Multiple~Mode Piezoelectric Filter

Qechniqa;_Eigld:

| The present invention:relates to a multiple-mode
piezoelect;iq filteriusing a piezoelectric substrate, and
mofe pért;cularly to a multiple-stage-conneqted_multiple-

mode piezoelectric filter unit.

Bagkg:outhArt,.,
A p}ezqeiectriQafilter using’ a thickness-shear
Qihratiop:qfiﬁ_piezoelectricwsubstrate'br the like is
.gehérally a;xgnged 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.
_For example, when.such;anpiezoelectriC“filtef"is to be
iin¢QFPOt3ted-ip a communication- device or the like, the
"follqwing structure is.often adopted-in order to simplify
zﬁhe_mountigq 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.



To assure high.;attehuatic’m""c'harac'teristics, a
plurality of such piezoelectric filters are required to be
connected in cascade in multiple 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
.éontributes to the failure to make the device in a compact
design.
To overcome the probiem above—mentibned,”théfe is

_ conventionally proposed.and put in practical use a so-called
| mg;;iplgrstage-connected.multiple-modE“piezoeiéctrié'fiiter
unit in which two electrode groups each comprising a féir
lof'inpptlgptgut:eleqt:odes:and~a'groudding'elecﬁrbde, are
hfo;?eg onfpne}g;ezqelgct:ic substrate ‘and two piezoeiectiic
fllters are _.,s,\;bs;é,qt_j,aglly; formed on a single’piezoglectric
| suﬁs#ragghanqlhouseq_in a-single container,

| _Sucpnqhmu;giplé#stagewcdnnected multiplé-méde
.“piézoelquric,filtergunit:iS'finishea as a prd&ﬁét by
._ _éop?xe,c;t_:_ing_ the. .g_ui:':__pqt- electrode of one electrode group,’ out
.°f;tw? electrode groups -formed oh*%he”piézoéféétfﬁc
.sﬁbstrate,rtquthe-input;ﬁlectrode~of-the'other electrode
.ﬁgoup.:Howevgr,'when,ong_electrode group is excitéd, the
6thé; electrode group also-resonates due-to tHe acoustic and
gléctrpmagggtic‘coupling;between the-electrode grodps.'1£

is therefore substantially impossible to indepéﬂﬁehtly



adjust the respective'filters, causing the fipal product to
be adjusted with much difficulty. | ’
.In this connection, a variety"of”propbéals have been

- made as follows..In a piezoelectric substrate 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
elggtrode-gzoﬁps (J;banese-?atent Laid-Open Publication No.
. 59-24910). To partition the two electrode groups on the
¢=§am§_§ieagq#ectric substrate, an intercepting gfobve is
_zfor@ed in the piezoelectric substrate by cutting the same
from a éeggphetal edge :thereof and d ‘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
grouyps. are partitioned, a linear electrode to be cdnnecteq
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



adjustmgnt;§sidisadvantageously-still-difficult.
| Recently, in a communication device, particularly, a
portable-type communication device, it is increasingly_
~required to . minimize the mounting area of each of the
incorporated ;ircuitielementéj Accordingly, as a'multipie-
~ stage-connected multiple-mode piezoelectric filter unit, too,
| there is required 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
electromagnetic coupling resulting from the lines of
electric force.

| In view of the foregoing, the present invention is
proposed withq;he.main ohject of providing, in.a multiple-
'st;ge-canEGteq,multiple*que piezOelectricpfilter.unit, a

Piezoelectric filter which is higher in the ability of



preventing -the acoustic-and‘electfémagﬁetic'coﬁpling
bgtween the electrode éroups-tﬁan'each of tﬁé proposals of
prior art, thus faciiitating the final aajﬁétmént of the
filter.

It is another object of'the'pfeseﬁt.invegtion to
‘provide a.piezoelectric filter in which, even though the
_ mounting. area is minihiied to cause'the'ﬁwo.éigctrbée groups
to get near each other, the influences of lines of electric
force f;om;theielectrdde groups are hafhly“éxettéd; such
:?ﬁhaq_tpe_piezq&lectric'filter is small in éiié and easy in
;:gingl_gdjusﬁment and capable of exhihitiﬁé éicellent

__guarantee attenuation characteristics.

..Disclosure -of the Iﬁventidh '

Tb achieve the objects aboﬁé;méﬁﬁidned,.a:fi;st
‘invention is characterized in that a siﬁgle'containér houses
gwg.piezoe;ectricvsubstiatés é&ch‘?rbVidEa with a pair of
;npnt[output:electfodesﬁand'a grounding élédtrode.énd-that
all the electmodgs;.or#thos;'excepg fbi”ﬁhe grounding
electrodes, on.the piezoelectric substrates are respécii&ely
connected to connection terminals independently forméd 6n the
container. | A

According to the arrangement of the first in(rention,
;pewpiezoeleqtric;substrates?ih~the container afe p;ffébﬁly

separated from:each other and the inpusoutpu£ eledtrodes



are respectively connected, in the container, to the
correspondiné connection.terminals., It is therefore poésible
to adopt the steps of incorporating, in the container, two
piezoeleciric filters each having a piezoelectric substrate
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
mulﬁiéle stages. Thus, there can readily be obtained a
_highly.efficignt 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



substrate and in which the output electrode of one
~electrode group is connected, on the piezoeléctric substrate,
to 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,arr§@gement-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 pair of input/output
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



_ piqzoeléct;ic_substrate.

The arrangement of the second 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
_rg;bgpt.tgﬁ;pe,qontaingr,-thus further ‘iniproving the
yib;gtionhgttgpuatinn gg:egt-by-the'damping“membeti This
#u:ther 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-fnom.theﬂpiezoelectric'substrate;

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



input/output electrodes are electromagpetically separated
from each other, This exhibits an excellent aﬁility of
preventing not only the acoustic coupling above-mentioned
_:but also the electromagnetic coupling between the electrode

- groups. .

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
projecting portions 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



Piezoelectric substrate: that there are formed, at a
position where the two electrode groups are partitioned, a
notch, a s;ot, a plurality of holes or a groove, the notch,
slot and holes passing -through the piezoelectric substrate
and the groove being formed in at least that side of the
piezoelectric substrate on which the pairs of input/output
electrodes are being .formed; and that ‘an elastic material
is embedded in the notch, the slot, the plurality of holes
or the groove.

According to the arrangement qf-the-third invention,
the two electrode groups are formed on the single
piezoelectric substrate and_partitioned‘by the notch or the
like, and. the elastic material is embedded inside of the
notch or theﬁlike. This . further improves the effect of
.damping the vibration propagating between the electro&e
gfoups and the ability of preventing the acoustic coupling
as_compe:ed,with a qonventional.multiple-stage—conﬁected
multiple-mode piezoelectric filter unit.

According to the arrangement of the thlrd invention,
when the elagtic material .embedded 1ns1de eof the notch or
the like, is connected to the container, the vibration
attepua;ion;effect is further improved. e

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

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



-Accordingjto such an arrangement, the electromagnetlc
“coupllng between the electrode groups is also intercepted.
. According to each of the second and third 1nvent10ns,
_the two pairs of 1nput/output electrodes may be dlsposed at
right angles to each other on the piezoelectric substrate;
Such an arrangement reduces the lnfluences of llnes of
_electrlc force between the electrode groups. This not only
further 1mproves the electromagnetic coupling Preventing
ah111ty, but also restrains’ the guarantee attenuatlon
characteristics . from being lowered due to the 1nfluences of

_ the lines of electric force when the filter unit is under

To achieve . the objects above-mentloned, a”fourth
1nventlon has. .8till another arrangement characterlzed in
that two electrode groups each comprlslng a pa1r of
input/output electrodes and a groundlng electrode are formed
on .a single. Piezoelectric- substrate, that the plezoelectr1c

substrate is -a- rectangular crystal element and has the

51des which do. not -extend :along the "x- and z'-axes, that the
palrs of input/output electrodes are formed with a gap
extending. along the x- or 2'-dxis, and that the 1nput/output
electrodes are. Cconnected, by outgoing electrode patterns
having the .same: length, to connectzon pads formed at sides-

of the plezoelectrlc ‘substrate.

According to the arrangement of the fourth invention,
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the pairs of input/output-electrodes can be disposged such
that the oﬁtgoing electrode patterns have the same length
with the center line of one pair of electrodes positionally
shifted from the center line of the other pair of electrodes.
This restrains the acoustic and electromagnetic coupling
between the electrode groups. Further, the outgoing

electrode patterns can be equalized in_parasitic

capacitance,- thus facilitating the adjustment.

Ahy of the arrangements of the second and third
inventions m;y preferably be added to the arrangement of the
foufth_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
ceuéling between the two electrode groups can further
.secﬁrely'be”preyentee.

o To achieve ﬁhe phjeets above-mentiened,-a fifth
.invention is arranged mainly to restrain-the interference of
iiﬂes of electric force between the two electrode groups.
That is, the fifth invention provides:a*multipie—mode
Piezoelectric filter having a single container in which
there are cqnnected,:in.egscade, two multiple-hode
ﬁiézoelettfic filter elements comprising one or two
ﬁieeeelectfic substrates and two electrode groups' each
eomprieing a pair of input/output electrodes and a

grounding electrode, the pairs of input/output electrodes



being formed on one side of the one or two piezoelectric
_sﬁbstrates with a predetermined gap provided, and the
é;ounding 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
lthe 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_gogpeghbgtween 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
prgyides_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,
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:hat ﬁhe one or two piezoelectric substrates are secuféd.to
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



elect;ode quups.
More specifically, the lines of electri& force -
generated based on the electric fields formed by the two
. pairs of input/output electrodes, exert i&fluénces upon the
electrode groups through the space adjacent to the surface
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 pairs
~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
electromagneticalily separateathe two ‘electrode groups from
each. other. .
'HZ;Accq;dingrto theuaﬁrangement of ‘the sixth 'invention,
the. one or two piezoelectric substrates forming two

piezoelectric.filter elements-are secured to the container
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with upside down unlike in the f£ifth 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_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
: electriq 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
followingnspec;fic_mannersﬂﬁA”plate-like;conduéﬁiveﬂmaterial
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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substrate, and the arrangement of the first ‘invention may
jointly be used when the two piezoelectric filter elements

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 container 1 seen through;

Fig; 9 is an enlarged section view similar to Pig. 7,
illustrating another embodiment of the second invention;

Fig. 10 is a bottom view of a further embodiment of
the second invention with the underside of the container 1
seen through;

Fig., 11 to Fig. 13 show an embodiment of a third
invention, in which Fig. 11 is a plan view with the top
_portion 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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portions of a yet further embodiment of the thi?d
invention; | |

| Eig._éo 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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fifth invention;

Fig. 27 is a perspective view, with portions broken
away, of another disposition of the conductive material 305
-according to the fifth invention;

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
emquiments;oﬁﬁthé-pfeseﬁt'invention with reference to the
_attached drawings. -
'Fig. 1 to-Fig. 3 show an embodiment qf'alfi;st

‘invention.. A. container 1 of ceramics®is provided ‘at 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



outpui; .e_le_c:’crode 22, 32 with a predetermined gap provided,
5 #nd on the oghér_sidg thereof with a grounding electrode 23,
| 33 oppos;tg_to the input/output electrodes 21, 22; 31, 32.
,.With the:piezoelectric 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.

_Each of the piezoelectric substrates 2, 3 has sizes of
abo_ut__z x _about 3 mm and is mechanically 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
~ respectively electrically connected to connecticn terminals
(paas) 11Jt0216 independently formed on the bottom surface
of the container 1. '

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, 22a.and ;conne.ﬁted 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
hconnected to the connection terminal 13 of the container 1

wi;h the copductive_adhesives B. Likewise, the input

-21-



electrode 31 and the output electrode 32 at the'undeféide of
the piezoelectric substrate 3 are respectively guided to
diagonal corners of-the_piezoelectrié 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 bn the
top side of the piezoelectric substrate 3 is guided to a
corner of the piezoelectric substrate 3 by an outgoing
electrdde pattern 33a and connected ﬁo‘the connection
.terminal 16 of the container 1 wi£h the conductive
adhesives B. The connection teérminals 11 to 16 are connected
to external connection terminals for surface moﬁntiﬁé (not
_shdwn) 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.piegoelectrié.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 multiplé-mode pieiéelectrié'filtér
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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lbgtwgen the two pits 1b, 1c as shown in an enlargéd bottom
‘view of main portions in Fig. 4. In any case, such a
connection is made after each of the piezoelectric
. substrates.2,. 3 has finally been adjusted.

Accofding 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
in a compact. design.and:housed in the single cdntdiﬁer‘l,
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

piezoelectric substrates. 2; 3 are connected within the

-23-



container 1 using the conductive adhesives 17 or the like,
no special consideration is required for connection with an
external circuit outside of the bontainer 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 céntainer 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 preventinq-ﬁhe two piezoelectric filters
fgom being electromagnetically coupled with eatch other.

Fig. 5 is a bottom. view of another'émbodiment of the
first invention. In Fig..5, the piezoelecéric shbstrates 2,
3 are housed in the containér.l such that the center line C
between the input/output electrodes on.the éiezoelectric
suhstratel2,is;positionally shifted from the center line C
between the inéut/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



gffectiye in preventing two multiple—moﬁe piezoélectric
filters from being electromagnetically.coupled with each
_.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
~container 1 with conductive adhesives 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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‘piezoelectric substrate 20 and the_container 1 are
mechanically connected to each other by the damping member 4..
More specifically, the damping member 4 connects the top of
a partition wall 1d between two pits 1b, 1c of the container
1 to the piezoelectric substrate 20 at its'uhderside at
which thé 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
:emérkably incréases:thevabiliﬁysof preventing the electrode
groups from_beingﬁhcoustically coupledfwith 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
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piezoeledtpic substfate 20 and the container 1 are
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 COntainer-l.'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—fwo 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 eachﬂothér-by'a'condudtor'of a
grounding potential. This .effectively cuts 6ff 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 underSidé of the container
1. seen through.

. The embodiment in Fig.-10 is the same as that in Fig.
‘9. in that the grounding electrode's disposed at the
underside. of ‘the piezoelectric substrate 20 is mechanically
':andzeleetriQally cohnecteﬁ to tﬁe grounding connection

.termihal-le.(not'shéwn in Pig. 10; See Fig. 9) of the
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hcontaine; 1 by the conductive damping member 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
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
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concept of the grounding electrode pattern shown in Fig. 10
| can be applied to the arrangement in which such center
lines are not. positionally shifted 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
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_ :;s adhesives, bther-mesin or the like.

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.



According to the third invention, when the
piezoelectric substrate 200 is housed in the container.l of
the_Surface-mounthg type, the elastic 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 substantiallywmechanically.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 sinéle rectangular 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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_The_cryst#l elemnt 2000 has four sides which are not
parallel to its crystal azes x and.z', but which are
inclined, with respect to thesé_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
fo£med at edge porgionsaof-the crystal element 2000 by
outgoing electrode patterns 2la to .33a, and are then
connected, at the pads P, to connection terminals (pads) 11
,rto-ls,of the. container by conductive adhesivgs or the like
(not shown). Of the outgoing electrode patterns 2la to 33a,
z_the ﬁagtgrns:21a, 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 andsis inevitably positionally shifted
from the center line between the input/output electrodes -31,
32, This::estrgiHS-th acoustic and electromagnetic

coupling between the:.electrode groups. Further, the
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input/output .electrodes are guided to external circuits such
as connection terminals of the container through 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 hKas the sides inclined with respect
.- to the. crystal-axes, each-electrode group is disposed along

.a.crystal axis-direction, 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 ‘eéffects produced by the fourth invention such



as eqnalization of parasitic capacitances and restraint of
electromagnetic coupling due to the positional shift of the
center lines of the input/output electrodes on the
Piezoelectric substrates..

The following description will discuss a fifth
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
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~ pit 331, 332.

More specifically, each pair of input/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 are 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 mounting

,Lpot shown) which are}formed at the underside of the
. container 303. The piezoelectric filter elements 301, 302

- may be connected in cascade through the external connection

pads or within the container 303.

The. bottom surfaces 331la, 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
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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 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'Sden“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 ﬁWEtiple-mode

.;FPiQZOelectric-fiiter unituwith'the conductive ‘materials 341,
342, 305 removed:from the arrangement shown-in Figs. 22, 23,

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



and a multiple-stage-connected multiple-mode piezoelectric
filter unit with the conductive materials 341, 342, 305
disposed, exhibits excellent guarantee'attenuatibn.
‘'characteristics as shown.in Fig. 25b.-

In the embodiment above-mentioned, the conductive
_mate;ials,Bil, 342, 305,are.respecti&ely“connected to the
dedicaﬁed 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

. . electrode 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
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is inserted into the partition wall 333. However, according
to the fifth invention, the conductive material 305 may be
formed as shown in each of Figs. 27 and 28 which are
perspective views, with portion broken away, of a container
303. |

In an exampie 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
thé-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. waever, not only the both sides
of the partition wall 333 but also the surfaces at right
angles thereto may Ee.coated. In this case, theére can
suitably be.eliminated:the influences, upon ‘external
circuits, of the lines.of electric forée 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,ln this case, all the conductive

- materials 341, 342, 305 can be grounded using a single
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grounding connecting pad.

In an example shown in Fig. -28, a plurality of -
through-holes 333a are formed along and in the partition
wail 333 between the two pits 331, 332 of the container 303,
and a conductive material 305 is ehbedded in each of the
- through-holes 333a and connected to a common grounding

. connection 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 and 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

’__,ﬂ_’»——————’*“""
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depth witﬁ a flat step portion 451, 452 which extends along
the whole inner wall surface of each pit 431, 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
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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 vicinity of the
_underside of the 1id 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 intercepted

~.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.



27 and 28.

More specifically, as shown in a section view with
portions broken away in Fig. 30, the conductive material
405 may be so arranged as to cover those inner wall-surfaces.
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 grdéunded in the

following manner. That .is, portions of the conductive
..material 405 covering.the inner wall surfaces of the pits
431, 432 may be extended up to the step portions 451, 452.

Then, these portiong,may,bg connected to grounding

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

. using through-holes. . .

~Although nﬁt_shown, instead of the plate-like
:conducgivg.mqte;ial 405, a plurality of through-hales-iﬁ a
line may be formed, in the partition wall. 433,
-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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inner su;:;ces.ﬁhereof which are lower ‘in position than the
step portions 451, 452. According to such ah arrangement,
the inside Sk_ﬁhe container 403 is preferably
electromagnetiéally shielded with respect to the outside
) thereof.

~ Further, iﬂ qrder that a conductive material is
embeﬂded.in the g?p between the conductive material 405
disposed along thgspar;;tion wall 432 and the metallic lia
430,_qgndu%tive aéhesives may be interposed between the
partition wall 433;and.the 1id 430, Also, instead of such
. quductivg“aghesiveé,Ethe Fe~-Ni-Co alloy ring 434 may be
| made in-a B shape such that the ring 434 is disposed not
only on the top peripheral portion of the container 403 but
also on the top of the paftition wall 433, It is a matter of
course that, when the conductive material 405 along the
partition wall 453 is electrically connected to the
metallic -1id 430, only one of the groundiﬁg 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 lid'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



piezoelectric filters are housed in a single small
container to remarkably reduce the mounting area, the
-ability of preveriting the electrode groups from being
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 characteristiecs.

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

communication device required to be made in a compact ‘design,

such as a portable telephone or-the like.
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1. In a multiple~-mode piezoelectric filter having a
. piezoelectric substrate provided on one side theéereof 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 piézoelectric 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

- substrate, is .connécted, 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 ‘da bonding wire.
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3. A multiple-mode piezoelectric filter according to
any of Claims 1 and 2, wherein said grounding electrodes on
said piezoelectric 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 p;ovided on one side thereof with a
pair of input/putgut electrodes with.a_gredetermined 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
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from said piezoelectric 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/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 other 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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other on said piezoelectric substrate. -

9. In a multiple-mode piezoelectric filter having a
piezoelectric substrate provided on one side- thereof with a
pair of input/ocutput 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 multip;_g—rﬁoge pi_g__g_.cgelectric filter characterized in
~that: |

~two electrode 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
uplg: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. .

:lo,LA:m?ltiplg~mq§gtpie;gelectrig}filte; according to
Claim 9, wherein:

said piezoelectric substrate is housed in said

e RN
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container;:and -

said elastic material is connected to 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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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- or z'-axis; and

.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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container at the ﬁe:ipheral portions of said pits with-said
pairs of input/output electrodes 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 two 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
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18. A multiple-mode piezoelectric filter according to .
any of c1aims_14, Ls,lls, wherein said conductive material
along said partitioh wall between said-two Pits is a plate-
like conductive material inserted in said .partition wall

between saig Pits.

19. a multiple-modeﬁpiezoelectric-filter according to
any of Claims 14, 15, 16, wherein said conductive material

along s;idwpartition_nall-between Said two pits is a

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

.there_are cqnnected1;inqcascade, two multiple-mode

domprising a pair of input[output electrodes andg a
grounding élgqtrode, saiqﬂpairslof-inpu@/ouﬁput electrodes
being.fprmed_op One sidelof,#aid:piezoelectric sﬁbstrate
~with a predeﬁermined_gap,pfqvided, énd-said grounding

\\elgctrqdesﬁpeing,fprmed on the Other“side of sajg
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piezoelectric substrate at positions respective;y opposiie
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;

| 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 1lid 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 1lid 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
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Claim 20, wherein said two multiple-mode piezoelectric
filter 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.,
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