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(57) ABSTRACT

A piezoelectric material composite membrane acoustic com-
ponent with broadband and high sound quality includes a
vibrating membrane which is an electrically conductive
membrane, a supporting frame having a hollow portion
penetrating the supporting frame, a piezoelectric plat set
including a first-piezoelectric-plate and a second-piezoelec-
tric-plate formed on and electrically connected to the first-
piezoelectric-plate and an AC power source. A fixing portion
of the vibrating membrane is fixed by the supporting frame.
Each of the first-piezoelectric-plate and the second-piezo-
electric-plate includes a top-electrode-layer, a piezoelectric-
layer and a bottom-electrode-layer. The bottom-electrode-
layer of the first-piezoelectric-plate is fixed on and
electrically connected to a piezoelectric-plate fixing portion
of the vibrating membrane. A spacing portion of the vibrat-
ing membrane is between the fixing portion and the piezo-
electric-plate fixing portion. The AC power source includes
a first electrode and a second electrode electrically con-
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PIEZOELECTRIC MATERIAL COMPOSITE

MEMBRANE ACOUSTIC COMPONENT

WITH BROADBAND AND HIGH SOUND

QUALITY AND MANUFACTURING

METHOD THEREOF

FIELD OF THE INVENTION

The present invention is related to a piezoelectric material
composite membrane acoustic component with broadband
and high sound quality and manufacturing method thereof,
especially a piezoelectric material composite membrane
acoustic component having two stacked piezoelectric plates
with broadband and high sound quality and manufacturing
method thereof.

BACKGROUND OF THE INVENTION

The miniaturization of speakers is the development trend
of today’s technology. Manufacturers are also continuing to
develop lightweight, ultra-miniaturized and/or ultra-thin
speakers to provide audio and video equipment such as TVs
for home use, or computers, tablets, mobile phones and
headphones. The conventional moving-coil speaker has its
limit in the trend of light weight, miniaturization and thin-
ning because it needs a permanent magnet as a driving
element. The conventional flat film electrostatic speaker
requires additional complicated circuit design and a battery,
which is costly and difficult to carry. The conventional
thin-film speaker with a single piezoelectric plate has the
advantages of miniaturization and thinning, however its
frequency bandwidth is narrow, and the sound response
curve is not smooth, so it cannot achieve a larger frequency
response and cannot reach balanced sound quality at low
frequencies, intermediate frequencies and high frequencies.

Accordingly, the present invention has developed a new
design which may avoid the above-described drawbacks,
may significantly enhance the performance of the devices
and may take into account economic considerations. There-
fore, the present invention then has been invented.

SUMMARY OF THE INVENTION

The main technical problem that the present invention is
seeking to solve is how to provide a lightweight and thin
acoustic component with a smoother response curve, a larger
frequency response, and can achieve balanced sound quality
at low frequencies, intermediate frequencies and high fre-
quencies.

In order to solve the above described problems and to
achieve the expected effect, the present invention provides a
piezoelectric material composite membrane acoustic com-
ponent with broadband and high sound quality, which com-
prises a vibrating membrane, a supporting frame, a piezo-
electric plate set and an AC power source. The vibrating
membrane is an electrically conductive membrane. The
supporting frame has a hollow portion. The supporting
frame is vertically penetrated by the hollow portion. A
membrane fixing portion of the vibrating membrane is fixed
by the supporting frame such that a piezoelectric plate fixing
portion and at least one spacing portion of the vibrating
membrane are corresponding to the hollow portion of the
supporting frame. At least one of the at least one spacing
portion is between the membrane fixing portion and the
piezoelectric plate fixing portion. The piezoelectric plate set
includes a first piezoelectric plate and a second piezoelectric
plate. The first piezoelectric plate includes a first top elec-

trode layer, a first piezoelectric layer and a first bottom

electrode layer. The second piezoelectric plate includes a

second top electrode layer, a second piezoelectric layer and

a second bottom electrode layer. The first bottom electrode

layer of the first piezoelectric plate is fixed on the piezo-

electric plate fixing portion of the vibrating membrane and

electrically connected to the piezoelectric plate fixing por-

tion of the vibrating membrane. The second bottom elec-

trode layer of the second piezoelectric plate is fixed on the

first top electrode layer of the first piezoelectric plate and

electrically connected to the first top electrode layer of the

first piezoelectric plate. The AC power source includes a first

electrode electrically connected to the second top electrode

layer of the second piezoelectric plate and a second elec-

trode electrically connected to the vibrating membrane.

Moreover, the present invention further provides a piezo-

electric material composite membrane acoustic component

with broadband and high sound quality, which comprises a

vibrating membrane, a supporting frame, a piezoelectric

plate set and an AC power source. The supporting frame has

a hollow portion. The supporting frame is vertically pen-
etrated by the hollow portion. A membrane fixing portion of
the vibrating membrane is fixed by the supporting frame
such that a piezoelectric plate fixing portion and at least one
spacing portion of the vibrating membrane are correspond-
ing to the hollow portion of the supporting frame. At least
one of the at least one spacing portion is between the
membrane fixing portion and the piezoelectric plate fixing
portion. The piezoelectric plate fixing portion of the vibrat-
ing membrane has a through hole penetrating the piezoelec-
tric plate fixing portion of the vibrating membrane. The
piezoelectric plate set includes a first piezoelectric plate and
a second piezoelectric plate. The first piezoelectric plate
includes a first top electrode layer, a first piezoelectric layer
and a first bottom electrode layer. The second piezoelectric
plate includes a second top electrode layer, a second piezo-
electric layer and a second bottom electrode layer. The first
bottom electrode layer of the first piezoelectric plate is fixed
on the piezoelectric plate fixing portion of the vibrating
membrane. The second bottom electrode layer of the second
piezoelectric plate is fixed on the first top electrode layer of
the first piezoelectric plate and electrically connected to the
first top electrode layer of the first piezoelectric plate. The
AC power source includes a first electrode electrically
connected to the second top electrode layer of the second
piezoelectric plate and a second electrode electrically con-
nected to the first bottom electrode layer of the first piezo-
electric plate through the through hole.

In implementation, the first piezoelectric layer has a first
polarization direction perpendicular to the first piezoelectric
layer, the second piezoelectric layer has a second polariza-
tion direction perpendicular to the second piezoelectric
layer, the first polarization direction and the second polar-
ization direction are one of the same direction and the
opposite direction. The first piezoelectric plate and the
second piezoelectric plate have the same shape and the same
thickness. The first piezoelectric layer and the second piezo-
electric layer are made of a piezoelectric ceramic respec-
tively, wherein the piezoelectric ceramic is at least one
selected from the group consisting of lead zirconate titanate
PZT-5A, lead zirconate titanate PZT-5H and lead zirconate
titanate PZT-5J. In a preferred embodiment, the piezoelec-
tric ceramic is made of lead zirconate titanate PSI-5A4E.
The shapes of the first piezoelectric plate and the second
piezoelectric plate are one selected from the group consist-
ing of a quadrilateral, a polygon, an oval, a circle and a ring.
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In implementation, the hollow portion of the supporting
frame is defined by an inner edge of the supporting frame,
a shape of the inner edge of the supporting frame is one
selected from the group consisting of a quadrilateral, a
polygon, an oval and a circle.

Moreover, the present invention further provides a manu-
facturing method of piezoelectric material composite mem-
brane acoustic component with broadband and high sound
quality, which comprises following steps of: fixing a periph-
ery region of a vibrating membrane by a fixing device such
that a middle region of the vibrating membrane is corre-
sponding to a device hollow portion of the fixing device,
wherein the fixing device is vertically penetrated by the
device hollow portion, the vibrating membrane is an elec-
trically conductive membrane; placing a tension-applying
device in the device hollow portion of the fixing device
under the vibrating membrane, wherein a height of the
tension-applying device is greater than a height of the device
hollow portion of the fixing device under the vibrating
membrane, such that a top portion of the tension-applying
device is against the vibrating membrane so as to increase a
tension of the vibrating membrane; fixing a piezoelectric
plate set including a first piezoelectric plate and a second
piezoelectric plate on a piezoelectric plate fixing portion of
the vibrating membrane, and fixing a membrane fixing
portion of the vibrating membrane by a supporting frame,
such that the piezoelectric plate fixing portion and at least
one spacing portion between the membrane fixing portion
and the piezoelectric plate fixing portion of the vibrating
membrane are corresponding to a hollow portion of the
supporting frame, the first piezoelectric plate includes a first
top electrode layer, a first piezoelectric layer and the first
bottom electrode layer, the second piezoelectric plate
includes a second top electrode layer, a second piezoelectric
layer and a second bottom electrode layer, first bottom
electrode layer of the first piezoelectric plate is fixed on the
piezoelectric plate fixing portion of the vibrating membrane
and electrically connected to the piezoelectric plate fixing
portion of the vibrating membrane, the second bottom
electrode layer of the second piezoelectric plate is fixed on
the first top electrode layer of the first piezoelectric plate and
electrically connected to the first top electrode layer of the
first piezoelectric plate; and electrically connecting a first
electrode and a second electrode of an AC power source to
the second top electrode layer of the second piezoelectric
plate and the vibrating membrane.

In implementation, the first bottom electrode layer of the
first piezoelectric plate is electrically connected to the piezo-
electric plate fixing portion of the vibrating membrane
through an electrically conductive adhesive.

Moreover, the present invention further provides a manu-
facturing method of piezoelectric material composite mem-
brane acoustic component with broadband and high sound
quality, which comprises following steps of: fixing a periph-
ery region of a vibrating membrane by a fixing device such
that a middle region of the vibrating membrane is corre-
sponding to a device hollow portion of the fixing device,
wherein the fixing device is vertically penetrated by the
device hollow portion; placing a tension-applying device in
the device hollow portion of the fixing device under the
vibrating membrane, wherein a height of the tension-apply-
ing device is greater than a height of the device hollow
portion of the fixing device under the vibrating membrane,
such that a top portion of the tension-applying device is
against the vibrating membrane so as to increase a tension of
the vibrating membrane; fixing a piezoelectric plate set
including a first piezoelectric plate and a second piezoelec-

tric plate on a piezoelectric plate fixing portion of the

vibrating membrane, and fixing a membrane fixing portion

of the vibrating membrane by a supporting frame, such that

the piezoelectric plate fixing portion and at least one spacing

portion between the membrane fixing portion and the piezo-

electric plate fixing portion of the vibrating membrane are

corresponding to a hollow portion of the supporting frame,

the piezoelectric plate fixing portion of the vibrating mem-

brane has a through hole penetrating the piezoelectric plate

fixing portion of the vibrating membrane, the first piezo-

electric plate includes a first top electrode layer, a first

piezoelectric layer and the first bottom electrode layer, the

second piezoelectric plate includes a second top electrode

layer, a second piezoelectric layer and a second bottom

electrode layer, first bottom electrode layer of the first

piezoelectric plate is fixed on the piezoelectric plate fixing

portion of the vibrating membrane and electrically con-

nected to the piezoelectric plate fixing portion of the vibrat-

ing membrane, the second bottom electrode layer of the

second piezoelectric plate is fixed on the first top electrode

layer of the first piezoelectric plate and electrically con-
nected to the first top electrode layer of the first piezoelectric
plate; and electrically connecting a first electrode of an AC
power source to the second top electrode layer of the second
piezoelectric plate and a second electrode of the AC power
source to the first bottom electrode layer of the first piezo-
electric plate through the through hole, respectively.

In implementation, the manufacturing method further
comprises a step of applying an external force on the
piezoelectric plate set such that the first bottom electrode
layer of the first piezoelectric plate of the piezoelectric plate
set is tightly fixed with the piezoelectric plate fixing portion
of the vibrating membrane.

In implementation, the supporting frame includes a top
supporting frame and a bottom supporting frame, the top
supporting frame has a top hollow portion, the bottom
supporting frame has a bottom hollow portion, the mem-
brane fixing portion of the vibrating membrane is sand-
wiched and fixed by the top supporting frame and the bottom
supporting frame respectively, such that the piezoelectric
plate fixing portion and the at least one spacing portion of
the vibrating membrane are corresponding to the top hollow
portion of the top supporting frame and the bottom hollow
portion of the bottom supporting frame, respectively.

In implementation, the fixing device includes a top fixing
device and a bottom fixing device, the device hollow portion
includes a top device hollow portion of the top fixing device
and a bottom device hollow portion of the bottom fixing
device, wherein the periphery region of the vibrating mem-
brane is sandwiched and fixed by the top fixing device and
the bottom fixing device respectively, such that the middle
region of the vibrating membrane is corresponding to the top
device hollow portion of the top fixing device and the
bottom device hollow portion of the bottom fixing device,
respectively.

In implementation, the fixing device further comprises at
least one silicone layer, wherein (1) the at least one silicone
layer is disposed on a bottom surface of the top fixing device
such that the periphery region of the vibrating membrane is
fixed between the at least one silicone layer and the bottom
fixing device, (2) the at least one silicone layer is disposed
on a top surface of the bottom fixing device such that the
periphery region of the vibrating membrane is fixed between
the top fixing device and the at least one silicone layer, or (3)
the periphery region of the vibrating membrane is fixed
between one of the at least one silicone layer disposed on a
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bottom surface of the top fixing device and the other of the

at least one silicone layer disposed on a top surface of the

bottom fixing device.

In implementation, the fixing device further comprises at

least one silicone layer, at least one of a top and a bottom of
the periphery region of the vibrating membrane is fixed by
the at least one silicone layer.

In implementation, the manufacturing method further
comprises a step of cutting the vibrating membrane between
the periphery region and the membrane fixing portion of the
vibrating membrane.

For further understanding the characteristics and effects of
the present invention, some preferred embodiments referred
to drawings are in detail described as follows.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is the cross-sectional schematic showing an
embodiment of a piezoelectric material composite mem-
brane acoustic component with broadband and high sound
quality of the present invention.

FIG. 2 is the top view schematic of the embodiment of
FIG. 1.

FIG. 3 is the cross-sectional schematic showing the polar-
ization directions of two piezoelectric layers of the embodi-
ment of FIG. 1.

FIG. 4 is the cross-sectional schematic showing another
embodiment of a piezoelectric material composite mem-
brane acoustic component with broadband and high sound
quality of the present invention.

FIG. 5 is the cross-sectional schematic showing another
embodiment of a piezoelectric material composite mem-
brane acoustic component with broadband and high sound
quality of the present invention.

FIG. 6 is the cross-sectional schematic showing another
embodiment of a piezoelectric material composite mem-
brane acoustic component with broadband and high sound
quality of the present invention.

FIG. 7 is the cross-sectional schematic showing another
embodiment of a piezoelectric material composite mem-
brane acoustic component with broadband and high sound
quality of the present invention.

FIG. 8 is the top view schematic of the embodiment of
FIG. 7.

FIG. 9 is the cross-sectional schematic showing another
embodiment of a piezoelectric material composite mem-
brane acoustic component with broadband and high sound
quality of the present invention.

FIGS. 10-12 are the cross-sectional schematics showing
steps of the manufacturing method of an embodiment of a
piezoelectric material composite membrane acoustic com-
ponent with broadband and high sound quality of the present
invention.

FIGS. 13-15 are the cross-sectional schematics showing
steps of the manufacturing method of another embodiment
of a piezoelectric material composite membrane acoustic
component with broadband and high sound quality of the
present invention.

DETAILED DESCRIPTIONS OF PREFERRED
EMBODIMENTS

Please refer to FIG. 1, which shows the cross-sectional
schematic of an embodiment of a piezoelectric material
composite membrane acoustic component with broadband
and high sound quality of the present invention. Please also
refer to FIGS. 2 and 3, which show the top view schematic

and the cross-sectional schematic of the polarization direc-
tions of two piezoelectric layers of the embodiment of FIG.
1, respectively. A piezoelectric material composite mem-
brane acoustic component 1 with broadband and high sound
quality of the present invention comprises a vibrating mem-
brane 2, a supporting frame 3, a piezoelectric plate set 4 and
an AC power source 5. In current embodiment, the vibrating
membrane 2 is an electrically conductive membrane. The
vibrating membrane 2 includes a membrane fixing portion
20 (the shape of the fixing portion 20 is a ring), a piezo-
electric plate fixing portion 21 (the shape of the piezoelectric
plate fixing portion 21 is a circle) and a spacing portion 22
(the shape of the spacing portion 22 is a ring). The spacing
portion 22 is between the fixing portion 20 and the piezo-
electric plate fixing portion 21. The supporting frame 3
includes a top supporting frame 31 and a bottom supporting
frame 32. The supporting frame 3 has a hollow portion 30.
The supporting frame 3 is vertically penetrated by the
hollow portion 30. The hollow portion 30 is defined by an
inner edge 35 of the supporting frame 3 (in current embodi-
ment, the shape of the inner edge 35 is a circle; i.e. the shape
of the hollow portion 30 is a circle). The hollow portion 30
includes a top hollow portion 33 of the top supporting frame
31 and a bottom hollow portion 34 of the bottom supporting
frame 32. The top supporting frame 31 is vertically pen-
etrated by the top hollow portion 33. The bottom supporting
frame 32 is vertically penetrated by the bottom hollow
portion 34. The membrane fixing portion 20 of the vibrating
membrane 2 is sandwiched and fixed by the top supporting
frame 31 and the bottom supporting frame 32 of the sup-
porting frame 3, such that the piezoelectric plate fixing
portion 21 and the spacing portion 22 of the vibrating
membrane 2 are corresponding to the hollow portion 30 of
the supporting frame 3 (i.e., the piezoelectric plate fixing
portion 21 and the spacing portion 22 of the vibrating
membrane 2 are corresponding to the top hollow portion 33
of the top supporting frame 31 and the bottom hollow
portion 34 of the bottom supporting frame 32, respectively).
The piezoelectric plate set 4 includes a first piezoelectric
plate 6 and a second piezoelectric plate 7. The first piezo-
electric plate 6 includes a first piezoelectric layer 60, a first
top electrode layer 61 and a first bottom electrode layer 62.
The second piezoelectric plate 7 includes a second piezo-
electric layer 70, a second top electrode layer 71 and a
second bottom electrode layer 72. The first piezoelectric
plate 6 and the second piezoelectric plate 7 have the same
shape and the same thickness. The piezoelectric plate set 4
(including the first piezoelectric plate 6 and the second
piezoelectric plate 7) and the piezoelectric plate fixing
portion 21 have the same shape; i.e., in current embodiment,
the shape of the piezoelectric plate set 4 is a circle. The first
top electrode layer 61 is formed on a first top surface 63 of
the first piezoelectric layer 60. The first bottom electrode
layer 62 is formed on a first bottom surface 64 of the first
piezoelectric layer 60. The first bottom electrode layer 62 of
the first piezoelectric plate 6 is fixed on the piezoelectric
plate fixing portion 21 of the vibrating membrane 2 through
an electrically conductive adhesive, such that the first bot-
tom electrode layer 62 of the first piezoelectric plate 6 is
electrically connected to the piezoelectric plate fixing por-
tion 21 of the vibrating membrane 2. The second top
electrode layer 71 is formed on a second top surface 73 of
the second piezoelectric layer 70. The second bottom elec-
trode layer 72 is formed on a second bottom surface 74 of
the second piezoelectric layer 70. The second bottom elec-
trode layer 72 of the second piezoelectric plate 7 is fixed on
the first top electrode layer 61 of the first piezoelectric plate
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6 such that the second bottom electrode layer 72 of the
second piezoelectric plate 7 is electrically connected to the
first top electrode layer 61 of the first piezoelectric plate 6.
The AC power source 5 includes a first electrode 51 and a
second electrode 52. The first electrode 51 is electrically
connected to the second top electrode layer 71 of the second
piezoelectric plate 7. The second electrode 52 is electrically
connected to the vibrating membrane 2. In current embodi-
ment, the first piezoelectric layer 60 and the second piezo-
electric layer 70 are made of a piezoelectric ceramic respec-
tively, wherein the piezoelectric ceramic may be at least one
selected from the group consisting of lead zirconate titanate
PZT-5A, lead zirconate titanate PZT-5H and lead zirconate
titanate PZT-5J. In a preferred embodiment, the piezoelec-
tric ceramic is made of lead zirconate titanate PSI-5A4E
(Lead zirconate titanate piezoelectric (PZT) ceramic, model
PSI-5A4E from Piezo System Inc.). The first piezoelectric
layer 60 has a first polarization direction 65 perpendicular to
the first piezoelectric layer 60. The second piezoelectric
layer 70 has a second polarization direction 75 perpendicular
to the second piezoelectric layer 70. In current embodiment,
the first polarization direction 65 is vertically downward;
while the second polarization direction 75 is vertically
upward (i.e., the first polarization direction 65 is opposite to
the second polarization direction 75). Therefore, the piezo-
electric material composite membrane acoustic component 1
with broadband and high sound quality of the present
invention can indeed achieve an acoustic component with a
smoother response curve, a larger frequency response, and
can achieve balanced sound quality at low frequencies,
intermediate frequencies and high frequencies.

In some embodiments, the vibrating membrane 2 may be
an electrically conductive membrane formed by sputtering a
PVC membrane.

Please refer to FIG. 4, which shows the cross-sectional
schematic of another embodiment of a piezoelectric material
composite membrane acoustic component with broadband
and high sound quality of the present invention. A piezo-
electric material composite membrane acoustic component 1
with broadband and high sound quality of the present
invention comprises a vibrating membrane 2, a supporting
frame 3, a piezoelectric plate set 4 and an AC power source
5. In current embodiment, the vibrating membrane 2 may be
a non-electrically conductive membrane or an electrically
conductive membrane. The vibrating membrane 2 includes
a membrane fixing portion 20 (the shape of the fixing portion
20 is a ring), a piezoelectric plate fixing portion 21 (the
shape of the piezoelectric plate fixing portion 21 is a circle)
and a spacing portion 22 (the shape of the spacing portion 22
is a ring). The spacing portion 22 is between the fixing
portion 20 and the piezoelectric plate fixing portion 21. The
piezoelectric plate fixing portion 21 of the vibrating mem-
brane 2 has a through hole 23. The piezoelectric plate fixing
portion 21 of the vibrating membrane 2 is penetrated by the
through hole 23. The supporting frame 3 includes a top
supporting frame 31 and a bottom supporting frame 32. The
supporting frame 3 has a hollow portion 30. The supporting
frame 3 is vertically penetrated by the hollow portion 30.
The hollow portion 30 is defined by an inner edge 35 of the
supporting frame 3 (in current embodiment, the shape of the
inner edge 35 is a circle; i.e. the shape of the hollow portion
30 is a circle). The hollow portion 30 includes a top hollow
portion 33 of the top supporting frame 31 and a bottom
hollow portion 34 of the bottom supporting frame 32. The
top supporting frame 31 is vertically penetrated by the top
hollow portion 33. The bottom supporting frame 32 is
vertically penetrated by the bottom hollow portion 34. The

membrane fixing portion 20 of the vibrating membrane 2 is
sandwiched and fixed by the top supporting frame 31 and the
bottom supporting frame 32 of the supporting frame 3, such
that the piezoelectric plate fixing portion 21 and the spacing
portion 22 of the vibrating membrane 2 are corresponding to
the hollow portion 30 of the supporting frame 3 (i.e., the
piezoelectric plate fixing portion 21 and the spacing portion
22 of the vibrating membrane 2 are corresponding to the top
hollow portion 33 of the top supporting frame 31 and the
bottom hollow portion 34 of the bottom supporting frame
32, respectively). The piezoelectric plate set 4 includes a first
piezoelectric plate 6 and a second piezoelectric plate 7. The
first piezoelectric plate 6 includes a first piezoelectric layer
60, a first top electrode layer 61 and a first bottom electrode
layer 62. The second piezoelectric plate 7 includes a second
piezoelectric layer 70, a second top electrode layer 71 and a
second bottom electrode layer 72. The first piezoelectric
plate 6 and the second piezoelectric plate 7 have the same
shape and the same thickness. The piezoelectric plate set 4
(including the first piezoelectric plate 6 and the second
piezoelectric plate 7) and the piezoelectric plate fixing
portion 21 have the same shape; i.e., in current embodiment,
the shape of the piezoelectric plate set 4 is a circle. The first
top electrode layer 61 is formed on a first top surface 63 of
the first piezoelectric layer 60. The first bottom electrode
layer 62 is formed on a first bottom surface 64 of the first
piezoelectric layer 60. The first bottom electrode layer 62 of
the first piezoelectric plate 6 is fixed on the piezoelectric
plate fixing portion 21 of the vibrating membrane 2 (in
current embodiment, the first bottom electrode layer 62 of
the first piezoelectric plate 6 may be fixed on the piezoelec-
tric plate fixing portion 21 of the vibrating membrane 2
through a non-electrically conductive adhesive, such that the
first bottom electrode layer 62 of the first piezoelectric plate
6 is non-electrically connected to the piezoelectric plate
fixing portion 21 of the vibrating membrane 2; or the first
bottom electrode layer 62 of the first piezoelectric plate 6
may be fixed on the piezoelectric plate fixing portion 21 of
the vibrating membrane 2 through an electrically conductive
adhesive, such that the first bottom electrode layer 62 of the
first piezoelectric plate 6 is electrically connected to the
piezoelectric plate fixing portion 21 of the vibrating mem-
brane 2). The second top electrode layer 71 is formed on a
second top surface 73 of the second piezoelectric layer 70.
The second bottom electrode layer 72 is formed on a second
bottom surface 74 of the second piezoelectric layer 70. The
second bottom electrode layer 72 of the second piezoelectric
plate 7 is fixed on the first top electrode layer 61 of the first
piezoelectric plate 6 such that the second bottom electrode
layer 72 of the second piezoelectric plate 7 is electrically
connected to the first top electrode layer 61 of the first
piezoelectric plate 6. The AC power source 5 includes a first
electrode 51 and a second electrode 52. The first electrode 51
is electrically connected to the second top electrode layer 71
of the second piezoelectric plate 7. The second electrode 52
is electrically connected to the first bottom electrode layer
62 of the first piezoelectric plate 6 through the through hole
23. In current embodiment, the first piezoelectric layer 60
and the second piezoelectric layer 70 are made of a piezo-
electric ceramic respectively, wherein the piezoelectric
ceramic may be at least one selected from the group con-
sisting of lead zirconate titanate PZT-5A, lead zirconate
titanate PZT-5H and lead zirconate titanate PZT-5J. In a
preferred embodiment, the piezoelectric ceramic is made of
lead zirconate titanate PSI-5A4E (Lead zirconate titanate
piezoelectric (PZT) ceramic, model PSI-5A4E from Piezo
System Inc.). The first piezoelectric layer 60 has a first
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polarization direction 65 perpendicular to the first piezo-

electric layer 60. The second piezoelectric layer 70 has a

second polarization direction 75 perpendicular to the second

piezoelectric layer 70. In current embodiment, the first

polarization direction 65 is vertically downward; while the

second polarization direction 75 is vertically upward (i.e.,

the first polarization direction 65 is opposite to the second

polarization direction 75). Therefore, the piezoelectric mate-

rial composite membrane acoustic component 1 with broad-

band and high sound quality of the present invention can

indeed achieve an acoustic component with a smoother

response curve, a larger frequency response, and can achieve

balanced sound quality at low frequencies, intermediate

frequencies and high frequencies.

In some embodiments, the first polarization direction 65

is vertically upward; while the second polarization direction

75 is vertically downward (i.e., the first polarization direc-

tion 65 is opposite to the second polarization direction 75).

In some other embodiments, the first polarization direction

65 is vertically upward; and the second polarization direc-

tion 75 is vertically upward (i.e., the first polarization
direction 65 is the same with the second polarization direc-
tion 75). In some other embodiments, the first polarization
direction 65 is vertically downward; and the second polar-
ization direction 75 is vertically downward (i.e., the first
polarization direction 65 is the same with the second polar-
ization direction 75).

In some embodiments, the vibrating membrane 2 may be
a PVC membrane, or an electrically conductive membrane
formed by sputtering a PVC membrane.

In some embodiments, the membrane fixing portion 20 of
the vibrating membrane 2 is fixed between the top support-
ing frame 31 and the bottom supporting frame 32 by means
of screwing. In some other embodiments, the membrane
fixing portion 20 of the vibrating membrane 2 is fixed
between the top supporting frame 31 and the bottom sup-
porting frame 32 by an adhesive. In some embodiments, the
top supporting frame 31 is engaged with the bottom sup-
porting frame 32 so that the membrane fixing portion 20 of
the vibrating membrane 2 is fixed between the top support-
ing frame 31 and the bottom supporting frame 32.

Please refer to FIG. 5, which shows the cross-sectional
schematic of another embodiment of a piezoelectric material
composite membrane acoustic component with broadband
and high sound quality of the present invention. The main
structure of the embodiment of FIG. 5 is basically the same
as the structure of the embodiment of FIG. 1, except that the
supporting frame 3 includes the bottom supporting frame 32
(but does not include the top supporting frame 31), the
hollow portion 30 includes the bottom hollow portion 34
(but does not include the top hollow portion 33), the
membrane fixing portion 20 of the vibrating membrane 2 is
fixed on the bottom supporting frame 32 of the supporting
frame 3, such that the piezoelectric plate fixing portion 21
and the spacing portion 22 of the vibrating membrane 2 are
corresponding to the hollow portion 30 of the supporting
frame 3 (i.e., the piezoelectric plate fixing portion 21 and the
spacing portion 22 of the vibrating membrane 2 are corre-
sponding to the bottom hollow portion 34 of the bottom
supporting frame 32).

In some embodiments, the membrane fixing portion 20 of
the vibrating membrane 2 is fixed on the bottom supporting
frame 32 by means of screwing. In some other embodi-
ments, the membrane fixing portion 20 of the vibrating
membrane 2 is fixed on the bottom supporting frame 32 by
an adhesive.

In some embodiments (now shown in figure), the main

structure is basically the same as the structure of the embodi-

ment of FIG. 1, except that the supporting frame 3 includes

the top supporting frame 31 (but does not include the bottom

supporting frame 32), the hollow portion 30 includes the top

hollow portion 33 (but does not include the bottom hollow

portion 34), the membrane fixing portion 20 of the vibrating

membrane 2 is fixed on the top supporting frame 31 of the

supporting frame 3 by means of screwing, such that the

piezoelectric plate fixing portion 21 and the spacing portion

22 of the vibrating membrane 2 are corresponding to the

hollow portion 30 of the supporting frame 3 (i.e., the

piezoelectric plate fixing portion 21 and the spacing portion

22 of the vibrating membrane 2 are corresponding to the top

hollow portion 33 of the top supporting frame 31). In some

other embodiments (now shown in figure), the main struc-

ture is basically the same as the structure of the embodiment

of FIG. 1, except that the supporting frame 3 includes the top

supporting frame 31 (but does not include the bottom

supporting frame 32), the hollow portion 30 includes the top

hollow portion 33 (but does not include the bottom hollow
portion 34), the membrane fixing portion 20 of the vibrating
membrane 2 is fixed on the top supporting frame 31 of the
supporting frame 3 by an adhesive, such that the piezoelec-
tric plate fixing portion 21 and the spacing portion 22 of the
vibrating membrane 2 are corresponding to the hollow
portion 30 of the supporting frame 3 (i.e., the piezoelectric
plate fixing portion 21 and the spacing portion 22 of the
vibrating membrane 2 are corresponding to the top hollow
portion 33 of the top supporting frame 31).

Please refer to FIG. 6, which shows the cross-sectional
schematic of another embodiment of a piezoelectric material
composite membrane acoustic component with broadband
and high sound quality of the present invention. The main
structure of the embodiment of FIG. 6 is basically the same
as the structure of the embodiment of FIG. 1, except that the
supporting frame 3 is a single supporting frame (i.e., the
supporting frame 3 is not composed of the top supporting
frame 31 and the bottom supporting frame 32), the support-
ing frame 3 has the hollow portion 30, the supporting frame
3 is vertically penetrated by the hollow portion 30 (the
hollow portion 30 is not composed of the top hollow portion
33 and the bottom hollow portion 34), the membrane fixing
portion 20 of the vibrating membrane 2 is fixed in the
supporting frame 3, such that the piezoelectric plate fixing
portion 21 and the spacing portion 22 of the vibrating
membrane 2 are corresponding to the hollow portion 30 of
the supporting frame 3, wherein the membrane fixing por-
tion 20 of the vibrating membrane 2 is fixed in the support-
ing frame 3 by means of screwing or by an adhesive.

Please refer to FIG. 7, which shows the cross-sectional
schematic of another embodiment of a piezoelectric material
composite membrane acoustic component with broadband
and high sound quality of the present invention. Please also
refer to FIG. 8, which shows the top view schematic of the
embodiment of FIG. 7. The main structure of the embodi-
ment of FIG. 7 is basically the same as the structure of the
embodiment of FIG. 1, except that the vibrating membrane
2 includes a membrane fixing portion 20 (the shape of the
fixing portion 20 is a ring), a piezoelectric plate fixing
portion 21 (the shape of the piezoelectric plate fixing portion
21 is a ring; i.e., the shape of the piezoelectric plate set 4 is
a ring) and two spacing portions 22 (the shape of one of the
spacing portion 22 is a ring, while the shape of the other of
the spacing portion 22 is a circle; the ring-shaped spacing
portion 22 is between the membrane fixing portion 20 and
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the piezoelectric plate fixing portion 21, while the circle-
shaped spacing portion 22 is within the piezoelectric plate
fixing portion 21).

Please refer to FIG. 9, which shows the cross-sectional
schematic of another embodiment of a piezoelectric material
composite membrane acoustic component with broadband
and high sound quality of the present invention. The main
structure of the embodiment of FIG. 9 is basically the same
as the structure of the embodiment of FIG. 1, except that the
vibrating membrane 2 includes a membrane fixing portion
20 (the shape of the fixing portion 20 is a hollow rectangle),
a piezoelectric plate fixing portion 21 (the shape of the
piezoelectric plate fixing portion 21 is a rectangle) and a
spacing portion 22 (the shape of the spacing portion 22 is a
hollow rectangle), the hollow rectangle shaped spacing
portion 22 is between the hollow rectangle shaped mem-
brane fixing portion 20 and the rectangle shaped piezoelec-
tric plate fixing portion 21.

In some embodiments, the shape of the piezoelectric plate
set 4 (including the first piezoelectric plate 6 and the second
piezoelectric plate 7) is one selected from the group con-
sisting of a quadrilateral, a polygon, an oval, a circle and a
ring. In some embodiments, the shape of the inner edge 35
(i.e. the shape of the hollow portion 30) is one selected from
the group consisting of a quadrilateral, a polygon, an oval
and a circle. The shape of the piezoelectric plate set 4
(including the first piezoelectric plate 6 and the second
piezoelectric plate 7) and the shape of the inner edge 35 (i.e.
the shape of the hollow portion 30) can be matched with
each other, and by optimizing the matching of geometric
shapes, the size of the acoustic component with the best
audio performance can be found, so that the piezoelectric
material composite membrane acoustic component 1 with
broadband and high sound quality can achieve a smoother
response curve, a larger frequency response, and can achieve
balanced sound quality at low frequencies, intermediate
frequencies and high frequencies.

Please refer to FIGS. 10-12, which show the cross-
sectional schematics of steps of the manufacturing method
of an embodiment of a piezoelectric material composite
membrane acoustic component with broadband and high
sound quality of the present invention. A manufacturing
method of a a piezoelectric material composite membrane
acoustic component 1 with broadband and high sound
quality of the present invention comprises following steps
of: (please referring to FIG. 10) fixing a periphery region 80
of a vibrating membrane 2 by a fixing device 8 (in current
embodiment, the fixing device 8 includes a top fixing device
85, a bottom fixing device 86 and two silicone layers 40,
wherein the two silicone layers 40 are disposed on a bottom
surface 41 of the top fixing device 85 and a top surface 42
of the bottom fixing device 86, respectively; the periphery
region 80 of the vibrating membrane 2 is fixed between the
two silicone layers 40 of the fixing device 8, wherein the
silicone layer 40 can make the vibrating membrane 2 fixed
and non-slip) such that a middle region 81 of the vibrating
membrane 2 is corresponding to a device hollow portion 82
of the fixing device 8, wherein the fixing device 8 is
vertically penetrated by the device hollow portion 82 (in
current embodiment, the device hollow portion 82 includes
a top device hollow portion 87 of the top fixing device 85
and a bottom device hollow portion 88 of the bottom fixing
device 86, the top fixing device 85 is vertically penetrated by
the top device hollow portion 87, the bottom fixing device
86 is vertically penetrated by the bottom device hollow
portion 88; the middle region 81 of the vibrating membrane
2 is corresponding to the top device hollow portion 87 of the

top fixing device 85 and the bottom device hollow portion 88
of the bottom fixing device 86, respectively), wherein the
vibrating membrane 2 is an electrically conductive mem-
brane, the middle region 81 of the vibrating membrane 2
includes a membrane fixing portion 20, a piezoelectric plate
fixing portion 21 and a spacing portion 22 (in current
embodiment, the shape of the fixing portion 20 is a ring, the
shape of the piezoelectric plate fixing portion 21 is a circle,
the shape of the spacing portion 22 is a ring), the spacing
portion 22 is between the fixing portion 20 and the piezo-
electric plate fixing portion 21; (please referring to FIG. 11)
placing a tension-applying device 83 in the device hollow
portion 82 of the fixing device 8 under the vibrating mem-
brane 2 (the bottom device hollow portion 88), wherein a
height of the tension-applying device 83 is greater than a
height of the device hollow portion 82 of the fixing device
8 under the vibrating membrane 2 (the bottom device hollow
portion 88), such that a top portion 84 of the tension-
applying device 83 is against the vibrating membrane 2 so
as to increase a tension of the vibrating membrane 2; (please
referring to FIG. 12) fixing a first bottom electrode layer 62
of a first piezoelectric plate 6 of a piezoelectric plate set 4 on
the piezoelectric plate fixing portion 21 of the middle region
81 of the vibrating membrane 2 by an electrically conductive
adhesive such that the first bottom electrode layer 62 of the
first piezoelectric plate 6 is electrically connected to the
piezoelectric plate fixing portion 21 of the middle region 81
of the vibrating membrane 2, and fixing the membrane fixing
portion 20 of the vibrating membrane 2 by a supporting
frame 3 (in current embodiment, the supporting frame 3
includes a top supporting frame 31 and a bottom supporting
frame 32, the membrane fixing portion 20 of the vibrating
membrane 2 is sandwiched and fixed by the top supporting
frame 31 and the bottom supporting frame 32 of the sup-
porting frame 3) such that the piezoelectric plate fixing
portion 21 and the spacing portion 22 between the mem-
brane fixing portion 20 and the piezoelectric plate fixing
portion 21 of the vibrating membrane 2 are corresponding to
a hollow portion 30 of the supporting frame 3, wherein the
supporting frame 3 is vertically penetrated by the hollow
portion 30 (in current embodiment, the hollow portion 30
includes a top hollow portion 33 of the top supporting frame
31 and a bottom hollow portion 34 of the bottom supporting
frame 32, the top supporting frame 31 is vertically pen-
etrated by the top hollow portion 33, the bottom supporting
frame 32 is vertically penetrated by the bottom hollow
portion 34, the piezoelectric plate fixing portion 21 and the
spacing portion 22 between the membrane fixing portion 20
and the piezoelectric plate fixing portion 21 of the vibrating
membrane 2 are corresponding to the top hollow portion 33
of the top supporting frame 31 and the bottom hollow
portion 34 of the bottom supporting frame 32, respectively),
wherein the piezoelectric plate set 4 includes the first
piezoelectric plate 6 and a second piezoelectric plate 7, the
first piezoelectric plate 6 includes a first piezoelectric layer
60, a first top electrode layer 61 and a first bottom electrode
layer 62, the first top electrode layer 61 and the first bottom
electrode layer 62 are formed on a first top surface 63 and
a first bottom surface 64 of the first piezoelectric layer 60
respectively, the second piezoelectric plate 7 includes a
second piezoelectric layer 70, a second top electrode layer
71 and a second bottom electrode layer 72, the second top
electrode layer 71 and the second bottom electrode layer 72
are formed on a second top surface 73 and a second bottom
surface 74 of the second piezoelectric layer 70 respectively,
the second bottom electrode layer 72 of the second piezo-
electric plate 7 is fixed on the first top electrode layer 61 of
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the first piezoelectric plate 6 such that the second bottom
electrode layer 72 of the second piezoelectric plate 7 is
electrically connected to the first top electrode layer 61 of
the first piezoelectric plate 6; (not shown in Figure) cutting
the vibrating membrane 2 between the periphery region 80
and the membrane fixing portion 20 of the vibrating mem-
brane 2; and (not shown in Figure) electrically connecting a
first electrode 51 and a second electrode 52 of an AC power
source 5 to the second top electrode layer 71 of the second
piezoelectric plate 7 and the vibrating membrane 2 respec-
tively, to form a piezoelectric material composite membrane
acoustic component 1 with broadband and high sound
quality as shown in FIG. 1. The manufacturing method of
the piezoelectric material composite membrane acoustic
component 1 with broadband and high sound quality of the
present invention utilizes a fixed height difference between
the height of the tension-applying device 83 and the height
of the device hollow portion 82 of the fixing device 8 under
the vibrating membrane 2 (the bottom device hollow portion
88), so as to increase the tension of the vibrating membrane
2 by a fixed amount (to fix the tension of the vibrating
membrane 2) to maintain the stable quality of the piezo-
electric material composite membrane acoustic component 1
with broadband and high sound quality.

The order of the step of cutting the vibrating membrane 2
between the periphery region 80 and the membrane fixing
portion 20 of the vibrating membrane 2 and the step of
electrically connecting a first electrode 51 and a second
electrode 52 of an AC power source 5 to the second top
electrode layer 71 of the second piezoelectric plate 7 and the
vibrating membrane 2 respectively can be reversed.

In some embodiments, firstly, the first bottom electrode
layer 62 of the first piezoelectric plate 6 of the piezoelectric
plate set 4 is fixed on the piezoelectric plate fixing portion
21 of the middle region 81 of the vibrating membrane 2 by
an electrically conductive adhesive; and then the membrane
fixing portion 20 of the vibrating membrane 2 is fixed
between the top supporting frame 31 and the bottom sup-
porting frame 32 by means of screwing. In some other
embodiments, firstly, the membrane fixing portion 20 of the
vibrating membrane 2 is fixed between the top supporting
frame 31 and the bottom supporting frame 32 by means of
screwing; and then the first bottom electrode layer 62 of the
first piezoelectric plate 6 of the piezoelectric plate set 4 is
fixed on the piezoelectric plate fixing portion 21 of the
middle region 81 of the vibrating membrane 2 by an
electrically conductive adhesive. In some embodiments,
firstly, the first bottom electrode layer 62 of the first piezo-
electric plate 6 of the piezoelectric plate set 4 is fixed on the
piezoelectric plate fixing portion 21 of the middle region 81
of the vibrating membrane 2 by an electrically conductive
adhesive; and then the membrane fixing portion 20 of the
vibrating membrane 2 is fixed between the top supporting
frame 31 and the bottom supporting frame 32 by an adhe-
sive. In some other embodiments, firstly, the membrane
fixing portion 20 of the vibrating membrane 2 is fixed
between the top supporting frame 31 and the bottom sup-
porting frame 32 by an adhesive; and then the first bottom
electrode layer 62 of the first piezoelectric plate 6 of the
piezoelectric plate set 4 is fixed on the piezoelectric plate
fixing portion 21 of the middle region 81 of the vibrating
membrane 2 by an electrically conductive adhesive. In some
embodiments, firstly, the first bottom electrode layer 62 of
the first piezoelectric plate 6 of the piezoelectric plate set 4
is fixed on the piezoelectric plate fixing portion 21 of the
middle region 81 of the vibrating membrane 2 by an
electrically conductive adhesive; and then the top supporting

frame 31 is engaged with the bottom supporting frame 32 so
that the membrane fixing portion 20 of the vibrating mem-
brane 2 is fixed between the top supporting frame 31 and the
bottom supporting frame 32. In some other embodiments,
firstly, the top supporting frame 31 is engaged with the
bottom supporting frame 32 so that the membrane fixing
portion 20 of the vibrating membrane 2 is fixed between the
top supporting frame 31 and the bottom supporting frame
32; and then the first bottom electrode layer 62 of the first
piezoelectric plate 6 of the piezoelectric plate set 4 is fixed
on the piezoelectric plate fixing portion 21 of the middle
region 81 of the vibrating membrane 2 by an electrically
conductive adhesive.

Please refer to FIGS. 13-15, which show the cross-
sectional schematics of steps of the manufacturing method
of another embodiment of a piezoelectric material composite
membrane acoustic component with broadband and high
sound quality of the present invention. A manufacturing
method of a a piezoelectric material composite membrane
acoustic component 1 with broadband and high sound
quality of the present invention comprises following steps
of: (please referring to FIG. 13) fixing a periphery region 80
of a vibrating membrane 2 by a fixing device 8 (in current
embodiment, the fixing device 8 includes a top fixing device
85, a bottom fixing device 86 and two silicone layers 40,
wherein the two silicone layers 40 are disposed on a bottom
surface 41 of the top fixing device 85 and a top surface 42
of the bottom fixing device 86, respectively; the periphery
region 80 of the vibrating membrane 2 is fixed between the
two silicone layers 40 of the fixing device 8, wherein the
silicone layer 40 can make the vibrating membrane 2 fixed
and non-slip) such that a middle region 81 of the vibrating
membrane 2 is corresponding to a device hollow portion 82
of the fixing device 8, wherein the fixing device 8 is
vertically penetrated by the device hollow portion 82 (in
current embodiment, the device hollow portion 82 includes
a top device hollow portion 87 of the top fixing device 85
and a bottom device hollow portion 88 of the bottom fixing
device 86, the top fixing device 85 is vertically penetrated by
the top device hollow portion 87, the bottom fixing device
86 is vertically penetrated by the bottom device hollow
portion 88; the middle region 81 of the vibrating membrane
2 is corresponding to the top device hollow portion 87 of the
top fixing device 85 and the bottom device hollow portion 88
of the bottom fixing device 86, respectively), wherein the
middle region 81 of the vibrating membrane 2 includes a
membrane fixing portion 20, a piezoelectric plate fixing
portion 21 and a spacing portion 22 (in current embodiment,
the shape of the fixing portion 20 is a ring, the shape of the
piezoelectric plate fixing portion 21 is a circle, the shape of
the spacing portion 22 is a ring), the spacing portion 22 is
between the fixing portion 20 and the piezoelectric plate
fixing portion 21, the piezoelectric plate fixing portion 21 of
the vibrating membrane 2 has a through hole 23, the
piezoelectric plate fixing portion 21 of the vibrating mem-
brane 2 is penetrated by the through hole 23; (please
referring to FIG. 14) placing a tension-applying device 83 in
the device hollow portion 82 of the fixing device 8 under the
vibrating membrane 2 (the bottom device hollow portion
88), wherein a height of the tension-applying device 83 is
greater than a height of the device hollow portion 82 of the
fixing device 8 under the vibrating membrane 2 (the bottom
device hollow portion 88), such that a top portion 84 of the
tension-applying device 83 is against the vibrating mem-
brane 2 so as to increase a tension of the vibrating membrane
2; (please referring to FIG. 15) fixing a first bottom electrode
layer 62 of a first piezoelectric plate 6 of a piezoelectric plate
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set 4 on the piezoelectric plate fixing portion 21 of the
middle region 81 of the vibrating membrane 2, and fixing the
membrane fixing portion 20 of the vibrating membrane 2 by
a supporting frame 3 (in current embodiment, the supporting
frame 3 includes a top supporting frame 31 and a bottom
supporting frame 32, the membrane fixing portion 20 of the
vibrating membrane 2 is sandwiched and fixed by the top
supporting frame 31 and the bottom supporting frame 32 of
the supporting frame 3) such that the piezoelectric plate
fixing portion 21 and the spacing portion 22 between the
membrane fixing portion 20 and the piezoelectric plate
fixing portion 21 of the vibrating membrane 2 are corre-
sponding to a hollow portion 30 of the supporting frame 3,
wherein the supporting frame 3 is vertically penetrated by
the hollow portion 30 (in current embodiment, the hollow
portion 30 includes a top hollow portion 33 of the top
supporting frame 31 and a bottom hollow portion 34 of the
bottom supporting frame 32, the top supporting frame 31 is
vertically penetrated by the top hollow portion 33, the
bottom supporting frame 32 is vertically penetrated by the
bottom hollow portion 34, the piezoelectric plate fixing
portion 21 and the spacing portion 22 between the mem-
brane fixing portion 20 and the piezoelectric plate fixing
portion 21 of the vibrating membrane 2 are corresponding to
the top hollow portion 33 of the top supporting frame 31 and
the bottom hollow portion 34 of the bottom supporting
frame 32, respectively), wherein the piezoelectric plate set 4
includes the first piezoelectric plate 6 and a second piezo-
electric plate 7, the first piezoelectric plate 6 includes a first
piezoelectric layer 60, a first top electrode layer 61 and a first
bottom electrode layer 62, the first top electrode layer 61 and
the first bottom electrode layer 62 are formed on a first top
surface 63 and a first bottom surface 64 of the first piezo-
electric layer 60 respectively, the second piezoelectric plate
7 includes a second piezoelectric layer 70, a second top
electrode layer 71 and a second bottom electrode layer 72,
the second top electrode layer 71 and the second bottom
electrode layer 72 are formed on a second top surface 73 and
a second bottom surface 74 of the second piezoelectric layer
70 respectively, the second bottom electrode layer 72 of the
second piezoelectric plate 7 is fixed on the first top electrode
layer 61 of the first piezoelectric plate 6 such that the second
bottom electrode layer 72 of the second piezoelectric plate
7 is electrically connected to the first top electrode layer 61
of the first piezoelectric plate 6; (not shown in Figure)
cutting the vibrating membrane 2 between the periphery
region 80 and the membrane fixing portion 20 of the
vibrating membrane 2; and (not shown in Figure) electri-
cally connecting a first electrode 51 of an AC power source
5 to the second top electrode layer 71 of the second
piezoelectric plate 7 and electrically connecting a second
electrode 52 of the AC power source 5 to the first bottom
electrode layer 62 of the first piezoelectric plate 6 through
the through hole 23, to form a piezoelectric material com-
posite membrane acoustic component 1 with broadband and
high sound quality as shown in FIG. 4. The manufacturing
method of the piezoelectric material composite membrane
acoustic component 1 with broadband and high sound
quality of the present invention utilizes a fixed height
difference between the height of the tension-applying device
83 and the height of the device hollow portion 82 of the
fixing device 8 under the vibrating membrane 2 (the bottom
device hollow portion 88), so as to increase the tension of the
vibrating membrane 2 by a fixed amount (to fix the tension
of the vibrating membrane 2) to maintain the stable quality
of the piezoelectric material composite membrane acoustic
component 1 with broadband and high sound quality.

The order of the step of cutting the vibrating membrane 2
between the periphery region 80 and the membrane fixing
portion 20 of the vibrating membrane 2 and the step of
electrically connecting a first electrode 51 of an AC power
source 5 to the second top electrode layer 71 of the second
piezoelectric plate 7 and electrically connecting a second
electrode 52 of the AC power source 5 to the first bottom
electrode layer 62 of the first piezoelectric plate 6 through
the through hole 23 can be reversed.

In some embodiments, firstly, the first bottom electrode
layer 62 of the first piezoelectric plate 6 of the piezoelectric
plate set 4 is fixed on the piezoelectric plate fixing portion
21 of the middle region 81 of the vibrating membrane 2 by
a non-electrically conductive adhesive or an electrically
conductive adhesive; and then the membrane fixing portion
20 of the vibrating membrane 2 is fixed between the top
supporting frame 31 and the bottom supporting frame 32 by
means of screwing. In some other embodiments, firstly, the
membrane fixing portion 20 of the vibrating membrane 2 is
fixed between the top supporting frame 31 and the bottom
supporting frame 32 by means of screwing; and then the first
bottom electrode layer 62 of the first piezoelectric plate 6 of
the piezoelectric plate set 4 is fixed on the piezoelectric plate
fixing portion 21 of the middle region 81 of the vibrating
membrane 2 by a non-electrically conductive adhesive or an
electrically conductive adhesive. In some embodiments,
firstly, the first bottom electrode layer 62 of the first piezo-
electric plate 6 of the piezoelectric plate set 4 is fixed on the
piezoelectric plate fixing portion 21 of the middle region 81
of the vibrating membrane 2 by a non-electrically conduc-
tive adhesive or an electrically conductive adhesive; and
then the membrane fixing portion 20 of the vibrating mem-
brane 2 is fixed between the top supporting frame 31 and the
bottom supporting frame 32 by an adhesive. In some other
embodiments, firstly, the membrane fixing portion 20 of the
vibrating membrane 2 is fixed between the top supporting
frame 31 and the bottom supporting frame 32 by an adhe-
sive; and then the first bottom electrode layer 62 of the first
piezoelectric plate 6 of the piezoelectric plate set 4 is fixed
on the piezoelectric plate fixing portion 21 of the middle
region 81 of the vibrating membrane 2 by a non-electrically
conductive adhesive or an electrically conductive adhesive.
In some embodiments, firstly, the first bottom electrode layer
62 of the first piezoelectric plate 6 of the piezoelectric plate
set 4 is fixed on the piezoelectric plate fixing portion 21 of
the middle region 81 of the vibrating membrane 2 by a
non-electrically conductive adhesive or an electrically con-
ductive adhesive; and then the top supporting frame 31 is
engaged with the bottom supporting frame 32 so that the
membrane fixing portion 20 of the vibrating membrane 2 is
fixed between the top supporting frame 31 and the bottom
supporting frame 32. In some other embodiments, firstly, the
top supporting frame 31 is engaged with the bottom sup-
porting frame 32 so that the membrane fixing portion 20 of
the vibrating membrane 2 is fixed between the top support-
ing frame 31 and the bottom supporting frame 32; and then
the first bottom electrode layer 62 of the first piezoelectric
plate 6 of the piezoelectric plate set 4 is fixed on the
piezoelectric plate fixing portion 21 of the middle region 81
of the vibrating membrane 2 by a non-electrically conduc-
tive adhesive or an electrically conductive adhesive.

In some embodiments, firstly, the first bottom electrode
layer 62 of the first piezoelectric plate 6 of the piezoelectric
plate set 4 is fixed on the piezoelectric plate fixing portion
21 of the middle region 81 of the vibrating membrane 2 by
means of gluing, and the membrane fixing portion 20 of the
vibrating membrane 2 is fixed on the top supporting frame
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31 by means of screwing or gluing; and then the vibrating
membrane 2 between the periphery region 80 and the
membrane fixing portion 20 of the vibrating membrane 2 is
cut; and then the bottom supporting frame 32 is fixed to the
membrane fixing portion 20 of the vibrating membrane 2
and/or the top supporting frame 31 by means of screwing,
gluing or engagement. In some other embodiments, firstly,
the first bottom electrode layer 62 of the first piezoelectric
plate 6 of the piezoelectric plate set 4 is fixed on the
piezoelectric plate fixing portion 21 of the middle region 81
of the vibrating membrane 2 by means of gluing, and the
membrane fixing portion 20 of the vibrating membrane 2 is
fixed on bottom supporting frame 32 by means of screwing
or gluing; and then the vibrating membrane 2 between the
periphery region 80 and the membrane fixing portion 20 of
the vibrating membrane 2 is cut; and then the top supporting
frame 31 is fixed to the membrane fixing portion 20 of the
vibrating membrane 2 and/or the bottom supporting frame
32 by means of screwing, gluing or engagement.

In some embodiments, in the manufacturing method of
piezoelectric material composite membrane acoustic com-
ponent with broadband and high sound quality of the present
invention, when fixing the first bottom electrode layer 62 of
the first piezoelectric plate 6 of the piezoelectric plate set 4
on the piezoelectric plate fixing portion 21 of the middle
region 81 of the vibrating membrane 2, the manufacturing
method may further comprises a step of applying an external
force on the piezoelectric plate set 4 such that the first
bottom electrode layer 62 of the first piezoelectric plate 6 of
the piezoelectric plate set 4 is tightly fixed with the piezo-
electric plate fixing portion 21 of the middle region 81 of the
vibrating membrane 2.

In some embodiments, the periphery region 80 of the
vibrating membrane 2 is fixed between the silicone layer 40
disposed on the bottom surface 41 of the top fixing device
85 and the silicone layer 40 disposed on the top surface 42
of the bottom fixing device 86 by means of screwing, gluing
or engagement.

In some embodiments, the fixing device 8 includes the
bottom fixing device 86 and the silicone layer 40 disposed
on the top surface 42 of the bottom fixing device 86 (but
does not include the top fixing device 85 and the silicone
layer 40 disposed on the bottom surface 41 of the top fixing
device 85), wherein the periphery region 80 of the vibrating
membrane 2 is fixed on the silicone layer 40 disposed on the
top surface 42 of the bottom fixing device 86 by means of
screwing or gluing. In some other embodiments, the fixing
device 8 includes the bottom fixing device 86 (but does not
include the top fixing device 85, the silicone layer 40
disposed on the bottom surface 41 of the top fixing device
85 and the silicone layer 40 disposed on the top surface 42
of the bottom fixing device 86), wherein the periphery
region 80 of the vibrating membrane 2 is fixed on the bottom
fixing device 86 by means of screwing or gluing. In some
other embodiments, the fixing device 8 includes the top
fixing device 85, the bottom fixing device 86 and the silicone
layer 40 disposed on the top surface 42 of the bottom fixing
device 86 (but does not include the silicone layer 40 dis-
posed on the bottom surface 41 of the top fixing device 85),
wherein the periphery region 80 of the vibrating membrane
2 is fixed between the top fixing device 85 and the silicone
layer 40 disposed on the top surface 42 of the bottom fixing
device 86 by means of screwing, gluing or engagement. In
some other embodiments, the fixing device 8 includes the
top fixing device 85, the silicone layer 40 disposed on the
bottom surface 41 of the top fixing device 85 and the bottom
fixing device 86 (but does not include the silicone layer 40

disposed on the top surface 42 of the bottom fixing device
86), wherein the periphery region 80 of the vibrating mem-
brane 2 is fixed between the silicone layer 40 disposed on the
bottom surface 41 of the top fixing device 85 and the bottom
fixing device 86 by means of screwing, gluing or engage-
ment. In some other embodiments, the fixing device 8
includes the top fixing device 85 and the bottom fixing
device 86 (but does not include the silicone layer 40 dis-
posed on the bottom surface 41 of the top fixing device 85
and the silicone layer 40 disposed on the top surface 42 of
the bottom fixing device 86), wherein the periphery region
80 of the vibrating membrane 2 is fixed between the top
fixing device 85 and the bottom fixing device 86 by means
of screwing, gluing or engagement.

As disclosed in the above description and attached draw-
ings, the present invention can provide a piezoelectric mate-
rial composite membrane acoustic component with broad-
band and high sound quality and a manufacturing method
thereof. It is new and can be put into industrial use.

Although the embodiments of the present invention have
been described in detail, many modifications and variations
may be made by those skilled in the art from the teachings
disclosed hereinabove. Therefore, it should be understood
that any modification and variation equivalent to the spirit of
the present invention be regarded to fall into the scope
defined by the appended claims.

What is claimed is:
1. A piezoelectric material composite membrane acoustic

component with broadband and high sound quality, com-
prising:

a vibrating membrane including a membrane fixing por-
tion, a piezoelectric plate fixing portion and at least one
spacing portion, at least one of said at least one spacing
portion is between said membrane fixing portion and
said piezoelectric plate fixing portion, wherein said
piezoelectric plate fixing portion is surrounded by said
at least one of said at least one spacing portion, and said
at least one of said at least one spacing portion is
surrounded by said membrane fixing portion;

a supporting frame having a hollow portion, said support-
ing frame is vertically penetrated by said hollow por-
tion, said membrane fixing portion of said vibrating
membrane is fixed by said supporting frame such that
said piezoelectric plate fixing portion and said at least
one spacing portion of said vibrating membrane are
corresponding to said hollow portion of said supporting
frame;

a piezoelectric plate set, which includes:
a first piezoelectric plate, which includes:

a first piezoelectric layer;
a first top electrode layer formed on a first top surface

of said first piezoelectric layer; and
a first bottom electrode layer formed on a first

bottom surface of said first piezoelectric layer,
said first bottom electrode layer of said first piezo-
electric plate is fixed on said piezoelectric plate
fixing portion of said vibrating membrane; and

a second piezoelectric plate, which includes:
a second piezoelectric layer;
a second top electrode layer formed on a second top

surface of said second piezoelectric layer; and
a second bottom electrode layer formed on a second

bottom surface of said second piezoelectric layer,
said second bottom electrode layer of said second
piezoelectric plate is fixed on said first top elec-
trode layer of said first piezoelectric plate such
that said second bottom electrode layer of said
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second piezoelectric plate is electrically connected

to said first top electrode layer of said first piezo-

electric plate; and

an AC power source, which includes:

a first electrode and a second electrode, wherein said

first electrode of said AC power source is electrically

connected to said second top electrode layer of said

second piezoelectric plate;

wherein said first bottom electrode layer of said first

piezoelectric plate, said first piezoelectric layer of said

first piezoelectric plate, said first top electrode layer of

said first piezoelectric plate, said second bottom elec-

trode layer of said second piezoelectric plate, said

second piezoelectric layer of said second piezoelectric

plate and said second top electrode layer of said second
piezoelectric plate are disposed on a top surface of said
piezoelectric plate fixing portion of said vibrating
membrane in an order from bottom to top, wherein said
piezoelectric plate fixing portion of said vibrating
membrane has a through hole, said piezoelectric plate
fixing portion of said vibrating membrane is penetrated
by said through hole, said second electrode of said AC
power source is electrically connected to said first
bottom electrode layer of said first piezoelectric plate
through said through hole, wherein said first top elec-
trode layer of said first piezoelectric plate and said
second bottom electrode layer of said second piezo-
electric plate are not electrically connected to said first
electrode of said AC power source, and said first top
electrode layer of said first piezoelectric plate and said
second bottom electrode layer of said second piezo-
electric plate are not electrically connected to said
second electrode of said AC power source.

2. The piezoelectric material composite membrane acous-
tic component with broadband and high sound quality
according to claim 1, wherein said first bottom electrode
layer of said first piezoelectric plate is electrically connected
to said piezoelectric plate fixing portion of said vibrating
membrane through an electrically conductive adhesive.

3. The piezoelectric material composite membrane acous-
tic component with broadband and high sound quality
according to claim 1, wherein said first piezoelectric layer
has a first polarization direction perpendicular to said first
piezoelectric layer, said second piezoelectric layer has a
second polarization direction perpendicular to said second
piezoelectric layer, said first polarization direction is the
same with said second polarization direction.

4. The piezoelectric material composite membrane acous-
tic component with broadband and high sound quality
according to claim 1, wherein said first piezoelectric layer
has a first polarization direction perpendicular to said first
piezoelectric layer, said second piezoelectric layer has a
second polarization direction perpendicular to said second

piezoelectric layer, said first polarization direction is oppo-
site to said second polarization direction.

5. The piezoelectric material composite membrane acous-
tic component with broadband and high sound quality
according to claim 1, wherein said first piezoelectric layer
and said second piezoelectric layer are made of a piezoelec-
tric ceramic, respectively.

6. The piezoelectric material composite membrane acous-
tic component with broadband and high sound quality
according to claim 5, wherein said piezoelectric ceramic is
at least one selected from the group consisting of lead
zirconate titanate PZT-5A, lead zirconate titanate PZT-5H
and lead zirconate titanate PZT-5J.

7. The piezoelectric material composite membrane acous-
tic component with broadband and high sound quality
according to claim 6, wherein said piezoelectric ceramic is
made of lead zirconate titanate PSI-5A4E.

8. The piezoelectric material composite membrane acous-
tic component with broadband and high sound quality
according to claim 1, wherein said supporting frame
includes a top supporting frame and a bottom supporting
frame, said top supporting frame has a top hollow portion,
said top supporting frame is vertically penetrated by said top
hollow portion, said bottom supporting frame has a bottom
hollow portion, said bottom supporting frame is vertically
penetrated by said bottom hollow portion, said membrane
fixing portion of said vibrating membrane is sandwiched and
fixed by said top supporting frame and said bottom support-
ing frame respectively, such that said piezoelectric plate
fixing portion and said at least one spacing portion of said
vibrating membrane are corresponding to said top hollow
portion of said top supporting frame and said bottom hollow
portion of said bottom supporting frame, respectively.

9. The piezoelectric material composite membrane acous-
tic component with broadband and high sound quality
according to claim 1, wherein a shape of said first piezo-
electric plate is one selected from the group consisting of a
polygon, an oval, a circle and a ring.

10. The piezoelectric material composite membrane
acoustic component with broadband and high sound quality
according to claim 1, wherein said hollow portion of said
supporting frame is defined by an inner edge of said sup-
porting frame, a shape of said inner edge of said supporting
frame is one selected from the group consisting of a poly-
gon, an oval and a circle.

11. The piezoelectric material composite membrane
acoustic component with broadband and high sound quality
according to claim 1, wherein said first piezoelectric plate
and said second piezoelectric plate have the same shape.

12. The piezoelectric material composite membrane
acoustic component with broadband and high sound quality
according to claim 1, wherein said first piezoelectric plate
and said second piezoelectric plate have the same thickness.
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