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(54) Speaker

(57)  The speaker (10) has a semi-spherical vibra-
tion section (12) and a ringed plate-like base section
(14). The vibration section and the base section are
formed as a single, unitary piezoelectric body. Driving
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electrodes (18, 20) are located on the single unitary
body comprising the vivration section and the base sec-
tion. The driving electrodes are connected with lead
electrodes (22, 24) and the lead electrodes are conneci-
ed with connecting terminals (26, 28).
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a speaker in-
cluding a substantially semi-spherical piezoelectric ce-
ramic member and more particularly to a speaker which
is constructed for use, for example, as a super-tweeter
used in reproducing DVD audio or super-audio CDs.
[0002] A piezoelectric ceramic speaker initially envis-
aged by the present Applicant has a vibrating section
made of a semi-spherical piezoelectric body and is con-
structed by connecting the vibrating section and a base
section which sections are separately formed of differ-
ent materials. The vibrating section is mounted on the
base section with insulation materials located therebe-
tween.

[0003] Because this related speaker is constructed by
using an adhesive to connect the vibrating section and
the base section which are separately formed of differ-
ent materials, the manufacturing efficiency and the
acoustic characteristics of the sound output thereby are
not uniform or of high quality as is desired. Furthermore,
a high harmonic mode of the semi-spherical piezoelec-
tric body is generated as spurious in about half of a fun-
damental resonance frequency by profile vibration of the
semi-spherical end surface. In addition, although the
base section is required to have insulation material for
accommodating connecting terminals, the base section
often requires an increased thickness because the spe-
cific weight of the base section usually made of synthetic
resin is too light which causes a draw or concave recess
during molding of the base section.

SUMMARY OF THE INVENTION

[0004] To overcome the problems described above,
the preferred embodiments of the present invention pro-
vide a speaker which is adapted and constructed to al-
low increased efficiency of manufacturing and substan-
tially uniform and excellent acoustic characteristics of
sound output thereby.

[0005] According to one preferred embodiment of the
present invention, a speaker includes a semi-spherical
vibrating section, driving electrodes for vibrating the vi-
brating section, and a base section for holding the vi-
brating section, wherein the vibrating section and the
base section comprise a unitary, integral molded piezo-
electric body.

[0006] When electrical signals are input to the driving
electrodes, the vibrating section vibrates due to a pie-
zoelectric effect and emits sound waves from the curved
semi-spherical surfaces of the vibrating body in the in-
ventive speaker according to the preferred embodi-
ments of the present invention. Because of the semi-
spherical shape of the vibrating body, sound waves are
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transmitted omnidirectionally and are not limited to only
certain directional sound wave transmission as is com-
mon in prior art speakers.

[0007] Because the vibrating section and the base
section are molded as a single unitary body of piezoe-
lectric material, a step and material required for bonding
the vibrating section and the base section to each other
required in related speakers is eliminated. Thus, the
number of parts and manufacturing and assembly steps
are reduced and ease and efficiency of fabrication is in-
creased. Further, with the novel structure of the pre-
ferred embodiments of the present invention, profile vi-
bration in the high order mode is suppressed because
of the unitary construction of the vibrating section and
the base section, thereby improving the acoustic char-
acteristics of the speaker.

[0008] It is preferable that the vibrating section and
the base section are molded and formed such that a ra-
tio of weight relative to each other is about 1:5 to about
1:20 for the purpose of improving the acoustic charac-
teristics of the speaker. More specifically, the inventor
of the present application determined that acoustic char-
acteristics of the inventive speaker are greatly improved
when an outline vibration mode of the semi-spherical
surfaces of the vibrating body is suppressed as much
as possible. The inventor also determined that the outer
edges of the curved semi-spherical surfaces of the vi-
brating body should be fixed to suppress the outline vi-
bration mode of the vibrating body. However, the inven-
tor discovered that when the outer edges of the curved
semi-spherical surfaces of the speaker body are fixed
to a support member such as a speaker box, for exam-
ple, and the base section of the speaker vibrates, the
acoustic characteristics of the speaker are changed.
This problem of changing speaker acoustic character-
istics is solved and uniform high quality acoustic char-
acteristics are achieved by molding the vibrating section
and the base section such that a ratio of weight relative
to each other is about 1:5 to about 1:20.

[0009] In addition, it is preferable to dispose the driv-
ing electrodes on a surface of the vibrating section and
to have a portion of the driving electrodes extend onto
the base section. As a result of this arrangement of the
driving electrodes, it is easier to connect the electrodes
with external circuits by extending the driving electrodes
located on the surface of the vibrating section onto the
base section.

[0010] It is also preferable to form mounting notches
or holes in the base section to allow the speaker to be
attached to a support member such as a case or box.
[0011] These and other elements, features, and ad-
vantages of the preferred embodiments of the present
invention will be apparent from the following detailed de-
scription of preferred embodiments of the present inven-
tion, illustrated in the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view showing one ex-
ample of a preferred embodiment of a speaker accord-
ing to the present invention.

[0013] FIG. 2is asection view along line lI-Il in Fig. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0014] Preferred embodiments of the present inven-
tion are shown in Fig. 1 which is a perspective view of
a speaker according to a preferred embodiment of the
present invention and also shown in Fig. 2 which is a
section view along line II-Il in Fig. 1.

[0015] A speaker 10 shown in Fig. 1 includes a semi-
spherical vibrating section 12. The vibrating section 12
is polarized in the direction of its thickness, for example.
Aringed plate-like base section 14 is formed at the edge
portion of the vibrating section 12 in a single, unitary
body construction. The vibrating section 12 and the
base section 14 are preferably formed so that the ratio
of their respective weights relative to each other is about
1:5 to about 1:20.

[0016] Inoneexample, thevibrating section 12 is pref-
erably formed to have a size of about 20 mm in diameter
and about 0.5 mm in thickness and the base section 14
is preferably formed to have a size of about 60 mm in
diameter and about 5 mm in thickness.

[0017] Mounting notches or recesses 16 are prefera-
bly created in the circumferential direction of the outer
edge portion of the base section 14, for example, at a
plurality of locations at predetermined intervals at the
same time when the base section 14 is molded. The
mounting notches 16 make it easy tofix the base section
14 to aseparate support member such a case or support
stand. The speaker can be fixed to such support mem-
ber by fixing members such as screws (not shown). It is
noted that the shape and location and number of the
mounting notches 16 is not limited to that shown in Fig.
1. For example, it is possible to create through holes of
any shape in the base section 14 for functioning as
mounting holes 16.

[0018] In a preferred method of manufacturing the
speaker according to the preferred embodiments of the
present invention, the vibrating section 12 and the base
section 14 are press-molded or injection-molded using
a piezoelectric body such as ceramic and by sintering
thereafter. During this manufacturing step, the notches
16 can be formed. Once the single unitary body includ-
ing the vibrating section 12, the base section 14 and the
notches 16 (if desired) is formed, the electrodes can be
added as described below.

[0019] Adriving electrode 18forvibrating the vibrating
section 12 is disposed on the curved outer surface of
the semi-spherical vibrating section 12 and a driving
electrode 20 is disposed on the inner surface of the
semi-spherical vibrating section 12. That is, the driving
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electrode 18 and the driving electrode 20 are arranged
s0 as to face each other with the vibration section 12
being located therebetween in a thickness direction
thereof. Further, one end of a strip lead electrode 22 is
connected to the driving electrode 18 and the other end
thereof is extended on the surface of the base section
14. Similarly, one end of a strip lead electrode 24 is con-
nected to the driving electrode 20 and the other end
thereof is extended onto the back of the base section 14.
[0020] The driving electrodes 18 and 20 and the lead
electrodes 22 and 24 of the present preferred embodi-
ment preferably have a double-layer structure, respec-
tively. A Ni layer is preferably formed as the underlying
layer and an Au layer is preferably laminated on the Ni
layer as a finishing layer. The driving electrodes 18 and
20 and the lead electrodes 22 and 24 are preferably
formed by plating, sputtering, evaporation or printing af-
ter masking a portion where no electrode is to be
formed.

[0021] The speaker 10 also includes connecting ter-
minals 26 and 28 each preferably comprising a metallic
pin. The connecting terminals 26 and 28 are attached
respectively so as to penetrate through the base section
14 in the thickness direction thereof. Then, the connect-
ing terminal 26 is electrically connected and fixed to the
lead electrode 22 and the connectingterminal 28 is elec-
trically connected and fixed to the lead electrode 24. The
connecting terminals 26 and 28 are connected with the
lead electrodes 22 and 24 by soldering, for example, or
other connection devices or techniques.

[0022] Because the vibrating section 12 and the base
section 14 comprise a single unitary molded piezoelec-
tric body, there is no step or material required for bond-
ing the vibrating section 12 the base section 14. Thus,
this reduces the parts and steps required for manufac-
turing the speaker and increases the quality of the
acoustic characteristics of the speaker. In addition,
forming the vibrating section 12 and the base section 14
to have a ratio of weight of about 1:5 to about 1:20, the
acoustic characteristics of the speaker are further im-
proved. In addition, due to the single molded unitary pi-
ezoelectric body including the vibrating section 12 and
base section 14, the profile vibration in the high order
mode is suppressed. The fabrication of the speaker is
further facilitated because the construction of the pre-
ferred embodiments of the present invention allow the
driving electrodes 18 and 20 and the lead electrodes 22
and 24 to be formed at the same time via a plating step
or similar process. Because the lead electrodes 22 and
24 are extended onto the base section 14, the vibration
is not suppressed as often occurs in the prior art in which
lead wires are connected directly to the vibrating section
12. Because the lead electrodes 22 and 24 and the con-
necting terminals 26 and 28 are formed in the speaker
10, it is easy to connect the electrodes 22, 24, 26 and
28 to external circuits (not shown). In addition, because
mounting notches 16 are formed in the base section 14
in the speaker 10, the speaker 10 is easily attached to
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a support member.

[0023] Asdescribed above, accordingtothe preferred
embodiments of the present invention, the vibrating sec-
tion and the base section are molded into a single uni-
tary body of piezoelectric material so that it is not re-
quiredto connect the vibrating section and the base sec-
tion as is required with other speakers. In addition, the
number of parts and steps required to assemble the
speaker is reduced and the costs of manufacturing are
significantly reduced. Further, because of the vibrating
section and the base section being a molded unitary pi-
ezoelectric body, the profile vibration in the high order
mode is significantly reduced and the acoustic charac-
teristics of the speaker are greatly improved.

[0024] While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those
skilled in the art that the foregoing and other changes in
form and details may be made thereto without departing
from the scope of the invention.

Claims
1. A speaker, comprising:

a substantially semi-spherical vibrating sec-
tion;

a plurality of driving electrodes for vibrating said
vibrating section;

abase section for supporting said vibrating sec-
tion; wherein

said vibrating section and said base section
comprise a single initary moulded piezoelectric
body.

2. The speaker accordingto claim 1, wherein said plu-
rality of driving electrodes are located on the sur-
face of said vibrating section and a portion of said
driving electrodes extend onto said base section.

3. The speaker according to claim 1 or 2, wherein a
plurality of mounting notches are provided in said
base section for allowing said speaker to be sup-
ported on a support member.

4. The speaker according to any preceding claim,
wherein said vibrating section and said base sec-
tion have a weight ratio relative to each other of
about 1:5 to about 1:20.

5. The speaker according to any preceding claim,
wherein said vibrating section is polarized in a thick-
ness direction thereof.

6. A method of making a speaker comprising the steps
of:
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10.

providing a mould for forming a single, unitary
body including a vibrating section and a base
section;

inserting piezoelectric material into said mould
to form a moulded single unitary body including
the vibrating section and the base section; and
sintering the moulded unitary body including
the vibrating section and the base section.

The method according to claim 6, further compris-
ing the step of providing a plurality of driving elec-
trodes on the surface of said vibrating section such
that a portion of said driving electrodes extend onto
said base section.

The method according to claim 6 or 7, wherein a
plurality of mounting notches are provided in said
base section for allowing said speaker to be sup-
ported on a support member.

The method according to any one of claims 6 to 8,
wherein said vibrating section and said base sec-
tion have a weight ratio relative to each other of
about 1:5 to about 1:20.

The speaker according to any one of claims 6 to0 9,
wherein said vibrating section is polarized in a thick-
ness direction thereof.
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