19 DANMARK (19 DK/EP 3094103 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent-og
Varemarkestyreisen

(51)  Int.Cl: HO4R 1/02(2006.01) G 10K 9/13 (2006.01) G 10K 9/22 (2006.01)
HO4R 1/28 (2006.01) HO4R 9/06 (2006.01) H 04 R 17/00 (2006.01)

(45) Overseettelsen bekendtgjort den: 2019-11-11

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2019-10-09

(86) Europaeisk ansggning nr.: 14877111.6

(86) Europeeisk indleveringsdag: 2014-12-17

(87) Den europeeiske ansggnings publiceringsdag: 2016-11-16
(86) International ansggning nr.: CN2014094065

(87) Internationalt publikationsnr.: W02015101181

(30) Prioritet: 2014-01-06 CN 201410005804

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

(73) Patenthaver: Shenzhen Voxtech Co., Ltd, Floor 1 and 4 Factory Building 14 , Shanchen Industrial Park , Shixin
Community , Shiyan Street , Bao'an District, Shenzhen, Guangdong 518108, Kina

(72) Opfinder: Ql, Xin, Floor 1 and 4, Factory Building 14, Shancheng Industrial Park, Shixin Community, Shiyan
Street, Bao'an District, Shenzhen City, Guangdong 518108, Kina
LIAO, Fengyun, Floor 1 and 4, Factory Building 14, Shancheng Industrial Park, Shixin Community, Shiyan
Street, Bao'an District, Shenzhen City, Guangdong 518108, Kina

(74) Fuldmaegtig i Danmark: Plougmann Vingtoft A/S, Strandvejen 70, 2900 Hellerup, Danmark

(54) Benzevnelse: FREMGANGSMADE TIL AT UNDERTRYKKE LYDLAKAGE AF KNOGLELEDNINGSH@JTALER OG
KNOGLELEDNINGSH@JTALER

(56) Fremdragne publikationer:
WO-A1-2013/047609
WO-A1-2013/153827
CN-A- 1759 632
CN-A- 1898 939
CN-A- 101 496 419
CN-A- 103 167 390
CN-A- 103 347 235
CN-A- 103716 739
CN-U- 202 679 440
JP-A- 2007 251 358
US-B1- 6 850 138



DK/EP 3094103 T3



DK/EP 3094103 T3

DESCRIPTION

FIELD OF THE INVENTION

[0001] This application relates to a bone conduction device, and more specifically, relates to
methods and systems for reducing sound leakage by a bone conduction device.

BACKGROUND

[0002] A bone conduction speaker, which may be also called a vibration speaker, may push
human tissues and bones to stimulate the auditory nerve in cochlea and enable people to hear
sound. The bone conduction speaker is also called a bone conduction headphone. WO
2013/047609 A1 discloses a method of reducing sound leakage comprising a bone speaker.

[0003] An exemplary structure of a bone conduction speaker based on the principle of the
bone conduction speaker is shown in FIGs. 1A and 1B. The bone conduction speaker may
include an open housing 110, a vibration board 121, a transducer 122, and a linking
component 123. The transducer 122 may transduce electrical signals to mechanical vibrations.
The vibration board 121 may be connected to the transducer 122 and vibrate synchronically
with the transducer 122. The vibration board 121 may stretch out from the opening of the
housing 110 and contact with human skin to pass vibrations to auditory nerves through human
tissues and bones, which in turn enables people to hear sound. The linking component 123
may reside between the transducer 122 and the housing 110, configured to fix the vibrating
transducer 122 inside the housing 110. To minimize its effect on the vibrations generated by
the transducer 122, the linking component 123 may be made of an elastic material.

[0004] However, the mechanical vibrations generated by the transducer 122 may not only
cause the vibration board 121 to vibrate, but may also cause the housing 110 to vibrate
through the linking component 123. Accordingly, the mechanical vibrations generated by the
bone conduction speaker may push human tissues through the bone board 121, and at the
same time a portion of the vibrating board 121 and the housing 110 that are not in contact with
human issues may nevertheless push air. Air sound may thus be generated by the air pushed
by the portion of the vibrating board 121 and the housing 110. The air sound may be called
"sound leakage." In some cases, sound leakage is harmless. However, sound leakage should
be avoided as much as possible if people intend to protect privacy when using the bone
conduction speaker or try not to disturb others when listening to music.

[0005] Attempting to solve the problem of sound leakage, Korean patent KR10-2009-0082999
discloses a bone conduction speaker of a dual magnetic structure and double-frame. As shown
in FIG. 2, the speaker disclosed in the patent includes: a first frame 210 with an open upper
portion and a second frame 220 that surrounds the outside of the first frame 210. The second
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frame 220 is separately placed from the outside of the first frame 210. The first frame 210
includes a movable coil 230 with electric signals, an inner magnetic component 240, an outer
magnetic component 250, a magnet field formed between the inner magnetic component 240,
and the outer magnetic component 250. The inner magnetic component 240 and the out
magnetic component 250 may vibrate by the attraction and repulsion force of the coil 230
placed in the magnet field. A vibration board 260 connected to the moving coil 230 may receive
the vibration of the moving coil 230. A vibration unit 270 connected to the vibration board
260may pass the vibration to a user by contacting with the skin. As described in the patent, the
second frame 220 surrounds the first frame 210, in order to use the second frame 220 to
prevent the vibration of the first frame 210 from dissipating the vibration to outsides, and thus
may reduce sound leakage to some extent.

[0006] However, in this design, since the second frame 220 is fixed to the first frame 210,
vibrations of the second frame 220 are inevitable. As a result, sealing by the second frame 220
is unsatisfactory. Furthermore, the second frame 220 increases the whole volume and weight
of the speaker, which in turn increases the cost, complicates the assembly process, and
reduces the speaker's reliability and consistency.

[0007] JP 2007/251358 (A) discloses a piezoelectric bimorph which is covered with an organic
material to serve as a bending oscillator and to which a rigid body is arranged to be connected
through a bonding member The intention is to provide a lightweight bone conduction speaker
having a structure that is hard to damage using an external force and in which the leakage of a
sound is reduced.

[0008] CN 103 167 390 (A) discloses a bone conduction receiver with an air conduction effect.
The bone conduction receiver comprises a shell, a vibrating diaphragm assembly, a conduction
rod, an electromagnetic conversion device and a micro circuit board, wherein at least one
through hole is formed on the shell; and at least one opening and closing device or a sound
transmission tube of at least one sound transmission hole opening and closing device is
arranged on the through hole. Moreover, the opening and closing device or the sound
transmission hole opening and closing device comprises at least one cover plate, wherein the
cover plate covers the through hole or a sound transmission hole of the sound transmission
tube and is rotationally connected with the shell or the sound transmission tube.

[0009] US 6,850,138 (B1) discloses a vibration actuator in which a magnetic circuit device is
elastically suspended to a vibration transmitter by a suspension plate in a predetermined
direction, a primary elastic member is interposed between the suspension plate and the
magnetic circuit device in the predetermined direction. A coil is fixed to a vibrating member and
disposed in a magnetic gap of the magnetic circuit. It is preferable that the suspension plate
has a leaf spring portion extending along a spiral curve between central and peripheral
portions thereof.

SUMMARY
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[0010] The embodiments of the present application discloses methods and system of reducing
sound leakage of a bone conduction speaker.

[0011] In one aspect, the embodiments of the present application disclose a method of
reducing sound leakage of a bone conduction speaker, including:

providing a bone conduction speaker including a vibration board a transducer, and a housing
enclosing the vibration board and the transducer, wherein at least one sound guiding hole is
located in at least one portion of the housing;

the vibration board stretches out from an opening of the housing, touching human skin, and
passing vibration to auditory nerves through human tissues and bones;

the transducer drives the vibration board to vibrate;

the housing vibrates, along with the vibrations of the transducer, and pushes air, forming a
leaked sound wave transmitted in the air;

the air inside the housing is pushed out of the housing through the at least one sound guiding
hole, interferes with the leaked sound wave, and reduces an amplitude of the leaked sound
wave.

[0012] In some embodiments, one or more sound guiding holes may locate in an upper
portion, a central portion, and/or a lower portion of a sidewall and/or the bottom of the housing.

[0013] In some embodiments, a damping layer may be applied in the at least one sound
guiding hole in order to adjust the phase and amplitude of the guided sound wave through the
at least one sound guiding hole.

[0014] In some embodiments, sound guiding holes may be configured to generate guided
sound waves having a same phase that reduce the leaked sound wave having a same
wavelength; sound guiding holes may be configured to generate guided sound waves having
different phases that reduce the leaked sound waves having different wavelengths.

[0015] In some embodiments, different portions of a same sound guiding hole may be
configured to generate guided sound waves having a same phase that reduce the leaked
sound wave having same wavelength. In some embodiments, different portions of a same
sound guiding hole may be configured to generate guided sound waves having different
phases that reduce leaked sound waves having different wavelengths.

[0016] In another aspect, the embodiments of the present application disclose a bone
conduction speaker, including a vibration board, a transducer and a housing enclosing the
vibration board and the transducer, wherein:



DK/EP 3094103 T3

the transducer is configured to cause the vibration board to vibrate;

the vibration board stretches out from an opening of the housing and is arranged to pass
vibration to auditory nerves through human tissue and bones when contacting human skin.

[0017] At least one sound guiding hole is located in at least one portion on the housing, and is
configured to guide a sound wave inside the housing, resulted from vibrations of the air inside
the housing, to the outside of the housing, the guided sound wave interfering with the leaked
sound wave and reducing the amplitude thereof.

[0018] In some embodiments, the at least one sound guiding hole may locate in the sidewall
and/or bottom of the housing.

[0019] In some embodiments, preferably, the at least one sound guiding sound hole may
locate in the upper portion and/or lower portion of the sidewall of the housing.

[0020] In some embodiments, preferably, the sidewall of the housing is cylindrical and there
are at least two sound guiding holes located in the sidewall of the housing, which are arranged
evenly or unevenly in one or more circles. Alternatively, the housing may have a different
shape.

[0021] In some embodiments, preferably, the sound guiding holes have different heights along
the axial direction of the cylindrical sidewall.

[0022] In some embodiments, preferably, there are at least two sound guiding holes located in
the bottom of the housing. In some embodiments, the sound guiding holes are distributed
evenly or unevenly in one or more circles around the center of the bottom. Alternatively or
additionally, one sound guiding hole is located at the center of the bottom of the housing.

[0023] In some embodiments, preferably, the sound guiding hole is a perforative hole. In some
embodiments, there may be a damping layer at the opening of the sound guiding hole.

[0024] In some embodiments, preferably, the guided sound waves through different sound
guiding holes and/or different portions of a same sound guiding hole have different phases or a
same phase.

[0025] In some embodiments, preferably, the damping layer is a tuning paper, a tuning cotton,
a nonwoven fabric, a silk, a cotton, a sponge, or a rubber.

[0026] In some embodiments, preferably, the shape of a sound guiding hole is circle, ellipse,
quadrangle, rectangle, or linear. In some embodiments, the sound guiding holes may have a
same shape or different shapes.
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[0027] In some embodiments, preferably, the transducer includes a magnetic component and
a voice coil. Alternatively, the transducer includes piezoelectric ceramic.

[0028] The design disclosed in this application utilizes the principles of sound interference, by
placing sound guiding holes in the housing, to guide sound wave(s) inside the housing to the
outside of the housing, the guided sound wave(s) interfering with the leaked sound wave,
which is formed when the housing's vibrations push the air outside the housing. The guided
sound wave(s) reduces the amplitude of the leaked sound wave and thus reduces the sound
leakage. The design not only reduces sound leakage, but is also easy to implement, doesn't
increase the volume or weight of the bone conduction speaker, and barely increase the cost of
the product.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]
FIGs. 1A and 1B are schematic structures illustrating a bone conduction speaker of prior art;
FIG. 2 is a schematic structure illustrating another bone conduction speaker of prior art;

FIG. 3 illustrates the principle of sound interference according to some embodiments of the
present disclosure;

FIGs. 4A and 4B are schematic structures of an exemplary bone conduction speaker according
to some embodiments of the present disclosure;

FIG. 4C is a schematic structure of the bone conduction speaker according to some
embodiments of the present disclosure;

FIG. 4D is a diagram illustrating reduced sound leakage of the bone conduction speaker
according to some embodiments of the present disclosure;

FIG. 5 is a diagram illustrating the equal-loudness contour curves according to some
embodiments of the present disclosure;

FIG. 6 is a flow chart of an exemplary method of reducing sound leakage of a bone conduction
speaker according to some embodiments of the present disclosure;

FIGs. 7A and 7B are schematic structures of an exemplary bone conduction speaker according
to some embodiments of the present disclosure;

FIG. 7C is a diagram illustrating reduced sound leakage of a bone conduction speaker
according to some embodiments of the present disclosure;

FIGs. 8A and 8B are schematic structure of an exemplary bone conduction speaker according
to some embodiments of the present disclosure;
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FIG. 8C is a diagram illustrating reduced sound leakage of a bone conduction speaker
according to some embodiments of the present disclosure;

FIGs. 9A and 9B are schematic structures of an exemplary bone conduction speaker according
to some embodiments of the present disclosure;

FIG. 9C is a diagram illustrating reduced sound leakage of a bone conduction speaker
according to some embodiments of the present disclosure;

FIGS. 10A and 10B are schematic structures of an exemplary bone conduction speaker
according to some embodiments of the present disclosure;

FIG. 10C is a diagram illustrating reduced sound leakage of a bone conduction speaker
according to some embodiments of the present disclosure;

FIGs. 11A and 11B are schematic structures of an exemplary bone conduction speaker
according to some embodiments of the present disclosure;

FIG. 11C is a diagram illustrating reduced sound leakage of a bone conduction speaker
according to some embodiments of the present disclosure; and

FIGs. 12A and 12B are schematic structures of an exemplary bone conduction speaker
according to some embodiments of the present disclosure;

FIGs. 13A and 13B are schematic structures of an exemplary bone conduction speaker
according to some embodiments of the present disclosure.

[0030] The meanings of the mark numbers in the figures are as followed:

110, open housing; 121, vibration board; 122, transducer; 123, linking component; 210, first
frame; 220, second frame; 230, moving coil; 240, inner magnetic component; 250, outer
magnetic component; 260; vibration board; 270, vibration unit; 10, housing; 11, sidewall; 12,
bottom; 21, vibration board; 22, transducer; 23, linking component; 24, elastic component; 30,
sound guiding hole.

DETAILED DESCRIPTION

[0031] Followings are some further detailed illustrations about this disclosure. The following
examples are for illustrative purposes only and should not be interpreted as limitations of the
claimed invention. There are a variety of alternative techniques and procedures available to
those of ordinary skill in the art, which would similarly permit one to successfully perform the
intended invention. In addition, the figures just show the structures relative to this disclosure,
not the whole structure.
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[0032] To explain the scheme of the embodiments of this disclosure, the design principles of
this disclosure will be introduced here. FIG. 3 illustrates the principles of sound interference
according to some embodiments of the present disclosure. Two or more sound waves may
interfere in the space based on, for example, the frequency and/or amplitude of the waves.
Specifically, the amplitudes of the sound waves with the same frequency may be overlaid to
generate a strengthened wave or a weakened wave. As shown in FIG. 3, sound source 1 and
sound source 2 have the same frequency and locate in different locations in the space. The
sound waves generated from these two sound sources may encounter in an arbitrary point A.
If the phases of the sound wave 1 and sound wave 2 are the same at point A, the amplitudes
of the two sound waves may be added, generating a strengthened sound wave signal at point
A; on the other hand, if the phases of the two sound waves are opposite at point A, their
amplitudes may be offset, generating a weakened sound wave signal at point A.

[0033] This disclosure applies above-noted the principles of sound wave interference to a
bone conduction speaker and disclose a bone conduction speaker that can reduce sound
leakage.

Embodiment One

[0034] FIGS. 4A and 4B are schematic structures of an exemplary bone conduction speaker.
The bone conduction speaker may include a housing 10, a vibration board 21, and a
transducer 22. The transducer 22 may be inside the housing 10 and configured to generate
vibrations. The housing 10 may have one or more sound guiding holes 30. The sound guiding
hole(s) 30 may be configured to guide sound waves inside the housing 10 to the outside of the
housing 10. In some embodiments, the guided sound waves may form interference with leaked
sound waves generated by the vibrations of the housing 10, so as to reducing the amplitude of
the leaked sound. The transducer 22 may be configured to convert an electrical signal to
mechanical vibrations. For example, an audio electrical signal may be transmitted into a voice
coil that is placed in a magnet, and the electromagnetic interaction may cause the voice coil to
vibrate based on the audio electrical signal. As another example, the transducer 22 may
include piezoelectric ceramics, shape changes of which may cause vibrations in accordance
with electrical signals received.

[0035] Furthermore, the vibration board 21 may be connected to the transducer 22 and
configured to vibrate along with the transducer 22. The vibration board 21 may stretch out from
the opening of the housing 10, and touch the skin of the user and pass vibrations to auditory
nerves through human tissues and bones, which in turn enables the user to hear sound. The
linking component 23 may reside between the transducer 22 and the housing 10, configured to
fix the vibrating transducer 122 inside the housing. The linking component 23 may include one
or more separate components, or may be integrated with the transducer 22 or the housing 10.
In some embodiments, the linking component 23 is made of an elastic material.

[0036] The transducer 22 may drive the vibration board 21 to vibrate. The transducer 22,
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which resides inside the housing 10, may vibrate. The vibrations of the transducer 22 may
drives the air inside the housing 10 to vibrate, producing a sound wave inside the housing 10,
which can be referred to as "sound wave inside the housing." Since the vibration board 21 and
the transducer 22 are fixed to the housing 10 via the linking component 23, the vibrations may
pass to the housing 10, causing the housing 10 to vibrate synchronously. The vibrations of the
housing 10 may generate a leaked sound wave, which spreads outwards as sound leakage.

[0037] The sound wave inside the housing and the leaked sound wave are like the two sound
sources in FIG. 3. In some embodiments, the sidewall 11 of the housing 10 may have one or
more sound guiding holes 30 configured to guide the sound wave inside the housing 10 to the
outside. The guided sound wave through the sound guiding hole(s) 30 may interfere with the
leaked sound wave generated by the vibrations of the housing 10, and the amplitude of the
leaked sound wave may be reduced due to the interference, which may result in a reduced
sound leakage. Therefore, the design of this embodiment can solve the sound leakage
problem to some extent by making an improvement of setting a sound guiding hole on the
housing, and not increasing the volume and weight of the bone conduction speaker.

[0038] In some embodiments, one sound guiding hole 30 is set on the upper portion of the
sidewall 11. As used herein, the upper portion of the sidewall 11 refers to the portion of the
sidewall 11 starting from the top of the sidewall (contacting with the vibration board 21) to
about the 1/3 height of the sidewall.

[0039] FIG. 4C is a schematic structure of the bone conduction speaker illustrated in FIGs. 4A-
4B. The structure of the bone conduction speaker is further illustrated with mechanics
elements illustrated in FIG. 4C. As shown in FIG. 4C, the linking component 23 between the
sidewall 11 of the housing 10 and the vibration board 21 may be represented by an elastic
element 23 and a damping element in the parallel connection. The linking relationship between
the vibration board 21 and the transducer 22 may be represented by an elastic element 24.

[0040] Outside the housing 10, the sound leakage reduction is proportional to
( ffshole Pds — ffshousmg Pyds) (1)
wherein Spe is the area of the opening of the sound guiding hole 30, Spousing is the area of the

housing 10 (e.g., the sidewall 11 and the bottom 12) that is not in contact with human face.

[0041] The pressure inside the housing may be expressed as
P=P,+P,+P+P, (2)
wherein P,, P, P. and Pg are the sound pressures of an arbitrary point inside the housing

generated by side a, side b, side ¢ and side e respectively.

[0042] The center of the side b, O point, is set as the origin of the space coordinates, and the
side b can be set as the z=0 plane, so P,, P, P, and P, may be expressed as follows:

, P FkR{xa' ya") , ,
Pi(xy,2) = —jwp, ffsa Wy (Xa',¥a) : dx,"dy," — Pr (3)

4nR(Xa" ya")

Aemral oIy
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gJrax Ly )

By(x,y,2) = —jwpy ffsb W, (x,y7) - 4,m(x,)y,)dx'd}f' —Ppr “4)

e/kR(xc ¥

Pe(x,y,2) = —jwpy Usc We (xchye) - mdxcldYC’ —Pr (5

oFkR(xe! ye")

Pe(xy,2) = —jwpo [ls, We (xe'sve') * prmmmrdie'dye’ — Fe (6)

wherein

RE,Y) =y (x—x2+(y—y)? + 2%
is the distance between an observation point (x, y, z) and a point on side b (X', y', 0); Sz, Sp, S¢

and S¢ are the areas of side a, side b, side ¢ and side e, respectively;

R(xaya) = \/(X— X+ -yt -z

is the distance between the observation point (x, y, z) and a point on side a (X', ¥'a, Za);

2
R(xe,ye) = \/(x —x )2+ Y-y )P+ (z—2)
is the distance between the observation point (x, y, z) and a point on side ¢ (
X7,
Ve

Ze);

B 2
R(xg ye) = J(X =X P+ -y P+ (z—z,)
is the distance between the observation point (x, y ,z) and a point on side e (
Xe,
Yer
Ze);
k= w/u(u is the velocity of sound) is wave number, pg is an air density, w is an angular

frequency of vibration;

Par, Por, Pcr and Pgr are acoustic resistances of air, which respectively are:
P =A- —Zﬂ'r”:'za'r +8 (7

Php = A 2TERT 45 (3)
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Zer+jozer’

PCR =A @

+& (9
Pk =A-M+6 (10)

wherein r is the acoustic resistance per unit length, r' is the sound quality per unit length, z5 is
the distance between the observation point and side a, zp is the distance between the
observation point and side b, z. is the distance between the observation point and side c, z¢ is

the distance between the observation point and side e.

[0043] Wa(X, ¥), Wh(X, ¥), Wa(X, ¥), We(X, y) and Wy(X, y) are the sound source power per unit
area of side a, side b, side c, side e and side d, respectively, which can be derived from
following formulas (11):

Fe = F, = F -k, coswt — ﬂ W,(x,y) dxdy — ff W, (%, y)dxdy — f
Sa Se

By = —-F+ k coswt+ W, (%, y)dxdy — W, (x,y)dxdy — L
Sp Se

F.=Fq=F, — k; coswt — ffsc W, (x,y)dxdy — f—y an

Fq = Fy — k,coswt — f Wy (x,y)dxdy
Sd

wherein F is the driving force generated by the transducer 22, F,, Fp, F¢, Fgq, and F¢ are the

driving forces of side a, side b, side c, side d and side e, respectively. As used herein, side d is
the outside surface of the bottom 12. Sy is the region of side d, f is the viscous resistance

formed in the small gap between the housing 10 and the transducer 22, f = nAs(dv/dy),

[0044] L is the equivalent load on human face when the vibration board acts on a human face,
y is the energy dissipated on elastic element 24, k1 and k5 are the elastic coefficients of elastic
element 23 and elastic element 24 respectively, n is the fluid viscosity coefficient, dv/dy is the
velocity gradient of fluid, As is the cross-section area of a subject (board), A is the amplitude, ¢
is the region of the sound field, & is a high order minimum (which is generated by the
incompletely symmetrical shape of the housing);

[0045] The sound pressure of an arbitrary point outside the housing, generated by the
vibration of the housing 10 is expressed as:

Py = —jowpy [f Wy (x4, v4") -

wherein

KR (xq vq"

)dXd’dyd, (12)

4nR(xgyd"

2
R(xaya) = J(X =%+ -y P+ (220
is the distance between the observation point (x, y, z) and a point on side d
Xg

14
de
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Zd)-

[0046] P4, Py, P. and Pe are functions of the position, when we set a hole on an arbitrary
position in the housing, if the area of the hole is Spgje. the sound pressure of the hole is [[shole
Pds.

[0047] In the meanwhile, because the vibration board 21 fits human tissues tightly, the power it
gives out is absorbed all by human tissues, so the only side that can push air outside the
housing to vibrate is side d, thus forming sound leakage. As described elsewhere, the sound
leakage is resulted from the vibrations of the housing 10. For illustrative purposes, the sound
pressure generated by the housing 10 may be expressed as HShousing Pqds.

[0048] The leaked sound wave and the guided sound wave interference may result in a
weakened sound wave, i.e., to make [[gpoe Pds and '['[Shousing Pyds have the same value but

opposite directions, and the sound leakage may be reduced. In some embodiments, [[ghole Pds
may be adjusted to reduce the sound leakage. Since [[shge Pds corresponds to information of

phases and amplitudes of one or more holes, which further relates to dimensions of the
housing of the bone conduction speaker, the vibration frequency of the transducer, the
position, shape, quantity and/or size of the sound guiding holes and whether there is damping
inside the holes. Thus, the position, shape, and quantity of sound guiding holes, and/or
damping materials may be adjusted to reduce sound leakage.

[0049] Additionally, because of the basic structure and function differences of a bone
conduction speaker and a traditional air conduction speaker, the formulas above are only
suitable for bone conduction speakers. Whereas in traditional air conduction speakers, the air
in the air housing can be treated as a whole, which is not sensitive to positions, and this is
different intrinsically with a bone conduction speaker, therefore the above formulas are not
suitable to an air conduction speaker.

[0050] According to the formulas above, a person having ordinary skill in the art would
understand that the effectiveness of reducing sound leakage is related to the dimensions of the
housing of the bone conduction speaker, the vibration frequency of the transducer, the
position, shape, quantity and size of the sound guiding hole(s) and whether there is damping
inside the sound guiding hole(s). Accordingly, various configurations, depending on specific
needs, may be obtained by choosing specific position where the sound guiding hole(s) is
located, the shape and/or quantity of the sound guiding hole(s) as well as the damping
material.

[0051] FIG. 5 is a diagram illustrating the equal-loudness contour curves according to some
embodiments of the present disclose. The horizontal coordinate is frequency, while the vertical
coordinate is sound pressure level (SPL). As used herein, the SPL refers to the change of
atmospheric pressure after being disturbed, i.e., a surplus pressure of the atmospheric
pressure, which is equivalent to an atmospheric pressure added to a pressure change caused
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by the disturbance. As a result, the sound pressure may reflect the amplitude of a sound wave.
In FIG. 5, on each curve, sound pressure levels corresponding to different frequencies are
different, while the loudness levels felt by human ears are the same. For example, each curve
is labeled with a number representing the loudness level of said curve. According to the
loudness level curves, when volume (sound pressure amplitude) is lower, human ears are not
sensitive to sounds of high or low frequencies; when volume is higher, human ears are more
sensitive to sounds of high or low frequencies. Bone conduction speakers may generate sound
relating to different frequency ranges, such as 1000Hz~4000Hz, or 1000Hz~4000Hz, or
1000Hz~3500Hz, or 1000Hz~3000Hz, or 1500Hz~3000Hz. The sound leakage within the
above-mentioned frequency ranges may be the sound leakage aimed to be reduced with a
priority.

[0052] FIG. 4D is a diagram illustrating the effect of reduced sound leakage according to some
embodiments of the present disclosure, wherein the test results and calculation results are
close in the above range. The bone conduction speaker being tested includes a cylindrical
housing, which includes a sidewall and a bottom, as described in FIGs. 4A and 4B. The
cylindrical housing is in a cylinder shape having a radius of 22mm, the sidewall height of
14mm, and a plurality of sound guiding holes being set on the upper portion of the sidewall of
the housing. The openings of the sound guiding holes are rectangle. The sound guiding holes
are arranged evenly on the sidewall. The target region where the sound leakage is to be
reduced is 50cm away from the outside of the bottom of the housing. The distance of the
leaked sound wave spreading to the target region and the distance of the sound wave
spreading from the surface of the transducer 20 through the sound guiding holes 20 to the
target region have a difference of about 180 degrees in phase. As shown, the leaked sound
wave is reduced in the target region dramatically or even be eliminated.

[0053] According to the embodiments in this disclosure, the effectiveness of reducing sound
leakage after setting sound guiding holes is very obvious. As shown in FIG. 4D, the bone
conduction speaker having sound guiding holes greatly reduce the sound leakage compared to
the bone conduction speaker without sound guiding holes.

[0054] In the tested frequency range, after setting sound guiding holes, the sound leakage is
reduced by about 10dB on average. Specifically, in the frequency range of 1500Hz~3000Hz,
the sound leakage is reduced by over 10dB. In the frequency range of 2000Hz~2500Hz, the
sound leakage is reduced by over 20dB compared to the scheme without sound guiding holes.

[0055] A person having ordinary skill in the art can understand from the above-mentioned
formulas that when the dimensions of the bone conduction speaker, target regions to reduce
sound leakage and frequencies of sound waves differ, the position, shape and quantity of
sound guiding holes also need to adjust accordingly.

[0056] For example, in a cylinder housing, according to different needs, a plurality of sound
guiding holes may be on the sidewall and/or the bottom of the housing. Preferably, the sound
guiding hole may be set on the upper portion and/or lower portion of the sidewall of the
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housing. The quantity of the sound guiding holes set on the sidewall of the housing is no less
than two. Preferably, the sound guiding holes may be arranged evenly or unevenly in one or
more circles with respect to the center of the bottom. In some embodiments, the sound guiding
holes may be arranged in at least one circle. In some embodiments, one sound guiding hole
may be set on the bottom of the housing. In some embodiments, the sound guiding hole may
be set at the center of the bottom of the housing.

[0057] The quantity of the sound guiding holes can be one or more. Preferably, multiple sound
guiding holes may be set symmetrically on the housing. In some embodiments, there are 6-8
circularly arranged sound guiding holes.

[0058] The openings (and cross sections) of sound guiding holes may be circle, ellipse,
rectangle, or slit. Slit generally means slit along with straight lines, curve lines, or arc lines.
Different sound guiding holes in one bone conduction speaker may have same or different
shapes.

[0059] A person having ordinary skill in the art can understand that, the sidewall of the housing
may not be cylindrical, the sound guiding holes can be arranged asymmetrically as needed.
Various configurations may be obtained by setting different combinations of the shape,
quantity, and position of the sound guiding. Some other embodiments along with the figures
are described as follows.

Embodiment Two

[0060] FIG. 6 is a flowchart of an exemplary method of reducing sound leakage of a bone
conduction speaker according to some embodiments of the present disclosure. At 601, a bone
conduction speaker including a vibration plate 21 touching human skin and passing vibrations,
a transducer 22, and a housing 10 is provided. At least one sound guiding hole 30 is arranged
on the housing 10. At 602, the vibration plate 21 is driven by the transducer 22, causing the
vibration 21 to vibrate. At 603, a leaked sound wave due to the vibrations of the housing is
formed, wherein the leaked sound wave transmits in the air. At 604, a guided sound wave
passing through the at least one sound guiding hole 30 from the inside to the outside of the
housing 10. The guided sound wave interferes with the leaked sound wave, reducing the
sound leakage of the bone conduction speaker.

[0061] The sound guiding holes 30 are preferably set at different positions of the housing 10.
[0062] The effectiveness of reducing sound leakage may be determined by the formulas and
method as described above, based on which the positions of sound guiding holes may be

determined.

[0063] A damping layer is preferably set in a sound guiding hole 30 to adjust the phase and
amplitude of the sound wave transmitted through the sound guiding hole 30.
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[0064] In some embodiments, different sound guiding holes may generate different sound
waves having a same phase to reduce the leaked sound wave having the same wavelength. In
some embodiments, different sound guiding holes may generate different sound waves having
different phases to reduce the leaked sound waves having different wavelengths.

[0065] In some embodiments, different portions of a sound guiding hole 30 may be configured
to generate sound waves having a same phase to reduce the leaked sound waves with the
same wavelength. In some embodiments, different portions of a sound guiding hole 30 may be
configured to generate sound waves having different phases to reduce the leaked sound
waves with different wavelengths.

[0066] Additionally, the sound wave inside the housing may be processed to basically have the
same value but opposite phases with the leaked sound wave, so that the sound leakage may
be further reduced.

Embodiment Three

[0067] FIGS. 7A and 7B are schematic structures illustrating an exemplary bone conduction
speaker according to some embodiments of the present disclosure. The bone conduction
speaker may include an open housing 10, a vibration board 21, and a transducer 22. The
housing 10 may cylindrical and have a sidewall and a bottom. A plurality of sound guiding holes
30 may be arranged on the lower portion of the sidewall (i.e., from about the 2/3 height of the
sidewall to the bottom). The quantity of the sound guiding holes 30 may be 8, the openings of
the sound guiding holes 30 may be rectangle. The sound guiding holes 30 may be arranged
evenly or evenly in one or more circles on the sidewall of the housing 10.

[0068] In the embodiment, the transducer 22 is preferably implemented based on the principle
of electromagnetic transduction. The transducer may include components such as magnetizer,
voice coil, and etc., and the components may located inside the housing and may generate
synchronous vibrations with a same frequency.

[0069] FIG. 7C is a diagram illustrating reduced sound leakage according to some
embodiments of the present disclosure. In the frequency range of 1400Hz~4000Hz, the sound
leakage is reduced by more than 5dB, and in the frequency range of 2250Hz~2500Hz, the
sound leakage is reduced by more than 20dB.

Embodiment Four

[0070] FIGS. 8A and 8B are schematic structures illustrating an exemplary bone conduction
speaker according to some embodiments of the present disclosure. The bone conduction
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speaker may include an open housing 10, a vibration board 21, and a transducer 22. The
housing 10 is cylindrical and have a sidewall and a bottom. The sound guiding holes 30 may
be arranged on the central portion of the sidewall of the housing (i.e., from about the 1/3 height
of the sidewall to the 2/3 height of the sidewall). The quantity of the sound guiding holes 30
may be 8, and the openings (and cross sections) of the sound guiding hole 30 may be
rectangle. The sound guiding holes 30 may be arranged evenly or unevenly in one or more
circles on the sidewall of the housing 10.

[0071] In the embodiment, the transducer 21 may be implemented preferably based on the
principle of electromagnetic transduction. The transducer 21 may include components such as
magnetizer, voice coil, etc., which may be placed inside the housing and may generate
synchronous vibrations with the same frequency.

[0072] FIG. 8C is a diagram illustrating reduced sound leakage. In the frequency range of
1000Hz~4000Hz, the effectiveness of reducing sound leakage is great. For example, in the
frequency range of 1400Hz~2900Hz, the sound leakage is reduced by more than 10dB; in the
frequency range of 2200Hz~2500Hz, the sound leakage is reduced by more than 20dB.

[0073] It's illustrated that the effectiveness of reduced sound leakage can be adjusted by
changing the positions of the sound guiding holes, while keeping other parameters relating to
the sound guiding holes unchanged.

Embodiment Five

[0074] FIGS. 9A and 9B are schematic structures of an exemplary bone conduction speaker
according to some embodiments of the present disclosure. The bone conduction speaker may
include an open housing 10, a vibration board 21 and a transducer 22.The housing 10 is
cylindrical, with a sidewall and a bottom. One or more perforative sound guiding holes 30 may
be along the circumference of the bottom. In some embodiments, there may be 8 sound
guiding holes 30 arranged evenly of unevenly in one or more circles on the bottom of the
housing 10. In some embodiments, the shape of one or more of the sound guiding holes 30
may be rectangle.

[0075] In the embodiment, the transducer 21 may be implemented preferably based on the
principle of electromagnetic transduction. The transducer 21 may include components such as
magnetizer, voice coil, etc., which may be placed inside the housing and may generate
synchronous vibration with the same frequency.

[0076] FIG. 9C is a diagram illustrating the effect of reduced sound leakage. In the frequency
range of 1000Hz~3000Hz, the effectiveness of reducing sound leakage is outstanding. For
example, in the frequency range of 1700Hz~2700Hz, the sound leakage is reduced by more
than 10dB; in the frequency range of 2200Hz~2400Hz, the sound leakage is reduced by more
than 20dB.
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Embodiment Six

[0077] FIGS. 10A and 10B are schematic structures of an exemplary bone conduction speaker
according to some embodiments of the present disclosure. The bone conduction speaker may
include an open housing 10, a vibration board 21 and a transducer 22. One or more
perforative sound guiding holes 30 may be arranged on both upper and lower portions of the
sidewall of the housing 10. The sound guiding holes 30 may be arranged evenly or unevenly in
one or more circles on the upper and lower portions of the sidewall of the housing 10. In some
embodiments, the quantity of sound guiding holes 30 in every circle may be 8, and the upper
portion sound guiding holes and the lower portion sound guiding holes may be symmetrical
about the central cross section of the housing 10. In some embodiments, the shape of the
sound guiding hole 30 may be circle.

[0078] The shape of the sound guiding holes on the upper portion and the shape of the sound
guiding holes on the lower portion may be different; One or more damping layers may be
arranged in the sound guiding holes to reduce leaked sound waves of the same wave length
(or frequency), or to reduce leaked sound waves of different wave lengths.

[0079] FIG. 10C is a diagram illustrating the effect of reducing sound leakage according to
some embodiments of the present disclosure. In the frequency range of 1000Hz~4000Hz, the
effectiveness of reducing sound leakage is outstanding. For example, in the frequency range
of 1600Hz~2700Hz, the sound leakage is reduced by more than 15dB; in the frequency range
of 2000Hz~2500Hz, where the effectiveness of reducing sound leakage is most outstanding,
the sound leakage is reduced by more than 20dB. Compared to embodiment three, this
scheme has a relatively balanced effect of reduced sound leakage on various frequency range,
and this effect is better than the effect of schemes where the height of the holes are fixed, such
as schemes of embodiment three, embodiment four, embodiment five, and so on.

Embodiment Seven

[0080] FIGS. 11A and 11B are schematic structures illustrating a bone conduction speaker
according to some embodiments of the present disclosure. The bone conduction speaker may
include an open housing 10, a vibration board 21 and a transducer 22. One or more
perforative sound guiding holes 30 may be set on upper and lower portions of the sidewall of
the housing 10 and on the bottom of the housing 10. The sound guiding holes 30 on the
sidewall are arranged evenly or unevenly in one or more circles on the upper and lower
portions of the sidewall of the housing 10. In some embodiments, the quantity of sound guiding
holes 30 in every circle may be 8, and the upper portion sound guiding holes and the lower
portion sound guiding holes may be symmetrical about the central cross section of the housing
10. In some embodiments, the shape of the sound guiding hole 30 may be rectangular. There
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may be four sound guiding holds 30 on the bottom of the housing 10. The four sound guiding
holes 30 may be linear-shaped along arcs, and may be arranged evenly or unevenly in one or
more circles with respect to the center of the bottom. Furthermore, the sound guiding holes 30
may include a circular perforative hole on the center of the bottom.

[0081] FIG. 11C is a diagram illustrating the effect of reducing sound leakage of the
embodiment. In the frequency range of 1000Hz~4000Hz, the effectiveness of reducing sound
leakage is outstanding. For example, in the frequency range of 1300Hz~3000Hz, the sound
leakage is reduced by more than 10dB; in the frequency range of 2000Hz~2700Hz, the sound
leakage is reduced by more than 20dB. Compared to embodiment three, this scheme has a
relatively balanced effect of reduced sound leakage within various frequency range, and this
effect is better than the effect of schemes where the height of the holes are fixed, such as
schemes of embodiment three, embodiment four, embodiment five, and etc. Compared to
embodiment six, in the frequency range of 1000Hz~1700Hz and 2500Hz~4000Hz, this
scheme has a better effect of reduced sound leakage than embodiment six.

Embodiment Eight

[0082] FIGS. 12A and 12B are schematic structures illustrating a bone conduction speaker
according to some embodiments of the present disclosure. The bone conduction speaker may
include an open housing 10, a vibration board 21 and a transducer 22. A perforative sound
guiding hole 30 may be set on the upper portion of the sidewall of the housing 10. One or more
sound guiding holes may be arranged evenly or unevenly in one or more circles on the upper
portion of the sidewall of the housing 10. There may be 8 sound guiding holes 30, and the
shape of the sound guiding holes 30 may be circle.

[0083] After comparison of calculation results and test results, the effectiveness of this
embodiment is basically the same with that of embodiment one, and this embodiment can
effectively reduce sound leakage.

Embodiment Nine

[0084] FIGS. 13A and 13B are schematic structures illustrating a bone conduction speaker
according to some embodiments of the present disclosure. The bone conduction speaker may
include an open housing 10, a vibration board 21 and a transducer 22.

[0085] The difference between this embodiment and the above-described embodiment three is
that to reduce sound leakage to greater extent, the sound guiding holes 30 may be arranged
on the upper, central and lower portions of the sidewall 11. The sound guiding holes 30 are
arranged evenly or unevenly in one or more circles. Different circles are formed by the sound
guiding holes 30, one of which is set along the circumference of the bottom 12 of the housing
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10. The size of the sound guiding holes 30 are the same.

[0086] The effect of this scheme may cause a relatively balanced effect of reducing sound
leakage in various frequency ranges compared to the schemes where the position of the holes
are fixed. The effect of this design on reducing sound leakage is relatively better than that of
other designs where the heights of the holes are fixed, such as embodiment three,
embodiment four, embodiment five, etc.

Embodiment Ten

[0087] The sound guiding holes 30 in the above embodiments may be perforative holes
without shields.

[0088] In order to adjust the effect of the sound waves guided from the sound guiding holes, a
damping layer (not shown in the figures) may locate at the opening of a sound guiding hole 30
to adjust the phase and/or the amplitude of the sound wave.

[0089] There are multiple variations of materials and positions of the damping layer. For
example, the damping layer may be made of materials which can damp sound waves, such as
tuning paper, tuning cotton, nonwoven fabric, silk, cotton, sponge or rubber. The damping layer
may be attached on the inner wall of the sound guiding hole 30, or may shield the sound
guiding hole 30 from outside.

[0090] More preferably, the damping layers corresponding to different sound guiding holes 30
may be arranged to adjust the sound waves from different sound guiding holes to generate a
same phase. The adjusted sound waves may be used to reduce leaked sound wave having
the same wavelength. Alternatively, different sound guiding holes 30 may be arranged to
generate different phases to reduce leaked sound wave having different wavelengths (i.e.
leaked sound waves with specific wavelengths).

[0091] In some embodiments,, different portions of a same sound guiding hole can be
configured to generate a same phase to reduce leaked sound waves on the same wavelength
(e.g. using a pre-set damping layer with the shape of stairs or steps). In some embodiments,
different portions of a same sound guiding hole can be configured to generate different phases
to reduce leaked sound waves on different wavelengths.

[0092] The above-described embodiments are preferable embodiments with various
configurations of the sound guiding hole(s) on the housing of a bone conduction speaker, but a
person having ordinary skills in the art can understand that the embodiments don't limit the
configurations of the sound guiding hole(s) to those described in this application.

[0093] In the past bone conduction speakers, the housing of the bone conduction speakers is
closed, so the sound source inside the housing is sealed inside the housing. In the
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embodiments of the present disclosure, there can be holes in proper positions of the housing,
making the sound waves inside the housing and the leaked sound waves having substantially
same amplitude and substantially opposite phases in the space, so that the sound waves can
interfere with each other and the sound leakage of the bone conduction speaker is reduced.
Meanwhile, the volume and weight of the speaker do not increase, the reliability of the product
is not comprised, and the cost is barely increased. The designs disclosed herein are easy to
implement, reliable, and effective in reducing sound leakage.

[0094] It's noticeable that above statements are preferable embodiments and technical
principles thereof. A person having ordinary skill in the art is easy to understand that this
disclosure is not limited to the specific embodiments stated, and a person having ordinary skill
in the art can make various obvious variations, adjustments, and substitutes within the
protected scope of this disclosure. Therefore, although above embodiments state this
disclosure in detail, this disclosure is not limited to the embodiments, and there can be many
other equivalent embodiments within the scope of the present disclosure, and the protected
scope of this disclosure is determined by following claims.
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Patentkrav
1. Fremgangsmade til at reducere lydlaekage, idet fremgangsmé&den omfatter:
at tilvejebringe en knogleledningshgijtaler inklusive:
en vibrationsplade (21);
5 en transducer (22) konfigureret til at forarsage at vibrationspladen
vibrerer;
et hus (10), der omgiver vibrationspladen og transduceren (22), idet
vibrationspladen (21) straekker sig ud fra en abning af huset (10), bergrer
menneskelig hud og videresender vibration til hgrernerver gennem
10 menneskeligt vaev og knogler, og
transduceren (22) forarsager at huset (10) vibrerer, idet vibrationen af
huset (10) danner en laekket lydbglge; og
mindst et lydledende hul (30) placeret p& huset (10) og konfigureret til at
lede en lydbglge inden i huset (10) gennem det mindst ene lydledende hul
15 (30) til en yderside af huset (10),
kendetegnet ved at den ledede lydbglge interfererer med den lackkede
lydbglge, idet interferensen reducerer en amplitude af den laekkede
lydbglge.

20 2. Fremgangsmade ifglge krav 1, hvor:
huset (10) inkluderer en bund (12) eller en sidevaeg (11); og
det mindst ene lydledende hul (30) placeret pa bunden (12) eller
sidevaeggen (11) af huset (10).

25 3. Knogleledningshgijtaler omfattende:
en vibrationsplade (21);
en transducer (22) konfigureret til at forarsage at vibrationspladen
vibrerer;
et hus (10), der omgiver vibrationspladen og transduceren (22), idet

30 vibrationspladen (21) straekker sig ud fra en &bning af huset (10), og er
anbragt til at videregive vibration til hgrenerver gennem menneskeligt vaev
og knogler ved bergring med menneskelig hud, og
transduceren (22) forérsager at huset (10) vibrerer, idet vibrationen af
huset (10) danner en laekket lydbglge; og
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mindst et lydledende hul (30) placeret p& huset (10) og konfigureret til at
lede en lydbglge inden i huset (10) gennem det mindst ene lydledende hul
(30) til en yderside af huset (10),

kendetegnet ved at det mindst ene lydledende hul (30) er konfigureret til
at lede naevnte lydbglge, s& den ledede lydbglge interfererer med den
lzekkede lydbglge, idet interferensen reducerer en amplitude af den
laekkede lydbglge.

4. Knogleledningshgijtaler ifglge krav 3, hvor:
huset (10) inkluderer en bund (12) eller en sidevaeg (11); og
det mindst ene lydledende hul (30) placeret pa bunden (12) eller
sidevaeggen (11) af huset (10).

5. Knogleledningshgijtaler ifglge krav 3, hvor det mindst ene lydledende hul (30)
inkluderer to lydledende huller.

6. Knogleledningshgijtaler ifglge krav 3, hvor huset (10) inkluderer en cylindrisk
sidevazg, idet det mindst ene lydledende hul (30) inkluderer mindst to lydledende

huller, idet de mindst to lydledende huller er placeret p& den cylindriske sidevaeg.

7. Knogleledningshgijtaler ifglge krav 6, hvor de to lydledende huller er placeret
ved forskellige hgjder langs en aksial retning af sidevaeggen (11).

8. Knogleledningshgijtaler ifglge krav 3, hvor en placering af det mindst ene
lydledende hul (30) bestemmes ifglge en vibrationsfrekvens af transduceren (22),
en form af det mindst ene lydledende hul (30), en kvantitet af det mindst ene
lydledende hul (30), et malomrade, hvor amplituden af den laekkede lydbglge skal
reduceres, og et frekvensomrade inden for hvilket amplituden af den laekkede
lydbglge skal reduceres.

9. Knogleledningshgitaler ifglge krav 3, hvor den ledede lydbglge inkluderer
mindst to lydbglger genereret af forskellige lydledende huller, idet de mindst to
lydbglger har en samme fase, idet de mindst to lydbglger konfigureret til at
reducere en amplitude af den laekkede lydbglge med samme bglgelaengde.
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10. Knogleledningshgitaler ifglge krav 3, hvor det mindst ene lydledende hul (30)
inkluderer mindst to dele, idet de mindst to dele er konfigureret til at generere
mindst to lydbglger med en samme fase og er konfigureret til at reducere
amplituden af den laekkede lydbglge med samme bglgelaengde.

11. Knogleledningshgitaler ifglge krav 3, hvor det mindst ene lydledende hul (30)
er et perforeret hul.

12. Knogleledningshgitaler ifglge krav 3, hvor det mindst ene lydledende hul (30)
10 inkluderer et deempningslag, idet daampningslaget er konfigureret til at justere en
fase og amplitude af den ledede lydbglge.

13. Knogleledningshgitaler ifglge krav 12, hvor deempningslaget er et tuning-
papir, en tuning-bomuld, et ikke-vaavet stof, en silke, en bomuld, en svamp eller

15 en gummi.

14. Knogleledningshgitaler ifglge krav 3, hvor formen af det mindst ene
lydledende hul (30) er cirkulaer, ellipseformet, firkantet eller linezer.

20 15. Knogleledningshgijtaler ifglge krav 3, hvor transduceren (22) inkluderer en af:
en magnetisk komponent og en svingspole eller
en piezoelektrisk keramik.
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