration from the input
electrode toward the output :electrode of each electrode pair.
In Fig. .10, the center .line betwéen-the input/output
electrodes of one pair is positionally shifted from the
center line between the input/output electrodes of the

other pair. However, it is a matter of course that the

-9 8 —



portions of a yet further enbodinment of the third invention; " Fig.
20 is a bottomview of the piezoelectric substrate 20 or 200 having
anot her pattern of pairs of input/output electrodes in each of the second

and third inventions; Fig. 21 is a plan viewof a crystal el enent
2000 at its side having pairs of input/output electrodes formed thereon,
according to an enbodi nent of a fourth invention; Fig. 22 is an

expl oded perspective view of an enbodiment of a fifth invention;
Fig. 23 is a section view, taken along the line AAAin Fig. 22, with the
lid 330 renpweacept of the gropuding edectrede toattegor akdwmn igf Fige dfAbodi nent
shown in Fig. 22; Fig. 25 illustrates the effect of the enbodi nent
shown  in Fi gamde japRhiedh ¥ gthesarrandeneash iin mhdohatsurh teenter
characteristics of a filter of a conparative exanple with the conductive
mat eri al s 34ﬂ1n@@2ar3040pegg§ég1¢¢ ¥ (hifted from each other and in
 which the grounding electrode 5 has a pattern which projects
in a transversely_symmetfical manner.
The following description will discuss an embodiment
of a third invention with reference to Fig. 11 to Fig. 13.
Likewise each embodiment of the second invention, this
embodiment comprises one piezoelectric substrate 200 on
which formed -are.two electrode groups, i.e., a pair of
.input/output electrodes.21,: 22 and a grounding electrode 23
.opposite thereto and a pair of input/output electrodes 31,
32 and a grounding electrode 33 opposite thereto. The
.piezoelectric substrate :200 is-mechanically connected, at
-8ix.-portions thereof, to a container 1 with conductive
adhesives B, and the electrodes are electrically
respectively connected to connection terminals Il to 16
disposed at: the container 1'with-the conductive adhesives B.

The embodiment shown in Fig. 11 to Fig. 13 is
characterized in that a notch 201 is formed in and passes
through the piezoelectric substrate 200 at a position where

“the two electrode groups are partitioﬁed, the notch 201
.extending from one side of the piezoelectric substrate 200
to a position in ‘the vicinity of the opposite side, and in

that the notch 201 is filled with an elastic material 7 such

-2 9~



enbodinent in Fig. 22, and Fig. 25b is a graph illustrating the
characteristics of a filter according to the enbodinment of the fifth
invention with the conductive materials 341, 342, 304 attached;

Fig. 26 1's a front view of another arrangenent of the piezoelectric filter

el.enments 301, 302 according to the - 19 -
fifth invention; Fig. 27 is a perspective view, with portions broken
away, of another disposition of the conductive naterial 305 according to
the fifth invention; . Fig. 28 is a perspective view, with portions

broken awayasofdbedineshepthitspesiini on Wfe tliéeconductive materi al
According to the arrangement above-mentioned, the
vibration propagating between the two electrode groups is
efficiently damped by ﬁhe notch 201 and the elastic material
7 therein, thereby to securely prevent the acoustic
.coupling between the electrode groups.
According to the third invention, instead of the nétch
201 which partitions the two electrode groups, a slot 202
or a plurality of through-holes 203 may be formed at a
position which partitions two electrode groups as shown in
Fig. 14 or QSQiAlﬁernatively, a groove 204*may-be formed in
the side at which the pairs of input/output electrodes are
_fofmeﬂﬁ_aS-shoﬁn in Fig:. 16, or a groove 205 may
.Fadditionaliy"be;formedyin;the.side opposite’ to the side
above-mentioned, as shown in-fig;“17. In each of the
.arrangements above-mentioned, each of the slot 202, the
throughvhd;esT203 and the.grOOVes 204, éOSﬂmay be filled
. with an elastic, material:7.-Each of the arrangements--above-
mentioned can produce the same effect-as that in the
embodiment;ingEig. 11 to Fig. 13.
In each of the embodiments of the third invention
shown in Figs. 11 to 13, Fig. 14, Fig. 15, Fig. 16, the
_ Piezoelectric substrate.200 is not necessarily housed in the
container. 1 of the surface mounting type, but may be’ used

in an optional manner with -the same effect produced.



305 according to the fifth invention; Fig. 29 is a |ongitudina

section view of an enbodi nent of a sixth invention; and Fig. 30 is

a perspective view, with portions broken away, of another disposition of

t he conductive material 405 according to the sixth invention. Best Mbde
~for: Carrying Qut the Invention The follow ng description wll

di scuss preferred enbodinents of the present invention with reference to

the attached draw ngs. Fig. 1 to Fig. 3 show an enbodi nent of a

first invention. A container 1 of ceramics is provided at the periphery
t hereof with an upwayak g r@riojectongiper tpiardl inwaldtiangndwhen hehbkott om
thereof with two pits 1b, 1c. ‘As covering the pits 1b, 1lc, two
pi ezoel ect ri @iszoeleatric Zubstrate Hdudedhowsedicnotheheoneakremdr of. Each
of the piezoelegtriq.substratef 2, 3 is provided on one si de gunderside)
thereof with t¥eifiptfagreBPudldng] tyPR argh@nelastic material 7 put
- inside of the notch. 201, the slot 202 or the like, may be
s0 arranged as to project from the underside of thé
piezoelectric substrate-200 and to reach the container 1
such that the piezoelectric substrate 200 and-the container
1 are substaﬁtiallywmechanically.connected'to each other
. with theﬁelasﬁic”material-7, as shown in Fig. 18. In this
case, the vibration of the elastic material -7 is regulated
- by the connection of the ‘container 1 to the piezoelectric
substrate 200, thus further improving the:abilitf of
=préventinqrthe acoustic coupling between the two electrode
.groups, likewise in.the arrangement of the second
invention. : .
‘The following description will discuss an embodiment
.of a fourth invention. Fig. 21 is a plan view of a crystal
‘.element forming a piezoelectric subétrate at its 'side on
which pairs.of input/output electrodes are formed.
This .embodiment comprises a sinélelrecténgular crystal
. "element 2000 serving as-a piezoelectric substrate én which
-formed are two electrode groups, i.e., a pair of
‘input/output: electrodes 21, 22 and a grounding electrode 23
. .opposite thereto and a pair of input/cutput electrodes 31,

- 32 and: a: grounding -electrode 33 opposite thereto.
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- 20 -
pr.ovi ded,

out put el ectrode 22, 32 with a predeterm ned gap

and on the other side thereof with a grounding el ectrode 23,

opposite to the input/output electrodes 21, 22; 31, 32. Wth the

pi ezoel ectric substrates 2, 3 housed in the
I's put on the peripheral

packaged.

Each of the piezoelectric substrates 2, 3 has sizes of

about 2 x about 3 mmand is nechanically secured, at three corners

t her.eof ,

33

container 1, a lid (not shown)
wal |l |l a such that the container 1 is entirely

to the container 1-with conductive adhesives B. Further, with the

conduct i ve adhesi veth® enyataleledemnbde®ibfhashdopiresddbecvhich samstngit es 2,

3 are respectively electrically connected to connection term nals
11 to 16 i ndepé¥@ditel torkbd. coystiad Bxednksanflagd , dfut hehioht @neer 1.

inclined, with respect to these axes, at a predetermined

angle for example 45. On the other hand)-the rairs of

~input/output electrodes are disposed with a gap extending

along one crystal axis, for example the axis x. Thus, the
pairs of electrodes are disposed as inclined, in ‘its
entirety, at an angle of 45 with respect to the sides of the

crystal element 2000. Also, the grounding eleé¢trodes 23, 33

..are accordingly disposed as inclined at an:.angle of 45 °
~ with respect.to the sides of the crystal element 2000. The

- electrodes are respectively guided to connection pads P

formed at.edge portions -of the crystal element 2000 by
outgoing electrode patterns 2la to .33a, and are then

connected, at the pads P, to connection terminals (pads) 11

..to 16 of the.container by conductive adhesives or the like

(not shown). Of the outgcing-electrode_patterns 2la to 33a,

z_the patterns 2la, 22a, 3la, 32a of the pairs of input/output

electrodes. .21, .22 and 31, .32 have the same length.
According to the arrangement above-mentioned, the

center line between the input/output electrodes 21, 22 is

not identical.with and -is inevitably positionally shifted

from the center line between the input/output electrodes -31,

.32, This restrains the acoustic and electromagnetic

coupling between the:.electrode groups. Further, the

-39 —
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More specifically, the input electrode 21 and the output el ectrode 22 at
the underside of the piezoelectric substrate 2 are respectively guided to
di agonal corners of the piezoelectric substrate 2 by outgoing el ectrode
patferns’2la, 22a and connected to the connéction termnals 11, 12 of the
container 1 with conductive adhesives B. The grounding el ectrode .23 on
the top side of the piezoelectric substrate 2 is guided to a corner of the
pi ezoel ectric substrate 2 by an outgoing el ectrode pattern 23a and
connected to the connection termnal 13 of the container 1 wth the
conduct i ve adm@yty/eetPit leliechirodes tdre ghpded to external circuits such -2
1 - el ectrode 31 and the output electrode 32 at the underside
of the pi ezGd RPRRECEAPS tRIMIPH} e PESHBE iGRNKALRLHeghrOuUIh the

outgoing electrode patterns having the same length, This
eqﬁaiizes the parasitic capacitances generated in the pairs
of input/output electrodes. This advantageously facilitates

. to match.the filter characteristics to each other, thus

facilitating the final adjustment.

) When;theﬁarrangemgnt‘of the fourth invehtion shown in

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

. second .and third inventions, this further imﬁfoves the
- --ability of preventing the ‘electrode groups from being

"7 ‘acoustically and electromagnetically coupled with each othe;.
.uFurﬁher, the pardsitic capacitances generated in the

. -electrode groups can be equalized.

| ‘Also, the.arréngement-of;the fourth invention may be
-..combined withsthé'arrangemént-of.the-first invention. More

specifically, two-piezbelebtric substrates each having an

electrode group are disposed in one container, each

.. piezoelectric substrate has the sides inclined with respect

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

..a.crystal axiSﬂdirection,'and the outgoing electrode

' patterns: are equal in length as done in the embodiment in

--Pig, 21. In'this case, in ‘addition to the effects produced
by the first~invehtion,-there are produced, substantially as

. they are, the ‘¢ffects produced by the fourth invention such



di agonal corners of the piezoelectric substrate 3 by outgoing el ectrode
patterns 3la, 32a and connected to the connection termnals 14, 15 of the
container 1 with conductive adhesives B. The grounding el ectrode 33 on the
top side of the piezoelectric substrate 3 is guided to a corner of the
piezoel ectric substrate 3 by an outgoing electrode pattern 33a and
connected to the connection termnal 16 of the container 1 wth the
conductive adhesives B. The connection termnals 11 to 16 are connected
to external connection termnals for surface pounting (not shown) forned
at the under S} YizatdgRt 9f nRarasitic capapitaneshpndh nasdariakgefent
above-nentioned, the conpection termnal 12 connected fo the output

el ectrode 22 eHiftFrmagnesse| LRURL1Ngsdre: vatther nositsanat tehifito ofhghe
connection termnal 14 connected to ,the input el ectrode 31 on the other

pi ezoel ect ri cSeRL&E AEnes PhuLHfE ob BT CHERRE: BHES ST BR&Sc SHhetREd

mul ti pl e-node_piezqelectrig . filter unit. The connection between the
FHEEETEIE Gop

connection t > ﬁ%ﬁ? BR' nmade outside of the container 1.

Alternatively, suchya GUYESHQY HBYBS IS, 151 fea9l il ConkERgr 1 by
invent@on. Fig..22 is an exploded perspective view of an
embodiment of the fifth invention, and Fig. 23 is a section
view taken along the line A-A in Fig. 22 with a 1ia 330

- removed.

?wo piezoelectric filter elements 301, 302 are housed
in a single container 303 of the surface mounting type, and
a 1id 330 is placed on the upper edge of the container 303
such that the elements 301, 302 are hermetically ciosed.'In
this embodiment, each of the piezoelectric filter elements
301, 302 has a piezoelectric. substrate 310, 320 which is
provided on one side‘thereof-with'pairs of input/oﬁtput

_eleptrodes 311, 321 and on the other side thereof with a
grounding electrode 312, 322.

The'container 303 is made of ceramics for example and
provideﬁ in the bottom thereof with two pits 331, 332
adjacent to each other. Each of the piezoelectric filter
eiement,301, 302 is connected, at three. corner portions‘
thereof, to peripheral portions of the pit 331, 332 as
covering the pit 331,:132,-with the_pairs of input/output

-electrodes 311, 321 turned toward a bottom 33la, 332a of the

~34-



di sposing therein a bonding wire for connecting the connection term nals
12, 14 or by using conductive adhesives 17 disposed along the top of a
partition wall 1d formed - 22 -

between the two pits 1b, 1c as shown in an enlarged bottom view of main
portions in Fig. 4. In any case, such a connection is nade after each of
the piezoelectric substrates 2, 3 has finally been adjusted.

According to the enbodi nent of the first invention, the two. piezoelectric
substrates 2, 3 as perfectly separated fromeach other are housed in the
singl e contai B&F 331.a38d2.al] the el ectrode groups of the piezoelectric

substrates 2, 3 are respectivgéi connected fo the copnection termnals 11
to 16 i ndependent |y NOFRedRefsi HECad 1¥he @3RRa P 10 1nput/output

electrodes 311, 321 and.the grounding electrode 312, 322 of
the piezoelectric substrate 310, 320 are guided to three
corner portions of the piezoelectric substrate 310, 320 by
corresponding outgoing electrode patterns. The container
303 has total six connection pads P on peripheral portions

. of thg.pitgv331,.332 at positions corresponding to the
~ corner portions above-mentioned. The piezoelectric substrate
:_310, 320 is mechanically connected to the connection pads P
_ gt themtp:ee“cqgner_portions without the conductive
- adhesives B preventing the.piezoelectric substrate 310; 320
frbm_vibrating. Further, the input/output electrodes 311,
. 321 and the grounding electrodes 312, 322'$re respectively
electrically connected to the connection pads P.~The
connection pads P pass'through the container 303 and are
connected to external connection pads for'surface mountiﬁg
.{not shown) which are formed at the undérside of the
""" . container 303. The piezoelectric filter elements 301, 302
- may be connected in cascade through the external connection

pads or within the.conﬁainer 303.

Ihe;hqttom surfaces 331a, 332a of-the pits 331, 332

are coated as metallized with conductive materials 341, 342
~made of.an alloy of W and Au for example. A platelike

conductive material 305 is inserted, as partitioning the

- 35—



Accordi ngly, the piezoelectric substrates 2, 3 and the el ectrode groups
formtwo nmultiple-node piezoelectric filters. After individually adjusted,
these nultiple-node piezoelectric filters can be connected in cascade,
thus forming a nultiple-stage-connected nultiple-node piezoelectric
filter unit. Under use, the respective nultiple-node piezoelectric filters
are substantially not acoustically coupled with each other. Accordingly,
even nade in a conpact design and housed in the single container 1, this
nul tiple-stage-connected multiple-node piezoelectric filte.r unit of the
surface nounpitg Qﬂ&a|%3éasyn|mhea@anﬁemﬁmfandphmgﬁtrpmuuhnﬂymmxh
spurious response reduced to increase the guarantee attenuation.

“Further, wheintpspesegubetvper dhectwodvistofldhe 333 o Ahs emnductsifsst rat es |
2, 3 are connected within the -2 3-
. materials 341, 342, 305 pass through the container 303 and

.are connected to dedicated grounding connection pads 361 to
363 formed. at: the underside of the contaiper‘303.
According to the embodiment above-mentioned, the lines
. of elect;ig_farce.froﬁ one pair of input/output electrodes
do not influence 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 31il; 321 interfere with
each other: by the influences of lines”of*eléctric force
_fofmed,-based on. the electric fields formed by the
- electrode pairs. 311, 321, in the space adjacent to the
‘surfaces on. which the electréde-pairs 311, 321 are being
' formed. However, when the conductive materials 341, 342, 305
.. of a grounding pofentiai“are interposed “in the space where
.the lines: of: .electric force ‘are being genérated, this
‘restrains: the lines .of electric force -from one pair ‘of
. .electrodes. from: exerting an influence to the other pair of
electrodes. |
Thus, a multiple-stage-connected multiple-mode
.;FPiQZOelectric-fiiter unituwith'the conductiveﬁmaterigls 341,
342, 305 removed from the arrangement shown-in Pigs. 22, 23,

..exhibits .the frequency characteristics as shown in Fig. 25a,



container 1 using the conductive adhesives 17 or the |ike, no special
consideration is required for connection with an external circuit outside
of the container 1, likewise in a nornmal nultiple-stage-connected

mul ti pl e-node piezoelectric filter unit of prior art. In the
enbodi mrent above-nenti oned, the grounding electrodes 23, 33 of the

pi ezoel ectric substrates 2, 3 are respectively independently connected to
the connection termnals 13, 16 of the container 1, but may be connected
to a common connection termnal of the container 1. However, it has been
found that, wrghat malgipledsrageicannectes A8}t Eglemuia qujpzorilectyic
|ndependently connected to connection termnals as done in the enbodi nent
above- nent i ofdditehiunit with ¢the feanductive mrateniahy 34k, 382, 305
plezoelectrlc filters from being electromagnetically coupled with each

ot her . 3055"16 SxRHPASS A %62 b eatot HRR L @RFRR nhtesaHBoNf | r st

I nventi on. 5,.the piezoelectric substgates 2, 3 are housed in the

contai ner 1 &hﬁ?afzﬁaflf'ﬁ’é’scéﬁt ghoyn i Eig
In the embodiment above-mentioned, the conductive
_materials 341, 342, 305 are. respectlvely connected to the
dedlcated grounding connection pads 361 to 363, but may be
connected to one another at:'a suitable portion of the
container 303 and then connected to-a common grounding
‘connection pad.
In the embodiment. above-mentioned, each of the two
. piezoelectric filter elements 301, 302-has a-predetermined
.”_eléctrode group which is formed on each of the piezoelectric
. substrates..310, .320. Alternatively,ias-shown in Fig. 26, a
W_3§in§1eriggoelectric.sﬁbstrame 300 may be provided on one
_side the:éqﬁ.with pairs_gf;input/ouﬁput glectrodes 311, 321
. and at the other side thereof with grounding‘electrodes 312,
.322. In this case,-thefpiezoélectricwsnbstrate 300 may be
:seaned,uétgmota;Lsix portions thereof, to total six
-connection pads P. of the container 303 - at peripheral
. portions of the pits 331, 332, likewise in the embodiment
shown in Figs. 22, 23.
According to the-embodiment above-mentioned, as the
. .conductive material along the partition wall 333 between the

two pits- 331, 332, the: plate-like conductive- material 305

= 37—



bet ween t he i nput/out put el ectrodes on the pi ezoel ectric.

positionally shifted fromthe center line C between the input/output
el ectrodes on the piezoelectric substrate 3 (subsequently, the centers of
el ectrodes are also positionally shifted fromeach other).

Such an arrangenent can reduce the influences of lines of electric force
bet ween the el ectrode groups. This is nore

t heé groundi ng

4-

effective in preventing two nmultipl e-node piezoelectric

filters frombeing el ectromagnetically coupled with each other
fol | owi ng desis iipseohedi intodtbe upariniodi wahl S33F. Howeewennddaordingon.

to the fifth invention, the conductive material 305 may be

formed as shown in each of Figs. 27 and 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 the

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

the conductive materials 305 coat at least both siées of

the partition wall 333 out of the inner wall -surfaces 331b,

- 332b of the 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, thére can

suitably be.eliminated:the influences, upon ‘external

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

electric fields 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, 3065 in the pits 331, 332 may be

connected to one anothéra_In this case, . all the conductive

- materials 341, 342, 305 can be grounded using a single

_38_

substrate 2 is
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Fig. 6 to Fig. 8 show an enbodi rent of the second invention. In this
enbodi nent, one piezoelectric substrate 20 is housed in a container 1
eqU|vaIent tothat in Fig. 1 and has two pairs of input/output electrodes
21, 22 and 31, 32 and grounding el ectrodes 23, 33 corresponding to the
electrodes 21, 22; 31, 32. The piezoel ectric substrate 20 is
connected, at total six, positions including the four corners thereof and
substantlally centers of opposite two sides thereof, to the container 1

wi th conductive adhesives B. Connection termnals (pads) 11 to 16 are
formed on t hegomaiddingetodnettinghgattespecti ve connecti on positions. The

el ectrodes of the two electrode groups are respectively connected to the
connection terninal gnlian ccx&mpienghoount gioi niji @l e2Brocde plpntabiby. of -

Thi s enbodi nent of the second invention is characterized in that there is
di sposed, betbWereugheheigs Ftaridypmbarlandans ig whebPartitdarh as
adhesives or the like nade of a material__different in acoustic 1inpedance

fromthe pieztectdd DekneRn ety Biks 334+ pPé of the container 303,

and a conductive material 305 is ehbedded in each of the
- through-holes 333a and connected to a common grounding
:conneetian pad. 306 formed at the underside of the container
303.

In eathof the -examples in Figs. 27 and 28, the
piezoeﬁectric.substrates are secured in the same manner as
that in the embodiment shown in Figs. 22 and 23. Thus, it

. -has been made sure thétteach of the arrangements in Figs.
27.ané 28.produces effects similar to those produced by the
- ... embodiment in Figs. 22 and- 23.

~ The following description will d&iscuss -an embodiment
.0f a-sixth invention:with reference to a: longitudinal
section view in Fig. 29.

:The-sixth invention has an arrangement in which the
-piezoelectriChsubstratééiare secured in ﬁhe container with
upside down unlike in 'the fifth invention. In an embodiment
in Fig. 29, two piezoelectric filter elements 301, "362 are
‘the same as those shown.in-Figs:. 22 and 23, and a container
403 has two pits 431, 432 adjacent to each other as done in
each of the embodiments above-mentioned. Each of the pits
431, 432 -is provided at a position substantially at a half

,_.-——~—~*—“—””—-t-—f
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-2 5- pi ezoel ectric substrate 20 and the container 1 are
mechani cal |y connected to each other by the danping nenber 4. Mre
specifically, the danmpi ng nenber 4 connects the top of a partition wall 1d
between two pits Ib, 1c of the container 1 to the piezoelectric substrate
20- at its underside at which the pairs of input/output electrodes are
bei ng forned. According to the arrangenent above-nentioned, the

vi bration propagating fromone el ectrode group to the other el ect r ode
group, is considerably effectively danped by the danping menber 4 of which
vibration is depth atisli byfldte stapchortighf g6l , 0452 hhichneatends lalamgof whi ch
vibration is regulated by the connection to the container 1. This

renar kabl y i ntheasdwlecinpieiri twabl puafane ngft le@adi epitoddl, 432.

Piezoelectric substrates 310, 320 forming the piezoelectrie
- filter elements 301.-302 are secured, as turned upside down
as compared Qith,the arrangement in Figs. 22, 23, to the
step portions 451, 452 of the pits 431, 432 with grounding
. electrodes 312, 322 turned toward the bottom sides of the
pits 431, 432.

More specifically, the embodiment in Fig. 29 is
provided at the step portions 451, 452 of the pits 431, 432
with conhection pads P equivalent to those shown in Figs. 22,

- 23. Likewisg in the embodiment in Figs. 22, 23, the
piézoelectric substrates 310 320 are arranged such that
pairs of input/output electrodes.31l, 321 and the grounding
_electrodes 312, 322 are electrically connected to and
mechanicaily supporteé.by corresponding'connectionvpags P
through conducti&e adhesives B.

A ring.made of a Fe~Ni-~Co alloy 434 is secured to the
peripheral edge of the top of:the~ccn£ainer 403, and a
metallic 1id 430 is secured onto the Fe-Ni-Co alloy ring
434 by a seam:welding.

A partition wall 433 disposed between the two pits 431,
432 has ghe top which reaches a position in the wicinity of
the underside of the.lid 430. A plate-like conductive

material 405 is inserted .in the partition wall 433. The :top

-40 -



groups from bei ng acoustically coupled with each other. Fig. 9 is an
enl arged section viewsimlar to Fig. 7, illustrating another enbodi ment
of the second invention. In the. enbodinment in Fig. 9, two el ectrode
gr oups 21, 22, 23 and 31, 32, 33 of a pi ezoel ectric substrate 20-and the
arrangenent of attaching and connecting the sane to a container 1 are
simlar to those shown in Figs. 6 to 8. The enbodinent in Fig. 9 is
characterized in that another qgrounding electrode 5 different fromthe
grounding electrodes 23, 33 on the top side of the piezoelectric

substrate 20°ﬁ:$QﬁsﬁegéécaﬂWﬁuﬂiﬁméiéﬂdéOﬁhéﬂaﬁhQ% tbarMQ|Qﬁ1the t wo
pairs of input/ouytput electrodes, that th -2

6- Parigign wetli iy @é’t"Pz{@éniéYanElhﬁE HOR @ft AheeFondaetive

~material 405 reaches a position in the vicinity of the
- underside of the 1lid 430. |
‘Through the Fe-Ni-Co alloy ring 434, the 1id 430 is
connected to a grounding connection pad 464 formed at the
underside of the container 403, and.the conductive materiél
405 is also connected to a grounding connection pad 465
formed at the underside of the container 403.
According to the arrangemeht-above-mentioned,.the
~lines of electric force generated, based on the electric
fields formed by the pairs of input/output electrodes 311,
-321, in the space adjacent to the surfaces on which the
- - electrode pairs 311, 312 are being formed, are inteféepted
~.by -both the conductive material 405 and the metallic -1id
430 which are disposed in the space above-mentioned and
.which are of the grounding poﬁential. Thus, the lines of
electric force exert no'influences upon the piezoelectric
- filter elements 301, 302,
- According to the sixth invention in which the
- piezoelectric. filter elements 301, 302 are housed in the
container 403 with the pairs of .input/output electrodes 311,
- 321 turned upside, the conductive material 405 to be
- disposed along the partition wall 433 between the two pits

:-431, 432 may be modified in shape as shown in each of Figs.



mechani cal |y connected by a conductive danpi ng nenber 6 through the
groundi ng el ectrode 5, and that the grounding electrode 5 is electrically
connected to a grounding connection termnal |le formed on the container 1.
As the conductive danpi ng nmenber 6, conductive adhesives may be used for
exanpl e. According to the arrangenent in Fig. 9, likewse in the
enbodi nrent shown in Figs. 6 to 8, the vibration propagating between the
two el ectrode groups is effectively danped by the conductive danpi ng
menber 6 of which vibration is regulated by the container 1. Further, the -
two el ectrode2gp®pk8-are separated fromeach other by a conductor of a
groundi ng potential. This effectively cuts off the lines of electric force
bet ween the el ectroMergr 88881 L1651y cA®nshonp ima Saghiua Wit r om

bei ng el ectromagnetically. coupled ,with each other. . Fi.g.. 10 shows a
modi £i oot on BPLERONEABERKRBNBVER Hh P10 6 SOndtHE CORRLANS, MAE SR 13 o

under si de of YGe GOPUA N8 bR "E8 Wher those THie I iPEalds F1 O
4§lb, 432b of the two .pits 431, 432 which-are.higher in
position than the step portions 451, 452. Such an
a;ranggmentlmay_prOQuce.operationalaeffects'identical with
~those produced in _th_é embodiment in Fig. 29. In this case,
the conductive material 405 covering the inner wall

.. surfaces of the-pits 431, 432 may be grdunded in the

following manner. That .is, portions of the conductive

- material 405?qove;ing;the inner wall surfaces of the pits

_43#, 432 may be extended up to the step portions 451, 452,

Then, these portiong,méy,bg connected to grounding

., connection pads formed at the underside of the container 403

. using -throughzholes.. .. -

. Althoggh_nht_shown, instead of the plate-like

:conducgivg.mgte;ial 405, a plurality of through-hales-iﬁ a

line may be formed, in the partition wall 433, as

-partitioning the two pits 431, 432'and the conductive

| material 405 may be embedded. in each of the through-holes,
_as dpne:in,thepembodiment;in-Fig; 28. .

. In each of. the embodiments in Figs.' 29 and 30, the

conductive .material may also cover.not only the:bottom

surfaces 431la, 432b of the pits 431, 432 but also those
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9 in that the grounding electrode 5 disposed at the underside of the
piezoel ectric substrate 20 is nmechanically and electrically connected to
t he_groundi ng connection termnal 1e (not shown in Fig. 10; See Fig. 9)
of the: -2 7- container 1 by the
conductive danpi ng nenber 6. However, the grounding electrode 5 is
characterized in its pattern. - More specifically, the grounding electrode 5
has a pattern which projects toward the center of each of the pairs of
i nput/out put el ectrodes 21, 22 and 31, 32 and of which wdth is narrower
as each proj domengspofacen Ywireof| wbich tare davwkreincpoudeigmithan the
According to the arrangenent in Fig. 10, the vibration fromone el ectrode
group toward StRP @Orddosise4bLlodéd yr dgeording to such an arrangement,
the inside df_the container 403 is preferably
electromagnetically shielded with respect to the outside
) thereof.
Further, iﬂ order that a conductive material is
embedded in the g?p between the conductive material 405
disposed along tthpar;Ltion wall 432 and the metallic lia
430, conductive aéhesives may be interposed between the
partition wall 433‘and the lid 430. Also, instead of such
. conductive adhesives, the Fe-Ni-Co alloy ring 434 may be
made in a [ 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 paftition wall 433, It is a matter of
course that, when the conductive material 405 along the
partition wall 433 is electrically connected to the
metallic 1id 430, only one of the grounding connection pads
464, 465 in Fig. 29 is sufficient as a grounding connection
pPad which causes the potential of each of the conductive

material 405 and the 1id 430 to be brought to the grounding

potential.
Industrial Applicability

In the multiple-mode piezoelectric filter unit

according to the present invention, even though two



is efficiently absorbed by the nmass addition effect of the grounding

el ectrode 5 of which nass is greater as the grounding electrode 5 is
renoter fromthe pair of " input/output electrodes serving as the vibration
starting point. Further, since the grounding electrode 5 and the

container 1 are.connected to each other by the conductive danping nenber
6, the vibrationthus absorbed is effectively danped. Further, each
projecting portion of the pattern of the grounding electrode 5 is. snaller
in width as each projecting portion gets closer to each el ectrode pair.

This does neiieieueeictidicc PfopReats afr 6f houlwerl i DR &r @Dddicei BRE11
el ectrode toward the output el ectrode of each el ectrode pair. I n

Fig. 10, the cegii#inét neobgenaeRably irddiddeo Wpetnoeheihgodesnf he pair
is positionally shifted fromthe center |line between the input/output

elzegtrodes ofapiEit ptoerppeventiingetdle dlledtrdddngteupal GO eimgt the
- - acoustically and electromagnetically coupled ﬁith:eédh'other,
is higher thah that of a conventional piezoelectfic fiiter
unit of this:type,-and the influences of the lines of
‘electric force from the electro&e=groups are hardly exerted,
such that the filter unit is easy in final adjustment and
. exhibits excellent guarantee attenuation characteristics.
. . Accordingly, the filter unit is particularly useful for a
communication devicé.fequited'to be made in a cbmpaét:deSign,

such as a portable telephone or-the like.

'_...4 4 —



concept of the grounding el ectrode pattern shown in Fig. 10 can be applied

to the arrangenent in which such center lines are not positionally shifted
fromeach other and in which the grounding electrode 5 has a pattern which
projects in a transversely symetrical manner. The foll ow ng
description will discuss an enbodinent of a third invention with reference
to Fig. 11 to Fig. 13. Li kewi se each enbodi nent of the second
invention, this stra

which forned are two el ectrode groups i.e utput

el ectrodes -2 What?2isndlaimggd usdi ng el ectrode 2 m ! ! M o0.and a pair
of input/output electrodes 31, 32 and a grou e* 3 opposite

thereto. The piezoelectric substrate 200 is nechanlcally connected at
six portions thereof, to a container 1 with conductive adhesives B, and
t he el ectrodes arelelé%tﬁJmaﬂtyp19e@®®%t9x&§q&k&nﬁn&n(ﬁihhsrcbnwecslan

termnals 11 to 16 _ disposed at the container 1.with the conductive
adhesi ves B Piezoelectric substrate provided on one side thereof with a

pair of input/output electrodes with a predetermined gap

provided and on the other side thereof with a grounding
. -electrode opposite 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 electrodes and a
grounding electrode; and .

all the electrodes, Qr, those except for said
-g:ounding-electroaes, on said piezoelectric substrates are
‘respectively connected to.connéction terminals

independently formed on“said container.

2. A multiple~-mode piezoelectric filter according to

Claim 1, wherein that connection terminal of said container
" connected to the output electrode on one piezoelectric
'sdbstrate;-is.conhécted,3inside of said container, to that
connection terminal of said container connected to the

- input electrode on”the*bther~piezoeleétric'éubstrate with

conductive adhesives or ‘da bonding wire.
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The enbodi nent shown in Fig. 11 to Fig. 13 is characterized in that a

t hrough the piezoelectric substrate 200
at a position where the two el ectrode groups are partitioned, the notch

natch 201 is forned in and passes

201 extending fromone side of the plmmﬁ"ﬂﬁ"aw,m trate 200 to a

is filled wwth an elastic material 7 suc

position in the vicinity of the opp05|

as adhesi ves,

other resin or the |like.

above- nentloned the vibration propagating between the two el ectrode
groups is eff|C|eﬁtI§ wakpERl anpadee PABReALloREr ihf iilterepaseréingt kei al

t her ei n, thereb

ecur el reve t he acoustic
f Cfalms % gng r}Aerem said grounding electrodes on

said piezoelectxlc substrates are respectively connected to

connection terminals independently formed on said container.

4. A multip;e-mpde_piezoelectric filter according to
any of Claims 1 and 2, wherein said two piezoelectric
.sgb'strates are housed in said container with the .center
line between the input/outpﬁt electrodes of one pair
positionally shifted from the center line between the

input/outpu;_electrodes of the other pair..

5. In a multiple-mode piezoelectric filter having a

piezoelectric substrate provided on one side thereof with a

pair of input/putput electrodes with a predetermined gap

provided and on the other side thereof with a grounding
electrode opposite to the pair of input/output electrodeé,
said multiple-mode piezoelectric filter characterized in
that: |

two électrodefg:pups each comprising a pair of .
input/outpgt”elqctrodés_and a grounding electrode ‘are
formed on a single piezaelectrié substrate; and

said piezoelectric substrate is. connected, between
said two pairs of input/output electrodes, to said

container with a material different in acoustic impedance

that the notch 201
2 9-
Accordlng to the arrangenent

- 46— l
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coupling between the el ectrode groups. According to the third
.invention, instead of the notch 201 which partitions the two el ectrode
groups, a slot 202 or a plurality of through-holes 203 nay be forned at a

position which partitions two el ectrode groups as sho in Fig. 14 or 15.
Al-ternatively, a groove 204 may be formed in the sidgﬂa?‘ﬁh*th\%he\paLLg
of input/output electrodes are forned, as shown in Fi gr oove
205 may additionally be formed in the side opposite t mﬁ !@H’ﬂ
above-nentioned, as shown in Fig. 17. In each of the arrange

above- ment i ofEON Bath Biezomdectnic EUDStrAte. t hr ough- hol es, 203 and t
grooves 204, 205 may be filled wth an elastic materi al 7 Each of the
arrangenents above- nentioned can produce the sane effect as that in the
~enbodi nent in F|g 11 to Fig I n each of the enbodi nents of the
third invention: sfewh Mlﬁnjse "m?et piegcelpetrie fiditgr agcordgnglse the
pi ezoel ectric subs rate 2Q0 is not necessarily housed in the container 1
of the surfaddaiB Vﬂfﬁﬁ}ﬁe but may be used in an optional -manner with

the same effect prgggg piezoelectric substrate is provided, on its side
L _ '
having said two pairs of input/output electrodes formed
thereon, with: another grounding elégtrddé'fér partitiohing
said two pairs of input/output electrodes; and
- said another grounding electrode and said container
.. are connected to each Gther with a material different in

'--acoustiC'impedance from said piezoelectric substrate.

7. A multiple-mode ‘piezoelectric filter according to
Claim 6, wherein: -

* said another grounding €lectrode fbr,partitioniﬁg said
=.=two:pairs ofﬁinput/oﬁtpﬁt electrodes has a pattern which
mprojectsttbward the centér of edch of said pairs of

. input/output electrodes; and
the width 6f each of the projecting portions of said
“- pattern iS'éﬁaiIer.ih the direction toward each of said

pairs of iﬁput?outﬁutieléctrodes.

8. A multiple-mode piezoelectric filter according to
any of Claims 5, 6, 7, wherein said two pairs of

-ifput/output electrodes are formed at right angles to each

-_
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-3 0- According to the third invention, when the

pi_ezoel ectric substrate 200 is housed in the container 1 of the surface
nmounting, type, the elastic material 7 put inside of the notch 201, the
slot 202 or the like, may be project fromthe underside
of- the piezoelectric substrat jmﬂu ,ﬂ "ﬂﬂﬂ”“h the container 1 such that
the piezoelectric substrate 200 *and the moniahner 1 are substantially
nmechani cal 'y connected to each other wth the elastic material 7, as shown
in Fig. 18. In this case, the vibration of the elastic material 7 is

regul ated byCFRer @hsaddi B +F%ﬂe¥Fﬁ§rtEwﬁ¥B§ﬁ§a ®-to the piezoelectric
substrate 200, thus further inproving the ability of preventing:the

acoustic coupling between the two electrode groups, likewise in the
arrangement of the §?C99d mu‘@?&féjaode piezoelectric filter having a

piezoelectric substrate provided on one side- thereof with a

pair of inpgt/output electrodes with a predetermined gap
~provided and on the other side thereoﬁ with a grounding

elegtrode opposite tqfthézpair of input/output electrodes,

said multip;_g—rﬁoge pi_g__g_.cgelectric filter characterized in
~that: |

.ﬁwo_q}ectqode groups. each comprising a pair of

input/qutgp;_electxpﬁg;;and_a_g;oundingeelectrnde are

formed on a single 'pielzoelectric substrate;

- there are formed, at a position where said two
electrode groups afe partitioned, a notch, a slot, a
_plg:al?ty_gfﬁyolgs gf_érg:qpve, said -notch, slot and holes
Rqssingjphrgugp said piezoelectric.substrate and. said
groove being formed -in.at.least that side of said
Piezoelectric substrate on which said pairs of: input/output

.electrodes are being formed;. and |
| an_gla;tic mage;iglhig embeddeduinisaid notch, said

slot, said plurality of holes or said groove. .

10, A mu1t1p1e~mode pxezoelectrlc filter according to

Clalm 9 where:.n.

said piezoelectric substrate is housed in said
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The follow ng description will discuss an enbodiment of a fourth
I nvention. Fig. 21 is a plan view of a crystal elenent formng a
pi ezoel ectric substrate at its side on which pairs of input/output

el ectrodes are forned. '~ This enbodi-rert—eenaprises_a single rectangul ar
crystal elenment 2000 serving as a pje tric substrate on which forned -
are two electrrode groups, i.e., a- palfﬂﬁﬂgml uﬂﬂtﬂl t electrodies 21, 22
and a groundi ng el ectrode 23 opposite i r of input/output

el ectrodes 31, 32 and a grounding electrode 33 opp03|te t hereto.

- 31 - . container; and - 1111111111111112111111

1! The crystal elennt 2000 has four sides which are not
parallel to its crysidlelksatdcxmaberidl ilsutonhectedarte said container.

11. A multiple-mode piezoeleétric filter according to
- Claim 10, wherein:
said elastic material is_a conductive material; and

said conductive material is connected 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 right'ahgies to each

.other :on said piezoelectric substrate.

. 13. ‘In a multiple-mode piezoelectric filter having a
.piezoelectric. substrate provided on one side:-thereof with a
;pair of input/output electrodes with a.predetermined gap

- provided:and on the other side thereof with a grounding
electrode opposite to the pair of input/output'elecérd&és,
said multiple-mode piezoelectric filter characterized in

- that: |

two electrode groups each comprising a pair of
input/output electrodes and a grounding electrode are
formed on a single piezoelectric substrate;

said piezoelectric substrate is a recténgular crystal

—_—
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inclined, wth respect to these axes, at a predeterm ned angle for exanple
45. On the other hand, the pairs of input/output. electrodes are disposed
with a gap extending along one crystal axis, for exa Xi s x. Thus,

the' pairs of electrodes are di sposed as inc?"ﬂ, i Bk ntirety, at an
angle of 45 with respect to the sides of the ﬂﬂﬁ"ﬁ@,& I 2000. Al so,

t he groundi ng el ectrodes 23, 33 are accordindglycdisp i nclined at an
angle of 45 wth respect to the sides of the crystal element 2000. The

el ectrodes are respectively guided to connection pads P forned at edge
portions of telemengs@ad bhenthe LGBEG bhichudgonrrly eitend edengather ms 21a to
33a, and are then connected, at the pads P, to connection termnals (pads)
11 to 16 of anfezioAk@$her by conductive adhesives or the |ike (not

shown). O the outgoing e|lectrode patterns 2la to 33a, the patterns 21a,
22a, 3la, 32a of tRBiBaPRir oS ﬁﬂ&gréﬁﬁﬁ}it edestrpde®saze formednyigh | 32
have the sane | ength, . Accor dj to the arrangenent above-nentioned,
the center 13 r‘?é‘poéf‘ﬁé%#‘i%élf’ﬁgu??’d{]s‘ﬁuf’refe’(ﬁ"r’t?deg“ 1, 22 is not
identical with and is inevitably positionpally shifted _
.said input/output electrodes are connected, by
outgoing electrode patterns having the same length, to

connection pads formed at sides of said piezoelectric

substrate.

14, In a multiple-mode piezoelectric filter having a
single container of the surface-mounting type in which
_there_are connected, in cascade, two multiple-mode
piézoelectric filter_gle@ents comprising at least one
piezoelectric substrate and two electrode groups each
comprising a pair of .input/output.electrodes and a
- grounding -electrode, said pairs of input/output electrodes
kyhging formed on one side of said piezoelectric substrate
with a. predetermined gap provided, and said grounding
:?eigct;qdes bgingiformed_on”theuothe;-side of saiad
pigzoeleqﬁgic substrate.gt_posi;ions respectively opposite
to said pairs of.input/output electrodes, said multiple-
mode piezoelectric.filte;;charapterized in that:
two pits adjacent to each other are formed in said

container;

said piezoelectric substrate is secured to said
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fromthe center line between the input/output electrodes 31, 32. This
restrains the acoustic and el ectromagnetic coupling between the el ectrode
groups. Further, the -3 2-

|nput/output electrodes are guided to external circuits such as connection
terminals of the contai ner througmﬂ" ul"j!llﬁﬂ H | ectrode patterns having
the sanme length. This equalizes aci tances generated in
the pairs of input/output electrodes. This a vant ageously facilitates to
match the filter characteristics to each other, thus facilitating the
final adjustaBAtainer at tWkepet gherd10pYeAEBAs bt thadf pukkhwitNegii®n shown
in Fig. 21 is conbined with any of the enbodinents of the second and
third i nvent pahes bBi Snpukidheiputhelecescdee turned toward the bottom

usurfaces-of said pits;

each of said bottom surfaces of said pits is covered
with a conductive materialj

a conductive material is disposed along a partition
wall between said two pits; and

said conductive materials are connected to a grounding

connection terminal formed on said container.

15. A multiple-mode-piezoelectric filter according to

.Claim 14, wherein each of said two multiple-mode
~ﬁ?piézneiectric.£ilter elements comprises a piezdelectric
substrate and each of said two electrode groups formed

thereon.

16. A:multiple-mode jpiezoelectric filter according to
.~.Claim 14, wherein said £wo multiple-mode piezoelectric-
,4£i1tgr=elementsscomprisé-aﬁsingle*common'piezoeieCtric

. substrate .and. said- two elettrode groups formed thereon.

17. A multiple-modé piezoelectric filter according to
_any .of Claims 14, 15, 16, wherein said econductive material
along said partition wall between said two pits is a

. conductive material which covers the inner wall sﬁrface of

-51 - Thls Sheet Has Been ReilI




ability of preventing the el ectrode groups from being acoustica!iycand

el ectromagnetical ly coupled with each other. Further, t he Faragll

capacitanctes generated in the electrode groups can be equa |ée :th he

Al so, the arrangenment of the fourth invention n?y bFI Cogagngieggelectric
ar [ [ lon. More specifically, (

arrangenent of the first invention Oy e ez
strates each having an electrode group are disp (

Zggh pi ezoel ectric substrate has the sides inclined with resoFct ‘to the..

crystal axes, each gkegiid §+9r oup i s disposed along a crysta a?hsas done

direction, and the outgol hg eléctrode patterns Hlmmﬂliﬁlllummglﬂffects

' nbodi ment in Fig. 21. In this case, in N .

Lpoéngeg by the first invention, there arehprodUCSdi §ub§haﬁt|élly as
' e rth_invention su

they are, the effectsspHQQHﬁ%9p?¥-$$§%1}¥ézoelectric filter according to .

-3 3-

any of c1aims_14, Ls, 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 saig Pits.

19. a multiple-modeﬁpiezoelectric-filter accordihg to

any of Claims 14, 15, 16, wherein said conducfive material

. ?;qng s;idwpartition_nall-between Said'tWO Pits is a
_CQPQUQFive;material.qmpeddedjin each_offa Plurality of
_?hrongh-h91e§ fQF@%Q;iH—SQid partitiom;maii:betWeen said

_ Pits.

20, In a multiple-mode Piezoelectric filter having a
single“qpntg;ne:_pf thgﬁgurfgcermeuntingwtypefin which

.ghere_are cqnnected1;inqcascade, two multiple-mode

_with a predetermined_gap,prqvided, énd-said grounding

\\elggtrqdesﬁpeing,fprmed on the Other“side of sajg
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as equalization of parasitic capacitances and restraint of electronmagnetic
coupling due to the positional shift of the center lines of the

i nput /out put el ectrodes on the piée ctric substrates. The
followi ng description wll discus flfth tion. Fig. 22 is an

expl oded perspective view of "an/ the fifth invention, and
Fig. 23 is a section V|eM/taken !@%ﬁv Ain Fig. 22 with alid
330 renoved. Two pi ezoel ectric flln nts 301, 302 are housed

in a single container 303 of the surface nDuntlng type, and a lid 330 is
pl aced on t hePigARElesigacosubseratvhtadi Posildonssrespedtivale afrosdnes 301,
302 are hermetically closed. In this enmbodiment, each of the piezoelectric
filter el enerk® s PBUEE s H’Hﬁtdﬂ@élpélé:t eilectupdesat sazdomudzdpliei-ch i s
provi ded on one side thereof with pairs of input/output electrodes 311,

321 and on trﬂ?QRIRéPZBFkﬁﬁ%qﬁsr@éit%WtQ¥4§aC§F6hﬁﬁﬂrﬂ? &hagerode 312, 322.

The contai ner 303 is .made of ceram.cs for exanple and . _
_ two pits adjacent to each other are formed in said

container;

| said piezoelectric substrate is secured 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
cqn;aine:;_,

a conductive material is disposed along a partition
wail between said two pits such that the upper end of said
conductive material reaches a position*at“least in the
vicinity of the underside of said lid; and

said conductive material and said lid are connected to

.. a grounding connection terminal formed on said container.

21. A multiple-mode piezoelectric filter accordiﬂg to

. Claim 20, wherein each of said two multiple*mode
piezoelectric. filter elements comprises a piezoeleétric
substrate and each of said two eiectrode groups formed

thereon,

22. A multiple-mode piezoelectric filter according to

This Sheet Has Been Re
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provided in the bottomthereof with two pits 331, 332 adjacent to each
ot her. Each of the piezoelectric filter elenent 301, 302 is connected, at
three corner portions thereof, to peripheral portions of the pit 331, 332

as "covering the pit 331, 332, with th I I' ut put el ectrodes
311, 3.21 turned toward a bottom 331la, elmml W" IMI'I“H F

-3 4- pit 331, 332. . "Moré specffitaliy, each pair of
Jnput/output electrodes 311, 321 and the grounding el ectrode 312, 322 of
t he piezoelectric substrate 310, 320 are guided to three corner portions
of the piezoel@dim c2Gubehergtn 3991d 3pgonpulsdplespods mjanagbregric

el ectrode patterns. The container 303 has total six connection pads P on
peri pher al poﬁﬁyﬁﬁ; elements comprise a single common piezoelectric

substrate and said two .electrode groups formed thereon.

23. A multiple-mode piezoelectric filter agcording to

any of Claims 20, 21, 22, wherein said conductive material

~ along said partition wall between said two pits is a
conductive material which covers the inner wall surface of

each of said pits.

24, A multiple-mode piezoelectric filter according to

.. any of Claims 20, 21, 22, wherein said conductive material
aléng.said_pg:tition-wallzbetweeh said two pits iS'a'plaEeF
like conductive material inserted in said-partition wall

between said pits.

25, A multiple-mode piezoelectric filter accdording to

any of Claims 20, 21, 22, wherein said conductive material
- along said partition-wall between said two pits is a
_conduc;ivéﬁmaterial,embedded.in'eaéh'@f=a plurality of
through-holes formed .in said partition wall'between said

~ pits.,

"—————-——————__ﬁ_;__
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of the pits 331, 332 at positions corresponding to the corner portions
~ahove-nentioned. The piezoelectric substrate 310, 320 is nmechanically
connected to the connection pads P at the three corner portions wthout
t he conductive adhesives B preventing the piezoelectric substrate 310, 320
fromvibrating. Further, the input/output electrodes 311, 321 and the
groundi ng el ectrodes 312, ‘322 are respectively electrically connected to
t he connection pads P. The connection pads P pass through the contai ner
303 and are connected to external connection pads for surface nounting
(not shown) vikkstiragte forned at the. underside of the container 303. The
pi ezoel ectric filter elenments 301, 302 nay be connected in cascade through
t he external connection pads or wi'thin the container 303. The
bottom surfaces 331a, 332a of the pits 331, 332 are coated as netallized
wi t h conductive nat éinahsnfliplie-stedpe oboametteoyd afultapd eembdde
exanple. A platelike conductive material 305 is inserted, as partitioning
t he piezoelectric filtergunit having a single container 1 in
which there are connected, in cascade, two multiple-mode
piezoelectric filter elements comprising at least one
piezoelectric substrate and two electrode groups each
comprising a pair of input/output electrodes and a grounding
electrode, the electrode pairs being formed on one side of
the piezoelectric substrate with a predetermined gap
provided and the grounding electrodes being formed on the
other side of the piezoelectric substrate at positions
respectively opposite to the electrode pairs, it is an
object of the present invention to enhance the ability of
preventing the two filter elements from being coupled with
_each other, thus'facilitating the final adjustment thereof.
 Formed in a single container 1 are two piezoelectric
substrates 2, 3 on each of which formed are a pair of
input/output electrodes ahd a grounding electrode. 3all the
electrodes except for the grounding electrodes 23, 33 on the
piezoelectric substrates 2, 3 are respectively connected to
connection terminals 11 to 16 independently formed on the
container 1. The érrangemen; above-mentioned restrains the

two piezoelectric filter elements connected in cascade to

each other from interfering with each other. Thus, there is

-55 =



pits 331, 332, in the center of a partition wall 333 interposed between
the two pits 331, 332. The conductive materials 341, 342, 305 pass through
t he container 303 and are connected to dedicated groundlng connecti on pads
361'to 363 formed at the underside of'the container 303. Accor di ng
to the enbodi rent above-nentioned, the lines of electric force fromone
pair of input/output electrodes do not influence the other pair of

i nput/ out put el ectrodes. More specifically, as schematically shown in Fig.
~ 24, when the conductive materials 341, 342, 305 are not disposed, two
pairs of inpuebbaipet &l smalddean®BiiglsPy-ehfticiend wultirbehsbaner by the
i nfluences of lines of electric force forned, based on the electric fields
formed by thecORN@REd RN HaiRle-Tpde Pipzaeleckaigpfdd tag) yadit usete

surfaces on which the el ectrode galrs 311, 321 are bei g
particularly for a portable communication dev1 e or the like.



fornmed. However, when the conductive materials 341, 342, 305 of a
groundi ng potential are interposed in the space where the |ines of
electric.force are being generated, this restrains the lines of electric
force fromone pair of electrodes fromexerting an influence to the other
pair of electrodes. Thus, a nultiple-stage-connected nultipl e-node
pi ezoel ectric filter unit with the cdngdti2ve materials 341, 342, 305
renoved fromthe arrangenent shown-in Figs. 22, 23, exhibits the frequency
characteristics as shown in Fig. 25a, -3 6-
and a mul tipl e-stage-connected multiple-node piezoelectric filter unit
with the conductive materials 341, 342, 305 dlsposed exhi bits excell ent
guar antee attenuation

330
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characteristics as shown in Fig.25b. In the enbodi nent

above- nenti oned, the conductive materials 341, 342, 305 are respectively-
connected to the dedicated grounding connectioh pads 361 to 363, but may
be " connected to one another at a suitable portion of the container 303
and then connected to a common groundin onnection pad. In the
enbodi nent above-nenti oned, each of taweptl\/\g pi ezoel ectric filter elenents
301, 302 has a predetermined electrode group which is forned on each of

t he piezoelectric substrates 310, 320. Alternatively, as shown in Fig. 26,
a single piezoelectric substrate 300 may be provided on one side thereof
with pairs of input/output electrodes 311, 321 and at the other side
thereof with grounding el ectrodes 312, 322. In this case, the

pi ezoel ectric substrate 300 may be secBred, attotal six portions thereof,

to total six connection pads P t 03 at peri pheral
portions Pfj ghedpits 331, 332, Ilikewi se in the enfodi ment shown in Figs.
22, 23. According to the\ enbodi —gbove-jrefpgi oned, as the

——t e e’

11
S
O

1__
(@]




- conductive material along the partition wall 333 between the two pits
331, 332, the plate-like conductive material 305 : -

-3 7- . is inserted into the partition wall 333. However,
according to the fifth invention, the conductive material 305 nay be
fermed as shown in each of Firgs. 27 and 28 which are perspective views,

wi th portion broken away, of a conta pen 9303. In an exanpl e 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
arrangenment, the pits 331, 332 are-coated at the  whole inner surfaces
thereof with conductive materials including conductive materials 341, 342
whi ch coat the

‘L‘ 4 7 (1 ('r \
Fig. 6 (fj& i ——RN)
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bottom 331a, 332a of the pits 331, 332. It is enough that the conductive
material s 305 coat at |east both sides of the partition wall 333 out of
the inner wall surfaces 331b, 332b of the 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, there ‘can suitably be
elimnated the influences, upon exterhat’ 1cfrcuits, of the Iines of

el ectric force generated by the electric fields of the pairs of .

i nput/out put electrodes 311, 321. Further, a simlar conductive materi al
may be fornmed also on the top of the partition wall 333 and the conductive
materials 341, 342, 305 in the pits 331, 332 nay be connected to one
another. In this case, all the conductive materials 341, 342, 305 can be

grounded using a single -3 8-
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groundi ng connecti ng pad. In an exanple shown in Fig. 28, a
plurality of through-holes 333a are fornmed along and in the partition

wal | 333 between the two pits 331, 332 of the container 303, and a
conductive material 305 is enbedded in each of the through-holes 333a and
connected to a common groundi ng conneggyop pad. 306 forned at the
under si de of the container 303. In each of the exanples in Figs. 27
and 28, the piezoelectric substrates are secured in the sanme manner as
that in the enbodi ment shown in Figs. 22 and 23. Thus, it has been nade
sure that each of the arrangenments in Figs. 27 and 28 produces effects

simlar to those produced by the enbodinent in Figs. 22 and 23. The
foll owi ng description will discuss an enbodi nent of asixth invention:with
reference to a | ongitudinal sect| n V“ﬁgéln Fi 29. The sixth
invention has an arrangenent i B P whi'ch ; éki) trlﬁ Substrates are
securedilkthe co?tainer\M 1
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upsi de down unlike in the fifth invention. In an enbodinment in Fig. 29,
two pi ezoelectric filter elenments 301, 302 are the sane as those shown in
Figs- 22 and 23, and a container 403 has two pits 431, 432 adjacent to
each other as done in each of the enbodi ments above-nentioned. Each of the
pits 431, 432 is provided at a position substantially at a half

depth with a flat step portion 451, 492 Adi @h ext ends al ong the whole
inner wall surface of each pit 431, 432. Piezoelectric substrates 310,
320 formng the piezoelectric filter elenents 301, 302 are secured, as
turned upside dowmn as conpared with the arrangenent in Figs. 22, 23, to
the step portions 451, 452 of the pits 431, 432 wth grounding electrodes

312, 322 turned toward the bottom sides of t;pe QQQ 431, 432. Mor e
speci fi calgy.g.t eg enmbodi nent rj“ s f |
- 22 ”)
2 32
21 >
/L/,——- 31
202 |

74 203 ,200

Fig. 15 ’
RN Ay
| IT-32
'
2 /8 |1
-
| 2 33
Fig. 16 - i _2D4 L= -200

23 7 205
Fia. 17 L D 13300
- J Y Q



provi ded at the step portions 451, 452 of the pits 431, 432 wth
connection pads P equivalent to those shown in Figs. 22, 23. Likewise in
“the enbodiknent in Figs. 22, 23, the piezoelectric substrates 310 320 are
arranged such that pairs of input/output electrodes.311, 321. and the
groundi ng el ectrodes 312, 322 are elecgri ﬂl y connected to and
mechani cal |y supported by correspondi ng connheCti on pads P through
conductive adhesives B. A ring made of a Fe-Ni-Co alloy 434 is
secured to the peripheral edge of the top of the container 403, and a
metallic lid 430 is secured onto the Fe-Ni-Co alloy ring 434 by a seam
wel di ng. A partition wall 433 di sposed between the two pits 431
432 has the top which reaches a position in the vicinity of the underside
of the lid 430. A plate-like conductive material 405 is inserted in the
partition wall 433. The top ) - 40 -
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of the conductive material 405 reaches the to of the partition wall 433.
Accordingly, the top of the conductive material 405 reaches a position in
the vici'ntrty of the wunderside of the Iid 430. Through the Fe-Ni -Co
alloy ring 434, the lid 430 is connected to a groundi ng connection pad :
464 formed at ‘the undersi de of the goptqiger 403, and the conductive

mat eri al 405 is al so connected to a dgroundi ng connection pad 465 f or med
at the underside of the container 403. - According to the arrangenent
above-nenti oned, the lines of electric force generated, based on the "

electric fields fornmed by the pairs of input/output electrodes 311,

321, in the space adjacent to the surfaces on which the el ectrode pairs
311, 312 are being formed, are intercepted -by both the conductive
material 405 and the netallic Iid 430 which are di sposed in the space
above-nenti oned and which are of the grounding potential. Thus, the |ines

of
Fig. 21 ELl
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electric force exert no influences upon the piezoelectric filter elenents
301, 302. : According to the sixth invention in which the

pi ezoel.egtric filter elements 301, 302 are housed in the container 403
with the pairs of input/output electrodes 311, 321 turned upside, the
conductive material 405 to be dispgzpdlaéong the partition wall 433
between the two pits 431, 432 may nodified in shape as shown in each
of Figs. -4 1- 27 and 28.

More specifically, as shown in a section vieww th portions broken away in
Fig. 30, the conductive material 405 may be so arranged as to cover those
i nner wall surfaces 431b, 432b of the two pits 431, 432 which are higher
in
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position than the step portions 451, 452. Such an arrangenent.my produce
operational effects identical with those produced in the enbodi ment in
Fig. 29.‘In-this case, the conductive material 405 covering the inner wall
surfaces of the pits 431, 432 may be grounded in the. follow ng manner.
That is, portions of the conductive material 405 covering the inner wall
surfaces of the pits 431, 432 nay belexXtkn2led - up to the step portions 451,
452. Then, these portions may be connected to grounding connection pads
formed at the underside of the container 403 wusing through-hol es.

Al t hough not shown., instead of the plate-like conductive material 405, a
plurality of through-holes in a line my be fornmed, in the partition wall
433, as partitioning the two pits 431, 432 and -the conductive materi al
405 may be enbedded in each of the through-holes, as done in the

enbodi nent in Fig. 28. e o] e enbagipments in Figs. 29 and
30, the Eoi(r;duc ive materiadl B;l;l alag C $ gﬂ‘?fBE@ bottom surfaces
431a, 4326 o8 tRd pits 431, 43R but l so(t ho
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-42- I nner surfaces thereof which are lower in position than
the step portions. 451, 452. According to such an arrangenent, the inside
of the .cqntai.ner 403 is preferably electromagnetically shielded with
respect to the outside thereof. Further, in order that a conductive
neterial is enbedded in the gap between the conductive material 405

di sposed along the partition wall 433 and ith2 netallic lid 430, conductive
adhesi ves may be interposed between the partition wall 433and the |id 430.
Al so, instead of such conductive adhesives, the Fe-Ni-Co alloy ring 434
may be mnade in a shape such that the ring 434 is disposed not only on
the top peripheral portion of the container 403 but

" . 2 ! )
Fig. 27 331b 333 ?32b 7/332
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also on the top of the partition wall 433. It is a matter of - course that,
when thé& tonductive material 405 along the partition wall 433 is
electrically connected to the netallic 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 broughtltd £hk grounding potential.
I ndustrial Applicability In the rmultiple-node piezoelectric filter
uni.t according to the present invention, even though two.

pi ezoel ectric filters are housed in a single snal
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container to remarkably reduce the nounting area, the ability of <¥9Q}€3cpg.
preventing the el ectrode groups fron1being"accBEELgeE] ASHE E
el'ectromagnetically coupled with each other, S a ] of o
conventional piezoelectric filter wunit of thid tfype, and the {nfluences of
the lines of electric force fromthe el ectrodg drolUpNG @Warfll y exerted,
such that the filter unit is easy in final adjystfnent and exh{bjfts
excel | ent guarantee attenuation charact®dristicg. Accordingly, the filter
unit is particul’arly useful for a communicatidodevice requiredito be nmade

in i gn h r I | ephon r like.
'n a conpact des'ﬂcborﬁ%ﬁg €g Ehéméﬁf¥é633¥2n Rog,ewgentpﬁé ﬁké%oelectric

substrate 200 is housed in the container 1 of the surface
mounting type, the elastic material 7 put inside of the notch
201, to slot 202 or the like, may be so arranged as to project
5 from the underside of the piezoelectric substrate 200 and to
reach the container 1 such that the piezoelectric substrate 200
and the container 1 are substantially mechanically connected to
each other with the elastic material 7, as shown in Fig. 18. 1In
thié case, the vibration of the elastic material 7 is regulated
by~ the connection of the container 1 to the piezoelectric
substrate 200, thus further improving the ability of preventin§
the acoustic coupling between the two electrode groups, likewise
in the arrangement of the second invention.
Moreover, in the third invention, as shown in a sectiomn
15 view of main portioms in Fig. 19, the elastic material 7 filled
inéide the notch 201 or the slot 202 (Fig. 14) or the like has
conduétivity' of conductivg adhesives or the 1like, and the
conductive elastic material 7 is commected to the grounding
connection terminal le formed in the container 1, thereby making
20 it possible to prevent the acoustic coupling and electromagnetic
coﬁpling between the boﬁh electrode groups simultaneously, in
the same wmanner as the embodiment of the second invention shown
in Fig. 6.
_ According to the each embodiment of the second invention
25 and the third invention as wentioned above, as Fig. 20
illustrates a bottom view of the piezoelectric substrate by
means of extracting the piezoelectric substrate 20 or 200, each
pair of input/output electrodes 21, 22 and 31, 32 are disposed
at right angles to each other on the piezoelectric substréte 20

30 or 200, thereby reducing the influence of electric lines of



-4 4- What is Clained is: l—1ln

pi ezoel ectric filter having a piezoelectric sutﬂ@?ﬁA@EMEp\{?[ @H@E@‘ one side
thereof with a pair of input/output electrodes |with—=apr ed gap
provi ded and on the other side thereof with a groundlg opposite
to the pair of input/output: electrodes, said rrultlpl ﬁ%\jégﬁe og¢lectric
filter characterized in that: - 31A -

10

LY

force between the each pair of input/output electrodes, .thus
further improving the ability of preventing the electromagmetic
coupling between the respective electrode groups.

The followiﬁg description will discuss an embodiment of a
fourth invention. Fig. 21 ié a plan view of a crystal element
forming a piezoelectric substrate at its side on which pairs of
input/output eléctrodes are formed.

This embodiment comprises a single rectangular crystal
element 2000 serving as a piezoelectric substrate on which
formed are two electrode groups, 1l.e., a pair of input/output
electrodes 21, 22 and a grounding electrode 23 opposite thereto
and a pair of imput/output electrodes 31, 32 and a grounding
electrode 33 opposite thereto.



a single container houses two piezoel ectric substrates

each provided with
a pair of input/output electrodes and a grounding el ectrode; and
all the electrodes, or, those except for sald.grounding el

oct rodes, on

sai d piezoelectric substrates are respect pL&éEyﬁ@ﬁbsﬁEEf

termnals independently formed on said cqntrarmer

mul ti pl e-mode pi ezoel ectric filter accordijng t IL.m.1,
o1 48 ?&f

connecti on terntnal of said container conng
one piezoelectric substrate, is connected, Linside of

e o

sail

W
It

that connection term nal of said cem}ainqr connected to th

f connecti on
2. A

herei n t hat

but el ectrode on
contai ner, to

b | nput

ti ve adhesi ves

el ectrode on the other piezoel ectric substratewrtir—conduc

or a bondlggoﬂkéfhg 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 and connected to é common grounding

connection pad 306 formed at the underside of the container

303.7

In each of the examples in Figs. 27 and 28, the
piezoelectric substrates are secured in the same manner as
that in the embodiment shown in Figs, 22 and 23. Thus, it
has been made sure that each df the arrangements in Figs.

27 and 28 produces effects similar to those produced by the

" embodiment in Figs. 22 and 23,

The following:descriptiﬁn will discuss an embodiment
of a sixth invention with reference to a longitudinal
section view in Fig. 29,

The sixth inventioh has an arrangement in which the
pliezoelectric substrates.are secured in the container
upside down unlike in the fifth invention. In an embodiment
in Fig. 29, two piezoelectric filter elements 301, 302 are
éhe same as those shown in Figs. 22 and 23, and a container
403 has two pits‘431, 432 adjacent to each other as done in
each of the embodiments.aﬁove-mentioned. Each of the pits

431, 432 is provided at a position substantially at a half



3. A nmultiple-node piezoelectric f ilter according to

any of Clains 1 and

2, wherein said grounding el ectrodes on said piezoelectric substrates are
respectively connected to .connection termnals independently forned on

sai d contai ner. 4. A multipl e-nodg
to any of Clains 1 and 2, wherein said twg
housed i n said container with the center

el ectrodes of onge pair positionally shifte
the. input/output electrodes of the other g
mul ti pl e-node piezoelectric filter having &

f

ACEMEINT SEEETLLST 2 ce are”

e between the|i pput/ out put
d |fr 6l X0 199Nt ¢r | | i ne bet ween
aijr. '

5 n a

pi ezoel ectri

inpur/nurput

C syubstrate
electrodes with a

provi ded on one side thereof with a ~fxir

predeternin ? 2frovided and on the other side thereof with a grounding
e

el ectrode opp03|
er char

o the pair of input/output electrodes,
cterized in

sai d
two

mul ti pl e-node pie

| ect f t hat :
el ectrode groups @ggﬁeggéégfﬁé Ya ﬁéiﬁgewn 16°8 séctiof view with

partions broken away in Fiq. 30, the conductive material
405 may be so arranged as to cover those inner wall surfaces
431b, 432b of the two pits 431, 432 which are higher in
ppsitiun,than the step portions 451, 452. Such an
arrangement may pfoduce'operatiOnal effects identical with
tho%e.produced in the embodiment in Fig., 29. XIn this case,
the conductive material 405 covering the inner wall

surfaces of the pits 431, 432 may be grounded in the

‘following manner. That is, portions of the conductive

material 405 covering the inner wall surfaces of the pits
431, 432 may be exténded up to the step pqrtions'451, 452,
Then, these portions may be connected ﬁo giounding
connection pads formed at the underside of the container 403
using through-holes.

Although not shown, instead of the plate-like
conductive material 405; a plurality of th?ough—holés in a
line may be formed, in the partition wall 433, as

partitioning the two pits 431, 432 and the conductive

material 405 may be embedded in each of the through-holes,

as done in the embadiment in Fig. 28.
In each of the embodiments in Figs. 29 and 30, the
conductive material may also cover not only the bottom

su;faces 431a, 432a of the pits 431, 432 but also those



I nput/out put el ectrodes and a gfounding el ectrode are fornmed on a single
pi ezoel ectric substrate; and .. “said piezoelectric substrate is

connected, between said two pairs of |npu$LouLpuL_eLesLLedes, to said
container with a material different in aco REPEA@EMEﬂEhSﬁEET from
A :

sai d piezoelectric substrat e. ' 6. ekoel ectric
filter according to Claimb5, wherein: - *g z ele"tric substrate
is provided, on its side -having said two paijrs f- opt put el ectrodes
formed thereort, with another grounding el ¢c tfoning said

two pairs of input/output electrodes gand.

sald anot her] groundi ng

el ectrode and said.contai ner are connected
different iRnat is claimed is:

to—eactr—ottrer—with a materi al

* [ L L} S *

1. In a multiple-mode piezoelectri§ filter having a
piezoelectric substrate provided on one side thereof with a
péir of input/output electrodes with a predetermined gap
provxded and on the other side thereof with a grounding
electrade opposite to the pair of 1nput/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 electrodes and a
grounding electrode; and

all the electrodes, or, those except for said
"grounding electrodes, on said piezoelectric substrates are
respectively connected to connection terminals

independently formed on said container, wherein the
input/output electrodes are respectively guided to

diagonally opposed corners of the piezoelectric substrate.

2. A multiple-mode piezoelectric filtef according to
Claim 1, wherein that connectionlterminal of said container
connected to the output electrode on oOne piezoelectric
substrate, is connected, inside of said container, to that
connection terminal of said container connected to the
input electrode on the other piezoelectric substrate with

conductive adhesives or a bonding wire.



acoustic inpedance fromsaid piezoelectrigc subsirate , 7. A

mul ti pl e-node pi ezoelectric filter accord%@@iﬁ@ﬁi D SHEE erein; said
anot her grounding el ectrode for partitioni ng—sete—+ I'fs of

i nput/ out put el ectrodes has a pattern whilch prq d the center—of——

C
each of said pairs of input/output el ect|r dded 6 h '
of the projecting portions of said pattgrriis smaller i hg,mlggmf"ﬂﬁﬂﬁmm .
toward each of said pairs of input/outpyt electrodes. * 8. Moos %
mul tipl e-node ptezoelectric filterggaccor d ins 5, 6, 7,

wherein said two pairs of input/output electrodes are fornmed at right

angl es to each 3. A multiple-mode piezoelacfric-tilter according tag

any of Claims 1 and 2, wherein said grounding electrodes on
said piezoelectric substrates are respectively connected to

conneaction terminals independently formed on said container,

4, A multiple-mode piezoelactric filter according to
any.of Claims 1 and 2, whefein said two piezoelectric
.substrates are housed in said éantainer with the center
lihé between the input/output electrodes of one paii

positionally shifted in paxallel from the center line between

the input/output electrodes of the other pair.

5. In a multiple-mode piezoelectric filter having a
piezoelectric substrate provided on one side thereof with a
pair of input/output electrodes with a predetermined gap
provided and on the other side thereof with a grounding
electrode opposite to the pair of input/ogutput electrodes;

L said multiple-mode piezoelectric filter characterized in
that: |

two electrode groups each comprising a pair of
input/output electrodes and a grounding electrode are
formed on a single piezoelectric substrate;

said piezoelectric substrate is connected, between
said two pairs of input/output electrodes, to a

container with a material different in acoustic impedance



ot her on said piezoelectric substrate. 9. 1n a multiple-node

pi ezoel ectric filter having a piezoelectric , nped on one side
thereof with a pair of input/output electrocggpgggﬁ@ﬁﬁﬁgb gjz*nined gap
provi ded and on the other side thereof. wthlajgroundin el ¢ctrode
opposite to the pair of input/output electroded, 1&6N@V RHX i pl ¢- node

pi ezoel ectric filter characterized in that; two el ectrpde groups
each conprising a pair of input/output electlrodes and a groungli ng

el ectrode are forned on a single piezyl ectri-c—substrate, .} there are
formed, at a position where said two electrode groups are partitioned, a
notch, a sl a_ plurality.of hples or roove, said notch, slot and

hol es passi qIﬁ@&&gpl§§FélﬁFEE%ﬁﬂ§H§§ﬁﬁ%tg@bstrate and said groove being
formed in at |eagly 1{@gS| fife Ob188E foadt CEORLERNH ings WSl 3o OBapLCchesai d

pai rs of input/output
input/output electrodes on said piezoelectric substrates are

respectively connected to connection terminals independently
formed on said container; and
the terminal connected with the input electrode of the
input/output electrodes of one pair and the terminal connected
with the output electrode of the input/output electrodes of the
N other pair are formed at diagonally opposed corners of the

plezoelectric substrate.

6. A multiple-mode piezoelectric filter according to
Claim 5, wherein:

said piezoelectric substrate is provided, on its side
having said two pairs of input/cutput electrodes formed
thereon, with another grounding electrode for partitioning
said two pairs of input/output electrodes; and

said another grounding electrode and said container
are connected to each other with a material different in

acoustic impedance from said piezoelectric substrate.

7, A multiple-mode piezoelectric filter according to

R

Claim 6, wherein:



el ectrodes are being forned; and an el

said notch

10. A multiple-node piezoelectric filter accor
sai d piezoelectric substrate is housed in sai
said elastic material is connected to said co
mul ti pl e-node piezoelectric filter cording t
said elastic material is a conduct
material is connected to a grounding connecti

cont ai ner.

xnbedded in

said slot, said plurality of ho

gggLégg%gggggggE? wher ei n:

i ndi& N3V s tlju nir - and
ClaimilQ rein:

and sai d donducti ve

| on said

mat eri alt

said another grounding electrode for par;iticning said

two pairs of input/output electrodes has a pattern which

projects toward the center of eaéh of said pairs of
input/output electrodes; and

) the width of each of the projecting pértions of said

pattern is smaller in the direction toward each of said

pairs of input/output electrodes.

8. A multiple-mode piezoelectric filter according to
any aof Claims 5( 6, 7, wherein said two pairs of

input/output electrodes are formed at right angles to each
other on said piezoelectric substrate, the center line
between the input/output electrodes of one pair extending
parallel to one of peripheral sides of the piezoelectric
substrate and the center line between the input/output
electrodes of the other pair extending vertically to said

side.
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12. A mul tiple-node piezoelectric filter according to any of Clains 9, 10,
11, wherein said two pairs of input/output 5 \ ed at right
angles to each other on said piezoelectric B*EL&@EEEQEFSHEET 13. In. a
mul ti pl e-node piezoelectric filter having a |pilezoel ectric spbptrate

provi ded on one side thereof with a pair of |i fjput 6HpIRIYel pcfrodes with a
predeterm ned gap provided and on the ot her sWde t hereof wi fhja grounding
el ectrode opposite to the pair of input/outpyt electrodes, sajd
mul ti pl e-nmode piezoelectric f ilter-48var act elized—i-n—t-hat t wo
el ectrode groups each conprising a pair of input/output electrodes and a
groundi ng el ectrode ardn fomdtiphe emede ghinzvelest wict riicl tsabHiawing a

sai d piezoelectric substrate is a rectanqular crystal
plezcelegtrlc substrate provided on one side thereof with

a pair of imput/output electrodes with a predetermined gap
provided and on the other side thereof with a grounding
electrode opposite to the pair of input/output electrodes,
said multiple;mode pPiezoelectric filter characterized in
that:
- two electrode groups each comprising a pair of
S~ input/output electrodes and a grounding electrode are
formed on a single piezoelectric substrate;
said two pairs of input/output electrodes are formed
at right angles to each other on said piezoelectric
substrate;
there are formed, at a position 'where said two
electrode groups are partitiomed, a notch, a slot, a
_plurality of holes or a groove, said notch, slot and holes
passing through said piezoelectric substrate and said
groove being formed in at least that side of said
Piezoelectric substrate on which said pairs of input/output
electrodes are formed; o

a conductive elastic material is embedded in said

notch, said slot, said plurality of holes or said groove;

and

_ sald piezoelectric substrate is housed in a container,
with the conductive elastic material being connected to a

grounding connection terminal formed on said container.
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el ement and has the sides which do not extend along the x- and

Z[err] - axes; said pairs of input/output electrodes are formed with a
gap extending along said x- or z[err]-axis; B ————384-e—4Nput / out put
el ectrodes are connected, by outgoing el ect AQIMENBQWT ng the sane
| ength, to connection pads forned at sides sal'd prézoerdctiric
‘substrate. 14. In a nultiple-node p ezoquﬁggﬁhﬁ iilter havi ng a
singl e contai ner of ‘the surface-nounting typ n whi ? erje lare
connected, in cascade., two nultiple-node pjezroetect+ie—filtdr el enents
conprising at |east one piezoelectric substjrate and two el ectjrode groups
each conprising a pair of input/output electrodes and a groundi ng

el ectrode, said pairs of input/outpat el ectrodes being formed on one side
of . sai d piezoelectric substrate wth a. predeterm ned gap provided, and

said grounding glect nedgs et ag160n8EY SleddEl it c OB & Kfhg a

piezoelectric substrate provided on one side thereof with

D
b

a pair of input/output electrodes with a predetermined gap

-provided and on the other side thereof with a grounding

electrode opposite to the pair of input/output electrodes,

said multiple-mode piezoelectric filter characterized in
S that:

' two-electrode groups each comprising a pair of
input/output eléctrodes and a grounding electrode are
formed on a single piezoelectric substrate;

said piezoelectric substrate is a rectangular crystal
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 gap extending along said x- and z'- axis, with the center
line between the input/cutput electrodes of one pair
positionally shifted from the center line between the
input/output electrodes of the other pair; and

saigd iﬁput/output electrodes are connected, by
outgoing electrode patterns having the same length, to
connection pads formed at sides of said piezoelectric

‘substrate.

———

R



pi ezoel ectric substrate at positions respectively opposite

to said pairs

of input/output electrodes, said nultiple- node piezoelectric filter

characterized in that: two pits adja = f ' are formed in
said container; sai d piezoelectric ] gﬁigﬁﬁﬁfgﬁﬁiﬁﬁ ed to said

cont ai ner at the peri pheral portions of said pgits wth said

airs of

input/output electrodes turned toward the b ttoangg@@qggﬁ ¢f said pits;

each of said bottomsurfaces of said pits ig dqovered wth g ¢onductive

mat eri al ; a conductive material is dijsposeg—atormg—apaftition wall
bet ween said two pits; and said conduqtive naterials ar¢ connected to
a groundi ng ~51~ '

11. In a multiple-mode piezoelectric filter having a

single container of the surface-mounting type in which

there are connected, in cascade, two multiple-mode

piezoelectric filter elements comprising at least one

piezocelectric substrate and two electrode groups each

comprising a pair of input/output electrodes and a

grounding electrode, said pairs of input/output electrodes

being formed on one side of said piezoelectric substrate

with a predetermined gap provided, and said grounding

electrodes being formed on the other side of said

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

container;
N

said piezoelectric substrate is secured to said

x ¢ L M 0§



connection termnal forned on said container. 15. A nul ti pl e-node-
pi ezoel ectric filter according to Caim 14, whg ' ot wo

nmul ti pl e-node piezoelectric filter elenments corgﬁﬁﬂégigﬂﬂf£§3@$QCtric
substrate and each of said two el ectrode groups |[fqrmed thereon '
16. A nmultiple-node piezoelectric filter accordijnd t o6 Mhakgn,14] ywherein
said two nultiple-node piezoelectric filter elgnmgnts conprise § fingle
common pi ezoelectric substrate and said two el gctrodé groups—for fred

t her eon. * 17. A nultiple-node piezoelectric filter accordlng to

any of Clains 14, 15, 16,wherein sahbd conductive material along said
partition wall between said two pits is a conductive material which covers
the inner waldonguh

ha@t€all the peripheral portions of said §§=}_with said
pairs of input/output electrodes turned toward the bottom
surfaces of said pits: |

each of said bottom surfaces of said pits is covered

with a conductive material;
a conductive material is disposed along a partition
wall between said two pits; and

said conductive materials are connected to a grounding

connection terminal formed on said container.

12. A multiple-mode piezoelectric filter according to
Claim 11, wherein each of said two multiple-mode
piezoelectric filte; elements comprises a piezéalectric
substrate and each of said two electrode groups formed

thereon.
~ 13. A multiple-mode piezoelectric filter according to
Claim ii, wﬁerein said two multiple-mode piezoelectric

filter elements comprise a single common piezoelectric

substrate and said two electrode groups formed thereon.

- 14. A multiple-mode piezoelectric filter according to
any of Claims 11, 12, 13, wherein said conductive material
along said partition wall between said two'pits is a

conductive material which covers the inner wall surface of

* C L N s *



each of said pits. 18. A multiple- nDde plezoelectrlc filter
according to any of Claims 14, 15, 16, Copglcti ve materi a
along said partition wall between said t L@tﬂ’lﬁ\%faﬁaﬁ i ke
conductive material inserted in said.partijtilon wall befwken said pits.
19. A multiple-node piezoelectric filter acdordigwgoyay9y any jof Cains 14,
15, 16, wherein said conductive nmateri al I ong said partition wall
between said two pits is a conductive mat ‘n{each of a
plurality of *through-holes formed in spid partition walll between said
pits. 20. In a nultipl e- nogte piezOeIectrlc filter having a

single container of the surface-nounting type in which
each of said pits.

15. A multiple-mode piezoelectric filter according to
any of Claims 14, 15, 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.

l16. A multiple-mode piezoelectric filter according to
any of Claims 11, 12, 13, wherein said éonductive material
along said partition wall between said two pits is a
conductive material embedded in each of a plurality of
through-holes formed in said partition wall bethen said

pits.

17. In a multiple-mode piezoelectric filter having a

A - single container of the surface-mounting type in which
there are connected, in cascade, two multiple-mode
piezoelectric filter elements comprising at.least one
Piezoelectric substrate and two electrode groups each
comprising a pair of input/output electfodes and a

grounding electrode, said pairs of input/output electrodes

being formed on one side of said piezoelectric substrate

with a predetermined gap provided, and said grounding

electrodes being formed on the other side of said

* C L M H *




there are connected, in cascade, two nultipl e-node pi ezoelectric filter

el ements conprising at | east one pi ezoel egtriT=IH , md two

el ectrode groups each conprising a pair 01REPIQAUZ E&fm trodes and a
groundi ng el ectrode, saidpairs of input/outpul electrodes bei ng formed on
one side of said piezoelectric substrate v 1 h R grnj ned gap

provi ded, and said grounding electrodes beifn§ fornmed on th ther side of
sai d - 52 - ‘ i rf c substrate
at positions respectively opposite [% sai djpairs of input/oufput

el ectrodes, said multiple- node piez 3Iectr|c rilter characterized in

t hat : two pits adjacent to each other are forned in said
pPlezoelectric substrate at positions respectively opposite

4

to said pairs of input/output electrodes, said multiple-
mode piezoelectric filter characterized in th;t:

two pits adjacent to each other are formed in said
container;

said piezoelectric substrate is secured to said
container at the peripheral portions of said pits with said
gr‘bﬁnding electrodes turned toward the bontom surfaces of
said pits;

a 1id made of a conductive matérial is mounted on said
qontainer;

a conductive material is disposed along a partition
wall between said two pits such that the upper end of said
conductive material reaches a position at least in the
vicinity of the underside of said 1id; and

said conductive material and said lid are connected to

N~ a grounding connection terminal formed on said container.

18. A multiple-mode piezoelectric filter according to
Claim 17, wherein each of-said two multiple-mode
piezoelectric filter elements comprises a piezoelectric
substrate and each of said two electrode groups formed

thereon.

15. A multiple-mode piezoelectric filter according to

* [ L M S *




cont ai ner; : sai d piezoelectric substr - aid

contai ner at the peripheral portions of sai PHB Y. nggﬁb roundi ng

el ectrodes turned toward the bottom surfaces df said pits; alid
made of a conductive material is nounted on {sdi d1&Royadyer; a
conductive material is disposed along a partftjion wall betweg¢n said two
pits such that the upper end of said conductive material reag¢hes a
position at least in the vicinity of the underside of said liid; and

sai d conductive material and said |igsare connected to a grounding :
connection termnal forned on said container.. 21. A multipl e-node
pi ezoel ectric filter according to C aim 20, wherein each of said two

nul tipl e- rod€ 1 yivedok| e¢bereifi bRER &lonemtkttPhprinode @ ipi 5IOPEECkliicC
substrate and .each of said two el ectrode groups formed thereon.

22. A mul ti plifd-kiffe 9lepeetecepmpriisiet ar %kngfﬁingmmon piezoelectric

substrate and said two electrode groups formed thereon.

20. A multiple-mode piezoelectric filter according to
any of Claims 17, 18, 19, wherein said conductive material
alohg said partition wall between said two Pits is a
cohductive material which covers the inner wall surface or

each of said pits.

21. A multiple-mode piezoelectric filter according to
any of Claims 17, 18, 19, wherein said conductive material
along said partition wall between said two pits is a plate-

- like conductive material inserted in said-éartition wall

between said pits.
~ 22. A multiple-mode piezoelectric filter according to
any of Claims 17, 18, 19, wherein said conductive material
along said partition walllbetween said two pits is a
canductive miaterial embedded in each of a plurality of
through-holes formed in said partition wall between said

pits.

% ¢ L M s *



-5 3- Cl ai m 20, \/\herel n sai d two mul ti pl e-node pi ezoel ectric
f| |ter elenents conprise a single.connon pi ezoel e pt4t-e—=subst-at-e—and sai d
two el ectrode groups formed thereon. 23, HPMGE%ENTMT
pi ezoelectric filter according to any of C ains wheTjei|n sai d
conductive material along said partition wall be.waen| g@pg %g@ itls is a
conductive material which covers the inner wall sprf ace h loff said
pits. 24. A multiple-node pigezogl ectric filter—aceerdi-nd tjo any
of Clainms 20, 21, 22, wherein said conductive matgri aI

Fig. 22
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Fig 23
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along said partition wall between said two pits is a plate- |ike

conductive material inserted in sai.d partition wa ety
25. A multiple-node piezoelectric filter accordi nREHA%@Eﬁf ér

21, 22, wherein said conductive material along s@ifl partition

said two pits is a conductive material enbedded |n{eachnely gop! Ura ity of
sald pits.

through-holes formed in said partition wall betwegn

) 11/12

Fig. 27 -
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