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(7) ABSTRACT

A ladder-type piezoelectric filter includes two parallel reso-
nators adapted to vibrate in a square type vibration mode,
each of which has a substantially square shape, and two
series resonators adapted to vibrate in a square type vibra-
tion mode, each of which has a substantially square shape
and has a corner cut portion located at each of four corners.
The parallel and series resonators have substantially equal
distances between respective opposite side edges thereof and
are made from materials having the same frequency con-
stant. The parallel and series resonators are housed within a
housing and are aligned at approximate centers thereof.
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LADDER-TYPE PIEZOELECTRIC FILTER

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a ladder-type
piezoelectric filter including a series resonator and a parallel
resonator which are connected so as to define a ladder-type
circuit.

[0003] 2. Description of the Related Art

[0004] In a conventional ladder-type piezoelectric filter,
square-shaped piezoelectric elements adapted to vibrate in a
square type vibration mode are used as a series resonator and
a parallel resonator. The resonators are stacked in layers in
a thickness direction with terminal plates disposed therebe-
tween.

[0005] As shown in FIG. 1, the ladder-type filter obtains
a desired filter characteristic by utilizing the impedance
characteristic of the parallel resonator at the resonance
frequency Fr and the impedance characteristic of the series
resonator at the antiresonance frequency Fa.

[0006] For example, in order to obtain a filter having a
center frequency of 455 kHz (Af=20), a series resonator
having a Fr of 455 kHz and a parallel resonator having a Fr
of 435 kHz are produced. If the series resonator and the
parallel resonator are made from a material having a fre-
quency constant of 2000 kHz-mm, the series and parallel
resonators have the following dimensions:

[0007] Series resonator: 2000+455=4.396 mm
[0008] Parallel resonator: 2000+435=4.598 mm

[0009] Thus, a dimensional difference of about 0.2 mm
occurs between the series resonator and the parallel resona-
tor.

[0010] Since the series and parallel resonators are con-
tained within the same housing, the housing is made so as to
accommodate the larger parallel resonator, resulting in a
displacement between the center of the parallel resonator
and the center of the series resonator.

[0011] As described above, when series and parallel reso-
nators having a square shape are made from materials
having the same frequency constant, the series and parallel
resonators have different sizes. As a result, when the series
and parallel resonators are housed, their respective centers
do not align with each other. A square-shaped resonator
adapted to vibrate in a square type vibration mode must be
held at the center thereof by a terminal plate. Otherwise,
proper vibration is hindered and a filter characteristic curve
is distorted.

[0012] A square-shaped resonator adapted to vibrate in a
square type vibration mode causes a main impedance varia-
tion at Fa and Fr and a spurious impedance variation at a
higher frequency. When square resonators of a square type
vibration mode are used as the series and parallel resonators,
the spurious impedance variations are superposed on each
other, resulting in an undesirable filter characteristic.

SUMMARY OF THE INVENTION

[0013] To overcome the above described problems, one of
the preferred embodiments of the present invention provides
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a ladder-type piezoelectric filter including a first piezoelec-
tric element adapted to vibrate in a square type vibration
mode having a substantially square shape and functioning as
a parallel resonator, and a second piezoelectric element
which functions as a series resonator and is adapted to
vibrate in a square type vibration mode, the second piezo-
electric element being made from a material having a
frequency constant that is substantially equal to that of a
material from which the first element is made, the second
piezoelectric element having a substantially square shape
such that a distance between opposite side edges thereof is
substantially equal to that of the first piezoelectric element
and such that each of four corners of the second piezoelectric
element is cut.

[0014] When a substantially square-shaped series resona-
tor and a substantially square parallel resonator are made
from materials having the same frequency constant, the
resulting series and parallel resonators differ in size. How-
ever, when a substantially square-shaped resonator is used as
a parallel resonator and a substantially square-shaped reso-
nator having comer cuts is used as a series resonator as
described above, the resonance frequency of the parallel
resonator differs from that of the series resonator even
though the parallel and series resonators have substantially
equal distances between respective opposite side edges
thereof, so that a desired ladder-type filter is achieved.

[0015] Another preferred embodiment of the present
invention provides a ladder-type piezoelectric filter includ-
ing a first piezoelectric element adapted to vibrate in a
square type vibration mode having a substantially square
shape and functioning as a parallel resonator, and a second
piezoelectric element functioning as a series resonator,
adapted to vibrate in a square type vibration mode and made
from a material having a frequency constant that is substan-
tially equal to that of a material from which the first
piezoelectric element is made, the second piezoelectric
element having a substantially square shape such that a
distance between opposite side edges thereof is substantially
equal to that of the first piezoelectric element and such that
each nodal portion located at an approximate central portion
of each of the side edges is cut.

[0016] A further preferred embodiment of the present
invention provides a ladder-type piezoelectric filter includ-
ing a first piezoelectric element adapted to vibrate in a
square type vibration mode, having a substantially square
shape such that each of four corners thereof is cut, and
functioning as a series resonator, and a second piezoelectric
element functioning as a parallel resonator, adapted to
vibrate in a square type vibration mode, being made from a
material having a frequency constant that is substantially
equal to that of a material from which the first piezoelectric
element is made, the second piezoelectric element having a
substantially square shape such that a distance between
opposite side edges thereof is substantially equal to that of
the first piezoelectric element and such that each of a nodal
portion located at an approximate central portion of each of
side edges thereof is cut.

[0017] In such a ladder-type filter including resonators of
two different kinds which have substantially equal distances
between respective opposite side edges thereof, the parallel
and series resonators can be housed in a center-aligned
arrangement, thereby preventing hindrance to proper vibra-
tion and distortion of a filter characteristic curve.
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[0018] In the case of a square resonator of a square type
vibration mode, a spurious impedance variation appears at a
frequency higher than that of a main impedance variation. In
the case of a resonator having nodal cuts, a spurious imped-
ance variation shifts toward the higher-frequency side as
compared with the case of the square resonator. In the case
of a resonator having corner cuts, a spurious impedance
variation shifts toward the lower-frequency side as com-
pared with the case of the square resonator. Through a
combination of series and parallel resonators of different
shapes as in the cases of the preferred embodiments
described above, superposition of the respective spurious
impedance variations can be prevented, thereby providing a
greatly improved characteristic in relation to spurious
impedance variation.

[0019] An additional preferred embodiment of the present
invention provides a ladder-type piezoelectric filter includ-
ing a first piezoelectric element adapted to vibrate in a
square type vibration mode, having a substantially square
shape such that each of four corners thereof is cut, and
functioning as a series resonator, and a second piezoelectric
element functioning as a parallel resonator, adapted to
vibrate in a square type vibration mode, being made from a
material having a frequency constant that is substantially
equal to that of a material from which the first piezoelectric
element is made, the second piezoelectric element having a
substantially square shape such that a distance between
opposite side edges thereof is substantially equal to that of
the first piezoelectric element and such that each of four
corners thereof is cut in which each of the cut portions of the
second piezoelectric element is narrower than each of the cut
portions of the first piezoelectric element.

[0020] As in the case of the above described ladder-type
piezoelectric filter, the parallel and series resonators can be
housed in a center-aligned arrangement, and superposition
of the respective spurious impedance variations can be
prevented. Since the element having wide comer cuts is
higher in resonant frequency than the element having narrow
corner cuts, the element having wide corner cuts is used as
the series resonator, and the element having narrow corner
cuts is used as the parallel resonator.

[0021] An additional preferred embodiment of the present
invention provides a ladder-type piezoelectric filter includ-
ing a first piezoelectric element adapted to vibrate in a
square type vibration mode, having a substantially square
shape such that each of a nodal portion located at an
approximate central portion of each of side edges thereof is
cut, and functioning as a series resonator, and a second
piezoelectric element functioning as a parallel resonator and
adapted to vibrate in a square type vibration mode, being
made from a material having a frequency constant which is
substantially equal to that of a material from which the first
piezoelectric element is made, having a substantially square
shape such that a distance between opposite side edges is
substantially equal to that of the first piezoelectric element
and such that each of a nodal portion located at an approxi-
mate central portion of each of side edges is cut deeper than
that of the first piezoelectric element.

[0022] The above-described ladder-type piezoelectric fil-
ter achieves the advantages and effects similar to those of the
ladder-type filter of the first preferred embodiment described
above.
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[0023] Since the element having shallow cuts is higher in
resonant frequency than the element having deep cuts, the
element having shallow cuts is used as the series resonator,
and the element having deep cuts is used as the parallel
resonator.

[0024] Other features and advantages of the present inven-
tion will become apparent from the following description of
preferred embodiments of the present invention which refers
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a graph showing an impedance charac-
teristic of a series resonator and that of a parallel resonator
and a filter characteristic of a ladder-type filter;

[0026] FIG. 2 is a comparative chart of an impedance
characteristic among elements of a square type vibration
mode and of different shapes;

[0027] FIG. 3 is a sectional view showing a ladder-type
piezoelectric filter according to a first preferred embodiment
of the present invention;

[0028] FIG. 4 is an exploded perspective view showing
the ladder-type piezoelectric filter of FIG. 3;

[0029] FIG. 5 is a circuit diagram showing the ladder-type
piezoelectric filter of FIG. 3;

[0030] FIGS. 6A and 6B are respective front views of a
series resonator and a parallel resonator for use in the
ladder-type piezoelectric filter of FIG. 3;

[0031] FIGS. 7A and 7B are respective front views of a
series resonator and a parallel resonator for use in a ladder-
type piezoelectric filter according to a second preferred
embodiment of the present invention;

[0032] FIGS. 8A and 8B are respective front views of a
series resonator and a parallel resonator for use in a ladder-
type piezoelectric filter according to a third preferred
embodiment of the present invention;

[0033] FIGS. 9A and 9B are respective front views of a
series resonator and a parallel resonator for use in a ladder-
type piezoelectric filter according to a fourth preferred
embodiment of the present invention; and

[0034] FIGS. 10A and 10B are respective front views of
a series resonator and a parallel resonator for use in a
ladder-type piezoelectric filter according to a fifth preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0035] FIGS. 3 and 4 show a ladder-type piezoelectric
filter according to one preferred embodiment of the present
invention.

[0036] In the present preferred embodiment, the ladder-
type piezoelectric filter preferably includes at least four
elements and is configured as a ladder-type circuit as shown
in FIG. 5. A box-type housing 1 includes two series ceramic
resonators 2 and 3, two parallel ceramic resonators 4 and 5,
an input terminal 6, a grounding terminal 7, an output
terminal 8, a connecting terminal 9, and a spring plate 10. A
sheet 11 is fitted into an opening of the housing 1. Resin 12
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is injected into a concave space defined by the sheet 11 and
the opening to thereby seal the opening.

[0037] A projection 6a is provided on one side of the input
terminal 6 and is in pressure contact with a central portion
of the series resonator 2. Two projections 7a and 7b are
provided on the opposite sides of the grounding terminal 7
and are in pressure contact with the two parallel resonators
4 and 5 at the corresponding central portions. Two projec-
tions 8a and 8b are provided on the opposite sides of the
output terminal 8 and are in pressure contact with the
parallel and series resonators 5 and 4, respectively, at the
corresponding central portions. The connecting terminal 9
includes a portion 94 inserted between the series resonator
2 and the parallel resonator 4, a portion 9b located between
the series resonator 3 and the spring plate 10, and a con-
necting portion 9c that connects the portions 9a and 9b.
Projections 9a, and 9a,, are provided on the opposite sides of
the portion 94 and are in pressure contact with the series
resonator 2 and the parallel resonator 4, respectively, at the
corresponding central portions. A projection 9b, is provided
on one side of the portion 95 and is in pressure contact with
the series resonator 3 at a central portion. The spring plate
10 is interposed between the portion 95 and the inner wall
of the housing 1. The terminals 6 to 9 and the resonators 2-5
are thus pressed against each other, thereby establishing
electrical connection therebetween.

[0038] Iead portions 6b, 7c, and 8c extend from the input
terminal 6, the grounding terminal 7, and the output terminal
8, respectively, and project from the open portion of the
housing 1 into the exterior thereof in order to define external
connections.

[0039] The series resonators 2 and 3 and the parallel
resonators 4 and 5 are piezoelectric resonators utilizing a
square type vibration mode and are preferably made from
the same ceramic material of a certain desired frequency
constant. As shown in FIGS. 6 and 6B, partial electrodes 2a
(3a) are disposed on the opposite sides of the series reso-
nator 2 (3), and full electrodes 4a (5a) are disposed on the
opposite sides of the parallel resonator 4 (5). The series
resonator 2 (3) is thicker than the parallel resonator 4 (5),
and the distance L between the opposite side edges of the
series resonator 2 (3) is substantially equal to that of the
parallel resonator 4 (5).

[0040] By making the series resonator 2 (3) thicker than
the parallel resonator 4 (5) and making the area of the
electrode of the series resonator 2 (3) smaller than that of the
parallel resonator 4 (5) as described above, a desired capaci-
tance ratio between the parallel resonator 4 (5) and the series
resonator 2 (3) is obtained, thereby achieving a desired
attenuation outside of a pass band.

[0041] Four corners of the series resonator 2 (3) are
ground to define corner cuts 2b (3b), thereby establishing a
predetermined frequency difference between the series reso-
nator 2 (3) and the parallel resonator 4 (5) for achieving
frequency adjustment.

[0042] For example, when a parallel resonator having a Af
of 20 kHz and having a Fr of 435 kHz is made from a
material having a frequency constant of 2000 kHz-mm, the
distance L between the opposite side edges is calculated as
follows:

L=2000+435=4.598 mm
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[0043] 1If a series resonator is made such that the distance
L becomes equal to that of the parallel resonator, the Fr of
the series resonator will have a value of 435 kHz. Therefore,
in order to adjust the Fr of the series resonator to a value of
455 kHz, the series resonator is cut at corners for adjustment
by an amount corresponding to 20 kHz.

[0044] In a ladder-type filter configured as above, the
series resonators 2 and 3 and the parallel resonators 4 and 5§
have substantially the same distance L between respective
opposite side edges thereof. Being housed within the hous-
ing 1, the series resonators 2 and 3 and the parallel resona-
tors 4 and 5§ are aligned with respect to their centers. The
projection of the input terminal 6, the projection of the
grounding terminal 7, the projection of the output terminal
8, and the projection of the connecting terminal 9 are pressed
against the series resonators 2 and 3 and the parallel reso-
nators 4 and 5 at the corresponding central portions, thereby
preventing hindrance to proper vibration and a distortion of
a filter characteristic curve.

[0045] In the series resonators 2 and 3 and the parallel
resonators 4 and 5, a spurious impedance variation appears
at a frequency higher than that of the main impedance
variation. However, since the shape of the series resonators
2 and 3 differ from that of the parallel resonators 4 and §, a
frequency at which the spurious impedance variation
appears differs between the series resonators 2 and 3 and the
parallel resonators 4 and 5, so that the spurious impedance
variations are not superposed. The ladder-type filter, there-
fore, achieves an excellent characteristic in relation to spu-
rious impedance variation.

[0046] FIGS. 7A and 7B show a series resonator and a
parallel resonator applied to a ladder-type filter according to
a second preferred embodiment of the present invention.

[0047] In the present preferred embodiment, a square-
shaped piezoelectric element is used as a series resonator 20,
and a piezoelectric element having a nodal cut 21a formed
at a central portion of each of four side edges is used as a
parallel resonator 21.

[0048] Each of the series resonator 20 and the parallel
resonator 21 is a piezoelectric resonator adapted to vibrate in
a square type vibration mode. A partial electrode 20a is
provided on each of the opposite sides of the series resonator
20, and a full electrode 21b is disposed on each of the
opposite sides of the parallel resonator 21. The series
resonator 20 and the parallel resonator 21 are preferably
made from the same ceramic material of a certain desired
frequency constant. The distance L. between the opposite
side edges of the series resonator 20 is substantially equal to
that of the parallel resonator 21, but the series resonator 20
is thicker than the parallel resonator 21.

[0049] Through adjustment of the depth of the nodal cuts
21a formed in the parallel resonator 21, a predetermined
frequency difference is established between the series reso-
nator 20 and the parallel resonator 21. The thus-configured
second preferred embodiment achieves advantages and
effects similar to those achieved by the first preferred
embodiment.

[0050] FIGS. 8A and 8B show a series resonator and a
parallel resonator applied to a ladder-type filter according to
a third preferred embodiment of the present invention.
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[0051] In the present preferred embodiment, an element
having corner cuts 30z is used as a series resonator 30, and
an element having nodal cuts 31a is used as a parallel
resonator 31.

[0052] Each of the series resonator 30 and the parallel
resonator 31 is a piezoelectric resonator adapted to vibrate in
a square type vibration mode and having a substantially
square shape. A partial electrode 305 is disposed on each of
the opposite sides of the series resonator 30, and a full
electrode 315 is disposed on each of the opposite sides of the
parallel resonator 31. The series resonator 30 and the parallel
resonator 31 are preferably made from the same ceramic
material of a certain desired frequency constant. The dis-
tance L. between the opposite side edges of the series
resonator 30 is substantially equal to that of the parallel
resonator 31, but the series resonator 30 is thicker than the
parallel resonator 31.

[0053] Through adjustment of the width of the corner cuts
304 of the series resonator 30 or the depth of the nodal cuts
31a of the parallel resonator 31, a predetermined frequency
difference is established between the series resonator 30 and
the parallel resonator 31. The thus-configured third preferred
embodiment achieves the advantages and effects similar to
those achieved by the first preferred embodiment.

[0054] FIGS. 9A and 9B show a series resonator and a
parallel resonator applied to a ladder-type filter according to
a fourth preferred embodiment of the present invention.

[0055] In the present preferred embodiment, a piezoelec-
tric element adapted to vibrate in a square type vibration
mode having corner cuts 404 is used as a series resonator 40,
and a piezoelectric element adapted to vibrate in a square
type vibration mode having corner cuts 4la is used as a
parallel resonator 41. Width w, of the corner cuts 40a of the
series resonator 40 is greater than width w,, of the corner cuts
41a of the parallel resonator 41.

[0056] A partial electrode 40b is disposed on each of the
opposite sides of the series resonator 40, and a full electrode
41b is disposed on each of the opposite sides of the parallel
resonator 41. The series resonator 40 and the parallel reso-
nator 41 are preferably made from the same ceramic mate-
rial of a certain desired frequency constant. The distance L
between the opposite side edges of the series resonator 40 is
substantially equal to that of the parallel resonator 41, but
the series resonator 40 is thicker than the parallel resonator
41.

[0057] Through adjustment of the widths w, and w, of the
corner cuts 40a and 41a, respectively, a predetermined
frequency difference is established between the series reso-
nator 40 and the parallel resonator 41. The thus-configured
fourth preferred embodiment achieves advantages and
effects similar to those achieved by the first preferred
embodiment.

[0058] FIGS. 10A and 10B show a series resonator and a
parallel resonator applied to a ladder-type filter according to
a fifth preferred embodiment of the present invention.

[0059] In the present preferred embodiment, a piezoelec-
tric element adapted to vibrate in a square type vibration
mode having nodal cuts 50a is used as a series resonator 50,
and a piezoelectric element adapted to vibrate in a square
type vibration mode having nodal cuts 5la is used as a
parallel resonator 51. A depth d; of the nodal cuts 50a of the
series resonator 50 is shallower than depth d, of the nodal
cuts 51a of the parallel resonator 51.
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[0060] A partial electrode 50b is disposed on each of the
opposite sides of the series resonator 50, and a full electrode
51b is disposed on each of the opposite sides of the parallel
resonator 51. The series resonator 50 and the parallel reso-
nator 51 are preferably made from the same ceramic mate-
rial of a certain desired frequency constant. The distance L
between the opposite side edges of the series resonator 50 is
substantially equal to that of the parallel resonator 51, but
the series resonator 50 is thicker than the parallel resonator
51.

[0061] Through adjustment of the depths d, and d, of the
nodal cuts 50a and 51a, respectively, a predetermined fre-
quency difference is established between the series resonator
50 and the parallel resonator 51. The thus-configured fifth
preferred embodiment achieves the advantages and effects
similar to those achieved by the first preferred embodiment.

[0062] The above preferred embodiments are described
such that the number of elements used in the ladder-type
filter is at least four as shown in FIGS. 3 and 4. However,
any other number of elements may be used. Also, the present
invention is not limited to the shape and arrangement of the
terminals illustrated in FIGS. 3 and 4. For example, the
spring plate 10 is housed within the housing 1 in order to
exert a desired spring force on the housed components.
However, any of the terminals may assume the form of a
spring terminal, thereby eliminating the spring plate 10.

[0063] While the invention has been particularly shown
and described with reference to preferred embodiments
thereof, it will be understood by those skilled in the art that
the forgoing and other changes in form and details may be
made therein without departing from the spirit of the inven-
tion.

What is claimed is:
1. A piezoelectric filter comprising:

a first piezoelectric element adapted to vibrate in a square
type vibration mode, having a substantially square
shape, and defining a parallel resonator; and

a second piezoelectric element adapted to vibrate in a
square type vibration mode and defining a series reso-
nator, the second piezoelectric element being made
from a material having a frequency constant that is
substantially equal to that of a material from which said
first piezoelectric element is made, the second piezo-
electric element having a substantially square shape
such that a distance between opposite side edges
thereof is substantially equal to that of said first piezo-
electric element and such that each of four comers of
the second piezoelectric element is cut.

2. The piezoelectric filter according to claim 1, wherein
the first piezoelectric element and the second piezoelectric
element are connected to each other so as to define a ladder
circuit.

3. The piezoelectric filter according to claim 1, further
comprising at least two of the first piezoelectric element and
at least two of the second piezoelectric element and the at
least two of the first piezoelectric elements and the at least
two of the second piezoelectric elements are connected to
each other to define a ladder circuit.

4. The piezoelectric filter according to claim 1, wherein
the first and second piezoelectric elements are made from
the same ceramic material.

5. The piezoelectric filter according to claim 1, wherein
the second piezoelectric element defining the series resona-
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tor has a greater thickness than that of the first piezoelectric
element defining the parallel resonator.

6. The piezoelectric filter according to claim 1, further
comprising a housing containing the first and second piezo-
electric elements, wherein the first and second piezoelectric
elements are aligned in the housing relative to respective
centers of the first and second piezoelectric elements.

7. A piezoelectric filter comprising:

a first piezoelectric element adapted to vibrate in a square
type vibration mode, having a substantially square
shape, and defining a parallel resonator; and

a second piezoelectric element adapted to vibrate in a
square type vibration mode and defining a series reso-
nator, the second piezoelectric element being made
from a material having a frequency constant that is
substantially equal to that of a material from which said
first piezoelectric element is made, the second piezo-
electric element having a substantially square shape
such that a distance between opposite side edges
thereof is substantially equal to that of said first piezo-
electric element and such that each of a plurality of
nodal portions located at an approximate central por-
tion of the second piezoelectric element is cut.

8. The piezoelectric filter according to claim 7, wherein
the first piezoelectric element and the second piezoelectric
element are connected to each other so as to define a ladder
circuit.

9. The piezoelectric filter according to claim 7, wherein
the first and second piezoelectric elements are made from
the same ceramic material.

10. The piezoelectric filter according to claim 7, wherein
the second piezoelectric element defining the series resona-
tor has a greater thickness than that of the first piezoelectric
element defining the parallel resonator.

11. The piezoelectric filter according to claim 7, further
comprising a housing containing the first and second piezo-
electric elements, wherein the first and second piezoelectric
elements are aligned in the housing relative to respective
centers of the first and second piezoelectric elements.

12. A piezoelectric filter comprising:

a first piezoelectric element adapted to vibrate in a square
type vibration mode, having a substantially square
shape such that each of four corners thereof is cut, and
defining a series resonator; and

a second piezoelectric element adapted to vibrate in a
square type vibration mode and defining a parallel
resonator, the second piezoelectric element being made
from a material having a frequency constant that is
substantially equal to that of a material from which said
first piezoelectric element is made, the second piezo-
electric element having a substantially square shape
such that a distance between opposite side edges
thereof is substantially equal to that of said first piezo-
electric element and such that each of a plurality of
nodal portions located at an approximate central por-
tion of the second piezoelectric element is cut.

13. The piezoelectric filter according to claim 12, wherein
the first piezoelectric element and the second piezoelectric
element are connected to each other so as to define a ladder
circuit.

14. The piezoelectric filter according to claim 12, wherein
the first and second piezoelectric elements are made from
the same ceramic material.
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15. The piezoelectric filter according to claim 12, wherein
the first piezoelectric element defining the series resonator
has a greater thickness than that of the second piezoelectric
element defining the parallel resonator.

16. The piezoelectric filter according to claim 12, further
comprising a housing containing the first and second piezo-
electric elements, wherein the first and second piezoelectric
elements are aligned in the housing relative to respective
centers of the first and second piezoelectric elements.

17. A ladder-type piezoelectric filter comprising:

a first piezoelectric element adapted to vibrate in a square
type vibration mode, having a substantially square
shape such that each of four corners thereof is cut to
define a cut portion, and defining a series resonator; and

a second piezoelectric element adapted to vibrate in a
square type vibration mode and defining a parallel
resonator, the second piezoelectric element being made
from a material having a frequency constant that is
substantially equal to that of a material from which said
first piezoelectric element is made, the second piezo-
electric element having a substantially square shape
such that a distance between opposite side edges
thereof is substantially equal to that of said first piezo-
electric element and such that each of four corners
thereof is cut to define a cut portion, wherein each of
the cut portions of the second piezoelectric element is
narrower than a corresponding one of the cut portions
of the first piezoelectric element.

18. The piezoelectric filter according to claim 17, further
comprising a housing containing the first and second piezo-
electric elements, wherein the first and second piezoelectric
elements are aligned in the housing relative to respective
centers of the first and second piezoelectric elements.

19. A ladder-type piezoelectric filter comprising:

a first piezoelectric element adapted to vibrate in a square
type vibration mode, having a substantially square
shape such that each of a plurality of nodal portions
located at an approximate central portion thereof is cut,
and defining a series resonator; and

a second piezoelectric element adapted to vibrate in a
square type vibration mode and defining a parallel
resonator, the second piezoelectric element being made
from a material having a frequency constant that is
substantially equal to that of a material from which said
first piezoelectric element is made, the second piezo-
electric element having a substantially square shape
such that a distance between opposite side edges
thereof is substantially equal to that of said first piezo-
electric element and such that each of a plurality of
nodal portions located at an approximate central por-
tion of the second piezoelectric element is cut deeper
than that of the first piezoelectric element.

20. The piezoelectric filter according to claim 19, further
comprising a housing containing the first and second piezo-
electric elements, wherein the first and second piezoelectric
elements are aligned in the housing relative to respective
centers of the first and second piezoelectric elements.



