(12) International application published under Patent Cooperation Treaty

(10) International publication number

WO 2008/007666 A1

(19) World Intellectual Property Organization
International bureau

(43) International publication date
January 17, 2008 (17.01.2008)

(51) International patent 7-1 Miyagi (JP); NTT DOCOMO, INC. [JP/JP]; 11-1,
classification: Nagatacho 2-chome, Chiyoda-ku, Tokyo Prefecture,
HO4R 1/00 (2006.01)  HO4R 1/02(2006.01) 1006150 (JP).

HO4M 1/05 (2006.01)  HO4R17/00 (2006.01)  (72) Inventor.
International licati (75) Inventor/Applicant (U.S. only): FUJITA, Masahiko

(21) o Soe O SPPIEEIOR - pCT/IP2007/063730  [JP/IP); NEC TOKEN CORPORATION, 6-7-1, Koriyama,

Taihaku-ku, Sendai City, Miyagi Prefecture, 9828510
(22) International filing date: July 10, 2007 (10.07.2007) (JP).KAWASE, Hideyuki [JP/JP]; NEC TOKEN
CORPORATION, 6-7-1, Taihaku-ku, Sendai City, Miyagi

International application
Japanese prefecture, 9828510 (JP).NITOBE, Yuji [JP/JP]; NEC

(25)

language:
) o TOKEN CORPORATION, 6-7-1, Taihaku-ku, Sendai City,
International publication Miyagi Prefecture, 9828510 (JP).OONO, Katsuhiro [JP/JP];
(26) language: Japanese NTT Corporation, 2-11-1, Nagata-cho, Chiyoda-ku, Tokyo
(30) Priority data: Prefecture, 1006150 (JP).TSUJI, Takeshi [JP/JP]; Tokyo
Patent application July 10, 2006 (10.07.2006) ' rerecture, 1006150
2006-189084 JP /Go to next page/

(71) Applicant (any designated country other than the
United States): NEC TOKEN CORPORATION [JP/JP];
6-chome, Koriyama, Taihaku-ku, Sendai City, Miyagi

(54) Title: BONE CONDUCTION RECEIVER
(54) Title of Invention: bone conduction receiver

Prefecture, 9828510
1\ 10

2a iy . 2a
A7 VAN 2b

SN :’:

2b 7 1 Pyl L7
~ ) -, " Q
‘\ >N \'\ \HQ
AL N AR
252 VNS NN

S .

SR \
25b 20
. >
NN\ \ \
- NN \
2c \\ \ \ \ g 2c

2d
(57) Abstract: Provided is a bone conduction receiver which can efficiently transmit outputted oscillation from a bone
conduction speaker. A bone conduction receiver (1) is provided with a bone conduction speaker (10) for converting sound
information to oscillation, and a case (2) for storing the bone conduction speaker (10). The bone conduction speaker (10)
is provided with a multilayer columnar piezoelectric element (12) for generating oscillation in accordance with the sound
information, and a pad (16), which protrudes from the case (2) for transmitting the oscillation generated by the multilayer
columnar piezoelectric element (12) by abutting to the human head.
(57) Abstract: a bone conduction receiver is provided, which can efficiently transmit the output vibration of a bone
conduction speaker. The present invention discloses a bone conduction receiver 1, which comprises the following parts: a
bone conduction speaker 10 converting sound information into vibration, and a casing 2 for accommodating the bone
conduction speaker 10.The bone conduction speaker 10 comprises the following parts,
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a stacked columnar piezoelectric element 12 generating vibration according to sound information, and a convex cushion
protruding from the casing 2, and transmitting vibration generated by the stacked columnar piezoelectric element 12 to the
cushion 16 for a human head when being in close contact with the human head.
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Specification
Bone Conduction Receiver
Technical Field
[0001] The present invention relates to a bone conduction receiver utilizing a bone conduction speaker.
Background Art

[0002] Conventionally, bone conduction receivers have been developed as hearing aids based on bone conduction.
In recent years, bone conduction receivers have been applied as man-machine interface devices, utilized as
input/output devices for audio information connected to information devices such as mobile phones (for example,
see Patent Document 1). Therefore, bone conduction receivers used as interfaces for information devices are
required to accurately convey audio information from devices such as mobile phones to their users. Furthermore,
bone conduction receivers are also required to reliably transmit user voice or operational information to the
information devices and to offer high portability as devices connected to mobile information devices.

[0003] To meet such demands, bone conduction receivers utilizing bone conduction speakers have been proposed.
A bone conduction speaker transmits audio information to the user by applying vibrations to the human head, which
are conveyed to the auditory organs. In such bone conduction receivers, compared to air conduction speakers, which
transmit audio information through air vibrations, it is possible to accurately convey audio information to
individuals with impairments in the sound transmission parts of the outer or inner ear. Furthermore, because air
conduction speakers are not used, there is no sound leakage to the surroundings, ensuring a high level of privacy.
Additionally, since the auricle can remain open during use, external sounds and alarm signals can still be heard,
which offers safety advantages when used in crowded or noisy environments.

Due to these features, it is desirable to use bone conduction speakers in bone conduction receivers. These bone
conduction receivers can accurately transmit audio information, have excellent portability, and can be effectively
utilized by a wide range of users, including both individuals with normal hearing and some individuals with hearing
impairments. Therefore, bone conduction receivers using bone conduction speakers are suitable as input/output
devices for audio signals and are increasingly being used by both individuals with normal hearing and those with
hearing impairments.

[0004] In recent years, a bone conduction speaker composed of a piezoelectric ceramic material has been proposed
as a bone conduction speaker for a bone conduction receiver, allowing anyone to accurately listen to sound
information, such as mobile phone calls, and offering excellent portability. In the bone conduction speaker, a
stacked columnar piezoelectric element is adopted, and the longitudinal displacement of the stacked columnar
piezoelectric element is amplified through a displacement amplifier and transmitted to the contacted head through a
vibration output part. In addition, a weight of sufficient size is arranged at a fixing part of the amplifier, so that the
displacement of a fulcrum (fixing part) of a loudspeaker is suppressed as much as possible.

In particular, by integrating the bone conduction speaker into a bone conduction receiver, the vibration output part
can ensure a large displacement while suppressing the vibration of the fixing part as much as possible. Therefore,
sound leaked from the bone conduction receiver can be further reduced. Secondly, the bone conduction speaker
made of the piezoelectric ceramic materials is low in power consumption, can be used for an extended period with
the same battery, and has excellent portability.

[0005] When the stacked columnar piezoelectric element is installed in portable devices, such as bone conduction
receivers or mobile phones, due to product size constraint, the reasonable length of the stacked columnar
piezoelectric element is smaller than or equal to about 10 mm. The standard expansion and contraction quantity of
the about 10 mm stacked columnar piezoelectric element is about 2 pm to 3 um, making it difficult to meet the
expansion and contraction quantity required to transmit sound information.

Moreover, if the stacked columnar piezoelectric element is used for a power source and driven by a displacement
amplification structure, the output end of the element can achieve displacement amplified to a specified amount.
Therefore, complete sound information can be transmitted to a perception part of a user. However, depending on the
posture of use, sound information cannot be accurately transmitted. Moreover, in the displacement amplification
structure of the stacked columnar piezoelectric element, measures for miniaturization and weight reduction are
insufficient.

[0006] Secondly, the previous using method of a bone conduction receiver is to place the output part of a bone
conduction speaker close to the face of a user. Therefore, in the propagation path of vibration generated by the
stacked columnar piezoelectric element of the bone conduction receiver, structural loss of the bone conduction
speaker and loss caused by contact between the output part and the face can be produced. By sufficiently increasing
the weight of the fixing part of the bone conduction speaker, the structural loss of the bone conduction speaker can
be reduced. In contrast, the loss caused by contacting with the face is difficult to fully reduce.
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Disclosure of the invention
Problems to be solved by the invention

[0007] Therefore, in the previous bone conduction receivers, there is a problem that the output vibration of the bone
conduction speaker cannot be efficiently transmitted.

The purpose of the present invention is to provide a bone conduction receiver capable of efficiently transmitting the
output vibration of the bone conduction speaker according to the problem. Means for solving the problem

[0008] The present invention discloses a bone conduction receiver, which comprises the following parts: a bone
conduction speaker converting sound information into vibration, and a casing for accommodating the bone
conduction speaker. The bone conduction speaker comprises the following parts: a vibration generating part
generating vibration according to sound information, and a convex vibration transmitting part protruding from the
casing, and transmitting the vibration generated by the vibration generating part to a human head when being in
close contact with the human head. In the composition, the vibration transmitting part protruding from the casing
makes accurate contact with the face. Therefore, the output vibration of the bone conduction speaker can be
efficiently transmitted.

[0009] Secondly, the vibration transmitting part is provided with a U shape, and the vibration generating part is
positioned between two symmetrical surfaces of the vibration transmitting part and arranged near a surface different
from the two surfaces, and generates vibration between the two symmetrical surfaces according to the sound
information. As a result, greater vibration is generated at a part farther from the vibration center of the vibration
transmitting part.

[0010] Secondly, the protruding convex apex part in the vibration transmitting part is positioned farther from the
vibration generating part than the center of the vibration transmitting part. Therefore, the apex part far from the
vibration generating part can produce greater vibration. Therefore, output vibration can be efficiently transmitted
through the apex part.

[0011] Secondly, the vibrating end of the vibration transmitting part is arranged in one side closer to the end surface
than to the center of the bone conduction receiver. Therefore, the vibrating end can generate greater vibration, and
the transmission efficiency of the output vibration is further enhanced.

[0012] The vibration transmitting part is arranged on one of a U-shaped frame surface and a surface symmetrical
with the U-shaped frame, and is provided with a cushion in close contact with the human head, and exposed in a
convex shape when protruding from the casing. Therefore, the part in contact with the face consists of the cushion,
allowing easy adjustment of contact with the face.

[0013] Moreover, the vibration generating part is a stacked columnar piezoelectric element.

[0014] The bone conduction speaker is provided with a frame accommodating the vibration generating part, with a
convex cushion fixedly arranged on the outer wall of the frame and protruding from the casing.

[0015] The cushion is provided with a vertex part at the most protruding part of the casing, and the vertex part is
arranged near one end of the cushion.

[0016] The vibration generating part is arranged near the other end of the cushion.

[0017] Additionally, the invention provides a bone conduction receiver, which comprises the following parts: a
bone conduction speaker converting sound information into vibration, and a casing for accommodating the bone
conduction speaker. The bone conduction speaker comprises the following components: a U-shaped frame, a
vibration generating part arranged between the two symmetrical surfaces of the frame to generate vibration between
the two symmetrical surfaces according to the sound information, and a cushion arranged on one of the two
symmetrical surfaces of the frame and exposed in a convex shape when protruding from the casing. In the
composition, the vibration transmitting part protruding from the casing makes accurate contact with the face.
Therefore, the output vibration of the bone conduction speaker can be efficiently transmitted.

Effect of the invention

[0018] The present invention provides a bone conduction receiver efficiently transmitting the output vibration of a
bone conduction speaker.

Brief description of drawings

[0019] [Figure 1] An oblique diagram of the appearance of the bone conduction receiver according to the present
invention.

[Figure 2] A sectional diagram of the bone conduction speaker in the bone conduction receiver according to the
present invention.
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[Figure 3] A sectional diagram of the installation status of the bone conduction speaker in the bone conduction
receiver according to the present invention.

[Figure 4] A sectional diagram of the contact status between the bone conduction receiver and the head according to
the present invention.

[Figure 5] A diagram of the equivalent circuit model of the skin of the contact part between the bone conduction
receiver and the head according to the present invention.

[Figure 6] A contact pressure distribution diagram of the contact state between the cushion of the bone conduction
receiver and the head according to the present invention.

[Figure 7A] A schematic diagram of the usage posture of the bone conduction receiver and head according to the
present invention.

[Figure 7B] A schematic diagram of the usage posture of the bone conduction receiver and head according to the
present invention.

[Figure 7C] A schematic diagram of the usage posture of the bone conduction receiver and head according to the
present invention.

[Figure 8] A schematic diagram of the usage posture of the bone conduction receiver according to the present
invention.

Explanation of symbols

[0020] 1... bone conduction receiver, 2... body casing, 2a, 2b, 2c, 2d... reinforcing rib, 3... flip cover, 4... connecting
wire, 4a... plug, 10... bone conduction speaker, 11... frame, 11a... vibration output part, 11b... elastic part, 11c...
frame fixing part, 11d... vibration transmitting part, 12... stacked columnar piezoelectric element, 13... base weight,
14... fixing part, 15a, 15b... compression screw, 16... cushion, 16a... convex close contact surface, 16b... apex, 18...
positioning plate, 21... call button, 22... volume switch, 23... LED indicator, 24... hinge, 25a, 25b ... supporting
component, 31 ... microphone

51...skull, 52...skin, 52a...skin viscosity, 52b...skin elasticity 52c...skin weight Best mode for implementing the
invention

[0021] Referring to the following drawings, embodiments of the present invention are described.

The bone conduction receiver related to this embodiment comprises a structure using a bone conduction speaker,
and the bone conduction speaker converts sound information, such as sound and music, into vibration. The bone
conduction speaker transmits the vibration converted from sound information to a specific part of the human head,
and then transmits the vibrations to auditory organs, thereby identifying the sound information.

Specifically, in the bone conduction receiver according to the embodiment, efforts are made to address the contact
state between the bone conduction speaker and the face, the structure of the close contact part and the installation
method of the bone conduction speaker. Through relevant solutions, it is possible to more effectively transmit the
vibration generated by the stacked columnar piezoelectric element to the structure of the auditory organs through the
user skin, regardless of any close contact conditions.

[0022] First, the overall composition of the bone conduction receiver according to the embodiment is described with
reference to Figure 1. Figure 1 Is an oblique diagram of the bone conduction receiver according to the present
embodiment.

As shown in Figure 1, the bone conduction receiver 1 of the embodiment comprises a bone conduction speaker 10,
a call button 21, a volume switch 22, an LED indicator 23, a microphone 31, a body frame 2, a flip cover 3, and a
connecting wire 4.

[0023] The bone conduction speaker 10 converts electrical signals transmitted by a mobile phone via the connecting
wire 4 into mechanical vibration. The call button 21 controls the bone conduction receiver 1 to start or end a call.
The volume switch 22 adjusts the volume of the bone conduction speaker 10. The LED indicator 23 inform call or
the like through illumination. The microphone 31 picks up the sound of a user.

The body casing 2 accommodates the bone conduction speaker 10, the call button 21, the volume switch 22, the
LED indicator 23 and other components of the bone conduction receiver 1. In addition, a circuit board that processes
electrical signals sent by the mobile phone (not shown) and operation signals of the call button 21 is also
accommodated in the body casing 2. Flip cover 3 accommodates the microphone 31. The hinge 24 rotationally
supports the flip cover on the body casing 2 through a shaft. The connecting wire 4 is connected to a mobile phone
(not shown) and the bone conduction receiver 1 by connecting the plug 4a to the mobile phone.

[0024] Next, the structure of the bone conduction speaker 10 of the bone conduction receiver 1 according to the
embodiment of the present invention is described with reference to Figure 2. Figure 2 is a sectional diagram of the
bone conduction speaker 10.

As shown in Figure 2, in the cross-sectional view of the bone conduction speaker 10, a U-shaped plate-shaped frame
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11 is assembled at the center. The frame 11 comprises a frame structure, which is composed of 3 parts: a vibration
output part 11b on the front surface, an elastic part 11b on the side surface, and a frame fixing part 11c on the back
surface. Moreover, the frame 11 is formed into a structure with a front surface, side surfaces, and a rear surface by
pressing a metal plate or the like. In the frame 11, an aftermentioned stacked columnar piezoelectric element 12 is
accommodated.

In detail, the vibration output part 11 for outputting vibration is arranged on one side of the U-shaped frame 11, and
the weight is reduced as much as possible. Reinforcing ribs for enhancing the rigidity of the vibration output part
11a are downward arranged at the end parts of the two sides of the vibration output part 11a. The flat elastic part 11b
supports the vibration output part 11a, and meanwhile, the lower part of the flat elastic part 11b is supported through
the frame fixing part 11c. The frame fixing part 11c is arranged on the other side of the U-shaped frame 11
symmetrical to the vibration output part 11a. Reinforcing ribs 11cc for enhancing the rigidity of the frame fixing part
11c are downward arranged at the end parts of the two sides of the frame fixing part 11c.

[0025] The stacked columnar piezoelectric element 12 has a characteristic of displacement in the length direction
and is arranged between two symmetrical surfaces of the vibration output part 11a and the frame fixing part 11c. The
upper end of the stacked columnar piezoelectric element 12 is in close contact with the vibration output part 11a of
the frame 11 and is fixed through an adhesive (not shown) to prevent displacement. The adhesive (not shown) is
made of a material with a Young modulus lower than that of the frame 11 and the stacked columnar piezoelectric
element 12.

The lower end of the stacked columnar piezoelectric element 12 closely contacts the end surface of a compression
screw 15b, and the compression screw 15b is screwed and fixed in the threaded hole of the frame fixing part 11c.
The four side surfaces of the lower end of the stacked columnar piezoelectric element 12 are limited by holes of a
positioning plate 18 and are fixed through an adhesive (not shown) after pressurization operation. Furthermore, the
input wire of the stacked columnar piezoelectric element 12 passes through the lower part of the elastic part 11b and
are connected to a drive circuit board (not shown) in the body casing of the bone conduction receiver 1.

[0026] Within the inner space of the U-shaped frame 11 structure, a base weight 13 is provided. The base weight 13
is clamped into positioning plate 18 between the frame fixing partsl1c, and at the state, is fixed to the frame fixing
parts 11c through screws 15a. A fixing part 14 is formed through the frame fixing part 11c, the positioning plate 18,
the base weight 13 and the screws 15a. Compared to the total weight of the vibration output part 11a and the cushion
16, the total weight of the fixing part 14 is recommended to be at least 2 times, and ideally not less than 10 times.
Furthermore, the base weight 13 and the positioning plate 18 can be an integrally formed component.

[0027] In the aforementioned basic structure, the vibration output part 11a is provided with a cushion 16. The
vibration output part 11a and the cushion 16 form a vibration transmitting partl 1d, and the vibration transmitting
partl1ld transmits the vibration generated by the stacked columnar piezoelectric element 12. The vibration output
part 11a and the cushion 16 are ideally as light as possible while having a highly rigid structure. The vibration output
part 11a and the cushion 16 rotate and vibrate with the rotation center of the vibration output part 11a near the
intersection of the vibration output part 11b and the elastic part 11b as a reference. Therefore, the elastic part 11b
possesses a hinge function for supporting the vibration output part 11a at a rotatable state. Secondly, the elastic part
11b possesses a function of applying pressure to the stacked columnar piezoelectric element 12, and besides the
functions, the elastic part 11b is further provided with a spring function as a vibrating body. Furthermore, the frame
fixing part 11c along with the base weight 13 and the positioning plate 18 serves as an integral fixing supporting
part, and can suppress the vibration of the fixing part 14 by obtaining greater weight.

[0028] When the bone conduction receiver 1 is used, the vibration output part 11a contacts the face near an auricle
and functions to vibrate the contacted facial area through vibration action. Therefore, compared to the advantages of
the elastic part 11Db, the vibration output part 11a needs to maintain good contact with the face.

Therefore, a cushion 16 is arranged on the upper surface of the vibration output part 11a, and the cushion 16 is made
of a material with low thermal conductivity, low specific gravity and high rigidity. The cushion 16 is positioned and
fit between a positioning hole and a boss, then fixed in high rigidity state. When the fixation between the vibration
output part 11a and the cushion 16 is weak, secondary vibration occurs between the two, and harsh sound
information with the secondary vibration is transmitted to the user.

In the position, the reason why the cushion 16 uses the material with low thermal conductivity is that the metal part
of the vibration output part 11a becomes cold in winter mornings, and the material lessen the "cold feeling" when
directly contacting the face. Additionally, the reason why the material with low specific gravity and high rigidity is
to increase the amplitude by reducing the weight of the vibration part, and to prevent secondary vibration generated
in the vibration output part 11a through high rigidity.

[0029] Then, the installation state of the bone conduction speaker 10 in the bone conduction receiver 1 is explained
with reference to Figure 3. Figure 3 is a sectional diagram of the installation state of the bone conduction speaker 10.

As shown in Figure 3, the bone conduction speaker 10 is held by the reinforcing ribs 2a, 2b, 2¢ and 2d of the casing
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2 via the supporting components 25a and 25b. The supporting components 25a and 25b are made of a viscoelastic
material and have a function of absorbing the vibration of the fixing part 14. In detail, after the bone conduction
speaker 10 generates vibration, the vibration is transmitted from the vibration output part 11a through the cushion 16
to the head of the user. The fixing part 14 vibrates through counter force corresponding to the vibration (acting
force) transmitted to the head, and the supporting components 25a and 25b absorb the vibration. In the position, the
viscoelastic material is a material that has both viscosity and elasticity, such as a silicone material, with a hardness of
less than 5 degrees, or a colloidal material with silicon as a substrate.

[0030] The vibration output part 11a (front) of the bone conduction speaker 10 is provided with a cushion 16. The
cushion 16 is an interface for transmitting vibration to the user and is extremely important. In the bone conduction
receiver 1, the cushion 16 of the bone conduction speaker 10 directly contacts the skin of the head of the user, and
transmits the vibration output part 11a to auditory organs of the user through the skin of a contact part. The cushion
16 is made of a material with low thermal conductivity, low specific gravity and high rigidity. In contrast, the head
is provided with a structure covered over a skull 51 through soft skin 52. The contact structure between the cushion
16 and the head is as shown in Figure 4, and the hard cushion 16, the soft skin 52 and the hard skull 51 form a
sandwich structure. The cushion 16 is a component protruding from the casing 2. The cushion 16 is provided with an
apex part in the position most protruding from the casing 2. The apex part is arranged near one end of the cushion 16.
In addition, the stacked columnar piezoelectric element 12 is arranged near the other end of the cushion 16.

[0031] In the sandwich structure, the skin 52 is a soft part existing between epidermis and the skull 51, with softness
and corresponding weight. The softness of the skin 52 is characterized as viscoelasticity in terms of physical
properties, which can be decomposed into viscosity and elasticity. The sandwich structure and an equivalent circuit
model are as shown in Figure 5.

As shown in Figure 5, in a signal (vibration) transmission system from the cushion 16 to the skull 51, a contact point
a is a contact point corresponding to an input signal of the cushion 16. Transmission elements of the skin 52 in
contact with the contact point a comprise the viscosity 52a of the skin, the elasticity 52b of the skin, and the weight
52c of the skin. A contact point b is a contact point corresponding to an output signal of the skull 51. Connection
elements of the contact point b also comprise the viscosity 52a of the skin, the elasticity 52b of the skin, and the
weight 52c of the skin. In an equivalent circuit model, the transmitting vibration (signal) is further amplified,
namely the impedance of the transmission system is reduced when transmission is performed without attenuation.
Specifically, the viscosity 52a and the weight 52¢ are reduced, and the elasticity 52b is increased.

[0032] Regarding the impedance reduction in the equivalent circuit model, the close contact state between the bone
conduction receiver 1 and the head is specifically described with reference to Figure 4. As shown in Figure 4, when
the cushion 16 is in close contact with the skin 52, a close contact surface 16a of the cushion 16 sinks into the
contacted skin 52 to form a convex surface. When the user uses the bone conduction receiver 1, the cushion 16 of the
bone conduction receiver 1 is in close contact with the facial skin 52 near the auricle. As a result, the convex close
contact surface 16a formed by the cushion 16 slightly presses the skin 52 of the face of the use, causing the skin 52
of the user to form a concave part along the convex surface of the cushion 16. Through the series of actions, the
convex close contact surface 16a of the cushion 16 and the concave part of the skin 52 achieve a tight fit.

[0033] Figure 6 illustrates the pressure distribution of the cushion 16 and skin 52 matched with each other. In the
cushion 16, the apex 16b of the convex close contact surface 16a exerts the greatest pressure on the skin 52, with the
contact pressure reaching the top (pressure center). In the high-pressure part (pressure center) generated by the close
contact, the soft skin 52 expands laterally due to the close contact pressure, causing a part of the skin 52 to spatially
shift toward the periphery. Simultaneously, owing to the close contact force, the peripheral skin part with low close
contact force migrates to the non-contact part with even lower pressure., Therefore, the skin 52 is subjected to the
highest contact pressure at the part (pressure center) where the convex close contact surface 16a of the cushion 16 is
most depressed, and the contact pressure decreases as the skin 52 approaches the periphery of the most depressed
area.

[0034] The contact part between the cushion 16 and the skin 52 is explained in more detail through the equivalent
circuit model as shown in Figure 5.

The skin 52 at the high-pressure part is a part corresponding to the vertex 16b of the convex close contact surface
16a of the cushion 16 (pressure center), experiencing the greatest compression towards the skull 51. Concurrent
with the compression, skin tissue at the pressure center bears the peripheral high pressure to cause the soft skin
tissue to laterally expand. Simultaneously, fluid (body fluid) of the skin tissue migrate to the periphery. As a result,
finally the volume of the skin tissue composition is reduced to the maximum extent.

Physically, as the fluid proportionally is reduced, the weight and viscosity are reduced, and as the skin tissue is
hardened, the elasticity is increased. In the equivalent circuit model shown in Figure 5, the impedance of the
transmission system is reduced, and the transmissibility is enhanced. That is, due to the close contact between the
cushion 16 and the skin 52, vibration is transmitted more effectively at the part where contact pressure is high, and
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the most effective vibration transmission is achieved near the pressure center.

[0035] Compared with the pressure center, the contact pressure at the peripheral part of the pressure center is low,
resulting in a small reduction in weight and a small increase in elasticity. However, compared with the non-contact
area, the peripheral part generates a sufficiently large change, allowing the vibration to be transmitted. Based on the
aforementioned characteristics of the skin, to more effectively transmit vibration to the perception part of the user
through contact, it is recommended to adopt a close contact structure increasing the contact pressure within a range
that does not cause discomfort to the user.

[0036] The bone conduction speaker 10 of the bone conduction receiver 1 according to the embodiment as shown in
Figure 2, a stacked columnar piezoelectric element 12 is inserted into the U-shaped frame, and a structure with the
displacement of the stacked columnar piezoelectric element 12 is amplified through a "lever principle” is provided.
The displacement of the stacked columnar piezoelectric element 12 takes the rotation center of the vibration output
part 11a near the intersection of the vibration output part 11a and the elastic part 11b as a reference (origin), causing
the vibration output part 11a to undergo rotational vibration.

On the vibration output part 11a, the farther the vibration output part 11a is from the rotation reference, the greater
the displacement amplification of the vibration output part 11a becomes. In contrast, in a position far from the
stacked columnar piezoelectric element 12, the displacement of the vibration output part 11a exceeds that of the
monomer of the stacked columnar piezoelectric element 12, and reaches the maximum extent at the front end of the
vibration output part 11a farthest from the rotation center.

[0037] Therefore, in the bone conduction speaker 10 according to the embodiment, the pressure center of the
cushion 16, i.e., the vertex 16b of the convex close contact surface 16a, is arranged on the front end 16¢ side of the
central part of the cushion 16 in the length direction as viewed from the rotation center. By adopting the structure,
the vertex 16b of the convex close contact surface of the cushion 16 can ensure a large displacement.
Simultaneously, the effect of the convex shape of the cushion 16 can be utilized. Therefore, the vibration of the
stacked columnar piezoelectric element 12 can be effectively transmitted to the perception part of the user.

Secondly, in the bone conduction speaker 10 of the bone conduction receiver 1 according to the embodiment, as
shown in Figure 3, the rotation center of the vibration output part 11a is arranged on the central side of the bone
conduction receiver 1. Simultaneously, the front end of the vibration output part 11a, which has a larger
displacement (vibration) than that of the vibration output part 11a when in operation, is arranged on the front end 20
side of the body casing 2 of the bone conduction receiver 1. Therefore, the vibration of the bone conduction speaker
10 can be more effectively transmitted to the perception part of the user.

[0038] The usage posture of the bone conduction receiver 1 according to the embodiment is described with
reference to Figure 7A~C.

As shown in Figure 7A, the ideal usage posture of the bone conduction receiver 1 of the embodiment is to be
arranged substantially parallel to the face 52a. However, the usage posture of the bone conduction receiver 1,
especially the angle of contact with the face, is assumed to vary greatly depending on the user.

Specifically, the ideal close contact state in which the bone conduction receiver 1 and the face 52a are basically
parallel and in close contact as shown in Figure 7A is composed. Based on the state, as shown in Figure 7B, it is
assumed that the face 52a and the bone conduction receiver 1 are in a close contact state with each other at a slight
inclination. Secondly, as shown in Figure 7C, it is assumed that the face 52a and the bone conduction receiver 1 are
in a close contact state with each other at a large inclination.

[0039] Therefore, different users can produce a variety of close contact states. In the bone conduction receiver 1
according to the embodiment, the apex 16b of the convex close contact surface 16a of the cushion 16 is arranged on
the front end 20 side of the bone conduction receiver 1 at the central part of the cushion part 16. Therefore, the apex
16b of the convex close contact surface 16a of the cushion 16 can be ensured to be in close contact with the face of
the use, so that the vibration can be accurately transmitted to the perception part of the user.

[0040] Finally, the use of the bone conduction receiver 1 according to the embodiment is described with reference to
Figure 8. Figure 8 is a diagram of the usage state of the bone conduction receiver 1 according to the embodiment. In
the position, description is made with reference to Figure 1.

As shown in Figure 8, when the bone conduction receiver 1 is used, connecting the connecting wire 4 to a mobile
phone (not shown) in advance is more convenient. In the state, when the mobile phone receives a call from another
phone device, the user opens the flip cover 3, and presses the call button 21. Therefore, an electrical signal of the
sound information, such as call sound, emitted by the mobile phone (not shown) connected to the bone conduction
receiver 1 is transmitted to a circuit board in the body casing 2 of the bone conduction receiver 1 through the
connecting wire 4. The electrical signal, as an AC signal, is input to the stacked columnar piezoelectric element 12
as shown in Figure 2 through the circuit board and the input wire. Based on the electrical signal, the stacked
columnar piezoelectric element 12 performs expansion and contraction changes (displacement) along a long axis

IPR2025-00842; Mojawa
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direction in accordance with the signal.

[0041] Due to the expansion and contraction changes of the stacked columnar piezoelectric element 12, the
vibration output part 11a of frame 11 and the frame fixing part 11c¢ continuously displace relative to each other as the
elastic part 11b bends and deforms. As shown in Figure 2, in the bone conduction speaker 10 according to the
embodiment, a structure based on the lever principle is adopted. Therefore, even if the expansion and contraction
amount of the stacked columnar piezoelectric element 12 monomer is approximately 2 um to 3 um, the
displacement of the cushion 16 mounted to the vibration output partlla is still amplified by the design-specified
value. Therefore, sufficient vibration can be transmitted to the perception part of the user and recognized as sound
information.

[0042] In addition, at the moment, as shown in Figure 7c, the bone conduction receiver 1 is closely contact with the
head of the user in a relatively high inclination state. At the moment, the close contact surface 16a of the cushion 16
fixed to the vibration output part 11a of the bone conduction receiver 1 forms a convex shape with an apex 16b on
the front end side rotated relative to the rotation center of the cushion 16. Therefore, even if the bone conduction
receiver 1 is close contact with the head of the user in a relatively high inclination state, vibration can be effectively
transmitted to the user.

[0043] When the bone conduction speaker 10 of the bone conduction receiver 1 according to the embodiment is in
operation, the vibration output part 11a and the frame fixing part 11c perform displacement vibration actions in the
opening and closing directions of the front ends. At the moment, the weight of the vibration output part 11a and the
cushion 16 is sufficiently smaller than the total weight of the positioning plate 18, the base weight 13, the frame
fixing part 1lc, and the fixing part 14 integrally formed with the screws 15. Therefore, the expansion and
contraction displacement generated by the stacked columnar piezoelectric element 12 mainly causes the vibration
output part 1la to generate displacement. In other words, the vibration generated by the stacked columnar
piezoelectric element 12 can centrally drive the vibration output part 11a and transmit the signal to the user.

[0044] In addition, the weight of the fixing part 14 on the supporting side of the body casing 2 is relatively large, and
the vibration generated by the stacked columnar piezoelectric element 12 is mainly released from the vibration
output partl 1a, so that the vibration of the fixing part 14 is relatively small. Secondly, a supporting component 25
made of a viscoelastic material is arranged between the frame fixing part 11c and the casing 2. Therefore, the
vibration generated in the stacked columnar piezoelectric element 12 and transmitted to the fixing part 11c is
attenuated by the supporting component 25 and then transmitted to the body casing 2. Therefore, the vibration
transmitted to the body casing 2 is relatively small, and the volume of sound leaked from the body casing 2 to the
outside, especially the volume of sound leaked to the surrounding air, can be reduced to a very small level without
any problem. Therefore, sound leakage can be prevented. Moreover, the sound leakage reduction effect corresponds
to the total weight of the fixing part14, and the greater the weight, the more significant the effect. However, the
setting should be made in consideration of the size and weight of an entire product.

[0045] As mentioned above, through the bone conduction receiver 1 of the embodiment, even when the stacked
columnar compression element 12 with a small displacement amount is used, the generated vibration can be
concentrated on the vibration output part 1la. Therefore, the vibration generated by the stacked columnar
piezoelectric element 12 can be efficiently transmitted to the head of the user, and the necessary volume can be
sufficiently ensured.

Secondly, the amount of vibration transmitted to the casing (the reason causing increased amount of sound leakage)
can be reduced with a relatively simple structure, and the necessary level of sound leakage reduction effect can be
achieved without a special sound leakage packaging structure. Moreover, by arranging the front end of the vibration
output part 11a on the front end 20 side of the bone conduction receiver 1, the influence of the usage posture of the
user can be reduced.

[0046] Therefore, through the embodiment, the loss caused by contact with the face can be improved, and the output
vibration of the bone conduction speaker with a displacement amplification structure can be more reasonably
transmitted to auditory organs of the user. Therefore, in the bone conduction receiver 1 according to the present
invention, compared to other bone conduction speakers using the same stacked columnar piezoelectric element, the
bone conduction receiver 1 can transmit greater vibration to auditory organs of the user, thereby achieving a bone
conduction receiver that is easier to use. Possibility of commercial use

[0047] The present invention can be applied to bone conduction receivers containing bone conduction speakers.
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Claims
[1] A bone conduction receiver, comprising the following parts:

a bone conduction speaker converting sound information into vibration, and a casing accommodating the bone
conduction speaker, wherein the bone conduction speaker comprises the following parts: a vibration generating part
generating vibration according to the sound information, and a convex vibration transmitting part protruding from
the casing, and transmitting the vibration generated by the vibration generating part to a human head when being in
close contact with the human head.

[2] The bone conduction receiver according to claim 1, characterized in that: the vibration transmitting part is
provided with a U shape, and the vibration generating part is positioned between two symmetrical surfaces of the
vibration transmitting part and arranged near a surface different from the two surfaces, and generates vibration
between the two symmetrical surfaces according to the sound information.

[3] The bone conduction receiver according to claim 1 or claim 2, characterized in that the convex apex part of the
vibration transmitting part is arranged in a position farther away from the vibration generating part than the center of
the vibration transmitting part.

[4] The bone conduction receiver according to any one of claim 1 to claim 3, characterized in that the vibration
generating part is arranged on one side closer to the end surface than the center of the bone conduction receiver.

[5] The bone conduction receiver as claimed in claim 1 to claim 4, characterized in that

the vibration transmitting part is arranged on one of a U-shaped frame surface and a surface symmetrical with the
U-shaped frame, and is provided with a cushion in close contact with the human head, exposed in a convex shape
when protruding from the casing.

[6] The bone conduction receiver according to claim 1 to claim 5, characterized in that the vibrating end part of the
vibration transmitting part is a stacked columnar piezoelectric element.

[7] The bone conduction receiver according to claim 1, characterized in that the bone conduction speaker is
provided with a frame accommodating the vibration generating part, with a convex cushion fixedly arranged on the
outer wall of the frame and protruding from the casing.

[8] The bone conduction receiver according to claim 1, characterized in that the cushion is provided with a vertex
part at the most protruding part of the casing, and the vertex part is arranged near one end of the cushion.

[9] A bone conduction receiver according to claim 8, characterized in that the vibration generating part is arranged
near the other end of the cushion.

[10] A bone conduction receiver comprising the following parts: a bone conduction speaker converting sound
information into vibration, and a casing accommodating the bone conduction speaker, wherein the bone conduction
speaker comprises the following parts: characterized in that a bone conduction speaker converting sound
information into vibration, a vibration generating part arranged between the two symmetrical surfaces of the frame
to generate vibration between the two symmetrical surfaces according to the sound information, and a cushion
arranged on one of the two symmetrical surfaces of the frame and exposed in a convex shape when protruding from
the casing.

IPR2025-00842; Mojawa
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Claims in Amendment

[Accepted by the International Bureau on October 16, 2007
(16.10.2007)]

1. (After amendment)

A bone conduction receiver, characterized by comprising the following parts: a bone conduction speaker converting
sound information into vibration, and a casing accommodating the bone conduction speaker, wherein the bone
conduction speaker comprises the following parts: a vibration generating part generating vibration according to the
sound information, The bone conduction speaker converts sound information into vibrations, and a convex vibration
transmitting part protruding from the casing, and transmitting the vibration generated by the vibration generating
part to a human head when being in close contact with the human head, wherein vibration transmitting part is
provided with a U shape, and the vibration generating part is positioned between two symmetrical surfaces of the
vibration transmitting part and arranged near a surface different from the two surfaces, and generates vibration
between the two symmetrical surfaces according to the sound information.

2. (After amendment)

The bone conduction receiver according to claim 1, characterized in that the convex apex part of the vibration
transmitting part is arranged in a position farther away from the vibration generating part than the center of the
vibration transmitting part.

3. (After amendment)

The bone conduction receiver according to claim 1 or claim 2, characterized in that the vibration generating part is

arranged on one side closer to the end surface than the center of the bone conduction receiver.

4. (After amendment)

The bone conduction receiver according to claim 1 to claim 3, characterized in that characterized in that the

vibration transmitting part is arranged on one of a U-shaped frame surface and a surface symmetrical with the

U-shaped frame, the cushion is exposed in a convex shape when protruding from the casing.

5. (After amendment)

The bone conduction receiver according to claim 1 to claim 4, characterized in that the vibration generating part in

the vibration transmitting part is a stacked columnar piezoelectric element.

6. (After amendment)

The bone conduction receiver according to claim 1, characterized in that the bone conduction speaker is provided

with a frame accommodating the vibration generating part, with a convex cushion fixedly arranged on the outer wall

of the frame and protruding from the casing.

7. (After amendment)

The cushion is provided with a vertex part at the most protruding part of the casing, the cushion is provided with a

vertex part at the most protruding part of the casing, and the vertex part is arranged near one end of the cushion.
Amended format (Article 19 of the Treaty)
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8. (After amendment)

The bone conduction receiver according to claim 7, characterized in that the vibration generating part is arranged
near the other end of the cushion.

9. (After amendment)

A bone conduction receiver, characterized by comprising the following parts: a bone conduction speaker converting
sound information into vibration, and a casing accommodating the bone conduction speaker, wherein the bone
conduction speaker comprises the following parts: characterized in that a bone conduction receiver, a vibration
generating part arranged between the two symmetrical surfaces of the frame to generate vibration between the two
symmetrical surfaces according to the sound information, and a cushion arranged on one of the two symmetrical
surfaces of the frame and exposed in a convex shape when protruding from the casing.

10. (After amendment)

A bone conduction receiver, characterized by comprising the following parts: a bone conduction speaker converting
sound information into vibration, and a casing accommodating the bone conduction speaker, wherein the bone
conduction speaker comprises the following parts: characterized in that a bone conduction receiver, a vibration
generating part arranged between the two symmetrical surfaces of the frame to generate vibration between the two
symmetrical surfaces according to the sound information, A bone conduction receiver is provided with a cushion
transmitting the vibration generated by the frame to the outside.

Amended format (Article 19 of the Treaty)
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Specification under Article 19(1) of the Treaty

The new item 1 of claims limits the original step item 2 in the original item 1, and the part "arranged near a surface
different from the two surfaces" in the original item 1 is removed.

Item numbers of the new items 2 to 9 are changed, and reference items are changed formally according to the
requirements. However, the new item 5 changes the expression "the vibrating end of the vibration transmitting part" in the
original item 6 to "the vibration generating part in the vibration transmitting part". Therefore, it has been clarified that the
vibration generating part is the stacked columnar piezoelectric element.

The new item 10 is an added item. The function of the cushion has been clarified based on the description in paragraphs
0029-0030.
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[Figure 1]
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