+ SPEGI FI CATI ON Pi ezoelectric Filter of the Surface Munting Type

5 Teehnical Field The present invention relates to a

< ptezoel ectric filter of the surface nounting type. . Backgr ound
Art 10 A piezoelectric filter using a thickness sliding
oscillation or the like of a piezoelectric substrate is general ly
arranged such that there is housed, in a cont ai ner, an el enent
conprising a piezoelectric substrate of crystal or the |ike provided
on one surface 15 thereof wsbecr@eciTdn i nput/ out put oscillating
el ectrodes (split electrodes) with a predeterm ned gap provided, and
on the other surface thereof with a common el ectrode opposite to the
pai r of input/output oscillating el ectrodes. 20 - Recently, such
a pi ezoel ectpiie deillelcir iics Figde’ 68 tAe surrbeM@denting Bypme! size
particularly for a portable-type comuni cation device or the |iKke.
Further, to sinplify the nounti ng process, it is required that the

el enent is not
B Technical Field

The present invention relates to a piezoelectric

filter of the surface mounting type.

Background Art;

10 A piezoelectric filter using a thickness sliding
oscillation or the like of a piezoelectric substrate is
generally arranged such that there is housed, in a
container, an element eomprising a pilezoelectric
substrate of crystal or the like provided on. one surface

15 thereof withapairof input/ouﬁput oscillating electrodes
(split electrodes) with a predetermined gap provided, and
on the other surface thereof with a common electrode
opposite to the pair of input/output oscillating
electrodes.

20 Recently, such a piezoelectric filter is required to
be made in a small size particularly for a portable-type
communication device or the like. Further, to simplify the
mounting process, it is required that the element is ﬁot
only made in a .small-size, but also housed in a package

25 of the surface mounting type. In such a structure in which



only~rade in a small size, but also housed in a package 25 of the surface
nmounting type. In such a structure in which the elenent in
a small size is housed in a package of the surface nounting type,
however, a | eakage current is readily generated due to an

el ectromagneti c coupling bet ween the input/output oscillating

el ectrodes. This is 5 remarkably disadvantageous in that t he
assured attenuation anmount is | owered. To overcone the

probl em aboverherlietiRed, ihherendlassize iPaRFuHDPBASEbac PRI QR @glkl i C
filter which conprises (i) a surface nounting-type package body nade

of an insul atfirfalde houMbifd 8ypayeholieker,shi elshkLyLctupdencunkform in
grounding potential is formed on a flat portion and (1) a

pi ezoel ectricrdddief gbrEBAtediNAQEPAlHH bDe8PFomagnefiPPeblpdiagd by the
package body, the piezoelectric filter el enment having a pair "of

| nput / out pUt,EizeS&Jéér@ttish%?in%é‘g{éﬁ@ﬁﬁf %@%ﬁl@raﬁﬁ%%;glé& 6§40PPeE{ffL ik0 the

flat layer-1like el ectrode, and In Ich the palr o

| nput/ out BUt yemari0501 ¢ | 2kl RGaGLRELEODES and, thepghi eld, ol eggsa@%dar e
opposite to each other" with a small “di stance provi ded t her ebet ween

(For exanpl e, Japaness, P elindlaid-1Rere L0 Publications No. 6-29776 and
6-85599 and US 0053829204) ©

To overcome the problem above-mentioned, there has

been proposed a piezoelectric filter which comprises (i)

a surface moﬁnting-type package body made of an insulator

10 in which a layer-like shield electrode uniform in
grounding potential is formed on a flat po;tion and (ii)

a piezoelectric filter element incorpofated in and
supported and by the package body, the piezoelectric
filter element having a pair of input/output oscillating

15 electrodes arranged to be opposite to the flat layer—iike
shield electrode, and in which the pair of input/output
oscillating electrodes and the shield electrode are
opposite to each other with a small distance provided
therebetween (For example, qapaneselPatent Laid-Open

20 Publications No. 6-29776 and 6-~85599 and US 0053829294} .
According to the arrangement above-mentioned, as

seen in each of the publications above-mentioned, the
assured attenuation_amouﬁt is increased by reducing the
distance between the 'input/output oscillating electrodes

25 and the shield electrode disposed at the package body.



According to the arrangenent above-nmentioned, as seen in each of the
publ i cat’i ons above-nentioned, the © assured attenuation anmount is

i Acfeased by reducing the di st ance between the input/out put
oscillating electrodes 25 and the shield el ectrode disposed at the
package body. 2 ' However,
when the distance is reduced down to a certain limt .val ue, the
assured attenuation anount reaches the . peak. As schematically shown in
Fig. 10, when Hdweukst ahe the disthneéhes retluead,adimpald Bgceapasit ances C
are generated 5 between each of a pair of input/output oscillating

el ectrodes 71,11k tarvhlaueshittledagkaeéa odier drua e AMIMHY reachesdthgakage
current iL is generated between the pair of i nput/output oscillating

el ectrodes 71,pelk. naustigmithically sRSHHedragt emlaihel eHP WAk thaRe
gradual |y reduced. 10 - More specifically, even though. a flat

shi el d eliaf FuedBeirSr 84 SRS ¢ 10RO @ P it i ds @fadé@BEBEQEEQHt
oscillating electrodes with a predeterm ned gap provide t her ebet ween,

the assured aldaniald OBa8ROWHE &S gdiB 8¢ inpud Addudegkcyhug; gt erm ned
based on the distance between 15 the shield ‘electrode and the pair
of anUt/OUtFEﬂectrodes 71, 72 and a shield electrode 73. Accordingly,
a leakage current iL is generated between the pair of
input/output oscillating electrodes 71, 72, causing the
assured attenuation amount to be gradually reduced.

10 More specifically, even though a flat shield
electrode is disposed opposite to a pair of input/bu;put
oscil;ating electrodes with a predetermined gap provided
therebetween, the assured attenuation amount is limited
to the pe;k value determined based on the distance between

16 the shield electrode and the pair of input/output
oscillating electrodes, and cannot be increased more than
this peak wvalue.

In view of the foregoing, the present invention is
proposed with the object of providing a piezoelectric

20 filter qf the surface mounting type so arranged as to
increase the assured attenuation amount as compared with

the conventional piezoelectric filter.

Disclosure of the Invention

25 To achieve the object above-mentioned, the present



ascitfating el ectrodes, and cannot be increased nore than this peak

val ue. - ' In view of the foregoing, the present invention is
proposed with the object of providing a piezoelectric 20 filter of the
surface nounting type so arranged as to i ncrease the assured
attenuati on anount as conpared with -~ the conventional piezoelectric
filter. Di scl osure of the Invention 25 To achi eve the object
above-nenti oned, the present 3

i nvention proyndestdoRi $26eL&et 1d pikizbbeecobibhe St 3Gethe sufPYOLI N type
including (i) a nultiple-node piezoelectric filter element in which a

pi ezoel ect ri Cp3uh%h hal®yps includRhgViided il 1A Sd ié?@éf@%ti“iéh a pair

of in 5 put/output oscillating electrodes with a predeterm ne gap

provi ded, and g1 tkhe ldMInSUA aGRiLRCREYi Widdl edtric s‘iﬁg@f&ﬁ egirode
opposite to the pair of input/output oscillating electrodes, and (ii)

a package body;8kile on o/ ! SELrdTUINEHBGbENS, {0 | B3l A1 NG

material, the 10 filter elenment i ng supported, prédetéerm ned

posi tions 9f 5@%/8%&5HQG%¥CQE;E@€nBi8%88%?8&££Cw§HQS£rS%Saetermined

gap provided, and on the other surface thereof with a
common electrode oppositg to the pair of iﬁput/output
oscillating electrodes, and (ii) a package body of the
surface mounting type made of an insulating material, the
10 filter element * being supported, at predetermined
positions of the periphery of the piezoelectric substrate, .
by thé package body, and this piezoelectric filter is
characterized in that the filter element is supported by
the package body with the pair of input/output oscillating
15 electrodes facing the package body, and that a shield
electrode having a grounding potential is formed on that
surface of the package body which faces the pair of
input/output | oscillating electfodes, the shield
electrode extending along the gap between the pair of
20 input/output oscillating electrodes, a predetermined
distance being provided between the shield electrode and

the piezoelectric substrate.
According.to the present invention, ﬁhe width of the
shield electrode is preferably within four times of the

25 width of the gap between the input/output oscillating



by the package body, and this piezoelectric filter is characterized in
that the filter elenent is supported by - t he package body with the pair
of rnput/output oscillating 15 electrodes facing the package .body, and
that a shield el ectrode having a grounding potential is forned on that
surface of the package body which faces the pair of I-nput / out put
oscillating el ectrodes, t he shield el ectrode extendi ng al ong the
gap between the pair of 20 input/output oscillating electrodes, a
predeterm ned eglectfbgtance being provi ded between the shield el ectrode and
t he piezoelectric substrate. According to the present invention,

the width of the acc8bhgh %'oecél'ié’dSrbéeHEefﬁ{‘?JHﬁ’léM thipef Qyf; diiyres of
the 25 width of the gap between the nput/output osci 'l ati ng

_4 _ electfgggtrﬁggeﬁe formed of ﬁ‘e for x;eoxrtah:%r&r :A\t;le mat erl al

I nvention, the shield el ectrode may of a con uct

e e Lo EBER8H ARG RiBOBLLODGR0A PEOHSEER ARSI O r}% to the

triangul ar sec
present Inv§ntlogr1angggg£t Qct{on, or may be formed of a wire.

According to the present invention, in addition to
the shield electrode extending along the gap, two shield
electrodes may be formed, at both sides of the first-
mentioned shield electrode, on that surface of the package

10 body which faces the pair of input/output oscillating
electrodes. In such an arrangement, t;he distance between
the piezoelectric substrate and the two shield electrodes
is required to be greater than the distance bgtweep the
piezoelectric substrate and the first-mentioned shie.ld:

15 electrode extending along the gap.

As a specific mode of the arrangement having such two
shield electrodes, the present invention may be arranged
such that the package body has two pité, that the
piezoelectric filter element is supported by the package

20 body with the input/output oscillating electrodes
respectively facing the two pits, predetermined
peripheral portions of the input/output oscillating
electrodes being supported by peripheral portions of the
pits, that a shield electrode is formed on the top surface

25 of a partition wall between the pits and extends along the



the ghield el ectrode extending along the gap, two shield el ectrodes
may be.forned, at both sides of the first- nmenti oned shield el ectrode,
pn-that surface of the package - 10 body which faces the pair of

i nput /out put oscillating el ectrodes. In such an arrangenent, the

di stance between t he piezoelectric substrate and the two shield

el ectrodes is required to be greater than the di stance between the

pi ezoel ectric substrate and the first-nentioned shield 15 electrode

extendi ng al Qg b@%waaa the input/ovAput §PELL{d€inPda LR s3r kARgGETENT
havi ng such two hield el ectrodes, the present invention may be

arranged @@Mh@hém eri@%l@qaegogye has et iRiehs, £6hakd e the

pi ezoel ectric lter element is supported by the package 20 body with

the input/oyAlton OKH ldhat LAY gheﬁt’%ﬁé’@sthe twd PRI ¥ek¥ktrbaesng the
two pits, predet erm ne erlp eral portions of the input/output

oscillating f eIe béodegﬂgﬁ* f rtegds oy peeq era%l@%%ibﬂ@% gf t he

pits, that a 7%l d e ectr ormed on the top surface
partition mall bet he pits and extends al ong the

5 | 5 sPecg p tween the input/output oscillating el ectrodes, and

As another mode, the present invention may be
arranged such that the package body has a pit, that the
piezoelectric filter element is supported by the package
‘body with the input/output oscillating electrodes facing

10 the pit, predetermined peripheral portions of the
input/output oscillating electrodes being supported by
peripheral portions of the pit, that a shield electrode
is formed on that portion of the top surface of the pit
which faces the gap between the input/output oscillating

15 eleétrodes, the shield ele_ctrode extending along the gap,
and that a shield electrode is formed in a body forming
the bottom of the package body, this shield electrode
facing the input/oufput oscillating electrodes.

According to the'present invention, the sﬁield

90 electrode having a grounding potential extends along the
gap between the pair of input/output oscillating
electrodes. This shield electrode intercepts lines of
electric force generated betwéen the pairﬂof input/output
oscillating electrodes. This prevents the input/output

25 oscillating electrodes from being electromagnetically



that twwo shield el ectrodes are respectively formed on the bot t ons of

the pits:such that the two shield el ectrodes face t he i nput / out put
oscillating. electrodes 5 respectively. As anot her node, the
present invention nmay be arranged such that the package body has a
pit, that the piezoelectric filter element is supported by the package
body with the input/output oscillating electrodes facing 10 the pit,
predeterm ned peripheral portions of the i nput/out put oscillating
el ectrodes bei kgupueROwies dith othePeriiRerak Pk St gfenEQStgbho%hat a
shiel d el ectrode is formed on that portion of the top Surface of the
pit ~ Whi ch af aeakalyBe cazpehet YWREAN! E&uéé‘?”&ﬂ&“&%&ﬁré’éCééxl_ea&ﬁé‘@i 15

el ectrodes, the shield el ectrode extending al ong the gap, and ¥ hat

shi el d el ect r od@ousit§ 05 B 16k edeROMM, £ Oy batf gm of, the package
body, this shielg el ectrode e fg%Phgst %qfn%h??%gf%%ﬁj%§§?|W%ﬁf

el ectr odes. s JAceqQr di t e esent. invention, the shjeld 20
el ectrode haviﬁspgséﬁgun ?ng%ggteﬁ?%gl géte HRUE 2P the °sc{ikﬁﬁﬁﬁ%tmeen

th i frin / t oscillatin el ectrodes. This shield el ectrode
infe?gggtg :ngggggggggs’eﬁﬂﬁ rF%k?g?iea&QH@fa?%% FePneEre T $Re iR 9 of

25" ‘osci | ati nfesPEREPsade FPoh BEH Ehect iy ToeceaRry Lo Srougnt |

6 to the piezoelectric substrate as close as possible, no

floating capacitances are generated between each of the

shield electrode and the pair of.input/output oscillating

10 electrodes. Thus, the ability of preventing the

électromagnetic coupl'ing above-mentioned, cannot be

deteriorated. Further, even though the shield electrode

is formed of' a conductive material layer formed on the tip

portion of a projecting portion having a triangular

15 section, or is formed of a wire, the shield electrode can

similarly prevent the pair of input/output oscillating

electrodes from being electromagnetically coupled with
each other.

It was made sure that, when the width of the shield

20 electrode extending alon.g the gap is not greater than four

times of the width of the gap, this restrains the floating

capacitances from being generated between the shield

eléctrode and each of thg pair of input/output oscillating

electrodes, thus providing good characteristics of

25 assured attenuation amount_ .



coupled with each other. This restrains the generation of a | eakage
current which causes the assured attenuation anount to be | owered.
This shield electrode is not wholly opposite to the pair of

i nput/out put oscillating 5 electrodes, but extends along the gap

t her ebet ween. Accordi ngly, even though the shield el ectrode is brought
to the piezoelectric substrate as cl ose as possible, no floating
capaci tances are generated between each of the shield el ectrode and

the pair of input/outRUEn0scs!dRldtiddelOxt 8hEELE QRSg tHD U, &ano@bi lity
of preventing the el ectromagneti c coupling abodve- menti oned, cannot

b d [ i n o2h! S ' .
e ot er | Qirdbed s JUELCr ne ey el LIl B %?;ggin?ggk%‘i%?%gm%% of

formed of a conductive nmaterial |[ayer forned on of a

projecting port.Qpaavi-nd ﬁa££i5¥E¥Héﬁﬁ%q%%ﬁu§eggkgﬂ1?9§Hés%%§%@%$dgé a

wire, the shield el ectrode can reven

<1 nput / out put o%gdIégéxék?é%éegl@8tbggggp%r%§%b%%§%_g; g}éﬁ% ,Qﬁﬁéﬁglly

coupled with ~ - eac _ S : t he
oot 8 a2 AR 0 s LI RS Tk el o
capaoltances BRI ARTeal B UEUeoDt Y A0LELdy 5o yBRSSIE O0E, o
- providing good a%%?.tt&:l.%tneritsoti g:%eOf shield electrode, another shield
electrodes whiéh respectively face the input/output
oscillating electrodes. In such an arrangement, the shield
10 electrodes for preventing the pair of input/output
oscillating electrodes from being electromagnetically
coupled with the outside, are not arranged to prevent the
péir of input/output oscillating electrodes from being
electromagnetically coupled with each other. Accordingly,
15 the distance between each of the input/output oscillating
electrodes and each of the shield electrodes for
intercepting the electromagnetic coupling of the
input/output oséillating electrodes with the outside, is
set to a value not less than a predetermined wvalue. This
20 prevents floating capacitances from being generated
between the input/output oscillating electrodes and the
shield electrodes.
Such a shield electrode for intercepting. the

electromagnetic coupling of the input/output oscillating

250 electrodes with the outside, may be formed in a body



25 @ssured attenuation anount. S 7

The shi:el d el ectrode extending along the gap, i's not effective for
lsntercepting the el ectromagneti c coupling bet ween the pair of

I nput/ out put oscillating el ectrodes and the outside. To prevent the
pair of input/output 5 oscillating electrodes from being

el ectromagnetically coupled with the outside, it is desired to

di spose, in addition to the shield el ectrode, another shield .

el ectrodes whirehmiagpetie wWittchaGs e igdikdqUtddly such OSEdd | 8hi 89
el ectrodes. In such an arrangenent, the shield 10 electrodes for

preventing theiRaldl eDéctioddil fAHeRUlthe in®%%/lhabluRy Skefiiodesyfrom
bei ng el ectromagnetically coupled with the outside, are not arranged

to prevent theiectrol@is!. &uchhRUldHIMIRUte RsGIddAL i1k £]peddodes £x0m being
el ectromagnetically coupled with each other. Accordingly, 15 the distance

between each qfflehe ila&u%%baﬁrtiaaci Hlé_tiEﬂ?ﬂt/ovg%@ff”gggflfﬁgiﬁ ch of

the shield electrodes fo i nt ércepting e e tromagnet1 ¢ coupling of

t he | SPULh QR QS bl AbL B CLECLERGRENLERCL DR OUL 8L f8a difen S
to a value not less than a.pre &t érmined valde This
the.outsidé. | '
When the shield electrode ﬁaving a grounding
potential formed on that surface of the p.ackage body ..
_opposite to the input/output oscillating electrodes and
10 extending along the gap therebetween, is to be formed of
a condﬁctive material layer oﬁ the tip portion of a
projecting portion having a triangular section, a
conductive material layer uniform in grounding potential
may be formed on that surface of the package body which
15 includes the projecting portion and which faces the
input/output oscillating electrodes. In such an
arrangement, the conductive material layef is brought very
clc;se to the piezoelectric substrate only at its portion
which is opposite to the tip of the projecting portion and
20 which extends along the gap. On the other hand, those other
portions of the conductive material lajrer opposite to the
input/output osciliating Ielectrodes', are apart away by a
sufficient distance from the piezoelectric substrate.
Accordingly, in the arrangement above-mentioned, that

25 portion of the conductive material layer which is opposite



20 prevents floating capacitances from being generated bet ween t he
I nput/ eutput oscillating el ectrodes and the shi el d el ectrodes.

Such a shield electrode for intercepting the el ectromagneti c coupling
of the input/output oscillating 25 electrodes wiith the outside, may be
formed in a body 8

formng the bottom of the package body such that this shi el d el ectrode
faces the input/output oscillating - el ectrodes. Such a shield el ectrode
al so producestd ke tip off tRetpmfjqutaeNpbBRYLibhE subdddmiiifiuly 8semkl ating 5
el ectrodes from being el ectromagnetically coupled with t he out si de.
Wien the shi el dsaliectr oglbe fevddg To@r Opper&gting HHY emhpak/baeprd on that
surface of the package body opposite to the input/output oscillating

el ectrodes anskcil atHENEH G MW thAemUBRiIhHeeebetweRAgnkeita1Rg forned
of a conductive material |layer on the tip portion o? a proj ecting

portion havi néh g idd apftthakasBCldtbr,@ while CORANS! ipbg tiRerdAl thayer

uni formin groundi ng potenti al may be formed on that surface of the

package bgdy viflttive material layer forms a shield electrode for

| preventing the input/output oscillating electrodes from

being electromagnetically coupled with the outside. Thus,

the arrangement above-mentioned also produces

opérational effects similar to those mentioned earlier.

10
Brief Déscription'of the Drawings
Fig. 1 is an exploded perspective view of an
embodiment of the present invention;

Fig. 2 is a section view taken along the line A-A in

15 Fig. 1 with the_ 1id 22 removed in the course of assembling:;

Fig. 3 is a schematic enlarged view of main portions

of Fig. 2;

Fig. 4 shows the effect pfoduced by the embodiment

of the present invention in Fig. 1, in which Fig. 4 (A)

20 is a graph illustrating the characterisfics of the filter

with the shield electrode 30 removed, and Fig. 4 (B) is

- a graph illustratiﬁg the chéracteristics of the filter

with the shield electrode 30 disposed;
Fig. 5 is a graph illustrating changes in assured

25 attenuation amount when only the width W of the shield

- 10



15 ipcludes the projecting portion and which faces the fnput/output

oscill ating el ectrodes. In such an - arrangenent, the conductive
material |ayer is brought very close to the piezoelectri.c substrate
only at its portion which is opposite to the tip of the projecting
portion and 20 which extends along the gap. On the other hand, those
ot her portions of the conductive material |ayer opposite to the

i nput/output oscillating el ectrodes, are apart away by a sufficient

di stance froméhecpicaoaear tRafybstinithe embodMmentdbNgine piresehe
arrangenment above-nentioned, that 25 portion of the conductive material
| ayer which isjQpoesid® in Fig. 1: to the tip of the projecting
portion, substantially forns a shield el ectrode for preventing the

i nput/ out put o | latikng £lactdrpdeswi & omhel Ereheﬁg rofmagathiecal |y
coupled with each other, while other portion of the 5 conductive materi al

ayer forms a shihnelecsf odfe esent fHVMANDHO the input/out put

oscillating electrodes from “being el ectromagnetically coupled with the
out si de. Thus, the ; @arrang ; Ve i g0edaqedS Produces
operati onaI% ef fect s%‘?'m’? alrasr taoBt ﬁgEgE%‘ﬁtnglr\%r%;rral |8er. ag(_’eLO & o Bri ef

Description Off&PEhg¥a¥$@g§iment of the present invention;

Fig. 8 is a section view of a package body of still
another'embodiment of the present invention, taken along
the gap between the pair of input/output oscillating

10 electrodes;

Fig. 9 is a section view of main portions of a still
further embodiment of the present invention; and

Fig. 10 shows.a piezoelectric filter of prior art,
illustrating how floating capacitances C are generated

15 when there is reduced the distance between a pair of
input/output osciilating electrodes and a shield

electrode entirely opposite thereto.

Preferred Embodiments of the Invention
20 Fig. 1 is an exploded perspective view of an
embodiment of the present invention and Fig. 2 is a section
view, taken along the line A-A in Fig. 1, with the 1lid 22
removed in the course of assembling.
A piezoelectric filter element 1 comprises a

25 piezoelectric substrate 10 provided on one surface thereof

11



Fig. J i's an expl oded perspective view of an enbodi ment of the present

I nventi on; Fig. 2 is a section view taken along the line A-Ain
15 ‘Fig. 1 with the lid 22 renpved in the course of assenbling;

Fig. 3 is a schematic enlarged view of main portions of Fig. 2;

Fig. 4 shows the effect produced by the enbodi nent of the present
invention in Fig. 1, in which Fig. 4 (A) 20 is a graph illustrating the
characteristics of the filter with the shield electrode 30 renoved,
and Fig. 4 (B)wish a paid &F ap uH:'/bu%bﬁ@téé&ii‘@:fﬁ@%@%k%ﬁ:bﬁkbcﬁ ofy ot he
filter with the shield electrode 30 disposed; 5is a

graph illustragiag Qhﬁﬁgéétéﬂnﬁﬁé&”sgp a5pra{7&eeaat LAR GHD%E \M%%%ronl y the
wi dth Wof the shield

el ectrode 30 isushaddadhdrdolehe: AR08 MAREE eqfectc%dmf:s%?;&msue tovggion in
Fig. 1, Fig. 6 is a section view of main portions of another

enbodi nent of ﬁgfrQﬁ?gﬁﬁhtVBPSPhtO@Bc%é?atln TPt rbdeS flpe¥§pqﬁ§|ve vi ew

of a package body of her odi'meht “of the present”1nvention;

6 piezoelectric filter element 1 is hermetically housed in
a package 2 of the surface mounting type.

The package 2 comprises a package body 21 made of an
insulating material such as ceramic or the like and the
metallic 1lid 22 to be put, through a ring made of a Fe-Ni-Co

10 alloy (not shown), on the top opening of the package body
21. The packacje body 21 has two pits 41, 42 arranged to
be respectively opposite to the input oscillating
electrode 11 and the output oscillating electrode 12 of
the piezoelectric filter element 1 when assembled. A

15 partition wall 43 between the pits 41, 42 extends along
the gap G between the pair of input/output oscillating
electrodes 11, 12.

With the input/output oscillating electrodes 11, 12
respectively facing the bottoms of thé pits {11, 4I2, the

20 piezoelectric filter element 1 is supported, at.three
corners of the.piezoelectric substrate 10, by the package
body 21 in the vicinity of peripheral portions of the pits
41, 42. 1In the piezoelectric substrate 10, the
input/output oscillating electrodes 11, 12 and the common

25 electrode 13 are introduced. to .three corners of the

12



Fig.:8 is a section view of a package body of still anot her enbodi nent
of the-present invention, taken al ong t he gap between the pair of
Pnput/output oscillating 10 el ectrodes; ' Fig. 9 is a section
view of main portions of a still further enbodi nment of the present

I nvention; and Fig. 10 shows a piezoelectric filter of prior art,
Illustrating how fl oating capacitances C are generated 15 when there is
reduced the distance between a pair of i nput /out put oscillating

el ectrodes anpiazsélettric subslteateote kantbspbyt OPPDGided @l ng
Preferred Enbodi nents of the Invention 20 Fig. 1 is an expl oded
perspective wsuegoibhgarlectroebodi TNt pakkbde BasEnb1i Nyent ikpRreand Fig. 2
is a section view, taken along the line AAAin Fig. 1, with the lid 22
removed in theonnecstonfpassibihnghe vicinity ofAtRé i ids Gid ter

el enment 1 conprises a 25 piezoelectric substrate 10 provi ded on one

surface therethe pits 41, 42 at the yﬂéi&i&;@bbﬂ%%@ﬁ&iﬁ&‘t@t‘ﬁe‘% Fed ating

el ectrodes 11, 12 with a predeternm ned gap provi ded, and on the

ot her 5 SUESEEr$ NBSSRI-nrith heeQTHRB S 825 L PLEL A5 QRRANIAR d 9ot N
is mechanically fixed onto the connection pads. 51 at the
three corners above-mentioned with conductive adhesives
52 such that the piezoelectric subsfrate 10 is not
prevented from béing vibrated, while the pair of

10 input/output oscillating electrodes 11, 12 and thhe common
electrode 13 are electrically connected to the connection
pads 51 respectively. The connection pads 51 pass through
the package body 21 and are connected to externai
connection pads (not shown) which are disposed on the

15 underside of the package body 21 and which are to be used
for surface mounting.

A shield electrode 30 is formed on the top of the
partition wall 43 between the pits 41, 42 and extends along
the gap G between the pair of input/output oscillating

20 electrodes 11, 12 of the piezoelectric filter element 1.
Shield electrodes 31, 32 are respectively Iformed on the
bottoms of the pits 41, 42.

Each of the shield electrodes 30, 31, 32 is formed

bymetallizing, using a screen printing, the.corresponding

26 portion of a ceramic layer forming the package body 21 with

13



pair Qf input/output oscillating electrodes 11, 12. This 5 piezoelectric
filter element 1 is hernetically housed in a package 2 of the surface
nmount i ng type. The package 2 conprises a package body 21 made of
an insulating material such as ceramic or the like and the
netallic lid 22 to be put, through a ring made of a Fe-Ni-Co 10 alloy
(not shown), on the top opening of the package body 21. The package
body 21 has two pits 41, 42 arranged to be respectively opposite to

the input oscild fae ahagidpdeedd bg |
el ectrode 12 oflﬁ{gls ngw)plaezoelectr?c ??ﬂ %% elgﬁgﬁtkigaﬂgkégggg%%?ed

15 partition waljs fdcRe1YRER, t»J‘iechhES ﬂ;lesé%h%tlangﬁe@w@@es 30, we gap G

bet ween the pair of 1 nput/output oscillating el ectrodes 11,

Wth the input/gutput c%%%eut%td' ngusl %ﬁ%ggﬁshzﬁeslgassed &ﬁéeeg,ﬁl MGLY

facing the bottons of the pit he 20 piezoelectric | ter

| t 1 |
element 1 is s packg Tzlir e@o %rmgl/r?cg%ﬂ? edtify! ea&gef?g%trbg

substrate 10, e V|C|n|ty o] rlpﬁéral
portions of .th

‘i nput / out puf’ o?céloa\ Y’af‘f:trllgare %if?%%lee% °i‘t1@“ %In%%%gltlﬁgt%%%:ﬁa%?& P yr ggg 13
-z]i-rze I ntroduced t.o E_lf&rs(,aeeé:c %r%hgfpcgtentlals of the shield electrodes
30, 31, 32 is equal to the grounding potential.
Fig. 3 is a schematic enlarged x}iew of main portions
of the filter of this embodiment. As shown in Fi:g. 3, the
10 distance T between the piezoelectric substrate 10 and the
shield electrode 30 on the partition well 43 is about 10
um and the distance T' between the piezoelectric substrate
10 and the shield electrodes 31, 32 on the bottoms of the
pits 41, 42 is about 20 times of the distance T or about
15 0.2 mm. Further, the Qidth of the partitionwall 43 between
the pits 41, 42 is 0.1 mm and the shield electrode 30 is
formed on the entire width of the partition wall 43.
Accordingly, the width W of the.shield electrode 30 'is
equal to 0. 1 mm. The width Wg of the gap G between the pair'
20 of input/eutput oscillating eiectrodes 11, 12 of the
piezoelectric filter element 1 is equal to 0.11 mm.
According to the embodiment above-mentioned, the
shield electrode 30 extends along the gap G between the

pair of input/output oscillating electrodes 11, 12 and is

25 disposed as brought to the piezoelectric substrate 10 as

14



“pi ezoel ectric substrate 10 by respectively correspondi ng out goi ng

el ectrrodes. The package body 21 has three connection pads 51 in the
«viicinity of the peripheries of the pits 41, 42 at the positions
corresponding to the three 5 corners above-nenti oned. The piezoelectric
substrate 10 is mechanically fixed onto the connection pads 51 at the
three corners above-nentioned with conductive adhesives 52 such that
t he piezoelectric substrate 10 is not prevented from bei ng vi brated,

while the patfo9é a0 adotRUlYOULRUL Bsed/) | @té Ngnekeqt kades Ll k3 and the
common " electrode 13 are electrically connected to the connection

pads 51 resppettvy¥pty. the gappecist oelpadsoadspass, t AROUBRom beit package
body 21 and are connected to external connection pads (not shown)

whi ch are di gpesedopaghéeicdbly updapsede waknt haadinckeger bedkn2kind which
are to be used for surface nounting. A shield el ectrode 30
t
[

is formed oneibRehOPi®fdiffen. ThiRAbklARsWEl | e4Ra ,(‘F’]@Pﬂ?ﬁ@%r@ﬂs 41, 42

and extends al ong the gap G between the pair o put / out put

oscillatigg 20y fleHAQARH e 1319£t5{9§e$ic)%oe'f§,trkguéi dRad prent 1.

Shield electrodes 31, 32 are respective ried on' th ons of the

pits 41, 42.;. 5 0ving EAGN ggswsdtshg%kgnﬁgﬁ%aod%ﬁoﬁ £ b 3%4s forned

by netal lizing, using a screen printing, the corresponding 25 “portion of

a ceramc 'aﬁ?ézé@i@LQQiEhEiPQQF?ge body 21 with

Fig. 4 shows the effect produced by the embodiment
in Fig. 1. More specificlally, Fig. 4 (A) shows the
10 characteristics of the filter with the shield electrode
| 30 removed, ana Fig. 4 (B).shows thg characteristics of
the filter with the shield electrode 30 disposed. Thus,
by disposing the shield electrode 30 on the filter, the
filtering characteristics are co'nsiderably improved as
15 shown in Fig. 4 (B). It is now supposed that the center
frequency FO0 is set to 90 MHz and that the attenuation
amount at frequency of FO - 1 MHz is regarded as the assured
attenuation amount. In thj.s case, the assured attenuation
amount without the shield elec.trode 30 disposed is about
20 55 dB and the assured attenuation amount with the shield
electrode 30 having the width W and the distance T disposed

is increased to about 96 dB.
Fig. 5 is a graph illustrating changes in assured
attenuation amount when only the width W of the shield

25 electrode 30 is changed when the distance T between the

15



13 - tungsten (W and then electrolytically plating the
portion thus netallized, with Au. These shield el ectrodes 30, 31,

32 are connected, via through-hol es passed through the package body
21, to grounding connection pads 30a, 3l1a, 5 32a which are disposed on the
undersi de of the package body 21. Thus, each of the potentials of the
-shield el ectrodes 30, 31, 32 is equal to the grounding potential.

Fig. 3 is a schematic enlarged view of nmain portions of the filter of
thi's enbodi nehtielAsekeowpode 39 gndXhe peezddledi st annub st hateveoni s he

pi ezoel ectric substrate 10 and the shield el ectrode 30 on the

partition walflized s abeut 10 um an8ewkdm endl Wiharliugt akcend’ gbstaeent he
pi ezoel ectric substrate 10 and the shield el ectrodes 31, 32 on the
bottons of thetween {phé¢ Snpht/b2tpatadosdl Pik ingredeekrbiesdist ances T or
about 15 0.2 nm Further, the width of the partition wall 43 between

‘the pits 41, céhsitan®. dndamequl tdoeo shi el aelreeligod®, 3dd,Sthe rifogrped on the
entire wwdth of the partition wall 43. Accordingly, the width Wof the

shi el d el Bct ice@®eZ0 firequencye@balist 8qRal 1t8Mo Thez Wkl he YW Disiheg0ap G
between the pair 20 of input/output oscillating electrodes 11, 12 of the
pi ezoel ectri atiehliatiehesmeting 1isSt 96tk eh®a@idh &Munt at frequency
of FO - 1 MH=z.
As apparent from the graph in Fig. 5, the éssured
attenuation amount is lowered with an increase in the width
10 W of the shield electrode 30. More specifically, when the
width W of the shield electrode 30 is widened, undesired
floating capacitances are generated between the shield
electréde 30 and the pair of input/output oscillating
electrodes 1ll, 12. When such floating capacitances are
15 increased, a leakag_e current is generated betweeﬁ the pair
of input/output oscillating electrodes 11, 12. According
to tests, it was made sure that as far as the width W of
the shield electrode 30 is within four times of the width
Wg of the gap G bgtween the pair of input/output
20 oscillating electrodes 11, 12, the filter is less
deteriorated due to floating capacitanées and good
characteristics of assured attenuation almount can be
obtained.
According to tests, it was also made sure that as the

25 distance T between the shield electrode 30 and the

16



According to the enbodi ment above-nentioned, the _ _
extends -al ong the gap G between the pair of input/output oscillating

“electrodes 11, 12 and is 25 disposed as brought to the piezoelectric

substrate 10 as 14

cl ose as about 10 [err]m Thus, the shield el ectrode 30 prevents the
~pair of electrodes 11, 12 from being

shield el ectrode 30

el ectromagnetically coupled with

each ot her when the elenent is driven. This prevents a | eakage current
from 5 flow pdekeeweenrtbeswatatdes sl redh2ed] Ntise 98 82t L Nereased

- inproving the assured attenuation anount of the

- Fig. 4 shows thaeehbadttpr odupedvbiting €AOOthPBR output | Os&idiat ind/br e
Fig. 4 (A) shows the 10 <characteristics of the filter with

- specifically,

" the shield el eetleedodes 18P 12 FR¥Ath e B eEEﬁtrﬁmﬁEﬁe%lﬂg‘é’ilE{h@oup ed

' characteristics of the filter with the shield el ectrodé 30 di sposed.
Thus, by ¢iRoshBE &bRes)i @ik YPrR/tiA%Y éQoenchQEaE{iékféﬁiEQeof .
filtering characteristics are considerably iI'nproved as shown 1'h Fig.

(B). It I's 5oWgsuRRASAt-ddatt bGaCEM Shount . HWRAMENCY: AQ [ SeS8L 0 L. 90 Mz

and that the attenuation

10

15

20

to set the distance T to about 10 um in view of production

easiness and yield. It is understood that, when the
distance T is not greater than about 40 um dependent on
the width W of the shield electrode 30, the shield
glectrode 30 prevents the input/output oscillating
electrodes 11, 12 J;Erom being electromagnetically coupled
with each other, thus providing good characteristics of
assured attenuation amount.

In the embodiment aboye—mentioned, the shield
electrodes 31, 32 dispos_ed on the bottoms of the pits 41,
42 mainly prevent the piezoelectric filter element 1 from
being electromagnetically coupled with the outside, and
do not render services too much to prevention of the
electromagnetic coupling of the input/output oscillating
electrodes 11, 12 with each other. Accordingly, to prevent
the generation of undesired floating capacitances bétween
the shield electrodes 31, 32 and the input/output
oscillating electrodes 11, 12, it is preferable that the
distance T' between the piezoelectric substrate 10 and the

shield electrodes 31, 32 is set to a corisiderably increased

17
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amount at frequency of FO - 1 MHz is regarded as the assured

attenuation anount. In this case, the assured attenuation anount

wi.t hout the shield el ectrode 30 disposed is about 20 55 dB and the
assured attenuation amount with the shield el ectrode 30 having the
wi dth Wand the distance T disposed is increased to about 90 dB.

Fig. 5is a graph illustrating changes in assured at t enuat i on anount
when only the width Wof the shield 25 electrode 30 is changed when the
di stance T bet wa@net € compared with the distance T betweenlBhe shield

shield el ectrode 30 and the piezoelectric substrate 10 is fixed to
about 10 [err] ensedrvhenss haantHé pi\8 Rfl e igapubstrate RO WeRAST hee

i nput/output oscillating electrodes 11, 12 is constant and equal to
0.11 nm In Figs pretéfablidecf s&t@he abreepbate iJAGMRICYNEQiSt A to 90
MHz and the assured attenuation anount is the attenuation anount at

f requency T0bnBO0T+ toMH&t less than es\sl agparent fromthe graph in Fig.
5, the assured attenuation anount is lowered with an |ncrease in the

width 10 gV of theTgJé'fA ‘j?é&@g@r;’f’%t MR 13PEE é&&égh&se’mﬁk
wi dth Wof the shi el ctro hene esire oat 1 ng
capaci tances aa%dg%ﬁcecq.c}%etﬁ(@a{bé thSfﬂhg' q:ackage body 21 in the
| embodiment above—mentioned._
The package body 21 has three layers, i.e., a layer
lower than the bottoms of the pits 41, 42, a _surrounding
10 layer around the pits 41, 42 and a layer upper than the
pits 41, 42. There may be adopted a production methf.ad in
which a ceramic green sheet may be cut in the shape required
for each .layer, the layers are laminated and the laminated
layers are phen sintered. As to the shield electrodes 30,
15 31, 32, there may be adopted a method in which the
corresponding parts in the green sheets are metallized and
then electrolytically plated.
By using the package structure and the production
method above—meﬁtioned, the distance between the
20 piezoélectric substrate 10 and the shield electrodes 31,
32 formed on the bottoms of the pits 41, 42, can
sufficiently be increased, and the shield electrode 30 on
the partition wall 43 can readily be brought to the
piezoelectric substrate 10 as close as about 10 um.

25 The shield electrode for preventing the

18



el ectrode 30 and the pair of input/output oscillating
12. Wien.such floating capacitances are 15 increased,

el ectrodes 11,
a | eakage current

i ssgenerated between the pair of input/output oscillating electrodes
11, 12. According to tests, it was nmade sure that as far as the width
W of the shield electrode 30 is within four tines of the width W

of the gap G between the pair of input/output 20 oscillating electrodes

capaci tances amgisgeedectricchar éitleersti eclemderassured atimnuat i baiagount
can be obt ai ned. According to tests, it was al so nade sure

filter is less deteriorated due to floating

that as the 2%]ldhtsicaanamerkilreiligencduisl i elthelkbet rafes i, antt ket

11, 12, the
16
i ncr eased

el ectrodes 11,

pi ezoel ectric substrate 10 is reduced, there is
ndtee laidiilly ddfsppiseeshi 88 1heed Nt 048 R tBSChhlakiyRrg

12 from being el ectromagnetical ly coupl ed w t h each
other, thus preydy¥lbng 2309HokhamarRi @l bSttiSeRhm

1e
anount. However, it is preferable to set t%e distance T to about

[err]min visew &f HHAUGHdLRRENnting €3HNCFT 189 VieGlflenk! 3oMNdBLSHgod

that, when the

10

electromagnetically coupled with the outside, may be
formed in a body forming the bottom of the package body.
21. In such an arrangement, the package body 21 has three
layers, i.e., two layers 21b, 2la lower than the bottom

of a pit 45 and a surrounding layer 21c around the pit 45.

. The shield electrode 91 for shielding an electromagnetic

15

20

coupling with the outside is held, at the position opposite
to the input/output oscillating electrodes 11, 12, by and

between the layers 2l1a, 21b. A shield electrode 920 for

'preventingtheinput/outputoscillatingelectrodes11,12

from being electromagnetically coupled with each other,
is formed on the pit 45 and extends a gap between the
input/output oscillating electrodes 11, 12. The shield
electrode 90 is connected to the shield electrode 891
through a through-hole 92 passed through the layer 21b,
while the shield electrode 91 is connected, through a

through-hole 93 passed through the layer 2la, to a

'~ grounding connection pad 90a formed at the underside of

the package body 21. Thus, each of the shield electrodes

90, 91 presents a grounding potential.

19
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distaﬁce T is not greater than about 40 [err]n1dependent on
Wof the shield electrode 30, the shield 10 electrode 30 prevents

i nput /out put oscillating el ectrodes 11, 12 from being
el ectromagnetically coupl ed wi th each other, thus providing good
characteristics of assured attenuation anount. In the

the width

t he

enbodi nent above-nentioned, the shield 15 electrodes 31, 32 disposed on

the bottonms of the pits 41,

coupling of t

42 mai nly prevent the piezoelectric filter

element 1 from  qheifo@leds enagagbbadhbitc COMPF£H. W tily he salks de,
do not render services too nuch to prevention of the

and

el ectromagnetic

hey | SR { At QA QSEidd R0 gl n @heekk0das oltnel 2ngpkh each

ot her. Accordingly, to prevent t he generation of undesired floating

capaci t ances bfééé‘?f’fbd for L4éh St el d l%ly%g‘gr,gébifiaﬁ&na%an%%é e rlapl / out put

oscillating elec

and the piezoeléc

odes 11, 12, it is prefer
y [ ncrea

I ate

e that the distance T

betveen the pi gf0el €9 caUDSIAAGY d0nPOF APIneBerai el shadestines 31,

32 is set to a considera

17
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15

20

meni:ioned earlier. However, each of the shield electrodes
90, 91 can be produced by printing a pattern of an electrode
on the plane of a ceramic green sheet. This is advantageous
in that patterning is ;chieved' with high precision.

According to the preéent invention, the shield
electrode 30, 90 may be modified in various manner. The
following description will discuss some modifications
thereof.

"Fig. 6 is a section view of main portions of a

piezoelectric filter according to another embodiment of

‘the present invention. In Fig. 6, a package body 21 has

a projecting portion 44 which has a triangular section and
which extends along a gap G between a pair of input/output
oscillating electrodes 11, 12. The pgckage body 21 also
has a conductive material layer 34 which includes the
projecting portion 44, which is opposite to the pair of
input/outpuf oscillating electrodes 11, 12 and which is
uniform. in groundin.g potc—;nt:}al. According to the
arrangement above-mentioned, the conductive material

layer 34 comes very close to the piezoelectric substrate

20 i



IS préferable to set the difference between the distances Tand T' to

not less than 0.1 mm 5 The follow ng description will discuss the
structure and production nethod of the package body 21 in the

enbodi ment: above- nenti oned. : The package body 21 has three |ayers,
I.e., a layer | ower than the bottons of the pits 41, 42, a surrounding
10 layer around the pits 41, 42 and a | ayer upper than the pits 41,
42. There nmay be adopted a production nmethod in whi ch a ceramc

green’ sheet neyo ghiopkti Bhé flﬁpﬁh@@hé&%&jé‘&ing polc®i cREh d1a%kf trihe
| ayers are | am nated ‘and the | am nate | ayers are then sintered. As to.

the shield el egipodesvlie dfosShodAod e tHRY 36 RdeRLEd A daBthqd in

whi ch t he correspondi ng parts in the green sheets are netallized and
then electrolyiigallyspl ite to th&Y HYNY IS RACKALS 15Lh ‘i%#”e and
t he production ¥ met ho aggvg-neﬁtioned, the'ﬁistance betmeeﬁ the 20

pi ezoel ectric sy é{f@&gsi%'a}% ,t %‘%esthﬂc?%ﬁ?%?gﬁfgéjaway fro?t‘r?é:él%r med on

the bottonms of the pits can su be 1°ncreas and the

~shield elegtro . titio | 43 can readily.be ought to
the o oBesefars Photrye s OaiBhe Sh RS R Yo

Ige | shield tl?é‘e%ﬂao%eortifq% of pq:g\e/enctoinrgi%ctitv%e material layer 34
opposite to the projecting portion 44 substantially forms
the shield electrode 30 in the embodiment shown in Fig.
1, and other portions of the conductive material layer 34

10 substantially form the shield electrodes 31, 32 in the
embodiment in- Fig. 1. Thus, the embodiment in Fig. 6
prod\ices operational effects similar to thoée produced by
the embodiment in Fig. 1.

Fig. 7 is a perspective view of a further embodimeht

15 of the present invention, in which a shield elecfrode is
formed by a wire bonding. According to this embodiment,
a package body 21 and shield electrodes 31, 32 are the same
as those of the embodiment shown in Fig. 1. Awire 35 extends
along the 'top of a partition wall 43 between two pits 41,

20 42. Each of the both ends of the wire 35 is bonded to t1;1e

| package body 21 with a conductive material 36 such as
soldering or thé like. For example, via through—holes
formed in the paékage body 21 at its bonded portions, the
both ends of the wire 35 are respectively connected to

26 grounding connection pads (not shown) formed at the

21



piezoefectric filter element - 1  from Dbeing

el ectromagnetically coupled with the outside, is not necessarily

di sposed on an inner surface of the package body 21. As shown in Fig.
9, for exanple, a shield electrode 5 91 for preventing the filter el enment
from bei ng .el ectromagnetically coupled with the outside, may be

formed in a body formng the bottom of the package body 21. In such an
arrangenent, the package body 21 has three | ayers, i.e., two Iayers
21b, 21a lower ghad.de bokt @ & PLh,43,an n yer 21c
around the pit 45. The sﬁeeljr'ga ‘%Iegctrodeygl fo%ﬁﬁqld‘%ﬁn& U3
’electronagnetlc QuPl4] i e osition
opposi te ??‘ldlrgnput Q- ut bs ?'I ah% g&]e: ed r%)%te&h r}ff% %Ih ®and

bet ween t he Ia shield el gctr, 90 f 15  prev ntlng t he
i nput / out put os% ?I g.’%l ng eéf)ecet%r déE J%l % l%%%t be né’suﬁa%

el | d th h d 45
and ext gﬁﬂé‘eta' Bt %%f%@%%e% ca%acﬁsﬁi?ﬁa?gm o%efsnﬁt{ﬁsge et Fbfes 11,

12. The shi 0.is.conpecte shleld electrode 91

20 through th?bﬁﬁ%eiﬁﬁEf ﬁi§§§8tfhr£ﬁ§ﬁ’t ﬁ PA3PEPT 1n Figy e the
shield electrode 91 is connected, through a , . through-haqgl e 93 passed

t hr ough the Iay%¥°§3%FStCPQFratl°%ﬁ ﬁﬂ%ﬁﬁ: onﬁ@@ﬁtﬁﬁagadwgé Bt 5hREE at the
under si de of t he package body 21. Thus, each of the shield el ectrodes
25 90, 91 presRRPeuGeEq r?Xnéh?mf difenf in Fig. 1.

When using a wire as a shield electrode exeending

along the gap G between the pair of input/output

10 oscillating electrodes, an arch-like wire may also be used
instead of the wire 35 extending in a straight line along

the partition wall 43 betweer_l the two pits 41, 42 as shown

in Fig. 7. Fig. 8 is a section view of a package body 21,
taken aleng the gap between input/outpuﬁ oscillating

15 electrodes, of a still another embodiment of the present
invention. In the embodiment in Fig. 8, ehe package body

21 has a single pit 45 of which periphery supports a
piezoelectric filter element- (not shown). A shield
electrode 37 is formed, as facing the pair of input/oufput

20 oscillating electrodes, on the entire bottom surface of
the pit 45. From the bottom of the pit 45, an arch-like
wire 38 projects as extending along the gap between the
pair of input/output oscillating electrodes. The arch apex

of the wire 38 is brought close to the piezoelectric

25 substrate 10, while each of the both ends of the arch-

22



19 . The filter of the enbodinent in Fig. 9 is produced
by cutting each of ceram c green sheets into the shape required for .
each of the layers, by lam nating the ceramc sheets thus cut, and by
sintering the ceram c sheets thus 5 |amnated. Thus, the production
method is the sane as that mentioned earlier. However, each of the
shield el ectrodes 90, 91 can be produced by printing apatternof an

el ectrode on the plane of a ceramc green sheet. This is advantageous
in that patternirg wiraclisevied wbhhedted Ppseehsi @hieldl electrodec®ding to
the present invention, the shield el ectrode 30, 90 may be nodified in
- various manner thfbBagh a conaldc@divegmateseid pBisonvirk ld tHrsayisShebae the

nodi fications t her eof . Fig. 6 is a section view of main
portions of a sh3elpi€raetoedd Be ifd bbrhe acedtd agroanaiaghesnesdoibment of
the present invention. In Fig. 6, a package body 21 has a projecting

portion 44 whi ghdhafiod sfowmgWidposeet hentidinders i olf €xéepuiskadeong a
gap G between a pair of input/output oscillating electrodes 11, 12.

The package; bogy gl 8550 rRd diBdadme@RdUEhi V8 dIBL @, akob Ry g5rodu ks ch
i ncludes the
operational effects similar to those produced by each of

the embodiments above-mentionéd.

Industrial Applicability

10 The piezoelectric filter of the surfacemounting type
according to the present invention is arranged such that
a shield electrode having a grounding potential extends
along the gap between a pair of input/output oscillating
electrodes of the filter element, and that this shield

15 electrode securely prevents the pair of input/output
oscillating electfodes from being electromagnetically
coupléd with each other. This provides .good
characteristics . of assured atﬁenuation amount.
Accordingly, the piezoelectric filter is advantageously

20 incorporated in a communication device such as a portable
telephone set which is particularly required to be made

in a small size.



projecting portion 44, which is opposite to the pair of I nput / out put
oscillating electrodes 11, 12 and which is uniform in grounding
petential. According to the arrangenment above-nentioned, the
conductive material 25 |I|ayer 34 cones very close to_,he,ppezee#echT’

substrate y at
the tip of the projecting portion 44 al ong the 35‘““}“}“@3‘\“3‘\
portions of the conductive materi al | ayer 34 opp

I nput / out put ascdineat | NG el ectrodes 11, 12, are squ|C|entIy apart
away fromthe 5 piezoelectric substrate 10. In the arrangenent in Fig. 6,
the tip portion of the conductive material |ayer 34 opposite to the
projecting portion 44 substantially forns the shield electrode 30 in

the enbodi ment shown i Fig. plezoéieéﬂyﬁé“3EﬁﬁtQQVt%QQf { %) & ;Gonducti ve

material |ayer 34 10 substantially formthe shiel des ‘31, 32 in

e ione oM BN 1dldddl dieddbifectdlt: ef%’@f’elbf‘eé‘ieﬁé‘x?tg y thich aProduces
oper at i onal ect S|n1 ar 0Se produce o} ﬂeﬁ
E:‘ gi hé- pr eéz'ent I nv{en IcOgn]iicfsﬁae\g %Qee(itsipvxg ‘\éi W Of n(fl;glilit Hggg'o@e”t 15
| with a pair of input/output oscillating electrodes with
a predetermined gap provided, and on the other surface
thereof with a common electrode opposite to said pair of
input/output oscillating electrodes, and (ii) a package
10 body of the surface mounting type made of an insulating
material, said filter element being supported, at
predetermined positions of the periphery of said
piezoelectric substrate, by said package body,
a piezoelectric filter of the surface mounting type
156. characterized in that the filter element is supported by
thepackagebodywiththepairofimpﬁt/outputoscillating
electrodes facing said package body, and that a shield
electrode having a grounding potential is formed on that
surface of said package body which faces said pair of
20 input/output oscillating electrodes, said shield
electrode extending along the gap. between said pair of
input/outpqt oscillating electrédes, a predetermined
distance being provided between said shield electrode and

said piezoeleétric substrate.

25



formed by a wire bonding. According to this enbodi nent

: L . . . 1 Er1ﬁ524¥ﬂﬂﬁﬂ¥ilxth'
21 and shield electrodes 31, 32 are the sane as thos

enbodi mrent shown in Fig. 1. Awire 35 extends al ong the “"|“““
partition wall 43 between two pits 41, 20 42. Each of _t.he m m‘“

the wire 35 is bonded to the package body 21 with -a po ucti vie
material 36 such as soldering or the |like. For exanple, via

t hr ough- hol es

formed in the package body 21 at its bonded porti

t he both ends of. Eheidzoe13eralie respeet byekhdeConneat€inbant 2Ry
groundi ng connection pads (not shown) forned at the

21

type adB8ed shele o0k 14 e 1paekaae iheHy vilktrA6eWlidgnti 81

M

ons,

hi s

enbodinent in Fig. 7, too, the wire 35 extends along the gap between

the pair of inputdcafdie iasabt|ftdder tharfkeakr o0ess ¥ tdanwhatchr spght
very close to the 5 piezoelectric substrate. Thus, this enbodi nent

7 producess pRef@fd onal effects identical with those

t he enbodi ment
ext endi ng

in Fig.

produced by

in Fig. 1. Wen using a wire as a shield el ectrode

al ong the gap G between the pair of input/output 10

oscillating electrodes, an arch-like wire may al so be used

10

15

20

25

3. A piezoelectric filter of the surface mounting
type according to Claim 1, wherein said shield electrode
is formed of a conductive material layer formed on the tip
portion of a projecting portion having a triangula;

section.

4. A plezoelectric filter of the surface mounting
type according to Claim 1, wherein said shield electrode

is formed of a wire.

5. A piezoelectric filter of the surfape mounting
type according to any of Claims 1 to 4, wherein,_

in addition to said shield electrode extending
along said gap, two shield electrodes are formed, at both
sides of séid first-mentioned shield electrode, on that
surface of said package body which faces said pair of

input/output oscillating electrodes, and

the distance between said piezoelectric substrate

and said two shield electrodes are greater than the

distance between the piezoelectric substrate and said

25



instead of the wire 35 extending in a straight line along ——t

partition wall 43 between the two pits 41, 42 as shomn Fig.
8. s a section view of a package body 21, t aken m‘wﬂ‘\gﬁ\ ween
i nput/output oscillating 15 electrodes, of a stil t of
t he present invention. In the enbodinment in Flg t he package body
21 has a single pit 45 of which periphery supports a pi ezoel ectric
filter elenent (not shown). A shield el ectrode 37 is forned, as facing
the pair of inpubbeuhphtiordd eRethhakingrebast tedending tah.%n%ntéa{ﬁi bottom
surface of the pit 45. Fromthe bottomof the pit 45, an arch-1like

W re 38 projeckgpas extending along the gap between the - pair of

i nput/output oScillating el ectrodes. The arch apex of the wire 38 is

brought close to the piezoelectric 25 substrate 10, while each of the
both ends of the arch-

et oot o o USRS B STl AU,
Comec o3 SRELAIRSEITESARD e (T Fopsbiosed 2,
produces _ said package body has two pits,
said piezoelectric filter element is supported by
said package body such that said input/output oscillating
electrodesrespectivelyfacesaidtwopits,predetermined
10 peripheral portions of said input/output oscillating
electrodes being supported by peripheral portions of said
pifs,
said shield electrode extending 'along said gap is
formed on the top surface of a partition wall between said
15 pits;
two shield eléctrodes are respectively formed on the
bottoms of said pits such that said two shield electrodes
face said input/output oscillating electrodes
respectively, and
20 the distance between said piezoelectric substrate
and said two shield electrodes is greater than the distance
betweén said piezoelectric.substrate and said first-

mentioned shield electrode extending along said gap.

25 7. A piezoelectric filter of the surface mounting

26



operational ef
enbodi nents above- nenti oned. | ndustri al App#ftabf+ffy—~&e————
pi.ezoel ectric filter of the surface nounting type accordin

present invention is arranged such that T a shlﬁw'ﬁﬂlal Ilﬁflﬂjﬁml ng a
groundi ng potential extends al ong the gap bet

| nput/ out put oscillating el ectrodes of the filter elenent, and t
this shield 15 electrode securely prevents the pair of input/output

oscillating el egieod@eot@nyPebneng! theQaﬁﬂgeilﬁalhy where£9up! ed

each ot her.
attenuation
advant ageously 20 incorporated in"a connunlcatlon devi ce such as a

portabl e
in a small

Si ze

10

15

20

fects simlar to those produced by each of t he

The

hat

with

hi s provi des good characteristics of assured

amuntyaig package BoRY ¥ast Bepptezoel ectric filter is

tel Ep@%'l% Pl MG S PRLEEEY! éiLMeﬁEqi‘érggpégrP@d npge

said package body with said input/output oscillating
electrodes facing said pit, predetermined peripheral
portions of said input/output oscillating electrodes
being supported by peripheral portions of said pit,
said shield.electrode extending along said gap is formed
on that portion of the top surface of said pit which faces
saidgapbetweensaidinput/outputoscillatingelectrodes,
and

a shield electrode is formed in a body forming the
bottoh of said package body, said shield electrode facing

said input/output oscillating electrodes.

B. A piezoelectric filter of the Surface mounting
type according to-Claim 3, wherein a conductive material
layer is formed on that surface of said package body which
facessaidpairofinput/outputoscillatinge;ectrodesand
which includes said projecting portion having a triangular
secﬁion, said cénductive material layer being uniform in

grounding potential.



C ai nms: 1. In a piezoelectric filter including (i) a

mul ti pl e- node pi ezoelectric filter element in which a 5 piezoelectric -
substrate is provided on one surface thereof ~ with a pair of

i nput/output oscillating electrodes with a predeterm ned gap provided,
and on the other surface thereof with a common el ectrode opposite to
said pair of i nput/output oscillating electrodes, and (ii) a package
10 body of the surface nounting type nade of an insulating mat eri al ,
said filter el emmdrdeai ng supported, at predet erm ned positions of the
peri phery of said pi ezoel ectric substrate, by said package body,

a piezoelectric filter of the surface nounting type 15. characterized in
that the filter elenent is supported by t he package body with the pair

of i nput/output oscid baazeglectnelMtradeiefnaﬁtng1&%@;;;}9@%@@% yedy, and
that a shield el ectrode having a grounding potential is forned on that

surface of sai ¢qraGkags, b@@yp%kaﬁ@e gfsw%lfdtrﬁ)éllshr%ce%&uﬂﬁwl;té QEput

oscillating electrodes, said shiel el ectrode extendi ng al ong the

gap. bet Ween5sa'5qad:i?-'trhactf a pairl 8P%P{MMt£§§IOIS|thlIlQQl?Il e@ﬁ.éegf&ie@
predet er m ned . distance bei ng provi ded "between said d el ectrode

gzd sai d pigzopl e&frtﬁeSHPéiééligctrgg’ filter element 1 face the

package body 21. The package body 21 has a shield electrode

30 which extends along a gap G between the pair of

< input/output oscillating electrodes 11, 12, which
10 presents a grounding potential, and which is apart away
by a predetermined distance from a piezoelectric substrate

10. The shield electrode 30 is formed as extending along

the gap G and does not face, in a broad area, the pair of
input/output oscillating electrodes 11, 12. This prevents

15 floating capacitance from being generated between the
shield electrode 30 and the pair of input/output
oscillating electrodes 11, 12. Accordingly, even though

the shield electrode 30 is brought to very close to the
piezoelectric substrate 10, the shield electrode 30

20 prevents the pair of input/output oscillating electrodes
11, 12 from being electromagnetically coupled with each

other.

fig.4



2, A plezoelectrlc filter of the surfdb¢ pount i ng type accordrhg to

Claim1, wherein the width of said shiel el ectrode is not greater
than four times of the width of said gap. 5 3. A
plezoelectrlc filter jqht surface nounting type according to C aim
1, wherein said shield ectrode -~is formed of a conductive materi al
Iayer formed on the tip portlon of a projecting portion having a
triangular 10 section. " 4. A piezoelectric filter of the
surface nmounting type accordlng to Claim1, wherein said shield

el ectrode - is formed of 5. A piezoelectric filter

of the surface nounting type accordlng to any O 2 ,
wher ei n, in addifion to said shield el ectrgdd extend

al ong said gap, two shiekd el ectrodes are forned, ;#’ﬁ(? /ggdes of
said first-nentioned shiEdElecitode, on 1hat— 1/ surface of /said package
body which faces said pair of |nput/output OSCI||a 1@g el ectrodes, and

t he di stance between said pleﬁ%slect Ha _
,

SN N N
1730 313 30 32532 42



and said two shield el ectrodes ar ezg'r@at er than the 25 distance between -
the piezoelectric substrate and sar ' 25

first-rentioned shield el ectrode extending al ong said gap.
6. A piezoelectric filter of the surface nounting 5 type according to any
of daims 1 to 4, whrfifgnB . sai d package body has two pits,

t el ement

said piezoelectric fil i's supported by . said package body
such that said input/output oscillating el ectrodes respectively face
said two pits, predetermn 10 n¥apherAl. rtions of said input/output
oscillating - el ectrodes, bei duppdgrt ¢d peri pheral portions of said
pits, sai d shi el g—erectraqdegxtgmn along said gap is
formed on the top surface 7\ Xo:amarre tween said 15 pits,
two shield el ectrodesv\gr‘e pespedt i, veHy *f\gémd,o bottons of said
pits such that said t shi gl d glfeciragle T flace said i nput / out put
oscillating el ect rodes ( 43 \ :
7
a” S |w] ) N

Fig.4
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- frequency | —* frequency
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respectively, and 20 t he di stance between said piezoelectric

substrate and said two shield electrodes is greater than the distance
bet ween sai d piezoelectric substrate and said first- menti oned shield
el ectrode extendi ng al ong said gap. '§5 7. A piezoelectric filter
of the surface nounting /4 26

type according to any of Clains 1 to 4, wherein, sai d package
body has a pit, I§F'd pi ezoelectric filter element is supported by
sai d package body with sai'd Qnéut/output oscillating 5 electrodes facing
said pit, predeterm ned peripheral portions of said input/output
oscillating el ectrodes - bei ng supported by peripheral portions of said
pit, said shield el ectrode extending along said gap is forned. on
that portion of the top surface of said pit which faces 10 said gap

bet ween said i nput/output oscillating el ectxodes, and a

shield el ectrode is formed in a ppdy Kdr ni th§2 1o bottomof said
package body, said shield el ectrode f?cing / (

FT777T7 7T
3 )

_; Fig.7
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sai d fnput/output oscillating el ectrodes. 15 8. A piezoelectric

filkter of the surface nmounting type according to Claim3, wherein a
conductive materi al | ayer is forned on that surface of said package
body whi ch faces said pair of inpu%; tput oscillating el ectrodes and
20 which includes said projecting porti ZZhaving a triangul ar

section, said conductive material |ayer being uniformin groundi ng
potential . 27
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