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SPECIFICATION
Piezoelectric Filter of the Surface Mounting Type

Technical Field
The present invention relates to a piezoelectric

filter of the surface mounting type.

Background Art
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 comprising a piezoelectric

substrate of crystal or the like provided on one surface
thereof with a pair of 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.

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

of the surface mounting type. In such a structure in which
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the element in a small size is housed in a package of the
surface mounting type, howevef, a leakage current is
readily generated due to an electromagnetic coupling -
between the input/output oscillating electrodes. This is
remarkably disadvantageous in ﬁhat the assured
attenuation amount is lowered.

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
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
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
Publications No. 6-28776 and 6-85599 and US 0053829293).

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

and the shield electrode disposed at the package body.
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However, when the distance ié reduced down to a certain
limit value, the assured attenuation amount reaches the
peak. As schematiéally shown in Fig. 10, when the distance
is further reduced, floating capacitances C are generated
between each of a pair of input/output oscillating
electrodes 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.

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

the conventional piezoelectric filter.

Disclosure of the Invention

To achieve the object above-mentioned, the present
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invention provides a piezoelectric filter of the surface
mounting type including (i) a multiple-mode piezoelectric
filter element in Which a piezoélectric substrate is
provided on one surface thereof with a pair of in
put/output oscil;ating electrodes.with a predetermined
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
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
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
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

width of the gap between the input/output oscillating
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electrodes.

According to the present invention, the shield
electrode may be formed of a conductive material layex
formed on the'tip portion of a projecting portion having
a triangular section, 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
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:
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
pilezoelectric filter element is supported by the package
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

of a partition wall between the pits and extends along the



10

15

20

25

gap between the input/output oscillating electrodes, and
that two shield electrodes are’respectively formed on the
bottoms of the pits such that the two shield electrodes
face the input/output oscillating electrodes
respectively.

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

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
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
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

oscillating electrodes from being electromagnetically
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coupled with each other. This restrains the generation of
a leakage current which éauses the assured attenuation
amount to be lowered. This shield electrode is not wholly
opposite to the pair °f. input/output oscillating
electrodes, but extends along the gap therebetween.
Accordingly, even though the shield electrode is brought
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
electrodes. Thus, the ability of preventing the
électromagnetic coupling 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
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
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

assured attenuation amount.
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The shield electrode extending along.the gap, is not
effective for intercepting the electromagnefic coupling
between the pair of input/output oscillating electrodes
and the outside. To prevent the pair of inpuﬁ/output
oscillating'elgctrodes from being electromagnetically
coupled with the outside, it is desired to dispose, in
addition to the shield electrode, another shield
electrodes whiéh respectively face the input/output
oscillating electrodes. In such an arrangement, the shield
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,
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
prevents floating capacitances from being generated
between the input/output oscillating electrodes and the
shield electrodes.

Such a shield electrode for intercepting. the
electromagnetic coubling of the input/output oscillating

electrodes with the outside, may be formed in a body
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forming the bottom of the package body such that thié
shield electrode faces the input/output oscillating
electrodes. Such a shield electrode also produces the
effect of preventing the input/output oscillating
electrodes from being electromagnetically coupled wifh
the.outsidé.

When the shield electrode ﬁaving a grounding

potential formed on that surface of the package body..

_opposite to the input/output oscillating electrodes and

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
includes the projecting portion and which faces the
input/output oscillating electrodes. In such an
arrangement,theconductivemateriallayefisbroughtvery
clase to the piezoelectric substrate only at its portion
which is opposite to the tip of the projecting portion and
which extends along the gap. On the other hand, those other
portions of the conductive material laYer opposite to the
input/output osciliating'electrodeé, are apart away by a
sufficient distance from the piezoelectric substrate.
Accordingly, in the arrangement above-mentioned, that

portion of the conductive material layer which is opposite
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to the tip of the projecting portion, substantially forms
a shield electrode for preventing the input/output
oscillating electrodes from being electromagnetically
coupled with each other, while other portion of the
conductive 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.

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
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)
is a graph illustrating the characterisfics of the filter

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

- a graph illustratiﬁg the characteristics of the filter

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

attenuation amount when only the width W of the shield

- 10
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electrode 30 is changed in the embodimént of the ptesent
invention in Fig. 1:

Fig. 6 is a section view of main portions of another
embodiment of the present invention;

.Fig. 7 is a pefspective view of a package body of a
further embodiment 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
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
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

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

piezoelectricsubstrate]i)providedcnxonesurfacethereof

11
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with a pair of input/output oscillating electrodes 11, 12
with a predetermined gap G provided, and on the other

surface thereof with a common electrode 13 opposite to the

'pair of input/output oscillating electrodes 11, 12. This

piezoeiectric 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
alloy (not shown), on the top opening of the package body
21. The packaée 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
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 41, 42, the
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

electrode 13 are introduced to .three corners of fhe

12



(%2

10

15

20

piezoelectric substrate 10 by respectively corresponding
outgoing electrodes. The package body 21 has three
connection pads 51 in the vicinity of the peripheries of
the pits 41, 42 at the plo_si.tions correspbnding to the three
corners above-mentioned. The piezoelectric substrate 10
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
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
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
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

portion of a ceramic layer forming the package body 21 with

13
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tungsten (W) anﬁ thenelectrolytically plating the portion
thus metallized, with Au. These shield electrodes 30, 31, .
32 are connected, via.through—holes passed through the
package body 21, to gfounding connection pads 30a, 3la,
32a whj.ch are disposed on the underside of the package body
21. Thus, each of the potentials of the shield electrqdes
30, 31, 32 is equal to the grounding potential.

Fig. 3 is a schematic enlarg.ed x}iew of main portions
of the filter of this embodiment. As shown in Fi:g. 3, the
distance T between the piezoelectric substrate 10 and the

shield electrode 30 on the partition wall 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
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'
of input/éutpuj: 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
pai‘r of input/output oscillating electrodes 11, 12 and is

disposed as brought to the piezoelectric substrate 10 as

14
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~close as about 10 um. Thus, the shield electrode 30

prevents the pair of electrodes 11, 12 from being
electromagnetically coupled with each other when the
element is driven. This pfevents a leakage current from
flowing between the electrodes 11, 12, thus greatly
improving the assured attenuation amount of the
piezoelectric filter.

Fig. 4 shows the effect produced by the embodiment
in Fig. 1. More specifidally, Fig. 4 (A) shows the
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 cohsiderably improved as
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?rode 30 disposed is about
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

electrode 30 is changed when the distance T between the

15
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shield electrode 30 and the piezoelectric substrate 10 is
fixed to about 10 um and when the width Wg of the gap G
bgtween the input/output oséillating electrodes 11, 12 is
constant and equal to 0.11 mm. In Fig. 5, too, the filter‘
center frequency FO0 is equal to 90 MH:z and the assured
attenuation amount is the attenuation amount 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
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
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
oscillating electrodes 11, 12, the filter is 1less
deteriorated due to floating capacitanées and good
characteristics of assured attenuation amount can be
obtained.

According to tests, it was also made sure that as the

distance T between the shield electrode 30 and the

16
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piezoelectric substrate 10 is reduced, there is increased
the ability of preventing the input/output oscillating
electrodes 11, 12 from being electromagnetically coupled
with each other,. thus providing good characteristics of
good assured attenuation amount. However, it is preferable
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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value as compared with the distance T between the shield
electrode 30 and the piezoelectric substrate 10. Thus, it
is preferable to set the differénce between thé distances
T and T' to not less than 0.1 mm.

The following description will discuss the structure
and production method of the package 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
layer around the pits 41, 42 énd a layer upper than the
pits 41, 42. There may be adopted a production methgd 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 tpen sintered. As to the shield electrodes 30,
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
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.

The shield electrode for preventing the

18
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piezoelectric filter  element 1 | from being
electromagnetically coupled with the outside, is not
necessarily disposed on an inner surface of the package
body 21. As shown in Fig. 9, for example, a shield electrode
91 for preventing the filter element from being
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

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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The filter of the embodimeqt in Fig. 9 is produced
by cutting each §f ceramic green sheets into the shape
required for each of the layers, by laminating the ceramic
sheets thus cut, and by sintering the ceramic sheets thus
laminated. Thus, the production method is the same as that
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, 290 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
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10 only at the tip of the projecting portion 44 along the
gap G, while those portions of the conductive material
layer 34 opposite to the input/output oscillating
electrodes 11, 12, are sufficiently apart away from the
piezoelectric substrate 10. In the arrangement in Fig. 6,
the tip portiqn of the conductive material layér 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
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
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,
42. Bach of the both ends of the wire 35 is bonded to tﬁe
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

grounding connection pads (not shown) formed at the
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underside of the package body 21. According to this
embodiment in Fig. 7, too, the wire 35 extends along the
gap between the pair of input/output oscillating
electrodes and can be brought very close to the
piezoelectric substrate. Thus, this embodiment in Fig. 7
produces operational effects identical with those
produced by the emﬁodiment in Fig. 1.

When using a wire as a shield electrode ex£ending
along the gap G between the pair of input/output
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 al§ng the gap between input/outpuﬁ oscillating
electrodes, of a still another embodiment of the present
invention. In the embodiment in Fig. 8, ﬁhe package body
21 has a single pit 45 of which periphery supports a
piezoelectric filter element- (not shown). 2 shield
electrode 37 is formed, as facing the pair of input/oufput
oscillating electrodes, on the entire bottom surféce 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

substrate 10, while each of the both ends of the arch-
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like wire 38 is connected to the shield electrode 37
through a conductive material 39. Via a through-hole, the

shield electrode 37 is connected to a grounding connection

pad (not shown) disposed at the underside of the package '

body 21. The embodiment in Fig. 8, too, produces
operational effects similar to those produced by each of

the embodiments above-mentionéd.

Industrial Applicability

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
electrode securely prevents the pair of input/output
oscillating electrodes from being electromagnetically
coupl‘ed with each other. This provides .good
characteristics . of assured atﬁenuation amount.
Accordingly, the piezoelectric filter is advantageously
incorporated in a communication device such as a portable
telephone set which is particularly required to be made

in a small size.
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Claims:

1. In a piezoelectric filter including (1) a
multiple-mode piezoelectric filter element in which a
piezoelectricsubstrateisprovidedononesurfacethereof
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
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
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
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.
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2. A piezoelectric filter of the surface mounting
type according to Claim 1, wherein the width of said shield
electrode is not greater than four times of the width of

said gap.

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 substfate'
and said two shield electrodes are greater than the

distance between the piezoelectric substrate and said
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first-mentioned shield electrode extending along said

gap-

6. A plezoelectric filter of the surface mounting
type according to any of Claims 1 to 4, wherein,

said packagé bo&y has two pits,

said piezoelectric filter element is supported by
said package body such that said input/output oscillating
electrodesrespectivelyfacesaidtwopits,predetermined
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
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

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.

7. A piezoelectric filter of the surface mounting
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type according to ahy of Claims 1 to 4, wherein,

said package body has a pit,

said piezoelectric filter element is supported by
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.



