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(57) A sound generator includes a vibration unit 60
having a piezoelectric element 61 and also includes a
weight 10 for applying a load to the vibration unit 60. The
vibration unit 60 deforms based on a sound signal while
receiving the load from the weight 10, thereby vibrating
a contact surface 150 in contact with the sound generator
10 and generating a sound from the contact surface 150.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit
of Japanese Patent Application No. 2012-219799 filed
on October 1, 2012, the entire contents of which are in-
corporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a sound gen-
erator for vibrating a contact surface in contact with the
sound generator and thereby causing the contact surface
to generate a sound, a vibration member for the sound
generator, and a sound generation system.

BACKGROUND

[0003] As a conventional vibration generator, there is
one, for example, described in PLT 1 set forth below. The
PLT 1 describes a vibration generator having a dynamic
speaker structure including a case accommodating a
magnet, a voice coil, and a diaphragm. Also, PLT 2 set
forth below discloses a vibration generator including a
weight made of an elastic body that is deformed in a
bending manner or the like by vibration of a piezoelectric
vibrator, thereby vibrating a vibrated member. Also, PLT
3 set forth below discloses a vibration generator including
an elastic member that receives a load of a weight and
is deformed in the bending manner or the like by vibration
of the piezoelectric vibrator, thereby vibrating the vibrated
member. Further, PLT 4 set forth below discloses a vi-
bration generator including an elastic member that is de-
formed in the bending manner or the like by vibration of
the piezoelectric vibrator, thereby vibrating the vibrated
member.

CITATION LIST

Patent Literatures

[0004]

PTL 1: Japanese Unexamined Utility Model (Regis-
tration) Application Publication No. 5-85192
PTL 2: Japanese Patent Application Laid-Open Pub-
lication No. 2007-74663
PTL 3: Japanese Patent Application Laid-Open Pub-
lication No. 2009-27413
PTL 4: Japanese Patent Application Laid-Open Pub-
lication No. 2009-27320

[0005] Since the vibration generator described in the
PLT 1 having the dynamic speaker structure and various
members including the case accommodating the mag-
net, the voice coil, and the diaphragm, a large number
of components is inevitably used to constitute the vibra-

tion generator. Also, the vibration generators described
in the PLT 2 to the PLT 4 use a piezoelectric element as
the vibrator, and these vibration generators need to have
a space therein in order to ensure the freedom of the
deformation of the elastic body. Therefore, an increase
in size of these vibration generators is unavoidable.
[0006] In view of the above problems, the present in-
vention is to provide a sound generator a vibration mem-
ber for the sound generator, and a sound generation sys-
tem that may be easily configured.

SUMMARY

[0007] In order to achieve the above, a sound gener-
ator according to the present invention includes:

a vibration unit having a piezoelectric element; and
a weight configured to apply a load to the vibration
unit, wherein
the vibration unit deforms according to a sound sig-
nal while receiving the load from the weight, causing
vibration of a contact surface in contact with the
sound generator, wherein a sound is generated from
the contact surface.

[0008] The piezoelectric element is a laminated piezo-
electric element and deforms in a stretching and con-
tracting manner along a lamination direction.
[0009] The vibration unit may have a cover member
configured to vibrate the contact surface by transmitting
the vibration caused by the deformation of the piezoe-
lectric element to the contact surface.
[0010] The sound signal may be a signal having at least
a portion of a frequency component higher than a pre-
determined threshold being cut or attenuated.
[0011] The sound signal may be a signal having an
attenuation rate that, as the frequency becomes higher
than the predetermined threshold, becomes higher grad-
ually or in a stepwise manner.
[0012] The sound signal may be a signal having at least
a portion of the frequency component higher than the
predetermined threshold being cut or attenuated by a
filter.
[0013] The contact surface may be a placing surface
on which the sound generator is placed.
[0014] The sound signal is a sound signal of music or
voice, and the music or the voice may be generated from
the contact surface.
[0015] In order to achieve the above matter, also, a
vibration member for a sound generator according to the
present invention includes a piezoelectric element con-
figured to deform according to a sound signal, causing
vibration of a contact surface in contact with the vibration
member for the sound generator, wherein a sound is gen-
erated from the contact surface.
[0016] In order to achieve the above matter, further, a
sound generation system according to the present inven-
tion includes:
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a sound generator having a vibration unit with a pi-
ezoelectric element and a weight configured to apply
a load to the vibration unit; and
a contacted member having a contact surface con-
figured to come into contact with the sound genera-
tor, wherein
the vibration unit deforms according to a sound sig-
nal while receiving the load from the weight, causing
vibration of a contact surface of the contacted mem-
ber, wherein a sound is generated from the contact
surface.

[0017] According to the present invention, the sound
generator that may be easily configured, the vibration
member for the sound generator, and the sound system
may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is an external perspective view of a sound
generator according to one embodiment of the
present invention;
FIG. 2 is a schematic exploded perspective view of
a portion of a mobile phone in FIG. 1 on a rear side
thereof;
FIG.S. 3A and 3B are diagrams illustrating a struc-
ture of a laminated piezoelectric element of FIG. 2;
FIG. 4 is a diagram illustrating a variation of the lam-
inated piezoelectric element;
FIG. 5 is a partially enlarged cross-sectional view of
a vibration unit of FIG. 1;
FIG. 6 is a functional block diagram illustrating the
portion of the mobile phone of FIG. 1;
FIG. 7 is a functional block diagram illustrating an
example of a configuration of a piezoelectric element
drive unit of FIG. 6;
FIG. 8 is a diagram illustrating an example of fre-
quency characteristics of LPF of FIG. 7;
FIG. 9 is a diagram illustrating arrangements of the
vibration unit and an elastic member of the sound
generator of FIG. 1;
FIGS. 10A, 10B, and 10C are schematic diagrams
illustrating a function of the mobile phone of FIG. 1
as the sound generator;
FIG. 11 is a diagram illustrating an external perspec-
tive view of a sound generator according to another
embodiment of the present invention;
FIG. 12 is a diagram illustrating arrangements of the
vibration unit and the elastic member of the sound
generator of FIG. 11;
FIGS. 13A, 13B, and 13C are diagrams illustrating
three variations of a supporting state of the vibration
unit; and
FIG. 14 is a schematic diagram illustrating a structure
of the portion for illustrating a variation of the vibration
unit.

DETAILED DESCRIPTION

[0019] Hereinafter, embodiments of the present inven-
tion will be described with reference to the accompanying
drawings.
[0020] FIG.1 is an external perspective view of a sound
generator according to one embodiment of the present
invention. The sound generator according to the present
embodiment includes a mobile phone 10 such as a smart
phone, a vibration unit 60, and an elastic member 70. As
described later, the mobile phone 10 functions as a
weight (a weight of the sound generator) to apply a load
to the vibration unit 60. The mobile phone 10 includes a
housing 20 of approximately rectangular in appearance
shape. In the housing 20, a panel 30 and an input unit
40 are disposed on a front side of the mobile phone 10.
As illustrated by a partially cutaway view of the panel 30
in FIG. 1, a display unit 50 is supported under the panel
30. On a rear side of the housing 20, a battery pack, a
camera unit and the like are mounted and covered by a
battery lid 21.
[0021] The panel 30 has a touch panel for detecting a
contact, or a cover panel and the like for protecting the
display unit 50, and is made of, for example, glass or
synthetic resin such as acrylic and the like. The panel 30
has, for example, a rectangular shape. The panel 30 may
be a flat plate or a curved panel with a smoothly inclined
surface. The panel 30, in case of serving as the touch
panel, detects a contact made by a user’s finger, a pen,
a stylus pen and the like. A detection method of the touch
panel may be any one of an electrostatic capacitance
method, a resistance film method, a surface acoustic
wave method (or an ultrasound method), an infrared
method, an electromagnetic induction method, a load de-
tection method, and the like. According to the present
embodiment, for convenience of explanation, the panel
30 is assumed as the touch panel.
[0022] The input unit 40 receives an operation input
from a user and is constituted by using, for example, an
operation button (an operation key). Note that the panel
30 also may receive the operation input from the user by
detecting the contact made by the user.
[0023] The display unit 50 is a display device such as
a liquid crystal display, an organic EL display, or an in-
organic EL display.
[0024] The sound generator according to the present
embodiment is provided with, on a side surface 20a that
is one of longitudinal sides of the housing 20 of the mobile
phone 10, a vibration unit 60 for the sound generator and
an elastic member 70 that is a sheet-like member. The
elastic member 70 is made of, for example, rubber, sili-
cone, polyurethane, or the like. When the mobile phone
10 is placed with the side surface 20a facing down on a
placing surface of a desk or the like, which is a horizontal
surface, that is, when the mobile phone 10 is erected on
its side, the mobile phone 10 is supported at two positions
by the vibration unit 60 and the elastic member 70 on the
placing surface. Arrangements of the vibration unit 60
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and the elastic member 70 will be described in detail later.
[0025] FIG. 2 is a schematic exploded perspective view
of a portion of the mobile phone 10 of FIG. 1 on a rear
side thereof On the rear side of the housing 20, a battery
pack 80, a camera unit 90 and the like are provided. The
mobile phone 10 according to the present embodiment
is provided with, on the rear side of the housing 20, a
support 100 for accommodating and supporting the vi-
bration unit 60. The support 100 has a slit 101 having a
uniform width extending along a short side of the housing
20 and opening to the side surface 20a.
[0026] The vibration unit 60 includes a piezoelectric
element 61, an O-ring 62 used for a waterproof purpose,
and a cap 63 having insulating property serving as a cov-
ering member. The piezoelectric element is an element
that, upon application of an electric signal (a voltage)
thereto, stretches/contracts or bends according to an
electromechanical coupling coefficient of a constituent
material. The piezoelectric element may be made of, for
example, ceramic or crystal. The piezoelectric element
may be a unimorph, a bimorph, or a laminated piezoe-
lectric element. The laminated piezoelectric element is
classified into a laminated bimorph element made up of
laminated bimorphs (for example, 16 to 24 layers thereof)
or a laminated piezoelectric element of a stack type hav-
ing a multilayer structure made up of a plurality of dielec-
tric layers made of, for example, PZT (lead zirconate ti-
tanate) and electrode layers disposed therebetween.
The unimorph stretches/contracts upon application of the
electrical signal thereto, while the bimorph bends upon
application of the electrical signal thereto. The laminated
piezoelectric element of the stack type stretches/con-
tracts along a lamination direction upon application of the
electrical signal thereto.
[0027] According to the present embodiment, the pie-
zoelectric element 61 is the laminated piezoelectric ele-
ment of the stack type. The laminated piezoelectric ele-
ment 61, as illustrated in an enlarged cross-sectional
view in FIG. 3A and an enlarged plan view in FIG. 3B,
has a structure in which dielectrics 61a made of ceramics
such as PZT and internal electrodes 61b having a sec-
tional comb-shape are laminated alternately. The internal
electrode 61b connected to a first side electrode 61c and
the internal electrode 61b connected to a second side
electrode 61 d are laminated alternately, thereby being
connected to the first side electrode 61c and the second
side electrode 61d alternately.
[0028] The laminated piezoelectric element 61 illus-
trated in FIGS. 3A and 3B includes, at one end thereof,
a first lead connection portion 61e electrically connected
to the first side electrode 61c and a second lead connec-
tion portion 61f electrically connected to the second side
electrode 61d those being formed thereon. The first lead
connection portion 61e and the second lead connection
portion 61f are connected to a first lead wire 61g and a
second lead wire 61h, respectively. The first side elec-
trode 61c, the second side electrode 61d, the first lead
connection portion 61e, and the second lead connection

portion 61f are covered by an insulation layer 61i while
the first lead connection portion 61e and the second lead
connection portion 61f are connected to the first lead wire
61g and the second lead wire 61h, respectively.
[0029] The laminated piezoelectric element 61 has a
length of, for example, 5 mm to 120 mm in the lamination
direction. A cross-sectional shape of the laminated pie-
zoelectric element 61 in a direction intersecting the lam-
ination direction may be, for example, a substantially
square of 2 mm square to 10 mm square, or any shape
other than square. The number of dielectrics 61a and the
internal electrodes 61b constituting the laminated piezo-
electric element 61 and a cross-sectional area of the lam-
inated piezoelectric element 61 are appropriately deter-
mined based on weight of the mobile phone 10 serving
as the weight (for example, 80 g to 800 g when the mobile
phone 10 is a mobile electronic apparatus), in such a
manner as to sufficiently secure a sound pressure or
sound quality of a sound generated from the contact sur-
face of the desk or the like in contact with the vibration
unit 60.
[0030] To the laminated piezoelectric element 61, as
illustrated in FIG. 6, via a piezoelectric element drive unit
120, a sound signal (a reproduction audio signal) is sup-
plied from a controller 130. In other words, a voltage cor-
responding to the sound signal is applied to the laminated
piezoelectric element 61 from the controller 130 via the
piezoelectric element drive unit 120. When the voltage
applied by the controller 130 is an AC voltage and a pos-
itive voltage is applied to the first side electrode 61c, a
negative voltage is applied to the second side electrode
61 d. On the other hand, when the negative voltage is
applied to the first side electrode 61c, the positive voltage
is applied to the second side electrode 61d. When the
voltage is applied to the first side electrode 61c and the
second side electrode 61d, polarization occurs in the di-
electric 61a, causing the laminated piezoelectric element
61 to stretch/contract from a non-stretching state thereof
with no voltage applied thereto. A stretch/contract direc-
tion of the laminated piezoelectric element 61 is substan-
tially along the lamination direction of the dielectrics 61a
and the internal electrodes 61b. Alternatively, the
stretch/contract direction of the laminated piezoelectric
element 61 substantially corresponds to the lamination
direction of the dielectrics 61a and the internal electrodes
61b. Since the laminated piezoelectric element 61
stretches/contracts substantially along the lamination di-
rection, the laminated piezoelectric element 61 is advan-
tageous in providing excellent vibration transmission ef-
ficiency.
[0031] The laminated piezoelectric element 61 as de-
scribed above is used for, for example, fuel injection con-
trol of a vehicle. The present inventor has conceived that
the laminated piezoelectric element 61 as described
above is sufficiently effective as a vibration element for
generating a sound from the contact surface of the desk
or the like in contact with the sound generator.
[0032] Note that, in FIGS. 3A and 3B, the first side elec-
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trode 61c and the second side electrode 61d may be
alternately connected to the internal electrode 61b and
serve as through-holes connected to the first lead con-
nection portion 61e and the second lead connection por-
tion 61f, respectively. In FIGS. 3A and 3B, also, the first
lead connection portion 61e and the second lead con-
nection portion 61f, as illustrated in FIG. 4, may be formed
on the first side electrode 61c and the second side elec-
trode 61d at one end of the laminated piezoelectric ele-
ment 61.
[0033] The laminated piezoelectric element 61, as il-
lustrated by a partially enlarged cross-sectional view in
FIG. 5, includes one end having the first lead connection
portion 61e and the second lead connection portion 61f
fixed to the slit 101 of the support 100 of the housing 20
via an adhesive 102 (for example, epoxy resin). At the
other end of the laminated piezoelectric element 61, a
cap 6 is attached and fixed by the adhesive 102.
[0034] The cap 63 is made of a material such as hard
plastic or the like that can reliably transmit stretching/con-
tracting vibration of the laminated piezoelectric element
61 to the placing surface (the contact surface) of the desk
and the like. When it is preferred to suppress damaging
the placing surface, the cap 63 may be made of relatively
soft plastic instead of the hard plastic. The cap 63 in-
cludes an entry portion 63a and a protrusion portion 63b
formed thereon, such that, with the cap 63 being attached
to the laminated piezoelectric element 61, the entry por-
tion 63a is positioned inside the slit 101, and the protru-
sion portion 63b protrudes from the housing 20. An O-
ring 62 is disposed, for the waterproof purpose, on an
outer periphery of the entrance portion 63a inside the slit
101. The O-ring 62 is made of, for example, silicone. The
O-ring 62 prevents the water and dusts from entering the
slit 101. Also, the protruding portion 63b has a distal end
in a hemispherical shape. Note that the shape of the distal
end of the protrusion portion 63b is not limited to the
hemispherical shape but may be any shape as long as
being capable of ensuring point contact or surface con-
tact with the placing surface (the contact surface) of the
desk and the like and transmitting the stretching/contract-
ing vibration of the laminated piezoelectric element 61.
In FIG. 5, also, gel or the like may be filled in a gap be-
tween the O-ring 62 and a portion of the laminated pie-
zoelectric element 61 fixed to the slit 101, so as to en-
hance a waterproof effect. When the vibration unit 60 is
supported by the support 100 and the battery lid 21 is
attached to the housing 20, the protrusion portion 63b of
the cap 63 protrudes from the side surface 20a of the
housing 20. The protrusion portion 63b of the cap 63
includes an opposing surface 63c facing the side surface
20a of the housing 20. As illustrated in FIG. 5, when the
laminated piezoelectric element 61 is not stretching with
no voltage is applied thereto, the opposing surface 63c
is spaced apart from the side surface 20a by a distance d.
[0035] FIG. 6 is a functional block diagram of the por-
tion of the mobile phone 10 according to the present em-
bodiment. The mobile phone 10 includes, other than the

panel 30, the input unit 40, the display unit 50, and the
laminated piezoelectric element 61 as described above,
a radio communication unit 110, the piezoelectric ele-
ment drive unit 120, and the controller 130. The panel
30, the input unit 40, the display unit 50, and the radio
communication unit 110 are connected to the controller
130. The laminated piezoelectric element 61 is connect-
ed to the controller 130 via the piezoelectric element drive
unit 120.
[0036] The radio communication unit 110 has a known
configuration and wirelessly connected to a communica-
tion network via a base station. The controller 130 is a
processor for controlling overall operations of the mobile
phone 10. The controller 130 applies the reproduction
audio signal (a voltage corresponding to the reproduction
audio signal of voice of the other party or music including
ringtone and songs) to the laminated piezoelectric ele-
ment 61 via the piezoelectric element drive unit 120. The
reproduction audio signal may be based on music data
stored in an internal memory, or music data stored in an
external server or the like to be reproduced via the net-
work.
[0037] The piezoelectric element drive unit 120, as il-
lustrated in FIG. 7, for example, includes a signal proc-
essor 121, a booster circuit 122, and a low-pass filter
(LPF) 123. The signal processor 121 is constituted by
using a digital signal processor (DSP) or the like that
includes, for example, an equalizer, an A/D conversion
circuit, and the like. The signal processor 121, by carrying
out signal processing as needed such as equalizing
processing, D/A conversion processing and the like on
a digital signal from the controller 130, generates an an-
alogue reproduction audio signal, and outputs the ana-
logue reproduction audio signal to the boosting circuit
122. Note that the function of the signal processor 121
may be incorporated in the controller 130.
[0038] The boosting circuit 122 boosts a voltage of the
analogue reproduction audio signal being input and, via
the LPF 123, applies the analogue reproduction audio
signal to the laminated piezoelectric element 61. Here,
a maximum voltage of the reproduction audio signal ap-
plied to the laminated piezoelectric element 61 by the
boosting circuit 122 may be, for example, 10 Vpp to 50
Vpp. However, the maximum voltage is not limited there-
to but may be appropriately adjusted based on the weight
of the mobile phone 10 or performance of the laminated
piezoelectric element 61. Note that a DC voltage of the
reproduction audio signal applied to the laminated pie-
zoelectric element 61 may be biased, and the maximum
voltage may be set around such a bias voltage.
[0039] Also, as the frequency becomes higher, not only
the laminated piezoelectric element 61 but the piezoe-
lectric elements, in general, have more power loss.
Therefore, the LPF 123 is set to have frequency charac-
teristics to attenuate or cut at least a portion of frequency
components at approximately 10 kHz to 50 kHz or higher,
or frequency characteristics to increase an attenuation
rate gradually or in stages. FIG. 8 illustrates, by way of
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example, the LPF 123 set to have the frequency charac-
teristics with a cutoff frequency at 20 kHz. Attenuation or
cut of the high frequency components in this manner al-
lows a reduction in power consumption and suppression
of heat generation by the laminated piezoelectric element
61.
[0040] Next, with reference to FIG. 9, the arrange-
ments of the vibration unit 60 and the elastic member 70
will be described. FIG. 9 illustrates the mobile phone 10
placed with the side surface 20a facing down on the plac-
ing surface 150 of the desk or the like, which is the hor-
izontal surface. Here, the desk is an example of a con-
tacted member, and the placing surface 150 is an exam-
ple of the contact surface (placing surface) in contact with
the sound generator. As illustrated in FIG. 9, the mobile
phone 10 is supported at the two positions by the vibrating
portion 60 and the elastic member 70 on the placing sur-
face 150. A point G indicates a center of gravity of the
mobile phone 10, i.e., a center of gravity of the weight of
the sound generator.
[0041] In FIG. 9, the elastic member 70 includes a low-
ermost end portion 701. The lowermost end portion 701
is a portion of the elastic member 70 that contacts with
the placing surface 150 when the mobile phone 10 is
placed with the side surface 20a facing down on the plac-
ing surface 150 of the desk or the like.
[0042] The vibration unit 60 includes a lowermost end
portion 601. The lowermost end portion 601 is a portion
of the vibration unit 60 that contacts with the placing sur-
face 150 when the mobile phone 10 is placed with the
side surface 20a facing down on the placing surface 150
of the desk or the like. The lowermost end portion 601
is, for example, a distal end portion of the cap 63.
[0043] The mobile phone 10 includes a lowermost end
portion 101. The lowermost end portion 101 is a portion
of the mobile phone 10 that contacts with the placing
surface 150 when the mobile phone 10 is placed with the
side surface 20a facing down on the placing surface 150
of the desk or the like, assuming that the vibration unit
60 is omitted. The lowermost end portion 101 of the mo-
bile phone 10 is, for example, a corner of the housing 20
but not limited thereto. When a protrusion portion pro-
truding from the side surface 20a is provided thereto, the
protrusion portion may serve as the lowermost end por-
tion 101 of the mobile phone 10. The protrusion portion
may be, for example, a side key, a connector cap, or the
like.
[0044] In FIG. 9, a dotted line L represents a line (a
virtual line) that is perpendicular to the placing surface
150 and passes through the center of gravity G of the
mobile phone 10 when the mobile phone 10 is placed
with the side surface 20a facing down on the placing sur-
face 150 of the desk or the like. Further, a dashed line I
is a line (a virtual line) connecting the lowermost end
portion 701 of the elastic member 70 and the lowermost
end portion 101 of the mobile phone 10, disregarding the
vibration unit 60.
[0045] In FIG. 9, a region R1 is one of regions of the

mobile phone 10 delimited by the dotted line L. Also, a
region R2 is the other region of the mobile phone 10
delimited by the dotted line L. The elastic member 70 is
disposed on the side surface 20a in the region R1. On
the other hand, the vibration unit 60 is disposed on the
side surface 20a in the region R2.
[0046] Preferably, the vibration unit 60, on the side sur-
face 20a in the region R2, is disposed as close to the
dotted line L as possible. Thereby, the load applied to
the vibration unit 60 becomes larger than that when the
vibration unit 60 is disposed at a position remote from
the dotted line L on the side surface 20a in the region
R2, allowing effective use of the mobile phone 10 serving
as the weight of the sound generator.
[0047] Preferably, the elastic member 70, on the side
surface 20a in the region R1, is disposed as far from the
dotted line L as possible. Thereby, when the vibration
unit 60 is disposed as close to the dotted line L as pos-
sible, a sufficient distance is ensured between the elastic
member 70 and the vibrating portion 60, allowing stable
placement of the sound generator on the placing surface
150.
[0048] The lowermost end portion 601 of the vibration
unit 60 preferably locates on the side of the placing sur-
face 150 with respect to the dotted line I when the lami-
nated piezoelectric element 61 stretches maximum from
the non-stretching state thereof with no voltage applied
thereto, or when amplitude of the laminated piezoelectric
element 61 becomes maximum. That is, the lowermost
end portion 601 preferably protrudes from the dotted line
I toward the placing surface 150 when the laminated pi-
ezoelectric element 61 stretches maximum from the non-
stretching state thereof with no voltage applied thereto,
or when the amplitude the laminated piezoelectric ele-
ment 61 becomes maximum. Thereby, the vibration unit
60 may appropriately vibrate the placing surface 150.
[0049] Further, the lowermost end portion 601 of the
vibration unit 60 preferably locates on the side of the plac-
ing surface 150 with respect to the dotted line I when the
laminated piezoelectric element 61 contracts maximum
from the non-stretching state thereof with no voltage ap-
plied thereto, or when the amplitude of the laminated pi-
ezoelectric element 61 becomes minimum. That is, the
lowermost end portion 601 preferably protrudes from the
dotted line I toward the placing surface 150 when the
laminated piezoelectric element 61 contracts maximum
from the non-stretching state thereof with no voltage ap-
plied thereto, or when the amplitude of the laminated pi-
ezoelectric element 61 becomes minimum. Thereby, the
lowermost end portion 101 of the mobile phone 10 is
unlikely to contact the placing surface 150 and, for ex-
ample, some coating of the housing 20 is unlikely to come
off. Further, an abnormal noise is unlikely to be generated
between the lowermost end portion 101 and the placing
surface 150.
[0050] Note that, for example, a commercially availa-
ble stand or the like may be attached to the housing 20,
and the mobile phone 10 may be erected with the side
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surface 20a facing down on the placing surface of the
desk or the like. In this case, the mobile phone 10 is
supported at the two positions by the vibration unit 60
and the elastic member 70 on the side surface 20a, and
further supported by the stand.
[0051] FIGS. 10A, 10B, and 10C are schematic dia-
grams illustrating a function of the mobile phone 10 ac-
cording to the present embodiment serving as the sound
generator. When the mobile phone 10 serves as the
sound generator, the mobile phone 10, as illustrated in
FIG. 10A, is erected on its side with the side surface 20a
of the housing 20 facing down such that the cap 63 of
the vibration unit 60 and the elastic member 70 come
into contact with the placing surface (the contact surface)
150 of the desk or the like. Thereby, the weight of the
mobile phone 10 is applied as the load to the vibration
unit 60. That is, the cellular phone 10 serves as the weight
of the sound generator. In a state illustrated in FIG. 10A,
the laminated piezoelectric element 61 does not
stretch/contract, because no voltage is applied thereto.
[0052] In this state, when the laminated piezoelectric
element 61 of the vibration unit 60 is driven by the repro-
duction audio signal, the laminated piezoelectric element
61, as illustrated in FIGS. 10B and 10C, performs the
stretching/contracting vibration based on the reproduc-
tion audio signal having a portion of the elastic member
70 in contact with the placing surface (the contact sur-
face) 150 serving as a supporting point, allowing the cap
63 to remain in contact with the placing surface (the con-
tact surface) 150. Note that, when there is no inconven-
ience such as generation of the abnormal noise caused
by the lowermost end portion 101 coming into contact
with the placing surface 150, the cap 63 may be slightly
spaced apart from the placing surface 150. A difference
between a length of the laminated piezoelectric element
60 stretching maximum and the length of the laminated
piezoelectric element 60 contracting maximum is, for ex-
ample, 0.05 mm to 50 mm. Thereby, the stretching/con-
tracting vibration of the laminated piezoelectric element
61 is transmitted to the placing surface 150 through the
mounting cap 63 and vibrates the placing surface 150,
and the placing surface 150 serves as a vibration speaker
and generates the sound therefrom. When the difference
between the length of the laminated piezoelectric ele-
ment 60 stretching maximum and the length of the lam-
inated piezoelectric element 60 contracting maximum is
smaller than 0.05 mm, the placing surface may not be
vibrated appropriately. On the other hand, when the dif-
ference exceeds 50 mm, the vibration is so large that the
sound generator may rattle.
[0053] Here, as described above, when the laminated
piezoelectric element 61 stretches maximum, the distal
end portion of the cap 63 preferably locates on the side
of the placing surface 150 with respect to the line (the
dashed line I in FIG. 9) connecting the lowermost end
portion 701 of the elastic member 70 and the lowermost
end portion 101 of the mobile phone 10, disregarding the
vibration unit 60. Also, when the laminated piezoelectric

element 61 contracts maximum, the distal end portion of
the cap 63 preferably locates on the side of the placing
surface 150 with respect to the virtual line.
[0054] Preferably, the distance d between the side sur-
face 20a and an opposing surface 63c of the cap 63 il-
lustrated in FIG. 5 is longer than a changing amount of
the laminated piezoelectric element 61 between when
the laminated piezoelectric element 61 does not stretch
with no voltage applied thereto and when the laminated
piezoelectric element 61 contracts maximum. Thereby,
when the laminated piezoelectric element 61 contracts
maximum (in a state illustrated in FIG. 10C), the side
surface 20a of the housing 20 and the cap 63 are unlikely
to come into contact with each other. Accordingly, the
cap 63 is unlikely to fall off from the laminated piezoelec-
tric element 61.
[0055] The position of the vibration unit 60 on the side
surface 20a, the length of the laminated piezoelectric el-
ement 61 in the lamination direction, and a size of the
cap 63 may be appropriately determined so as to satisfy
conditions described above.
[0056] Using the piezoelectric element as a vibration
source, the sound generator of the present embodiment,
as compared with relevant vibration generating appara-
tuses having a dynamic speaker structure, may reduce
the number of components thereof, allowing easy con-
figuration. Also, the laminated piezoelectric element 61
of the stack type is used as the piezoelectric element and
performs the stretching/contracting vibration in the lam-
ination direction based on the reproduction audio signal,
and the stretching/contracting vibration of the laminated
piezoelectric element 61 is transmitted to the placing sur-
face (the contact surface) 150. Therefore, the vibration
may be efficiently transmitted in a contract direction (de-
formation direction) to the placing surface (the contact
surface) 150, thereby efficiently vibrating the placing sur-
face (the contact surface) 150. Moreover, since the lam-
inated piezoelectric element 61 comes into contact with
the placing surface (the contact surface) 150 via the cap
63, the laminated piezoelectric element 61 may be pre-
vented from being damaged. Further, when the mobile
phone is erected on its side with the cap 63 of the vibration
unit 60 contacting with the placing surface (the contact
surface) 150, the weight of the mobile phone 10 is applied
as the load to the cap 63. Therefore, the cap 63 may
reliably come into contact with the placing surface (the
contact surface) 150, efficiently transmitting the stretch-
ing/contracting vibration of the vibration unit 60 to the
placing surface (the contact surface) 150.
[0057] Further, the sound generator of the present em-
bodiment may directly transmit more vibration of the lam-
inated piezoelectric element to the contact surface (the
placing surface). Therefore, unlike relevant techniques
for transmitting the vibration of the laminated piezoelec-
tric element to another elastic body, at the time of sound
generation there is no need to depend on a limit frequen-
cy on a high frequency side at which the another elastic
body may vibrate. Note that the limit frequency on the
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high frequency side at which the another elastic body
may vibrate takes an inverse of a shortest time from when
the another elastic body is deformed by the piezoelectric
element to when the another elastic body is restored to
be deformable again. In view of this, the weight of the
sound generator according to the present embodiment
preferably has sufficient rigidity (bending strength) not to
be deformed in a bending manner by the deformation of
the piezoelectric element.
[0058] FIG 11 is a diagram illustrating an external per-
spective view of a sound generator according to another
embodiment of the present invention. Hereinafter, de-
scriptions of the same aspects as those of the embodi-
ment illustrated in FIG. 1 to FIG. 10 will be omitted, and
different aspects will be described.
[0059] As illustrated in FIG. 11, the mobile phone 10
according to the present embodiment may include an
elastic member 71 on the side surface 20a of the housing
20. Similarly to the elastic member 70, the elastic member
71 is a sheet-like elastic member made of, for example,
rubber, silicone, polyurethane, or the like.
[0060] Next, with reference to FIG. 12, arrangements
of the vibration unit 60, the elastic member 70, and the
elastic member 71 will be described. Similarly to FIG. 9,
FIG. 12 illustrates the mobile phone 10 placed with the
side surface 20a facing down on the placing surface 150
of the desk or the like. As illustrated in FIG. 12, the mobile
phone 10 is supported at three positions by the vibration
unit 60, the elastic member 70, and the elastic member
71 on the placing surface 150. The point G represents
the center of gravity of the mobile phone 10, i.e., the
center of gravity of the weight of the sound generator.
[0061] In FIG. 12, similarly to FIG. 9, a dotted line L
represents the line (the virtual line) that is perpendicular
to the placing surface 150 and passes through the center
of gravity G of the mobile phone 10 when the mobile
phone 10 is placed with the side surface 20a facing down
on the placing surface 150 of the desk or the like. A dotted
line L1 represents the line (the virtual line) that is perpen-
dicular to the placing surface and passes through the
elastic member 70. Also, a dotted line L2 represents a
line (a virtual line) that is perpendicular to the placing
surface and passes through the elastic member 71. The
dotted line L1 is spaced apart from the dotted line L in a
horizontal direction by a distance D1. The dotted line L2
is spaced apart from the dotted line L in the horizontal
direction by a distance D2.
[0062] In FIG. 12, a region R1 is one of regions of the
mobile phone 10 delimited by the dotted line L, and a
region R2 is the other region of the mobile phone 10. The
elastic member 70 is disposed on the side surface 20a
in the region R1 at a position spaced apart from the vi-
bration unit 60 in the horizontal direction by the distance
D1. On the other hand, the elastic member 71 is disposed
on the side surface 20a in the region R2 at a position
spaced apart from the vibration unit 60 in the horizontal
direction by the distance D2.
[0063] The vibration unit 60 is disposed on the dotted

line L on the side surface 20a. That is, the vibration unit
60 is disposed so as to locate on the line that is perpen-
dicular to the placing surface 150 and passes through
the center of gravity G of the mobile phone 10 when the
mobile phone 10 is placed with the side surface 20a fac-
ing down on the placing surface 150 such as a desk and
the like. Thereby, the weight of the mobile phone 10 may
be applied as the load to the vibration unit 60, and the
stretching/contracting vibration of the vibration unit 60
may be efficiently transmitted to the placing surface (the
contact surface) 150. Note that, when D1=D2 is satisfied,
that is, when the elastic member 70 and the elastic mem-
ber 71 are disposed symmetrically in the horizontal di-
rection across the vibration unit 60, the sound generator
may be stably placed on the placing surface 150.
[0064] When the laminated piezoelectric element 61
is driven based on the reproduced audio signal, the vi-
bration unit 60 performs the stretching/contracting vibra-
tion based on the reproduced audio signal while the cap
63 remains in contact with the placing surface (the con-
tact surface) 150. Note that, when there is no inconven-
ience such as the generation of the abnormal noise
caused by lower end portions of the elastic member 70
and the elastic member 71 coming into contact with the
placing surface 150, the cap 63 may be slightly spaced
apart from the placing surface 150.
[0065] When the mobile phone 10 is placed with the
side surface 20a facing down on the placing surface 150
of the desk or the like, the elastic member 70 and the
elastic member 71 receive the weight of the mobile phone
10 applied as the load and thus elastically deform. That
is, the elastic member 70 and the elastic member 71 con-
tract in a direction perpendicular to the placing surface
150 upon application of the weight of the mobile phone
10 thereto. Preferably, elastic deformation amounts of
the elastic member 70 and the elastic member 71 when
the laminated piezoelectric element 61 does not stretch
with no voltage applied thereto is larger than a deforma-
tion amount of the laminated piezoelectric element 61
from when the laminated piezoelectric element 61 does
not stretch with no voltage applied thereto to when the
laminated piezoelectric element 61 stretches maximum.
Thereby, when the laminated piezoelectric element 61
stretches maximum, the elastic member 70 and the elas-
tic member 71 are unlikely to separate from the placing
surface 150, allowing the stable placement of the sound
generator on the placing surface 150.
[0066] Note that the present invention is not limited to
the above embodiments but may be modified or changed
in various manners. With reference to FIG. 11, a sound
generator according to the another embodiment of the
present invention will be described. In the above embod-
iment, for example, the manner to fix the vibration unit
60 to the supporting portion 100 is not limited to that il-
lustrated in FIG. 5. As illustrated in FIGS. 13A to C, for
example, the vibration unit 60 may be supported by the
support 100. The support 100 illustrated in FIG. 13A in-
cludes a wide slit 101a opening to the side surface 20a
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and a narrow slit 101b continuing to the wide slit 101a.
The laminated piezoelectric element 61 has one end por-
tion located in the narrow slit 101b and a lateral side
secured in the narrow slit 101b via the adhesive 102.
Further, a gap between the wide slit 101a and the lami-
nated piezoelectric element 61 is filled with a filler 103
such as silicone rubber or gel that does not interfere with
a stretching motion of the laminated piezoelectric ele-
ment 61. When the vibration unit 60 is held in the support
100 in this manner, the mobile phone 10 may be reliably
waterproofed without using a waterproof packing such
as the O-ring. Also, when an insulation cap is attached
to a portion of the laminated piezoelectric element 61
protruding from the side surface 20a, the laminated pie-
zoelectric element 61 may be reliably insulated.
[0067] The support 100 illustrated in FIG. 13B includes
a tapered slit 101c opening to the side surface 20a and
a narrow slit 101d continuing to the tapered slit 101c. The
laminated piezoelectric element 61 has one end inserted
into the narrow slit 101d and fixed thereto via the adhe-
sive 102. Also, a gap between the tapered slit 101 and
the laminated piezoelectric element 61 is filled with the
filler 103 such as the silicone rubber or the gel that does
not interfere with the stretching motion of the laminated
piezoelectric element 61. This structure offers advantag-
es that the same effect as the support 100 in FIG. 13A
may be obtained and that the tapered slit 101c allows
the laminated piezoelectric element 61 to be easily
mounted on the support 100.
[0068] The support 100 illustrated in FIG. 13C, similarly
to the above embodiment, includes the slit 101 having a
uniform width. The laminated piezoelectric element 61
has a surface at one end fixed to the slit 101 via the
adhesive 102. Further, the O-ring 62 is provided at an
appropriate position on the laminated piezoelectric ele-
ment 61 within the slit 101. This supporting manner of
the laminated piezoelectric element 61 is advantageous
especially when the laminated piezoelectric element 61
includes the connection portions of the lead wires formed
on the side electrode as illustrated in FIG 4, in terms of
guidance of the lead wires and the like.
[0069] Further, in the above embodiment and varia-
tions illustrated in FIGS. 13A to 13C, the vibration unit
60 may omit the cap 63, and the laminated piezoelectric
element 61 may have the distal end to come into contact
with the contact surface directly, or via a vibration trans-
mitting member made of an insulation member and the
like. Also, the piezoelectric element is not limited to the
laminated piezoelectric element of the stack type as de-
scribed above but may be the unimorph, the bimorph, or
the laminated bimorph. FIG. 14 is a diagram illustrating
a schematic configuration of the portion using the bimor-
ph. A bimorph 65 has an elongated rectangular shape
with one of surfaces 65a exposed to the side surface 20a
of the housing 20 and both longitudinal ends supported
by the support member 100. The support member 100
includes an opening portion 101e that supports the bi-
morph 65 and has a curved internal surface facing a rear

surface 65b of the bimorph 65. According to this structure,
when the housing 20 is placed such that the bimorph 65
comes into contact with the placing surface and the bi-
morph 65 is driven by the reproduction sound signal, the
bimorph 65 vibrates in a bending (curving) manner.
Thereby, the vibration of the bimorph 65 is transmitted
to the placing surface (the contact surface), and the plac-
ing surface (the contact surface) functions as the vibra-
tion speaker and generates a reproduced sound. Note
that the surface 65a of the bimorph 65 may have a coating
layer made of polyurethane or the like formed thereon.
[0070] In FIG. 7, an LPF having the same characteris-
tics as the LPF 123 may be provided between the signal
processor 121 and the booster circuit 122. In FIG. 7, also,
the equalizer or the like of the signal processor 121 may
have the function of the LPF 123 so as to allow omission
of the LPF 123.
[0071] Although in the above embodiments the vibra-
tion unit 60 is disposed on the side surface 20a of the
housing 20 and protrudes therefrom, the present inven-
tion is not limited thereto. Depending on sizes of the hous-
ing 20 and the vibration unit 60, the vibration unit 60 may
protrude from the battery lid 21, for example.
[0072] Also, although in the above embodiments the
desk serves as the contacted member and the placing
surface of the desk, which is the horizontal surface,
serves as the contact surface, the present invention is
not limited thereto. The contact surface does not need
to be the horizontal surface but may be, for example, a
surface of the desk perpendicular to the ground. The con-
tacted member having the surface perpendicular to the
ground may be, for example, a partition for separating a
space.
[0073] Further, although in the above embodiments
the sound generator is mounted on the mobile phone 10
serving as the weight, the weight is not limited thereto.
For example, various electronic devices such as a port-
able music player, a stationary TV set, a telephone con-
ference system, a laptop computer, a projector, a wall-
mounted clock/TV set, an alarm clock, a photo frame,
and the like may serve as the weight, and the sound
generator may be mounted thereon. Also, the weight is
not limited to the electronic device but may be, for exam-
ple, a vase, a chair, and the like. Further, the present
invention is applicable not only as the sound generator
but also as a vibration member for the sound generator
having the piezoelectric element, or as a sound genera-
tion system that includes the sound generator and the
contacted member having the contact surface to come
into contact with the sound generator. Note that such
variations may be included in the scope of the present
invention.

REFERENCE SIGNS LIST

[0074]

10 mobile phone
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20 housing
20a side surface
21 battery lid
30 panel
40 input unit
50 display unit
60 vibration unit
61 laminated piezoelectric element (piezoelectric el-

ement)
62 O-ring
63 cap
70 elastic member
71 elastic member
100 support
101 slit
102 adhesive
110 radio communication unit
120 piezoelectric element drive unit
121 signal processor
122 booster circuit
123 low-pass filter (LPF)
130 controller
150 placing surface (contact surface)

Claims

1. A sound generator comprising:

a vibration unit having a piezoelectric element;
and
a weight configured to apply a load to the vibra-
tion unit, wherein
the vibration unit deforms according to a sound
signal while receiving the load from the weight,
causing vibration of a contact surface in contact
with the sound generator, wherein a sound is
generated from the contact surface.

2. The sound generator according to claim 1, wherein
the piezoelectric element is a laminated piezoelectric
element and deforms in a stretching and contracting
manner along a lamination direction.

3. The sound generator according to claim 1 or 2,
wherein
the vibration unit has a cover member configured to
vibrate the contact surface by transmitting the vibra-
tion caused by the deformation of the piezoelectric
element to the contact surface.

4. The sound generator according to any one of claims
1 to 3, wherein
the sound signal is a signal having at least a portion
of a frequency component higher than a predeter-
mined threshold being cut or attenuated.

5. The sound generator according to claim 4, wherein

the sound signal may be a signal having an attenu-
ation rate that, as the frequency becomes higher
than the predetermined threshold, becomes higher
gradually or in a stepwise manner.

6. The sound generator according to claim 4 or 5,
wherein
the sound signal may be a signal having at least a
portion of the frequency component higher than the
predetermined threshold being cut or attenuated by
a filter.

7. The sound generator according to any one of claims
1 to 6, wherein
the contact surface is a placing surface on which the
sound generator is placed.

8. The sound generator according to any one of claims
1 to 7, wherein
the sound signal is a sound signal of music or voice,
and the music or the voice is generated from the
contact surface.

9. A vibration member for a sound generator compris-
ing:

a piezoelectric element configured to deform ac-
cording to a sound signal, causing vibration of
a contact surface in contact with the vibration
member for the sound generator, wherein a
sound is generated from the contact surface.

10. A sound generation system comprising:

a sound generator having a vibration unit with a
piezoelectric element and a weight for applying
a load to the vibration unit; and
a contacted member having a contact surface
configured to come into contact with the sound
generator, wherein
the vibration unit deforms according to a sound
signal while receiving the load from the weight,
causing vibration of a contact surface of the con-
tacted member, wherein a sound is generated
from the contact surface.
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