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(54) BONE CONDUCTION SPEAKER

(57) The present disclosure relates to a magnetic cir-
cuit assembly of a bone conduction speaker. The mag-
netic circuit assembly may generate a first magnetic field.
The magnetic circuit assembly may include a first mag-
netic element, and the first magnetic element may gen-
erate a second magnetic field. The magnetic circuit may
further include a first magnetic guide element and at least
one second magnetic element. The at least one second

magnetic element may be configured to surround the first
magnetic element and a magnetic gap may be configured
between the second magnetic element and the first mag-
netic element. A magnetic field strength of the first mag-
netic field within the magnetic gap may exceed a mag-
netic field strength of the second magnetic field within
the magnetic gap.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure claims the priority of In-
ternational Application NO. PCT/CN2018/071751, filed
on January 08, 2018, the contents of each of which are
incorporated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to bone conduc-
tion speakers, and in particular relates to magnetic circuit
assemblies of the bone conduction speakers.

BACKGROUND

[0003] The bone conduction speaker can convert elec-
trical signals into mechanical vibration signals, and trans-
mit the mechanical vibration signals into the cochlea
through human tissues and bones, so that a user can
hear a sound. In contrast to air conduction speakers,
which generate sound based on air vibration driven by
vibration diaphragms, bone conduction speakers need
to drive the user’s soft tissues and bones to vibrate, so
the mechanical power required is higher. Increasing the
sensitivity of a bone conduction speaker can make the
higher efficiency of converting electrical energy into me-
chanical energy, thereby outputting greater mechanical
power. Increasing sensitivity is even more important for
bone conduction speakers with higher power require-
ments.

SUMMARY

[0004] The present disclosure relates to a magnetic
circuit assembly of a bone conduction speaker. The mag-
netic circuit assembly may generate a first magnetic field.
The magnetic circuit assembly may include a first mag-
netic element generating a second magnetic field; a first
magnetic guide element; and at least one second mag-
netic element. The at least one second magnetic element
may be configured to surround the first magnetic element
and a magnetic gap may be configured between the sec-
ond magnetic element and the first magnetic element. A
magnetic field strength of the first magnetic field within
the magnetic gap may exceed a magnetic field strength
of the second magnetic field within the magnetic gap.
[0005] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a second magnetic guide element and at least one
third magnetic element. The at least one third magnetic
element may be connected with the second magnetic
guide element and the at least one second magnetic el-
ement.
[0006] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fourth magnetic element located below

the magnetic gap. The at least one fourth magnetic ele-
ment may be connected with the first magnetic element
and the second magnetic guide element.
[0007] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fifth magnetic element connected with
an upper surface of the first magnetic guide element.
[0008] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a third magnetic guide element connected with an
upper surface of the fifth magnetic element. The third
magnetic guide element may be configured to suppress
leakage of a field strength of the first magnetic field.
[0009] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one conductive element connected with
the first magnetic element, the first magnetic guide ele-
ment, or at least one of the second magnetic guide ele-
ment.
[0010] The present disclosure also relates to a mag-
netic circuit assembly of a bone conduction speaker. The
magnetic component may generate a first magnetic field.
The magnetic circuit assembly may include a first mag-
netic element generating a second magnetic field; a first
magnetic guide element; a second magnetic guide ele-
ment. The second magnetic guide element may be con-
figured to surround the first magnetic element and a mag-
netic gap may be configured between the second mag-
netic guide element and the first magnetic element. The
at least one second magnetic element may be located
below the magnetic gap. A magnetic field strength of the
first magnetic field within the magnetic gap may exceed
a magnetic field strength of the second magnetic field
within the magnetic gap.
[0011] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one third magnetic element. The at least
one third magnetic element may be connected with the
second magnetic guide element.
[0012] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fourth magnetic element. The at least
one fourth magnetic element may be located between
the second magnetic guide element and the at least one
third magnetic element.
[0013] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a magnetic shield. The magnetic shield may be
configured to encompass the first magnetic element, the
first magnetic guide element, the second magnetic guide
element, and the second magnetic element.
[0014] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one conductive element. The at least one
conductive element may be connected with the first mag-
netic element, the first magnetic guide element, or at least
one element of the second magnetic element.
[0015] The present disclosure relates to a magnetic
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circuit assembly of a bone conduction speaker. The mag-
netic component may generate a first magnetic field. The
magnetic circuit assembly may include a first magnetic
element, and the first magnetic element may generate a
second magnetic field; a first magnetic guide element; a
second magnetic guide element, at least a portion of the
second magnetic guide element may be configured to
surround the first magnetic element and a magnetic gap
may be configured between the second magnetic guide
element and the first magnetic element. The at least one
second magnetic element may be connected with an up-
per surface of the first magnetic guide element, and a
magnetic field strength of the first magnetic field within
the magnetic gap may exceed a magnetic field strength
of the second magnetic field within the magnetic gap.
[0016] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one third magnetic element. The at least
one third magnetic element may surround the at least
one second magnetic element.
[0017] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fourth magnetic element. The at least
one fourth magnetic element may be connected with the
second magnetic guide element and the at least one third
magnetic element.
[0018] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fifth magnetic element located below
the magnetic gap. The at least one fifth magnetic element
may be connected with the first magnetic element and
the second magnetic guide element.
[0019] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a third magnetic guide element connected with the
at least one second magnetic element.
[0020] The present disclosure relates to a magnetic
circuit assembly of a bone conduction speaker. The mag-
netic circuit assembly may include a first magnetic ele-
ment generating a second magnetic field; a first magnetic
guide element. The at least one second magnetic ele-
ment may be configured to surround the first magnetic
element and a magnetic gap may be configured between
the second magnetic element and the first magnetic el-
ement. The second magnetic element may generate a
second magnetic field, and the second magnetic field
may increase the magnetic field strength of the first mag-
netic field within the magnetic gap.
[0021] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a second magnetic guide element and at least one
third magnetic element connected with the second mag-
netic guide element and the at least one second magnetic
element. The at least one third magnetic element may
generate a third magnetic field, and the third magnetic
field may increase the magnetic field strength of the first
magnetic field within the magnetic gap.
[0022] According to some embodiments of the present

disclosure, the magnetic circuit assembly may further in-
clude at least one fourth magnetic element located below
the magnetic gap. The at least one fourth magnetic ele-
ment may be connected with the first magnetic element
and the second magnetic guide element. The at least
one fourth magnetic element may generate a fourth mag-
netic field. The fourth magnetic field may increase the
magnetic field strength of the first magnetic field within
the magnetic gap.
[0023] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fifth magnetic element connected with
an upper surface of the first magnetic guide element. The
at least one fifth magnetic element may generate a fifth
magnetic field, and the fifth magnetic field may increase
the magnetic field strength of the first magnetic field within
the magnetic gap.
[0024] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a third magnetic guide element connected with the
upper surface of the fifth magnetic element. The third
magnetic guide element may be configured to suppress
leakage of a field strength of the first magnetic field and
the second magnetic field.
[0025] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one conductive element. The at least one
conductive element may be connected with the first mag-
netic element, the first magnetic guide element, or at least
one of the second magnetic guide element.
[0026] The present disclosure relates to a magnetic
circuit assembly of a bone conduction speaker. The mag-
netic circuit assembly may include a first magnetic ele-
ment generating a first magnetic field; a first magnetic
guide element; a second magnetic guide element con-
figured to surround the first magnetic element, a mag-
netic gap being configured between the at least one sec-
ond magnetic element and the first magnetic element.
The at least one second magnetic element may be lo-
cated below the magnetic gap, the at least one second
magnetic element may generate a second magnetic field,
and the second magnetic field may increase the magnetic
induction intensity of the first magnetic field within the
magnetic gap.
[0027] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one third magnetic element connected with
the second magnetic guide element. The at least one
third magnetic element may generate a third magnetic
field, and the third magnetic field may increase the mag-
netic field strength of the first magnetic field within the
magnetic gap.
[0028] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fourth magnetic element located be-
tween the second magnetic guide element and the at
least one third magnetic element.
[0029] According to some embodiments of the present
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disclosure, the magnetic circuit assembly may further in-
clude a magnetic shield. The magnetic shield may be
configured to encompass the first magnetic element, the
first magnetic guide element, the second magnetic guide
element, and the second magnetic element.
[0030] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fifth magnetic element connected with
an upper surface of the first magnetic guide element, and
the at least one fifth magnetic element may generate a
fifth magnetic field. The fifth magnetic field may increase
the magnetic field strength of the first magnetic field within
the magnetic gap.
[0031] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a third magnetic guide element connected with the
upper surface of the fifth magnetic element. The third
magnetic guide element may be configured to suppress
leakage of a field strength of the first magnetic field and
the second magnetic field.
[0032] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one conductive element connected with
the first magnetic element, the first magnetic guide ele-
ment, or at least one element of the second magnetic
element.
[0033] The present disclosure relates to a magnetic
circuit assembly of a bone conduction speaker. The mag-
netic circuit assembly may include a first magnetic ele-
ment generating a second magnetic field; a first magnetic
guide element; a second magnetic guide element, at
least a portion of the second magnetic guide element
configured to surround the first magnetic element and a
magnetic gap being configured between the at least one
second magnetic element and the first magnetic element.
The at least one second magnetic element may be con-
nected with the upper surface of the first magnetic guide
element. The at least one second magnetic element may
generate a second magnetic field, and the second mag-
netic field may increase the magnetic field strength of the
first magnetic field within the magnetic gap.
[0034] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one third magnetic element, and the at least
one third magnetic element may be configured to sur-
round the at least one second magnetic element.
[0035] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fourth magnetic element. The at least
one fourth magnetic element may be connected with the
second magnetic guide element and the at least one third
magnetic element.
[0036] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fifth magnetic element located below
the magnetic gap. The at least one fifth magnetic element
may be connected with the first magnetic element and
the second magnetic guide element.

[0037] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a third magnetic guide element connected with the
at least one second magnetic element.
[0038] The present disclosure relates to a magnetic
circuit assembly of a bone conduction speaker. The mag-
netic circuit assembly may include a first magnetic ele-
ment that generates a second magnetic field; a first mag-
netic guide element; a second magnetic guide element,
which includes a baseplate and a side wall, and the base-
plate of the second magnetic guide element is connected
with the first magnetic element; at least one second mag-
netic element, the at least one second magnetic element
is connected with the side wall of the second magnetic
guide element, and a magnetic gap and at least one third
magnetic element are formed with the first magnetic el-
ement. The at least one third magnetic element may be
connected with the baseplate and the side wall of the
second magnetic guide element. The magnetic field
strength of the first magnetic field within the magnetic
gap may exceed the magnetic field strength of the second
magnetic field within the magnetic gap.
[0039] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fourth magnetic element. The at least
one fourth magnetic element may be connected with an
upper surface of the at least one second magnetic ele-
ment and a side wall of the second magnetic guide ele-
ment.
[0040] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one fifth magnetic element connected with
the upper surface of the first magnetic guide element.
[0041] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude a third magnetic guide element connected with an
upper surface of the fifth magnetic element. The third
magnetic guide element may be configured to suppress
leakage of a field strength of the first magnetic field.
[0042] According to some embodiments of the present
disclosure, the magnetic circuit assembly may further in-
clude at least one conductive element. The at least one
conductive element may be connected with the first mag-
netic element, the first magnetic guide element, or at least
one element of the second magnetic guide element.
[0043] The present disclosure relates to a bone con-
duction speaker. The bone conduction speaker may in-
clude a vibration assembly including a voice coil and at
least one vibration plate; a magnetic circuit assembly in-
cluding a first magnetic element that generates a first
magnetic field; a first magnetic guide element and at least
one second magnetic element may be configured to sur-
round the first magnetic element and a magnetic gap may
be configured between the second magnetic element and
the first magnetic element. The voice coil may be located
within the magnetic gap, the at least one second mag-
netic element may generate a second magnetic field, and
the first magnetic field and the second magnetic field may
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increase the magnetic field strength of the first magnetic
field at the voice coil.
[0044] Some additional features of the present disclo-
sure may be explained in the following description. Some
of the additional features of the present disclosure will
be apparent to those skilled in the art from a review of
the following description and the corresponding draw-
ings, or of an understanding of the production or opera-
tion of the embodiments. The features disclosed by the
present disclosure may be realized and achieved through
the practice or use of various methods, means, and com-
binations of the specific embodiments described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The drawings described herein are used to pro-
vide a further understanding of the present disclosure,
all of which form a part of this specification. The exem-
plary embodiment(s) and the descriptions of the present
disclosure are for the purpose of illustration only and are
not intended to limit the scope of the present disclosure.
In the drawings, the same reference numerals represent
the same structures.

FIG. 1 is a block diagram illustrating a bone conduc-
tion speaker according to some embodiments of the
present disclosure;
FIG. 2 is a schematic diagram illustrating a longitu-
dinal sectional view of a bone conduction speaker
according to some embodiments of the present dis-
closure;
FIG. 3A is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 3B is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 3C is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 3D is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 3E is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 3F is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 3G is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-

closure;
FIG. 4A is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 4B is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 4C is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 4D is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 4E is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 4F is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG.4G is a schematic diagram illustrating a longitu-
dinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 4H is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 4M is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 5A is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 5B is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 5C is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 5D is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 5E is a schematic diagram illustrating a longi-
tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 5F is a schematic diagram illustrating a longi-
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tudinal sectional view of a magnetic circuit assembly
according to some embodiments of the present dis-
closure;
FIG. 6A is a schematic diagram illustrating a cross-
section of a magnetic element according to some
embodiments of the present disclosure;
FIG. 6B is a schematic diagram illustrating a mag-
netic element according to some embodiments of
the present disclosure;
FIG. 6C is a schematic diagram illustrating a mag-
netization direction of a magnetic element in a mag-
netic circuit assembly according to some embodi-
ments of the present disclosure;
FIG. 6D is a schematic diagram illustrating magnetic
induction lines of a magnetic element in a magnetic
circuit assembly according to some embodiments of
the present disclosure;
FIG. 7A is a schematic diagram illustrating a mag-
netic circuit assembly according to some embodi-
ments of the present disclosure;
FIG. 7B to FIG. 7E are schematic diagrams illustrat-
ing the relationship curves between the driving force
coefficient at the voice coil and parameters of the
magnetic circuit assembly in FIG. 7A according to
some embodiments of the present disclosure;
FIG. 8A is a schematic structural diagram illustrating
a magnetic circuit assembly according to some em-
bodiments of the present disclosure;
FIG. 8B to FIG. 8E are the relationship curves be-
tween the driving force coefficient at the voice coil
shown according to some embodiments of the
present disclosure and the parameters of the mag-
netic circuit assembly shown in FIG. 8A;
FIG. 9A is a schematic diagram illustrating a distri-
bution of magnetic induction lines of a magnetic cir-
cuit assembly according to some embodiments of
the present disclosure;
FIG. 9B is a schematic diagram illustrating a rela-
tionship curve between a magnetic induction inten-
sity at the voice coil and a thickness of one or more
components in the magnetic circuit assembly in FIG.
9A according to some embodiments of the present
disclosure;
FIG. 10A is a schematic diagram illustrating a mag-
netic induction line distribution of a magnetic circuit
assembly according to some embodiments of the
present disclosure;
FIG. 10B is a relationship curve between magnetic
induction intensity at the voice coil and the thickness
of each element in the magnetic circuit assembly in
FIG. 10A according to some embodiments of the
present disclosure;
FIG. 11A is a schematic diagram illustrating a mag-
netic induction line distribution of a magnetic circuit
assembly according to some embodiments of the
present disclosure;
FIG. 11B is a relationship curve between magnetic
induction intensity and magnetic element thickness

of the magnetic circuit assembly in FIG. 9A, FIG.
10A, and FIG. 11A according to some embodiments
of the present disclosure;
FIG. 11C is a relationship curve between magnetic
induction intensity at the voice coil and the thickness
of each component in the magnetic circuit assembly
in FIG. 11A according to some embodiments of the
present disclosure;
FIG. 12A is a structural schematic diagram illustrat-
ing a magnetic circuit assembly according to some
embodiments of the present disclosure;
FIG. 12B is a relationship curve between the induc-
tive reactance in the voice coil and the conductive
element in the magnetic circuit assembly shown in
FIG. 12A according to some embodiments of the
present disclosure;
FIG. 13A is a schematic structural diagram illustrat-
ing a magnetic circuit assembly according to some
embodiments of the present disclosure;
FIG. 13B is a relationship curve between the induc-
tive reactance in the voice coil and the conductive
element in the magnetic circuit assembly in FIG. 13A
according to some embodiments of the present dis-
closure;
FIG. 14A is a schematic structural diagram illustrat-
ing a magnetic circuit assembly according to some
embodiments of the present disclosure;
FIG. 14B is a relationship curve between the induc-
tive reactance in the voice coil and the number of
conductive elements in the magnetic circuit assem-
bly shown in FIG. 14A according to some embodi-
ments of the present disclosure;
FIG. 15A is a schematic structural diagram illustrat-
ing a magnetic circuit assembly according to some
embodiments of the present disclosure;
FIG. 15B is a relationship curve between the ampere
force on the voice coil and the thickness of each el-
ement in the magnetic circuit assembly shown in
FIG. 15A according to some embodiments of the
present disclosure;
FIG. 16 is a schematic structural diagram illustrating
a bone conduction speaker according to some em-
bodiments of the present disclosure;
FIG. 17 is a schematic structural diagram illustrating
a bone conduction speaker according to some em-
bodiments of the present disclosure;
FIG. 18 is a schematic structural diagram illustrating
a bone conduction speaker according to some em-
bodiments of the present disclosure; and
FIG. 19 is a schematic structural diagram illustrating
a bone conduction speaker according to some em-
bodiments of the present disclosure.

DETAILED DESCRIPTION

[0046] In order to illustrate the technical solutions re-
lated to the embodiments of the present disclosure, a
brief introduction of the drawings referred to in the de-
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scription of the embodiments is provided below. Obvi-
ously, drawings described below are only some exam-
ples or embodiments of the present disclosure. Those
having ordinary skills in the art, without further creative
efforts, may apply the present disclosure to other similar
scenarios according to these drawings. It should be un-
derstood that the exemplary embodiments are provided
merely for better comprehension and application of the
present disclosure by those skilled in the art, and not
intended to limit the scope of the present disclosure. Un-
less obviously obtained from the context or the context
illustrates otherwise, the same numeral in the drawings
refers to the same structure or operation.
[0047] As used in the disclosure and the appended
claims, the singular forms "a," "an," and "the" include plu-
ral referents unless the content clearly dictates other-
wise. In general, the terms "comprise" and "include"
merely prompt to include steps and elements that have
been clearly identified, and these steps and elements do
not constitute an exclusive listing. The methods or de-
vices may also include other steps or elements. The term
"based on" is "based at least in part on." The term "one
embodiment" means "at least one embodiment"; the term
"another embodiment" means "at least one other embod-
iment". Related definitions of other terms will be given in
the description below. In the following, without loss of
generality, the description of "bone conduction speaker"
or "bone conduction headset" will be used when describ-
ing the bone conduction related technologies in the
present disclosure. This description is only a form of bone
conduction application. For a person of ordinary skill in
the art, "speaker" or "headphone" can also be replaced
with other similar words, such as "player", "hearing aid",
or the like. In fact, the various implementations in the
present disclosure may be easily applied to other non-
speaker-type hearing devices. For example, for a person
skilled in the art, after understanding the basic principle
of bone conduction speaker, it is possible to make various
modifications and changes in the form and details of the
specific means and steps of implementing bone conduc-
tion speaker without departing from this principle. In par-
ticular, an ambient sound pickup and processing function
may be added to a bone conduction speaker to enable
the bone conduction speaker to implement the function
of a hearing aid. For example, mikes, such as micro-
phones may pick up the sound of a user/wearer’s sur-
roundings and, under a certain algorithm, send the proc-
essed (or generated electrical signal) sound to the bone
conduction speaker, i.e., the bone conduction speaker
may be modified to include the function of picking up
ambient sound, and after a certain signal processing, the
sound is transmitted to the user/wearer through the bone
conduction speaker, thereby realizing the function of
bone conduction hearing aid. For example, the algorithm
mentioned here may include a noise cancellation algo-
rithm, an automatic gain control algorithm, an acoustic
feedback suppression algorithm, a wide dynamic range
compression algorithm, an active environment recogni-

tion algorithm, an active noise reduction algorithm, a di-
rectional processing algorithm, a tinnitus processing al-
gorithm, a multi-channel wide dynamic range compres-
sion algorithm, an active howling suppression algorithm,
a volume control algorithm, or the like, or any combination
thereof.
[0048] The present disclosure provides a highly sen-
sitive bone conduction speaker. In some embodiments,
the bone conduction speaker may include a magnetic
circuit assembly. The magnetic circuit assembly may
generate a first magnetic field. The magnetic circuit as-
sembly may include a first magnetic element, a first mag-
netic guide element, a second magnetic guide element,
and one or more second magnetic elements. The first
magnetic element may generate a second magnetic field,
and the one or more second magnetic elements may be
configured to surround the first magnetic element and a
magnetic gap may be configured between the one or
more second magnetic elements and the first magnetic
element. The magnetic field strength of the first magnetic
field within the magnetic gap may exceed the magnetic
field strength of the second magnetic field within the mag-
netic gap. The arrangement of the one or more second
magnetic elements in the magnetic circuit assembly sur-
rounding the first magnetic element may reduce the vol-
ume and weight of the magnetic circuit assembly, im-
prove the efficiency of the bone conduction speaker, and
increase the service life of the bone conduction speaker
in the case of increasing the magnetic field strength within
the magnetic gap and the sensitivity of the bone conduc-
tion speaker.
[0049] The bone conduction speaker may have a small
size, a light weight, a high efficiency, a high sensitivity,
a long service life, etc., which is convenient for combining
the bone conduction speaker with a wearable smart de-
vice, thereby achieving multiple functions of a single de-
vice, improving and optimizing user experience. The
wearable smart device may include but is not limited to,
smart headphones, smart glasses, smart headbands,
smart helmets, smart watches, smart gloves, smart
shoes, smart cameras, smart cameras, or the like. The
bone conduction speaker may be further combined with
smart materials to integrate the bone conduction speaker
in the manufacturing materials of user’s clothes, gloves,
hats, shoes, etc. The bone conduction speaker may be
further implanted into a human body, and cooperate with
a chip that is implanted into the human body or an external
processor to achieve a more personalized function.
[0050] FIG. 1 is a block diagram illustrating a bone con-
duction speaker 100 according to some embodiments of
the present disclosure. As shown, the bone conduction
speaker 100 may include a magnetic circuit assembly
102, a vibration assembly 104, a support assembly 106,
and a storage assembly 108.
[0051] The magnetic circuit assembly 102 may provide
a magnetic field. The magnetic field may be used to con-
vert a signal containing sound information into a vibration
signal. In some embodiments, the sound information may
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include a video and/or audio file having a specific data
format, or data or files that may be converted into sound
in a specific way. The sound signal may be from the stor-
age assembly 108 of the bone conduction speaker 100
itself, or may be from an information generation, storage,
or transmission system other than the bone conduction
speaker 100. The sound signal may include an electric
signal, an optical signal, a magnetic signal, a mechanical
signal, or the like, or any combination thereof. The sound
signal may be from a signal source or a plurality of signal
sources. The plurality of signal sources may be related
and may not be related. In some embodiments, the bone
conduction speaker 100 may obtain the sound signal in
a variety of different ways. The acquisition of the signal
may be wired or wireless, and may be real-time or de-
layed. For example, the bone conduction speaker 100
may receive an electric sound signal through a wired or
wireless manner, or may obtain data directly from a stor-
age medium (e.g., the storage assembly 108) to generate
a sound signal. As another example, a bone conduction
hearing aid may include a component for sound collec-
tion. The mechanical vibration of the sound may be con-
verted into an electrical signal by picking up sound in the
environment, and an electrical signal that meets specific
requirements may be obtained after being processed by
an amplifier. In some embodiments, the wired connection
may include using a metal cable, an optical cable, or a
hybrid cable of metal and optics, for example, a coaxial
cable, a communication cable, a flexible cable, a spiral
cable, a non-metal sheathed cable, a metal sheathed
cable, a multi-core cable, a twisted pair cable, a ribbon
cable, shielded cable, a telecommunication cable, a
twisted pair cable, a parallel twin conductor, a twisted
pair, or the like, or any combination thereof. The exam-
ples described above are only for the convenience of
explanation. The media for wired connection may also
be other types, such as other electrical or optical signal
transmission carriers.
[0052] The wireless connection may include a radio
communication, a free-space optical communication, an
acoustic communication, and an electromagnetic induc-
tion, or the like. The radio communication may include
an IEEE1002.11 standard, an IEEE1002.15 standard
(e.g., a Bluetooth technique and a Zigbee technique,
etc.), a first generation mobile communication technique,
a second generation mobile communication technique
(e.g., FDMA, TDMA, SDMA, CDMA, and SSMA, etc.), a
general packet wireless service technique, a third gen-
eration mobile communication technique (e.g., a
CDMA2000, a WCDMA, a TD-SCDMA, and WiMAX,
etc.), a fourth generation mobile communication tech-
nique (e.g., TD-LTE and FDD-LTE, etc.), a satellite com-
munication (e.g., GPS technology, etc.), a near field com-
munication (NFC), and other techniques operating in the
ISM band (e.g., 2.4 GHz, etc.); the free space optical
communication may include using a visible light, an in-
frared signal, etc.; the acoustic communication may in-
clude using a sound wave, an ultrasonic signal, etc.; the

electromagnetic induction may include a nearfield com-
munication technique, etc. The examples described
above are for illustrative purposes only. The media for
wireless connection may be other types, such as a Z-
wave technique, other charged civilian radiofrequency
bands, military radiofrequency bands, etc. For example,
the bone conduction speaker 100 may obtain the sound
signal from other devices through Bluetooth.
[0053] The vibration assembly 104 may generate me-
chanical vibration. The generation of the mechanical vi-
bration may be accompanied by energy conversion. The
bone conduction speaker 100 may use a specific mag-
netic circuit assembly 102 and a vibration assembly 104
to convert a sound signal into the mechanical vibration.
The conversion process may include the coexistence and
conversion of many different types of energy. For exam-
ple, an electrical sound signal may be directly converted
into a mechanical vibration through a transducer to gen-
erate sound. As another example, the sound information
may be included in an optical signal, and a specific trans-
ducer may convert the optical signal into a vibration sig-
nal. Other types of energy that may coexist and convert
during the operation of the transducer may include ther-
mal energy, magnetic field energy, etc. According to the
energy conversion way, the transducer may include a
moving coil type, an electrostatic type, a piezoelectric
type, a moving iron type, a pneumatic type, an electro-
magnetic type, etc. The frequency response range and
sound quality of the bone conduction speaker 100 may
be affected by the vibration assembly 104. For example,
in a transducer with the moving coil type, the vibration
assembly 104 may include a cylindrical coil and a vibrator
(e.g., a vibrating plate). The cylindrical coil driven by a
signal current may drive the vibrator to vibrate in a mag-
netic field provided by the magnetic circuit assembly 102
and make a sound. The sound quality of the bone con-
duction speaker 100 may be affected by the expansion
and contraction, the deformation, the size, the shape, the
fixed mean, etc., of the vibrator, and the magnetic density
of the permanent magnet in the magnetic circuit assem-
bly 102. The vibrator in the vibration assembly 104 may
be a mirror-symmetric structure, a center-symmetric
structure, or an asymmetric structure. The vibrator may
be configured with multiple holes, so that the vibrator may
have a larger displacement, thereby achieving higher
sensitivity and improving the output power of vibration
and sound for the bone conduction speaker. The vibrator
may be provided as one or more coaxial annular bodies.
A plurality of supporting rods which may be converged
toward the center may be arranged in each of the one or
more coaxial annular bodies. The count of the supporting
rods may be two or more.
[0054] The support assembly 106 may support the
magnetic circuit assembly 102, the vibration assembly
104, and/or the storage assembly 108. The support as-
sembly 106 may include one or more housings, one or
more connectors. The one or more housings may form
a space configured to accommodate the magnetic circuit
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assembly 102, the vibration assembly 104, and/or the
storage assembly 108. The one or more connectors may
connect the housings with the magnetic circuit assembly
102, the vibration assembly 104, and/or the storage as-
sembly 108.
[0055] The storage assembly 108 may store sound sig-
nals. In some embodiments, the storage assembly 108
may include one or more storage devices. The one or
more storage devices may include storage devices on a
storage system (e.g., a direct attached storage, a network
attached storage, and a storage area network, etc.). The
one or more storage devices may include various types
of storage devices, such as a solid-state storage device
(e.g., a solid-state hard disk, a solid-state hybrid hard
disk, etc.), a mechanical hard disk, a USB flash memory,
a memory stick, a memory card (e.g., a CF, an SD, etc.),
other drivers (e.g., a CD, a DVD, an HD DVD, a Blu-ray,
etc.), a random access memory (RAM), and a read-only
memory (ROM). The RAM may include a dekatron, a
selectron, a delay line memory, a Williams tubes, a dy-
namic random access memory (DRAM), a static random
access memory (SRAM), a thyristor random access
memory (T-RAM), a zero capacitor random access mem-
ory (Z-RAM), etc. The ROM may include a bubble mem-
ory, a twistor memory, a film memory, a plated wire mem-
ory, a magnetic-core memory, a drum memory, a CD-
ROM, a hard disk, a tape, a nonvolatile random access
memory (NVRAM), a phase-change memory, a magne-
toresistive random access memory, a ferroelectric ran-
dom access memory, a nonvolatile SRAM, a flash mem-
ory, an electrically erasable programmable read-only
memory, an erasable programmable read-only memory,
a programmable read-only memory, a mask ROM, a
floating gate random access memory, a Nano random
access memory, a racetrack memory, a resistive random
access memory, a programmable metallization unit, etc.
The storage device/storage unit mentioned above is a
list of some examples. The storage device/storage unit
may use a storage device that is not limited to this.
[0056] The above description of the bone conduction
speaker may be only a specific example, and should not
be regarded as the only feasible implementation solution.
Obviously, for those skilled in the art, after understanding
the basic principle of bone conduction speaker, it is pos-
sible to make various modifications and changes in the
form and details of the specific means and steps for im-
plementing bone conduction speaker without departing
from this principle, but these modifications and changes
are still within the scope described above. For example,
the bone conduction speaker 100 may include one or
more processors, the one or more processors may exe-
cute one or more algorithms for processing sound sig-
nals. The algorithms for processing sound signals may
modify or strengthen the sound signal. For example, a
noise reduction, an acoustic feedback suppression, a
wide dynamic range compression, an automatic gain
control, an active environment recognition, an active
noise reduction, a directional processing, a tinnitus

processing, a multi-channel wide dynamic range com-
pression, an active howling suppression, a volume con-
trol, or other similar or any combination of the above
processing may be performed on sound signals. These
amendments and changes are still within the protection
scope of the present disclosure. As another example, the
bone conduction speaker 100 may include one or more
sensors, such as a temperature sensor, a humidity sen-
sor, a speed sensor, a displacement sensor, or the like.
The sensor may collect user information or environmen-
tal information.
[0057] FIG. 2 is a schematic diagram illustrating a ver-
tical section of a bone conduction speaker 200 according
to some embodiments of the present disclosure. As
shown, the bone conduction speaker 200 may include a
first magnetic element 202, a first magnetic guide ele-
ment 204, a second magnetic guide element 206, a first
vibration plate 208, a voice coil 210, a second vibration
plate 212, and a vibration panel 214.
[0058] As used herein, a magnetic element described
in the present disclosure refers to an element that may
generate a magnetic field, such as a magnet. The mag-
netic element may have a magnetization direction, and
the magnetization direction may refer to a magnetic field
direction inside the magnetic element. The first magnetic
element 202 may include one or more magnets. In some
embodiments, a magnet may include a metal alloy mag-
net, a ferrite, or the like. The metal alloy magnet may
include a neodymium iron boron, a samarium cobalt, an
aluminum nickel cobalt, an iron chromium cobalt, an alu-
minum iron boron, an iron carbon aluminum, or the like,
or a combination thereof. The ferrite may include a barium
ferrite, a steel ferrite, a manganese ferrite, a lithium man-
ganese ferrite, or the like, or a combination thereof.
[0059] The lower surface of the first magnetic guide
element 204 may be connected with the upper surface
of the first magnetic element 202. The second magnetic
guide element 206 may be connected with the first mag-
netic element 202. It should be noted that a magnetic
guide element used herein may also be referred to as a
magnetic field concentrator or iron core. The magnetic
guide element may adjust the distribution of the magnetic
field (e.g., the magnetic field generated by the first mag-
netic element 202). The magnetic guide element may be
made of a soft magnetic material. In some embodiments,
the soft magnetic material may include a metal material,
a metal alloy, a metal oxide material, an amorphous metal
material, or the like, for example, an iron, an iron-silicon
based alloy, an iron-aluminum based alloy, a nickel-iron
based alloy, an iron-cobalt based alloy, a low carbon
steel, a silicon steel sheet, a silicon steel sheet, a ferrite,
or the like. In some embodiments, the magnetic guide
element may be manufactured by a way of casting, plastic
processing, cutting processing, powder metallurgy, or
the like, or any combination thereof. The casting may
include a sand casting, an investment casting, a pressure
casting, a centrifugal casting, etc. The plastic processing
may include a rolling, a casting, a forging, a stamping,
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an extrusion, a drawing, or the like, or any combination
thereof. The cutting processing may include a turning, a
milling, a planning, a grinding, etc. In some embodiments,
the processing means of the magnetic guide element
may include a 3D printing, a CNC machine tool, or the
like. The connection means between the first magnetic
guide element 204, the second magnetic guide element
206, and the first magnetic element 202 may include a
bonding, a clamping, a welding, a riveting, a bolting, or
the like, or any combination thereof. In some embodi-
ments, the first magnetic element 202, the first magnetic
guide element 204, and the second magnetic guide ele-
ment 206 may be configured as an axisymmetric struc-
ture. The axisymmetric structure may be an annular
structure, a columnar structure, or other axisymmetric
structures.
[0060] In some embodiments, a magnetic gap may be
formed between the first magnetic element 202 and the
second magnetic guide element 206. The voice coil 210
may be located within the magnetic gap. The voice coil
210 may be connected with the first vibration plate 208.
The first vibration plate 208 may be connected with the
second vibration plate 212, and the second vibration
plate 212 may be connected with the vibration panel 214.
When a current is passed into the voice coil 210, and the
voice coil 210 may be located in a magnetic field formed
by the first magnetic element 202, the first magnetic guide
element 214, and the second magnetic guide element
206, and affected by an ampere force generated under
the magnetic field. The ampere force may drive the voice
coil 210 to vibrate, and the vibration of the voice coil 210
may drive the vibration of the first vibration plate 208, the
second vibration plate 212, and the vibration panel 214.
The vibration panel 214 may transmit the vibration to the
auditory nerve through tissues and bones, so that a per-
son hears the sound. The vibration panel 214 may directly
contact the human skin, or may contact the skin through
a vibration transmission layer composed of a specific ma-
terial.
[0061] In some embodiments, for some bone conduc-
tion speakers with a single magnetic element, the mag-
netic induction lines passing through the voice coil may
be nonuniform and divergent. At the same time, a mag-
netic leakage may exist in the magnetic circuit. More
magnetic induction lines may be outside the magnetic
gap and fail to pass through the voice coil, so that the
magnetic induction intensity (or magnetic field strength)
at the position of the voice coil decreases, thereby affect-
ing the sensitivity of the bone conduction speaker. There-
fore, the bone conduction speaker 200 may further in-
clude at least one second magnetic element and/or at
least one third magnetic guide element (not shown). The
at least one second magnetic element and/or the at least
one third magnetic guide element may suppress the leak-
age of the magnetic induction lines and restrict the shape
of the magnetic induction lines passing through the voice
coil, so that more magnetic lines pass through the voice
coil as horizontally and densely as possible to enhance

the magnetic induction intensity (or magnetic field
strength) at the position of the voice coil, thereby improv-
ing the sensitivity and the mechanical conversion effi-
ciency of the bone conduction speaker 200 (e.g., the ef-
ficiency of converting the electric energy input into the
bone conduction speaker 200 into the mechanical energy
of the voice coil vibration). More descriptions of the at
least one second magnetic element may be found else-
where in the present disclosure (e.g., FIG.3A to FIG.3G,
FIG.4A to FIG.4M and/or FIG.5A to FIG.5F, and the de-
scriptions thereof).
[0062] The above description of the bone conduction
speaker 200 may be only a specific example, and should
not be regarded as the only feasible implementation so-
lution. Obviously, for those skilled in the art, after under-
standing the basic principle of bone conduction speaker,
it is possible to make various modifications and changes
in the form and details of the specific means and steps
for implementing bone conduction speaker without de-
parting from this principle, but these modifications and
changes are still within the scope described above. For
example, the bone conduction speaker 200 may include
a housing, a connector, or the like. The connector may
connect the vibration panel 214 and the housing. As an-
other example, the bone conduction speaker 200 may
include a second magnetic element, and the second
magnetic element may be connected with the first mag-
netic guide element 204. As another example, the bone
conduction speaker 200 may further include one or more
annular magnetic elements, the annular magnetic ele-
ments may be connected with the second magnetic guide
element 206.
[0063] FIG. 3A is a schematic diagram illustrating a
longitudinal section of a magnetic circuit assembly 3100
according to some embodiments of the present disclo-
sure. As shown in FIG. 3A, the magnetic circuit assembly
3100 may include a first magnetic element 302, a first
magnetic guide element 304, a second magnetic guide
element 306, and a second magnetic element 308. In
some embodiments, the first magnetic element 302
and/or the second magnetic element 308 may include
one or more magnets as described in the present disclo-
sure. In some embodiments, the first magnetic element
302 may include a first magnet, and the second magnetic
element 308 may include a second magnet. The first
magnet may be the same as or different from the second
magnet in types. The first magnetic guide element 304
and/or the second magnetic guide element 306 may in-
clude one or more permeability magnetic materials as
described in the present disclosure. The first magnetic
guide element 304 and/or the second magnetic guide
element 306 may be manufactured using any one or more
processing means as described in the present disclo-
sure. In some embodiments, the first magnetic element
302 and/or the first magnetic guide element 304 may be
axisymmetric. For example, the first magnetic element
302 and/or the first magnetic guide element 304 may be
a cylinder, a rectangle parallelepiped, or a hollow ring
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(e.g., the cross section is the shape of a runway). In some
embodiments, the first magnetic element 302 and the
first magnetic guide element 304 may be coaxial cylin-
ders with the same or different diameters. In some em-
bodiments, the second magnetic guide element 306 may
be a groove-type structure. The groove-type structure
may include a U-shaped cross section (as shown in FIG.
3A). The second magnetic guide element 306 with the
groove-type structure may include a baseplate and a side
wall. In some embodiments, the baseplate and the side
wall may be integrally formed. For example, the side wall
may be formed by extending the baseplate in a direction
perpendicular to the baseplate. In some embodiments,
the baseplate may be connected with the side wall
through any one or more connection means as described
in the present disclosure. The second magnetic element
308 may be provided in an annular shape or a sheet
shape. More descriptions regarding the shape of the sec-
ond magnetic element 308 may be found elsewhere in
the specification (e.g., FIG. 5A and FIG. 5B and the de-
scriptions thereof). In some embodiments, the second
magnetic element 308 may be coaxial with the first mag-
netic element 302 and/or the first magnetic guide element
304.
[0064] The upper surface of the first magnetic element
302 may be connected with the lower surface of the first
magnetic guide element 304. The lower surface of the
first magnetic element 302 may be connected with the
baseplate of the second magnetic guide element 306.
The lower surface of the second magnetic element 308
may be connected with the side wall of the second mag-
netic guide element 306. Connection means between the
first magnetic element 302, the first magnetic guide ele-
ment 304, the second magnetic guide element 306,
and/or the second magnetic element 308 may include
the bonding, the snapping, the welding, the riveting, the
bolting, or the like, or any combination thereof.
[0065] The magnetic gap may be configured between
the first magnetic element 302 and/or the first magnetic
guide element 304 and an inner ring of the second mag-
netic element 308. A voice coil 328 may be located within
the magnetic gap. In some embodiments, the height of
the second magnetic element 308 and the voice coil 328
relative to the baseplate of the second magnetic guide
element 306 may be equal. In some embodiments, the
first magnetic element 302, the first magnetic guide ele-
ment 304, the second magnetic guide element 306, and
the second magnetic element 308 may form a magnetic
circuit (or magnetic return path). In some embodiments,
the magnetic circuit assembly 3100 may generate a first
magnetic field (also referred to as full magnetic field or
total magnetic field), and the first magnetic element 302
may generate a second magnetic field. The first magnetic
field may be jointly formed by magnetic fields generated
by all components (e.g., the first magnetic element 302,
the first magnetic guide element 304, the second mag-
netic guide element 306, and the second magnetic ele-
ment 308) in the magnetic circuit assembly 3100. The

magnetic field strength (also referred to as magnetic in-
duction intensity or magnetic flux density) of the second
magnetic field within the magnetic gap may exceed the
magnetic field strength of the first magnetic field within
the magnetic gap. As used herein, a magnetic field
strength of a magnetic field within a magnetic gap may
refer to an average value of magnetic field strengths of
the magnetic field at different locations of the magnetic
gap or a value of a magnetic field strength of the magnetic
field at a specific location within the magnetic gap. In
some embodiments, the second magnetic element 308
may generate a third magnetic field. The third magnetic
field may increase the magnetic field strength of the total
magnetic field within the magnetic gap. The third mag-
netic field mentioned here increasing the magnetic field
strength of the first magnetic field may refer to that the
first magnetic field generated by the magnetic circuit as-
sembly 3100 including the second magnetic element 308
(i.e., when the third magnetic field exists) has a stronger
magnetic field strength than the first magnetic field gen-
erated by the magnetic circuit assembly 3100 not includ-
ing the second magnetic element 308 (i.e., when the sec-
ond magnetic field does not exist). In other embodiments
in this specification, unless otherwise specified, the mag-
netic circuit assembly represents a structure including all
magnetic elements and magnetic guide elements. The
first magnetic field represents the total magnetic field
generated by the magnetic circuit assembly as a whole.
The second magnetic field, the third magnetic field, ...,
and the Nth magnetic field represent magnetic fields gen-
erated by corresponding magnetic elements, respective-
ly. In different embodiments, a magnetic element that
generates the second magnetic field (or the third mag-
netic field, ..., Nth magnetic field) may be the same, and
may be different.
[0066] In some embodiments, an included angle be-
tween the magnetization direction of the first magnetic
element 302 and the magnetization direction of the sec-
ond magnetic element 308 may be in a range from 0 to
180 degrees. In some embodiments, the included angle
between the magnetization direction of the first magnetic
element 302 and the magnetization direction of the sec-
ond magnetic element 308 may be in a range from 45
degrees to 135 degrees. In some embodiments, the in-
cluded angle between the magnetization direction of the
first magnetic element 302 and the magnetization direc-
tion of the second magnetic element 308 may be equal
to or greater than 90 degrees. In some embodiments,
the magnetization direction of the first magnetic element
302 may be perpendicular to the lower surface or the
upper surface of the first magnetic element 302 and be
vertically upward the direction denoted by arrow a in FIG.
3A). The magnetization direction of the second magnetic
element 308 may be directed from the inner ring of the
second magnetic element 308 to the outer ring (the di-
rection denoted by arrow b in FIG. 3A). On the right side
of the first magnetic element 302, the magnetization di-
rection of the first magnetic element 302 deflected 90
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degrees in a clockwise direction.
[0067] In some embodiments, at the position of the
second magnetic element 308, an included angle be-
tween the direction of the total magnetic field and the
magnetization direction of the second magnetic element
308 may not be higher than 90 degrees. In some embod-
iments, at the position of the second magnetic element
308, the included angle between the direction of the first
magnetic field generated by the first magnetic element
302 and the magnetization direction of the second mag-
netic element 308 may be an included angle that is less
than or equal to 90 degrees, such as 0 degrees, 10 de-
grees, 20 degrees, etc.
[0068] Compared with the magnetic circuit assembly
including one single magnetic element, the second mag-
netic element 308 may increase the total magnetic flux
within the magnetic gap in the magnetic circuit assembly
3100, thereby increasing the magnetic induction intensity
within the magnetic gap. In addition, under the action of
the second magnetic element 308, the magnetic induc-
tion lines that are originally divergent may converge to
the position of the magnetic gap, further increasing the
magnetic induction intensity within the magnetic gap.
[0069] The above description of the magnetic circuit
assembly 3100 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for a person skilled in the art, after un-
derstanding the basic principle of bone magnetic circuit
assembly, it is possible to make various modifications
and changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
3100 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the second magnetic guide element
306 may be a ring structure or a sheet structure. As an-
other example, the magnetic circuit assembly 3100 may
further include a magnetic shield, the magnetic shield
may be configured to encompass the first magnetic ele-
ment 302, the first magnetic guide element 304, the sec-
ond magnetic guide element 306, and the second mag-
netic element 308.
[0070] FIG. 3B is a schematic diagram illustrating a
longitudinal sectional of a magnetic circuit assembly
3200 according to some embodiments of the present dis-
closure. As shown in FIG. 3B, different from the magnetic
circuit assembly 3100, the magnetic circuit assembly
3200 may further include a third magnetic element 310.
[0071] The upper surface of the third magnetic element
310 may be connected with the second magnetic element
308, and the lower surface may be connected with the
side wall of the second magnetic guide element 306. The
magnetic gap may be configured between the first mag-
netic element 302, the first magnetic guide element 304,
the second magnetic element 308, and/or the third mag-
netic element 310. The voice coil 328 may be located
within the magnetic gap. In some embodiments, the first
magnetic element 302, the first magnetic guide element
304, the second magnetic guide element 306, the second

magnetic element 308, and the third magnetic element
310 may form a magnetic circuit. In some embodiments,
the magnetization direction of the second magnetic ele-
ment 308 may refer to the detailed descriptions in FIG.
3A of the present disclosure.
[0072] In some embodiments, the magnetic circuit as-
sembly 3200 may generate the total magnetic field, and
the first magnetic element 302 may generate the first
magnetic field. The magnetic field strength of the total
magnetic field within the magnetic gap may exceed the
magnetic field strength of the first magnetic field within
the magnetic gap. In some embodiments, the third mag-
netic element 310 may generate the third magnetic field,
and the third magnetic field may increase the magnetic
field strength of the first magnetic field within the magnetic
gap.
[0073] In some embodiments, an included angle be-
tween the magnetization direction of the first magnetic
element 302 and the magnetization direction of the third
magnetic element 310 may be in a range from 0 to 180
degrees. In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 302 and the magnetization direction of the third
magnetic element 310 may be in a range from 45 degrees
to 135 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 302 and the magnetization direction of the
third magnetic element 310 may be equal to or greater
than 90 degrees. In some embodiments, the magnetiza-
tion direction of the first magnetic element 302 may be
perpendicular to the lower surface or the upper surface
of the first magnetic element 302 vertically upward (the
direction denoted by arrow a in the FIG. 3B). The mag-
netization direction of the third magnetic element 310
may be directed from the upper surface of the third mag-
netic element 310 to the lower surface (the direction de-
noted by arrow c in the FIG. 3B). On the right side of the
first magnetic element 302, magnetization direction of
the first magnetic element 302 deflected 180 degrees in
a clockwise direction.
[0074] In some embodiments, at the position of the
third magnetic element 310, the included angle between
the direction of the total magnetic field and the magnet-
ization direction of the third magnetic element 310 may
not be higher than 90 degrees. In some embodiments,
at the position of the third magnetic element 310, the
included angle between the direction of the first magnetic
field generated by the first magnetic element 302 and the
magnetization direction of the third magnetic element 310
may be an included angle that is less than or equal to 90
degrees, such as 0 degrees, 10 degrees, 20 degrees, etc.
[0075] Compared with the magnetic circuit assembly
3100, the third magnetic element 310 may be added to
the magnetic circuit assembly 3200. The third magnetic
element 310 may further increase the total magnetic flux
within the magnetic gap in the magnetic circuit assembly
3200, thereby further increasing the magnetic induction
intensity within the magnetic gap. In addition, under the
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action of the third magnetic element 310, the magnetic
induction line will further converge to the position of the
magnetic gap, further increasing the magnetic induction
intensity within the magnetic gap.
[0076] The above description of the magnetic circuit
assembly 3200 may be only a specific example, and
should not be considered as the only feasible implemen-
tation solution. Obviously, for those skilled in the art, after
understanding the basic principles of magnetic circuit as-
sembly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
3200 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the second magnetic guide element
306 may be the ring structure or the sheet structure. As
another example, the magnetic circuit assembly 3200
may not include the second magnetic guide element 306.
As another example, the at least one magnetic element
may be added to the magnetic circuit assembly 3200. In
some embodiments, the lower surface of the further add-
ed magnetic element may be connected with the upper
surface of the second magnetic element 308. The mag-
netization direction of the further added magnetic ele-
ment may be opposite to the magnetization direction of
the third magnetic element 312. In some embodiments,
the further added magnetic element may be connected
with the side wall of the first magnetic element 302 and
the second magnetic guide element 306. The magneti-
zation direction of the further added magnetic element
may be opposite to the magnetization direction of the
second magnetic element 308.
[0077] FIG. 3C is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
3300 according to some embodiments of the present dis-
closure. As shown in FIG. 3C, different from the magnetic
circuit assembly 3100, the magnetic circuit assembly
3300 may further include a fourth magnetic element 312.
[0078] The fourth magnetic element 312 may be con-
nected with the side wall of the first magnetic element
302 and the second magnetic guide element 306 by the
bonding, the snapping, the welding, the riveting, the bolt-
ing, or the like, or any combination thereof. In some em-
bodiments, the magnetic gap may be configured between
the first magnetic element 302, the first magnetic guide
element 304, the second magnetic guide element 306,
the second magnetic element 308, and the fourth mag-
netic element 312. In some embodiments, the magneti-
zation direction of the second magnetic element 308 may
refer to the detailed descriptions in FIG. 3A of the present
disclosure.
[0079] In some embodiments, the magnetic circuit as-
sembly 3300 may generate the first magnetic field, and
the first magnetic element 302 may generate the second
magnetic field. The magnetic field strength of the first
magnetic field within the magnetic gap may exceed the
magnetic field strength of the second magnetic field with-
in the magnetic gap. In some embodiments, the fourth

magnetic element 312 may generate a fourth magnetic
field, and the fourth magnetic field may increase the mag-
netic field strength of the second magnetic field within
the magnetic gap.
[0080] In some embodiments, an included angle be-
tween the magnetization direction of the first magnetic
element 302 and the magnetization direction of the fourth
magnetic element 312 may be in a range from 0 to 180
degrees. In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 302 and the magnetization direction of the fourth
magnetic element 312 may be in a range from 45 degrees
to 135 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 302 and the magnetization direction of the
fourth magnetic element 312 may not be higher than 90
degrees. In some embodiments, the magnetization di-
rection of the first magnetic element 302 may be perpen-
dicular to the lower surface or the upper surface of the
first magnetic element 302 vertically upward (the direc-
tion denoted by arrow a in the FIG. 3C). The magnetiza-
tion direction of the fourth magnetic element 312 may be
directed from the outer ring of the fourth magnetic ele-
ment 312 to the inner ring (the direction denoted by arrow
d in the FIG. 3C). On the right side of the first magnetic
element 302, the magnetization direction of the first mag-
netic element 302 deflected 270 degrees clockwise.
[0081] In some embodiments, at the position of the
fourth magnetic element 312, the included angle between
the direction of the first magnetic field and the magneti-
zation direction of the fourth magnetic element 312 may
not be higher than 90 degrees. In some embodiments,
at the position of the fourth magnetic element 312, the
included angle between the direction of the magnetic field
generated by the first magnetic element 302 and the mag-
netization direction of the fourth magnetic element 312
may be an included angle that is less than or equal to 90
degrees, such as 0 degrees, 10 degrees, 20 degrees, etc.
[0082] Compared with the magnetic circuit assembly
3100, the fourth magnetic element 312 may be added to
the magnetic circuit assembly 3300. The fourth magnetic
element 312 may further increase the total magnetic flux
within the magnetic gap in the magnetic circuit assembly
3300, thereby increasing the magnetic induction intensity
within the magnetic gap. In addition, under the action of
the fourth magnetic element 312, the magnetic induction
line will further converge to the position of the magnetic
gap, further increasing the magnetic induction intensity
within the magnetic gap.
[0083] The above description of the magnetic circuit
assembly 3300 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for a person skilled in the art, after un-
derstanding the basic principle of the bone magnetic cir-
cuit assembly, it is possible to make various modifications
and changes in the form and details of the specific means
and steps for implementing the magnetic circuit assembly
3300 without departing from this principle, but these mod-
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ifications and changes are still within the scope described
above. For example, the second magnetic guide element
306 may be the ring structure or the sheet structure. As
another example, the magnetic circuit assembly 3300
may not include the second magnetic element 308. As
another example, the at least one magnetic element may
be added to the magnetic circuit assembly 3300. In some
embodiments, the lower surface of the further added
magnetic element may be connected with the upper sur-
face of the second magnetic element 308. The magnet-
ization direction of the further added magnetic element
may be the same as the magnetization direction of the
first magnetic element 302. In some embodiments, the
upper surface of the further added magnetic element may
be connected with the lower surface of the second mag-
netic element 308. The magnetization direction of the
magnetic element may be opposite to the magnetization
direction of the first magnetic element 302.
[0084] FIG. 3D is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
3400 according to some embodiments of the present dis-
closure. As shown in FIG. 3D, different from the magnetic
circuit assembly 3100, the magnetic circuit assembly
3400 may further include a fifth magnetic element 314.
The fifth magnetic element 314 may include any one of
the magnet materials described in the present disclosure.
In some embodiments, the fifth magnetic element 314
may be provided as an axisymmetric structure. For ex-
ample, the fifth magnetic element 314 may be the cylin-
der, the cuboid, or the hollow ring (e.g., the cross-section
is the shape of a runway). In some embodiments, the
first magnetic element 302, the first magnetic guide ele-
ment 304, and/or the fifth magnetic element 314 may be
coaxial cylinders with the same or different diameters.
The fifth magnetic element 314 may have the same or
different thickness as the first magnetic element 302. The
fifth magnetic element 314 may be connected with the
first magnetic guide element 304.
[0085] In some embodiments, an included angle be-
tween the magnetization direction of the fifth magnetic
element 314 and the magnetization direction of the first
magnetic element 302 may be in a range from 90 degrees
to 180 degrees. In some embodiments, the included an-
gle between the magnetization direction of the fifth mag-
netic element 314 and the magnetization direction of the
first magnetic element 302 may be in a range from 150
degrees to 180 degrees. In some embodiments, the mag-
netization direction of the fifth magnetic element 314 may
be opposite to the magnetization direction of the first
magnetic element 302 (as shown, in the direction of a
and in the direction of e).
[0086] Compared with the magnetic circuit assembly
3100, the fifth magnetic element 314 may be added to
the magnetic circuit assembly 3400. The fifth magnetic
element 314 may suppress the magnetic leakage of the
first magnetic element 302 in the magnetization direction
in the magnetic circuit assembly 3400, so that the mag-
netic field generated by the first magnetic element 302

may be more compressed into the magnetic gap, thereby
increasing the magnetic induction intensity within the
magnetic gap.
[0087] The above description of the magnetic circuit
assembly 3400 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for those skilled in the art, after under-
standing the basic principles of magnetic circuit assem-
bly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
3400 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the second magnetic guide element
306 may be the ring structure or the sheet structure. As
another example, the magnetic circuit assembly 3400
may not include the second magnetic element 308. As
another example, the at least one magnetic element may
be added to the magnetic circuit assembly 3400. In some
embodiments, the lower surface of the further added
magnetic element may be connected with the upper sur-
face of the second magnetic element 308. The magnet-
ization direction of the further added magnetic element
may be the same as the magnetization direction of the
first magnetic element 302. In some embodiments, the
upper surface of the further added magnetic element may
be connected with the lower surface of the second mag-
netic element 308. The magnetization direction of the
further added magnetic element may be opposite to the
magnetization direction of the first magnetic element 302.
In some embodiments, the further added magnetic ele-
ment may be connected with the first magnetic element
302 and the second magnetic guide element 306, and
the magnetization direction of the further added magnetic
element may be opposite to the magnetization direction
of the second magnetic element 308.
[0088] FIG. 3E is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
3500 according to some embodiments of the present dis-
closure. As shown in FIG. 3E, different from the magnetic
circuit assembly 3400, the magnetic circuit assembly
3500 may further include a third magnetic guide element
316. In some embodiments, the third magnetic guide el-
ement 316 may include any one or more magnetically
conductive materials described in the present disclosure.
The magnetic conductive materials included in the first
magnetic guide element 304, the second magnetic guide
element 306, and/or the third magnetic guide element
316 may be the same or different. In some embodiments,
the third magnetic guide element 316 may be provided
as a symmetrical structure. For example, the third mag-
netic guide element 316 may be the cylinder. In some
embodiments, the first magnetic element 302, the first
magnetic guide element 304, the fifth magnetic element
314, and/or the third magnetic guide element 316 may
be coaxial cylinders with the same or different diameters.
The third magnetic guide element 316 may be connected
with the fifth magnetic element 314. In some embodi-
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ments, the third magnetic guide element 316 may be con-
nected with the fifth magnetic element 314 and the sec-
ond magnetic element 308. The third magnetic guide el-
ement 316, the second magnetic guide element 306, and
the second magnetic element 308 may form a cavity. The
cavity may include the first magnetic element 302, the
fifth magnetic element 314, and the first magnetic guide
element 304.
[0089] Compared with the magnetic circuit assembly
3400, the third magnetic guide element 316 may be add-
ed to the magnetic circuit assembly 3500magnetic guide
element. The third magnetic guide element 316 may sup-
press the magnetic leakage of the fifth magnetic element
314 in the magnetization direction in the magnetic circuit
assembly 3500, so that the magnetic field generated by
the fifth magnetic element 314 may be more compressed
into the magnetic gap, thereby increasing the magnetic
induction intensity within the magnetic gap.
[0090] The above description of the magnetic circuit
assembly 3500 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for those skilled in the art, after under-
standing the basic principles of magnetic circuit assem-
bly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps for implementing the magnetic circuit assembly
3500 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the second magnetic guide element
306 may be the ring structure or the sheet structure. As
another example, the magnetic circuit assembly 3500
may not include the second magnetic element 308. As
another example, the at least one magnetic element may
be added to the magnetic circuit assembly 3500. In some
embodiments, the lower surface of the further added
magnetic element may be connected with the upper sur-
face of the second magnetic element 308. The magnet-
ization direction of the further added magnetic element
may be the same as the magnetization direction of the
first magnetic element 302. In some embodiments, the
upper surface of the further added magnetic element may
be connected with the lower surface of the second mag-
netic element 308. The magnetization direction of the
further added magnetic element may be opposite to the
magnetization direction of the first magnetic element 302.
In some embodiments, the further added magnetic ele-
ment may be connected with the first magnetic element
302 and the second magnetic guide element 306, and
the magnetization direction of the further added magnetic
element may be opposite to the magnetization direction
of the second magnetic element 308.
[0091] FIG. 3F is a schematic diagram illustrating a
longitudinal sectional of a magnetic circuit assembly
3600 according to some embodiments of the present dis-
closure. As shown in FIG. 3F, different from the magnetic
circuit assembly 3100, the magnetic circuit assembly
3600 may further include one or more conductive ele-
ments (e.g., a first conductive element 318, a second

conductive element 320, and a third conductive element
322).
[0092] A conductive element may include a metal ma-
terial, a metal alloy material, an inorganic non-metal ma-
terial, or other conductive materials. The metal material
may include a gold, a silver, a copper, an aluminum, etc.
The metal alloy material may include an iron-based alloy,
an aluminum-based alloy material, a copper-based alloy,
a zinc-based alloy, etc. The inorganic non-metal material
may include a graphite, etc. A conductive element may
be in a sheet shape, an annular shape, a mesh shape,
or the like. The first conductive element 318 may be lo-
cated on the upper surface of the first magnetic guide
element 304. The second conductive element 320 may
be connected with the first magnetic element 302 and
the second magnetic guide element 306. The third con-
ductive element 322 may be connected with the side wall
of the first magnetic element 302. In some embodiments,
the first magnetic guide element 304 may protrude from
the first magnetic element 302 to form a first concave
portion, and the third conductive element 322 may be
provided on the first concave portion. In some embodi-
ments, the first conductive element 318, the second con-
ductive element 320, and the third conductive element
322 may include the same or different conductive mate-
rials. The first conductive element 318, the second con-
ductive element 320 and the third conductive element
322 may be respectively connected with the first mag-
netic guide element 304, the second magnetic guide el-
ement 306 and/or the first magnetic element 302 through
one or more connection means as described elsewhere
in the present disclosure.
[0093] The magnetic gap may be configured between
the first magnetic element 302, the first magnetic guide
element 304, and the inner ring of the second magnetic
element 308. The voice coil 328 may be located within
the magnetic gap. The first magnetic element 302, the
first magnetic guide element 304, the second magnetic
guide element 306, and the second magnetic element
308 may form the magnetic circuit. In some embodi-
ments, the one or more conductive elements may reduce
the inductive reactance of the voice coil 328. For exam-
ple, if a first alternating current flows into the voice coil
328, a first alternating induction magnetic field may be
generated near the voice coil 328. Under the action of
the magnetic field in the magnetic circuit, the first alter-
nating induction magnetic field may cause the voice coil
328 to generate inductive reactance and hinder the
movement of the voice coil 328. When the one or more
conductive elements (e.g., the first conductive element
318, the second conductive element 320, and the third
conductive element 322) are configured near the voice
coil 328, under the action of the first alternating induction
magnetic field, the conductive elements may induce a
second alternating current. A third alternating current in
the conductive elements may generate a second alter-
nating induction magnetic field near the conductive ele-
ments. The direction of the second alternating magnetic
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field may be opposite to the direction of the first alternat-
ing induction magnetic field, and the first alternating in-
duction magnetic field may be weakened, thereby reduc-
ing the inductive reactance of the voice coil 328, increas-
ing the current in the voice coil, and improving the sen-
sitivity of the bone conduction speaker.
[0094] The above description of the magnetic circuit
assembly 3600 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for those skilled in the art, after under-
standing the basic principles of magnetic circuit assem-
bly, it is possible to make various modifications and
changes in form and detail to the specific manner and
steps of implementing magnetic circuit assembly 3600
without departing from this principle, but these modifica-
tions and changes are still within the scope described
above. For example, the second magnetic guide element
306 may be the ring structure or the sheet structure. As
another example, the magnetic circuit assembly 3600
may not include the second magnetic element 308. As
another example, at least one magnetic element may be
added to the magnetic circuit assembly 3500. In some
embodiments, the lower surface of the added magnetic
element may be connected with the upper surface of the
second magnetic element 308. The magnetization direc-
tion of the added magnetic element may be the same as
the magnetization direction of the first magnetic element
302.
[0095] FIG. 3G is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
3900 according to some embodiments of the present dis-
closure. As shown in FIG. 3G, different from the magnetic
circuit assembly 3500, the magnetic circuit assembly
3900 may further include the third magnetic element 310,
the fourth magnetic element 312, the fifth magnetic ele-
ment 314, the third magnetic guide element 316, a sixth
magnetic element 324, and a seventh magnetic element
326. The third magnetic element 310, the fourth magnetic
element 312, the fifth magnetic element 314, the third
magnetic guide element 316 and/or the sixth magnetic
element 324, and the seventh magnetic element 326 may
be provided as coaxial circular cylinders.
[0096] In some embodiments, the upper surface of the
second magnetic element 308 may be connected with
the seventh magnetic element 326, and the lower surface
of the second magnetic element 308 may be connected
with the third magnetic element 310. The third magnetic
element 310 may be connected with the second magnetic
guide element 306. The upper surface of the seventh
magnetic element 326 may be connected with the third
magnetic guide element 316. The fourth magnetic ele-
ment 312 may be connected with the second magnetic
guide element 306 and the first magnetic element 302.
The sixth magnetic element 324 may be connected with
the fifth magnetic element 314, the third magnetic guide
element 316, and the seventh magnetic element 326. In
some embodiments, the first magnetic element 302, the
first magnetic guide element 304, the second magnetic

guide element 306, the second magnetic element 308,
the third magnetic element 310, the fourth magnetic el-
ement 312, the fifth magnetic element 314, the third mag-
netic guide element 316, the sixth magnetic element 324,
and the seventh magnetic element 326 may form the
magnetic circuit and the magnetic gap.
[0097] In some embodiments, the magnetization direc-
tion of the second magnetic element 308 may be found
in FIG. 3A of the present disclosure. The magnetization
direction of the third magnetic element 310 may be found
in FIG. 3B of the present disclosure. The magnetization
direction of the fourth magnetic element 312 may be
found in FIG. 3C of the present disclosure.
[0098] In some embodiments, an included angle be-
tween the magnetization direction of the first magnetic
element 302 and the magnetization direction of the sixth
magnetic element 324 may be in a range from 0 to 180
degrees. In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 302 and the magnetization direction of the sixth
magnetic element 324 may be in a range from 45 degrees
to 135 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 302 and the magnetization direction of the
sixth magnetic element 324 may not be higher than 90
degrees. In some embodiments, the magnetization di-
rection of the first magnetic element 302 may be perpen-
dicular to the lower surface or the upper surface of the
first magnetic element 302 vertically upward (the direc-
tion denoted by arrow a in the FIG. 3C). The magnetiza-
tion direction of the sixth magnetic element 324 may be
directed from the outer ring of the sixth magnetic element
324 to the inner ring (the direction denoted by arrow g in
the FIG. 3C). On the right side of the first magnetic ele-
ment 302, the magnetization direction of the first mag-
netic element 302 deflected 270 degrees in a clockwise
direction. In some embodiments, in the same vertical di-
rection, the magnetization direction of the sixth magnetic
element 324 may be the same as the magnetization di-
rection of the fourth magnetic element 312.
[0099] In some embodiments, at some positions of the
sixth magnetic element 324, the included angle between
the direction of the magnetic field generated by the mag-
netic circuit assembly 3900 and the magnetization direc-
tion of the sixth magnetic element 324 may not be higher
than 90 degrees. In some embodiments, at the position
of the sixth magnetic element 324, the included angle
between the direction of the magnetic field generated by
the first magnetic element 302 and the magnetization
direction of the sixth magnetic element 324 may be an
included angle that is less than or equal to 90 degrees,
such as 0 degrees, 10 degrees, 20 degrees, etc.
[0100] In some embodiments, an included angle be-
tween the magnetization direction of the first magnetic
element 302 and the magnetization direction of the sev-
enth magnetic element 326 may be in a range from 0 to
180 degrees. In some embodiments, the included angle
between the magnetization direction of the first magnetic
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element 302 and the magnetization direction of the sev-
enth magnetic element 326 may be in a range from 45
degrees to 135 degrees. In some embodiments, the in-
cluded angle between the magnetization direction of the
first magnetic element 302 and the magnetization direc-
tion of the seventh magnetic element 326 may not be
higher than 90 degrees. In some embodiments, the mag-
netization direction of the first magnetic element 302 may
be perpendicular to the lower surface or the upper surface
of the first magnetic element 302 vertically upward (the
direction of denoted by arrow a in the FIG. 3G). The mag-
netization direction of the seventh magnetic element 326
may be directed from the lower surface of the seventh
magnetic element 326 to the upper surface (the direction
denoted by arrow f in the FIG. 3G). On the right side of
the first magnetic element 302, the magnetization direc-
tion of the first magnetic element 302 deflected 360 de-
grees in a clockwise direction. In some embodiments,
the magnetization direction of the seventh magnetic el-
ement 326 may be opposite to the magnetization direc-
tion of the third magnetic element 310.
[0101] In some embodiments, at some seventh mag-
netic element 326, the included angle between the direc-
tion of the magnetic field generated by the magnetic cir-
cuit assembly 3900 and the magnetization direction of
the seventh magnetic element 326 may not be higher
than 90 degrees. In some embodiments, at the position
of the seventh magnetic element 326, the included angle
between the direction of the magnetic field generated by
the first magnetic element 302 and the magnetization
direction of the seventh magnetic element 326 may be
an included angle that is less than or equal to 90 degrees,
such as 0 degrees, 10 degrees, 20 degrees, etc.
[0102] In the magnetic circuit assembly 3900, the third
magnetic guide element 316 may close the magnetic cir-
cuit generated by the magnetic circuit assembly 3900,
so that more magnetic induction lines are concentrated
within the magnetic gap, thereby achieving the effects of
suppressing magnetic leakage, increasing magnetic in-
duction intensity within the magnetic gap, and improving
the sensitivity of the bone conduction speaker. The above
description of the magnetic circuit assembly 3900 may
be only a specific example, and should not be considered
as the only feasible implementation. Obviously, for those
skilled in the art, after understanding the basic principles
of magnetic circuit assembly, it is possible to make var-
ious modifications and changes in the form and details
of the specific means and steps of implementing the mag-
netic circuit assembly 3900 without departing from this
principle, but these modifications and changes are still
within the scope described above. For example, the sec-
ond magnetic guide element 306 may be the ring struc-
ture or the sheet structure. As another example, the mag-
netic circuit assembly 3900 may not include the second
magnetic element 308. As another example, the mag-
netic circuit assembly 3900 may further include at least
one conductive element. The conductive element may
be connected with the first magnetic element 302, the

fifth magnetic element 314, the first magnetic guide ele-
ment 304, the second magnetic guide element 306,
and/or the third magnetic guide element 316. In some
embodiments, at least one conductive element may be
added to the magnetic circuit assembly 3900. The further
added conductive element may be connected with at
least one of the second magnetic element 308, the third
magnetic element 310, the fourth magnetic element 312,
the sixth magnetic element 324, and the seventh mag-
netic element 326.
[0103] FIG. 4A is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
4100 according to some embodiments of the present dis-
closure. As shown in FIG. 4A, the magnetic circuit as-
sembly 4100 may include a first magnetic element 402,
a first magnetic guide element 404, a first magnetic field
changing element 406, and a second magnetic element
408. In some embodiments, the first magnetic element
402 and/or the second magnetic element 408 may in-
clude any one or more magnets described in the present
disclosure. The first magnetic element 402 may include
the first magnet, and the second magnetic element 408
may include the second magnet. The first magnet and
the second magnet may be the same or different. The
first magnetic guide element 404 may include any one
or more magnetic conductive materials described in the
present disclosure, such as the low carbon steel, the sil-
icon steel sheet, the silicon steel sheet, the ferrite, or the
like. In some embodiments, the first magnetic element
402 and/or the first magnetic guide element 404 may be
configured as the axisymmetric structure. The first mag-
netic element 402 and/or the first magnetic guide element
404 may be the cylinder. In some embodiments, the first
magnetic element 402 and the first magnetic guide ele-
ment 404 may be coaxial cylinders with the same or dif-
ferent diameters. In some embodiments, the first mag-
netic field changing element 406 may be any one of the
magnetic element or the magnetic guide element. The
first magnetic field changing element 406 and/or the sec-
ond magnetic element 408 may be provided as the an-
nular shape or the sheet shape. For descriptions of the
first magnetic field changing element 406 and the second
magnetic element 408 may refer to descriptions else-
where in the specification (e.g., FIG. 5A and FIG. 5B and
related descriptions). In some embodiments, the second
magnetic element 408 and the annular cylinder that is
coaxial with the first magnetic element 402, the first mag-
netic guide element 404, and/or the first full magnetic
field changing element 406, may contain the inner and/or
outer rings with the same or different diameters. The
processing means of the first magnetic guide element
404 and/or the first magnetic field changing element 406
may include any one or more processing means as de-
scribed elsewhere in the present disclosure.
[0104] The upper surface of the first magnetic element
402 may be connected with the lower surface of the first
magnetic guide element 404, and the second magnetic
element 408 may be connected with the first magnetic
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element 402 and the first magnetic field changing ele-
ment 406. The connection means between the first mag-
netic element 402, the first magnetic guide element 404,
the first magnetic field changing element 406, and/or the
second magnetic element 408 may be based on any one
or more connection means as described elsewhere in
the present disclosure. In some embodiments, the first
magnetic element 402, the first magnetic guide element
404, the first magnetic field changing element 406, and/or
the second magnetic element 408 may form the magnetic
circuit and the magnetic gap.
[0105] In some embodiments, the magnetic circuit as-
sembly 4100 may generate the first magnetic field, and
the first magnetic element 402 may generate the second
magnetic field. The magnetic field strength of the first
magnetic field within the magnetic gap may exceed the
magnetic field strength of the second magnetic field with-
in the magnetic gap. In some embodiments, the second
magnetic element 408 may generate a third magnetic
field, and the third magnetic field may increase the mag-
netic field strength of the second magnetic field within
the magnetic gap.
[0106] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 402 and the magnetization direction of the sec-
ond magnetic element 408 may be in a range from 0 to
180 degrees. In some embodiments, the included angle
between the magnetization direction of the first magnetic
element 402 and the magnetization direction of the sec-
ond magnetic element 408 may be in a range from 45
degrees to 135 degrees. In some embodiments, the in-
cluded angle between the magnetization direction of the
first magnetic element 402 and the magnetization direc-
tion of the second magnetic element 408 may not be
higher than 90 degrees.
[0107] In some embodiments, at some locations of the
second magnetic element 408, the included angle be-
tween the direction of the first magnetic field and the mag-
netization direction of the second magnetic element 408
may not be higher than 90 degrees. In some embodi-
ments, at the position of the second magnetic element
408, the included angle between the direction of the mag-
netic field generated by the first magnetic element 402
and the magnetization direction of the second magnetic
element 408 may be an included angle that is less than
or equal to 90 degrees, such as 0 degrees, 10 degrees,
20 degrees, etc. As another example, the magnetization
direction of the first magnetic element 402 may be per-
pendicular to the lower surface or the upper surface of
the first magnetic element 402 vertically upward (the di-
rection denoted by arrow a in the FIG. 4A). The magnet-
ization direction of the second magnetic element 408 may
be directed from the outer ring of the second magnetic
element 408 to the inner ring (the direction denoted by
arrow c in the FIG. 4A). On the right side of the first mag-
netic element 402, the magnetization direction of the first
magnetic element 402 deflected 270 degrees in a clock-
wise direction.

[0108] Compared with the magnetic circuit assembly
of a single magnetic element, the first magnetic field
changing element 406 in the magnetic circuit assembly
4100 may increase the total magnetic flux within the mag-
netic gap, thereby increasing the magnetic induction in-
tensity within the magnetic gap. In addition, under the
action of the first magnetic field changing element 406,
the magnetic induction lines that are originally divergent
may converge to the position of the magnetic gap, further
increasing the magnetic induction intensity within the
magnetic gap.
[0109] The above description of the magnetic circuit
assembly 4100 may be only a specific example, and
should not be regarded as the only feasible implemen-
tation. Obviously, for those skilled in the art, after under-
standing the basic principles of bone magnetic circuit as-
sembly, it is possible to make various modifications and
changes in form and detail to the specific manner and
steps of implementing magnetic circuit assembly 4100
without departing from this principle, but these modifica-
tions and changes are still within the scope described
above. For example, the magnetic circuit assembly 4100
may further include a magnetic shield, the magnetic
shield may be configured to encompass the first magnetic
element 402, the first magnetic guide element 404, the
first magnetic field change element 406, and the second
magnetic element 408.
[0110] FIG. 4B is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
4200 according to some embodiments of the present dis-
closure. As shown in FIG. 4B, different from the magnetic
circuit assembly 4100, the magnetic circuit assembly
4200 may further include a third magnetic element 410.
[0111] The lower surface of the third magnetic element
410 may be connected with the first magnetic field chang-
ing element 406. The connection means between the
third magnetic element 410 and the first magnetic field
changing element 406 may be based on any one or more
connection means as described elsewhere in the present
disclosure. In some embodiments, the magnetic gap may
be configured between the first magnetic element 402,
the first magnetic guide element 404, the first magnetic
field changing element 406, the second magnetic ele-
ment 408, and/or the third magnetic element 410. In some
embodiments, the magnetic circuit assembly 4200 may
generate the first magnetic field, and the first magnetic
element 402 may generate the second magnetic field.
The magnetic field strength of the first magnetic field with-
in the magnetic gap may exceed the magnetic field
strength of the second magnetic field within the magnetic
gap. In some embodiments, the third magnetic element
410 may generate the third magnetic field, and the third
magnetic field may increase the magnetic field strength
of the second magnetic field within the magnetic gap.
[0112] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 402 and the magnetization direction of the third
magnetic element 410 may be in a range from 0 to 180
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degrees. In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 402 and the magnetization direction of the third
magnetic element 410 may be in a range from 45 degrees
to 135 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 402 and the magnetization direction of the
third magnetic element 410 may be equal to or greater
than 90 degrees. In some embodiments, the magnetiza-
tion direction of the first magnetic element 402 may be
perpendicular to the lower surface or the upper surface
of the first magnetic element 402 vertically upward (the
direction denoted by arrow a in the FIG. 4B). The mag-
netization direction of the third magnetic element 410
may be directed from the inner ring of the third magnetic
element 410 to the outer ring (the direction denoted by
arrow b in the FIG. 4B). On the right side of the first mag-
netic element 402, the magnetization direction of the first
magnetic element 402 deflected 90 degrees clockwise.
[0113] In some embodiments, at the position of the
third magnetic element 410, the included angle between
the direction of the first magnetic field and the magneti-
zation direction of the second magnetic element 408 may
not be higher than 90 degrees. In some embodiments,
at the position of the third magnetic element 410, the
included angle between the direction of the magnetic field
generated by the first magnetic element 402 and the mag-
netization direction of the third magnetic element 410
may be an included angle that is less than or equal to 90
degrees, such as 0 degrees, 10 degrees, 20 degrees, etc.
[0114] Compared with the magnetic circuit assembly
4100, the third magnetic element 410 may be added to
the magnetic circuit assembly 4200. The third magnetic
element 410 may further increase the total magnetic flux
within the magnetic gap in the magnetic circuit assembly
4200, thereby increasing the magnetic induction intensity
within the magnetic gap. In addition, under the action of
the third magnetic element 410, the magnetic induction
line will further converge to the position of the magnetic
gap, thereby increasing the magnetic induction intensity
within the magnetic gap.
[0115] The above description of the magnetic circuit
assembly 4200 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for those skilled in the art, after under-
standing the basic principles of bone magnetic circuit as-
sembly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps for implementing the magnetic circuit assembly
4200 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, magnetic circuit assembly 4200
may further include the magnetic shield. The magnetic
shield may be configured to encompass the first magnetic
element 402, the first magnetic guide element 404, the
first magnetic field changing element 406, the second
magnetic element 408, and the third magnetic element
410.

[0116] FIG. 4C is a schematic structural diagram illus-
trating a magnetic circuit assembly 4300 according to
some embodiments of the present disclosure. As shown
in FIG. 4C, different from the magnetic circuit assembly
4200, the magnetic circuit assembly 4300 may further
include a fourth magnetic element 412.
[0117] The lower surface of the fourth magnetic ele-
ment 412 may be connected with the upper surface of
the first magnetic field changing element 406, and the
upper surface of the fourth magnetic element 412 may
be connected with the lower surface of the second mag-
netic element 408. The connection manner between the
fourth magnetic element 412 and the first magnetic field
changing element 406 and the second magnetic element
408 may be based on any one or more connection means
as described elsewhere in the present disclosure. In
some embodiments, the magnetic gap may be config-
ured between the first magnetic element 402, the first
magnetic guide element 404, the first magnetic field
changing element 406, the second magnetic element
408, the third magnetic element 410, and/or the fourth
magnetic element 412. The magnetization direction of
the second magnetic element 408 and the third magnetic
element 410 may be found in FIG. 4A and/or FIG. 4B of
the present disclosure, respectively.
[0118] In some embodiments, the magnetic circuit as-
sembly 4300 may generate the first magnetic field, and
the first magnetic element 402 may generate the second
magnetic field. The magnetic field strength of the first
magnetic field within the magnetic gap may exceed the
magnetic field strength of the second magnetic field with-
in the magnetic gap. In some embodiments, the fourth
magnetic element 412 may generate the third magnetic
field, and the third magnetic field may increase the mag-
netic field strength of the second magnetic field within
the magnetic gap.
[0119] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 402 and the magnetization direction of the fourth
magnetic element 412 may be in a range from 0 to 180
degrees. In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 402 and the magnetization direction of the fourth
magnetic element 412 may be in a range from 45 degrees
to 135 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 402 and the magnetization direction of the
fourth magnetic element 412 may be equal to or greater
than 90 degrees. In some embodiments, the magnetiza-
tion direction of the first magnetic element 402 may be
perpendicular to the lower surface or the upper surface
of the first magnetic element 402 vertically upward (the
direction denoted by arrow a in the FIG. 4C). The mag-
netization direction of the fourth magnetic element 412
may be directed from the upper surface of the fourth mag-
netic element 412 to the lower surface (the direction de-
noted by arrow d in the FIG. 4C). On the right side of the
first magnetic element 402, the magnetization direction
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of the first magnetic element 402 deflected 180 degrees
in a clockwise direction.
[0120] In some embodiments, at the position of the
fourth magnetic element 412, the included angle between
the direction of the first magnetic field and the magneti-
zation direction of the fourth magnetic element 412 may
not be higher than 90 degrees. In some embodiments,
at the position of the fourth magnetic element 412, the
included angle between the direction of the magnetic field
generated by the first magnetic element 402 and the mag-
netization direction of the fourth magnetic element 412
may be an included angle that is less than or equal to 90
degrees, such as 0 degrees, 10 degrees, 20 degrees, etc.
[0121] Compared with the magnetic circuit assembly
4200, the fourth magnetic element 412 may be added to
the magnetic circuit assembly 4300. The fourth magnetic
element 412 may further increase the total magnetic flux
within the magnetic gap in the magnetic circuit assembly
4300, thereby increasing the magnetic induction intensity
within the magnetic gap. In addition, under the action of
the fourth magnetic element 412, the magnetic induction
line will further converge to the position of the magnetic
gap, thereby increasing the magnetic induction intensity
within the magnetic gap.
[0122] The above description of the magnetic circuit
assembly 4300 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for a person skilled in the art, after un-
derstanding the basic principle of the bone magnetic cir-
cuit assembly, it is possible to make various modifications
and changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
4300 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the magnetic circuit assembly 4200
may further include one or more conductive elements.
The one or more conductive elements may be connected
with at least one of the first magnetic element 402, the
first magnetic guide element 404, the second magnetic
element 408, the third magnetic element 410, and the
fourth magnetic element 412.
[0123] FIG. 4D is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
4400 according to some embodiments of the present dis-
closure. As shown in FIG. 4D, different from the magnetic
circuit assembly 4300, the magnetic circuit assembly
4400 may further include a magnetic shield 414.
[0124] The magnetic shield 414 may include any one
or more magnetically permeable materials described in
the present disclosure, such as the low carbon steel, the
silicon steel sheet, the silicon steel sheet, the ferrite, or
the like. The magnetic shield 414 may be connected with
the first magnetic field changing element 406, the second
magnetic element 408, the third magnetic element 410,
and the fourth magnetic element 412 through any one or
more connection means as described elsewhere in the
present disclosure. The processing means of the mag-
netic shield 414 may include any one of the processing

means as described elsewhere in the present disclosure,
for example, the casting, the plastic processing, the cut-
ting processing, the powder metallurgy, or the like, or any
combination thereof. In some embodiments, the magnet-
ic shield 414 may include the baseplate and the side wall,
and the side wall may be the ring structure. In some em-
bodiments, the baseplate and the side wall may be inte-
grally formed. In some embodiments, the baseplate may
be connected with the side wall by any one or more con-
nection means as described elsewhere in the present
disclosure.
[0125] Compared with the magnetic circuit assembly
4300, the magnetic shield 414 may be added to the mag-
netic circuit assembly 4400. The magnetic shield 414
may suppress the magnetic leakage of the magnetic cir-
cuit assembly 4300, effectively reduce the length of the
magnetic circuit and the magnetic resistance, so that
more magnetic lines may pass through the magnetic gap
and increase the magnetic induction intensity within the
magnetic gap.
[0126] The above description of the magnetic circuit
assembly 4400 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for a person skilled in the art, after un-
derstanding the basic principle of bone magnetic circuit
assembly, it is possible to make various modifications
and changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
4400 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, magnetic circuit assembly 4400
may further include one or more conductive elements.
The one or more conductive elements may be connected
with at least one of the first magnetic element 402, the
first magnetic guide element 404, the second magnetic
element 408, the third magnetic element 410, and the
fourth magnetic element 412. As another example, the
magnetic circuit assembly 4200 may further include the
fifth magnetic element. The lower surface of the fifth mag-
netic element may be connected with the upper surface
of the first magnetic guide element 404, and the magnet-
ization direction of the fifth magnetic element may be
opposite to the magnetization direction of the first mag-
netic element 402.
[0127] FIG. 4E is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
4500 according to some embodiments of the present dis-
closure. As shown in FIG. 4E, different from the magnetic
circuit assembly 4200, the connection surface between
the first magnetic field changing element 406 and the
second magnetic element 408 of the magnetic circuit as-
sembly 4500 may be a cross section in a wedge shape.
[0128] Compared with the magnetic circuit assembly
4100, the connection surface of the first magnetic field
changing element 406 and the second magnetic element
408 of the magnetic circuit assembly 4500 may be a cross
section in a wedge shape, so that the magnetic induction
line can smoothly turn. At the same time, the cross sec-
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tion in a wedge shape may facilitate the assembly of the
first magnetic field change element 406 and the second
magnetic element 408 and may reduce the count of as-
sembly and reduce the weight of the bone conduction
speaker.
[0129] The above description of the magnetic circuit
assembly 4500 may be only a specific example, and
should not be regarded as the only feasible implemen-
tation solution. Obviously, for a person skilled in the art,
after understanding the basic principle of the bone mag-
netic circuit assembly, it is possible to make various mod-
ifications and changes in the form and details of the spe-
cific means and steps of implementing the magnetic cir-
cuit assembly 4500 without departing from this principle,
but these modifications and changes are still within the
scope described above. For example, the magnetic cir-
cuit assembly 4500 may further include one or more con-
ductive elements. The conductive element may be con-
nected with at least one of the first magnetic element
402, the first magnetic guide element 404, the second
magnetic element 408, and the third magnetic element
410. As another example, the magnetic circuit assembly
4500 may further include the fifth magnetic element. The
lower surface of the fifth magnetic element may be con-
nected with the upper surface of the first magnetic guide
element 404, and the magnetization direction of the fifth
magnetic element may be opposite to the magnetization
direction of the first magnetic element 402. In some em-
bodiments, the magnetic circuit assembly 4500 may fur-
ther include the magnetic shield. The magnetic shield
may be configured to encompass the first magnetic ele-
ment 402, the first magnetic guide element 404, the first
magnetic field changing element 406, the second mag-
netic element 408, and the third magnetic element 410.
[0130] FIG. 4F is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
4600 according to some embodiments of the present dis-
closure. As shown in FIG. 4F, different from the magnetic
circuit assembly 4100, the magnetic circuit assembly
4600 may further include a fifth magnetic element 416.
In some embodiments, the fifth magnetic element 416
may include one or more magnets. The magnet may in-
clude any one or more magnet materials described in the
present disclosure. In some embodiments, the fifth mag-
netic element 416 may include the first magnet, and the
first magnetic element 402 may include the second mag-
net. The first magnet and the second magnet may include
the same or different magnetic material. In some embod-
iments, the fifth magnetic element 416, the first magnetic
element 402, and the first magnetic guide element 404
may be provided as the axisymmetric structure. For ex-
ample, the fifth magnetic element 416, the first magnetic
element 402, and the first magnetic guide element 404
may be cylinders. In some embodiments, the fifth mag-
netic element 416, the first magnetic element 402, and
the first magnetic guide element 404 may be coaxial cyl-
inders with the same or different diameters. For example,
the diameter of the first magnetic guide element 404 may

be larger than the first magnetic element 402 and/or the
fifth magnetic element 416. The side wall of the first mag-
netic element 402 and/or the fifth magnetic element 416
may form the first concave portion and/or the second
concave portion. In some embodiments, the ratio of the
thickness of the second magnetic element 416 to the sum
of the thickness of the first magnetic element 402, the
thickness of the second magnetic element 416, and the
thickness of the first magnetic guide element 404 may
range from 0.4 to 0.6. The ratio of the first magnetic guide
element 404 to the sum of the thickness of the first mag-
netic element 402, the thickness of the second magnetic
element 416, and a thickness of the first magnetic guide
element 404 may range from 0.5 to 1.5.
[0131] In some embodiments, the included angle be-
tween the magnetization direction of the fifth magnetic
element 416 and the magnetization direction of the first
magnetic element 402 may be in a range from 150 to 180
degrees. In some embodiments, the included angle be-
tween the magnetization direction of the fifth magnetic
element 416 and the magnetization direction of the first
magnetic element 402 may be in a range from 90 degrees
to 180 degrees. For example, the magnetization direction
of the fifth magnetic element 416 may be opposite to the
magnetization direction of the first magnetic element 402
(as shown, in the direction of a and in the direction of e).
[0132] Compared with the magnetic circuit assembly
4100, the fifth magnetic element 416 may be added to
the magnetic circuit assembly 4600. The fifth magnetic
element 426 may suppress the magnetic leakage of the
first magnetic element 402 in the magnetization direction
in the magnetic circuit assembly 4600, so that the mag-
netic field generated by the first magnetic element 402
may be more compressed into the magnetic gap, thereby
increasing the magnetic induction intensity within the
magnetic gap.
[0133] The above description of the magnetic circuit
assembly 4600 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for those skilled in the art, after under-
standing the basic principles of bone magnetic circuit as-
sembly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps for implementing the magnetic circuit assembly
4600 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. In some embodiments, magnetic circuit assembly
4600 may further include one or more conductive ele-
ments. The one or more conductive elements may be
connected with at least one of the first magnetic element
402, the first magnetic guide element 404, the second
magnetic element 408, and the fifth magnetic element
416. For example, the one or more conductive element
may be provided in the first concave portion and/or the
second concave portion. In some embodiments, the at
least one magnetic element may be added to the mag-
netic circuit assembly 4600, and the further added mag-
netic element may be connected with the first magnetic
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field changing element 406. In some embodiments, the
magnetic circuit assembly 4600 may further include the
magnetic shield. The magnetic shield may be configured
to encompass the first magnetic element 402, the first
magnetic guide element 404, the first magnetic field
changing element 406, the second magnetic element
408, and the fifth magnetic element 416.
[0134] FIG. 4G is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
4700 according to some embodiments of the present dis-
closure. The magnetic circuit assembly 4700 may include
the first magnetic element 402, the first magnetic guide
element 404, the first magnetic field changing element
406, the second magnetic element 408, the third mag-
netic element 410, the fourth magnetic element 412, the
fifth magnetic element 416, a sixth magnetic element
418, a seventh magnetic element 420, and a second ring
element 422. The first magnetic element 402, the first
magnetic guide element 404, the first magnetic field
changing element 406, the second magnetic element
408, the third magnetic element 410, the third magnetic
element 410, the fourth magnetic element 412, and the
fifth magnetic element 416 may be found in FIG. 4A, FIG.
4B, FIG. 4C, FIG. 4D, FIG. 4E, and/or FIG. 4F of the
present disclosure. In some embodiments, the first mag-
netic field changing element 406 and/or the second ring
element 422 may include the annular magnetic element
or an annular magnetic guide element. The annular mag-
netic element may include any one or more magnetic
materials described in the present disclosure, and the
annular magnetic guide element may include any one or
more magnetically conductive materials described in the
present disclosure.
[0135] In some embodiments, the sixth magnetic ele-
ment 418 may be connected with the fifth magnetic ele-
ment 416 and the second ring element 422, and the sev-
enth magnetic element 420 may be connected with the
third magnetic element 410 and the second ring element
422. In some embodiments, the first magnetic element
402, the fifth magnetic element 416, the second magnetic
element 408, the third magnetic element 410, the fourth
magnetic element 412, the sixth magnetic element 418,
and/or the seventh magnetic element 420, and the first
magnetic guide element 404, the first magnetic field
changing element 406, and the second ring element 422
may form the magnetic circuit.
[0136] The magnetization direction of the second mag-
netic element 408 may be found in FIG. 4A of the present
disclosure. The magnetization directions of the third mag-
netic element 410, the fourth magnetic element 412, and
the fifth magnetic element 416 may be found in FIG. 4B,
FIG. 4C, and FIG. 4F of the present disclosure, respec-
tively.
[0137] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 402 and the magnetization direction of the sixth
magnetic element 418 may be in a range from 0 to 180
degrees. In some embodiments, the included angle be-

tween the magnetization direction of the first magnetic
element 402 and the magnetization direction of the sixth
magnetic element 418 may be in a range from 45 degrees
to 135 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 402 and the magnetization direction of the
sixth magnetic element 418 may not be higher than 90
degrees. In some embodiments, the magnetization di-
rection of the first magnetic element 402 may be perpen-
dicular to the lower surface or the upper surface of the
first magnetic element 402 vertically upward (the direc-
tion denoted by arrow a in the FIG. 4F). The magnetiza-
tion direction of the sixth magnetic element 418 may be
directed from the outer ring of the sixth magnetic element
418 to the inner ring (the direction denoted by arrow f in
the FIG. 4F). On the right side of the first magnetic ele-
ment 402, the magnetization direction of the sixth mag-
netic element 418 may be same as the magnetization
direction of the first magnetic element 402 deflected 270
degrees in a clockwise direction). In some embodiments,
in the same vertical direction, the magnetization direction
of the sixth magnetic element 418 may be the same as
the magnetization direction of the second magnetic ele-
ment 408. In some embodiments, the magnetization di-
rection of the first magnetic element 402 may be perpen-
dicular to the lower surface or the upper surface of the
first magnetic element 402 vertically upward (the direc-
tion denoted by arrow a in the FIG. 4F). The magnetiza-
tion direction of the seventh magnetic element 420 may
be directed from the lower surface of the seventh mag-
netic element 420 to the upper surface (the direction de-
noted by arrow e in the FIG. 4F). On the right side of the
first magnetic element 402, the magnetization direction
of the first magnetic element 402 deflected 360 degrees
in a clockwise direction. In some embodiments, the mag-
netization direction of the seventh magnetic element 420
may be the same as the magnetization direction of the
third magnetic element 412.
[0138] In some embodiments, at the position of the
sixth magnetic element 418, the included angle between
the direction of the magnetic field generated by the mag-
netic circuit assembly 4700 and the magnetization direc-
tion of the sixth magnetic element 418 may not be higher
than 90 degrees. In some embodiments, at the position
of the sixth magnetic element 418, the included angle
between the direction of the magnetic field generated by
the first magnetic element 402 and the magnetization
direction of the sixth magnetic element 418 may be an
included angle that is less than or equal to 90 degrees,
such as 0 degrees, 10 degrees, 20 degrees, etc.
[0139] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 402 and the magnetization direction of the sev-
enth magnetic element 420 may be in a range from 0 to
180 degrees. In some embodiments, the included angle
between the magnetization direction of the first magnetic
element 402 and the magnetization direction of the sev-
enth magnetic element 420 may be in a range from 45
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degrees to 135 degrees. In some embodiments, the in-
cluded angle between the magnetization direction of the
first magnetic element 402 and the magnetization direc-
tion of the seventh magnetic element 420 may not be
higher than 90 degrees.
[0140] In some embodiments, at the position of the
seventh magnetic element 420, the included angle be-
tween the direction of the magnetic field generated by
the magnetic circuit assembly 4700 and the magnetiza-
tion direction of the seventh magnetic element 420 may
not be higher than 90 degrees. In some embodiments,
at the position of the seventh magnetic element 420, the
included angle between the direction of the magnetic field
generated by the first magnetic element 402 and the mag-
netization direction of the seventh magnetic element 420
may be an included angle that is less than or equal to 90
degrees, such as 0 degrees, 10 degrees, 20 degrees, etc.
[0141] In some embodiments, the first magnetic field
changing element 406 may be the annular magnetic el-
ement. In this case, the magnetization direction of the
first magnetic field changing element 406 may be the
same as the magnetization direction of the second mag-
netic element 408 or the fourth magnetic element 412.
For example, on the right side of the first magnetic ele-
ment 402, the magnetization direction of the first mag-
netic field changing element 406 may be directed from
the outer ring of the first magnetic field changing element
406 to the inner ring. In some embodiments, the second
ring element 422 may be the annular magnetic element.
In this case, the magnetization direction of the second
ring element 422 may be the same as that of the sixth
magnetic element 418 or the seventh magnetic element
420. For example, on the right side of the first magnetic
element 402, the magnetization direction of the second
ring element 422 may be directed from the outer ring of
the second ring element 422 to the inner ring.
[0142] In the magnetic circuit assembly 4700, a plural-
ity of magnetic elements may increase the total magnetic
flux, the interaction of the different magnetic elements
may suppress the leakage of magnetic induction lines,
increase magnetic induction intensity within the magnetic
gap, and improve the sensitivity of the bone conduction
speaker.
[0143] The above description of the magnetic circuit
assembly 4700 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for a person skilled in the art, after un-
derstanding the basic principles of bone magnetic circuit
assembly, it is possible to make various modifications
and changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
4700 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. In some embodiments, the magnetic circuit as-
sembly 4700 may further include one or more conductive
elements. The one or more conductive elements may be
connected with at least one of the first magnetic element
402, the first magnetic guide element 404, the second

magnetic element 408, the third magnetic element 410,
the fourth magnetic element 412, the fifth magnetic ele-
ment 416, the sixth magnetic element 418, and the sev-
enth magnetic element 420.
[0144] FIG. 4H is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
4800 according to some embodiments of the present dis-
closure. As shown in FIG. 4H, different from the magnetic
circuit assembly 4700, the magnetic circuit assembly
4800 may further include the magnetic shield 414.
[0145] The magnetic shield 414 may include any one
or more magnetically permeable materials described in
the present disclosure, such as the low carbon steel, the
silicon steel sheet, the silicon steel sheet, the ferrite, or
the like. The magnetic shield 414 may be connected with
the first magnetic element 402, the first magnetic field
changing element 406, the second magnetic element
408, the third magnetic element 410, the fourth magnetic
element 412, the fifth magnetic element 416, the sixth
magnetic element 418, the seventh magnetic element
420, and the second ring element 422 through any one
or more connection means as described elsewhere in
the present disclosure. The processing means of the
magnetic shield 414 may include any one of the process-
ing means as described elsewhere in the present disclo-
sure, for example, the casting, the plastic processing, the
cutting processing, the powder metallurgy, or the like, or
any combination thereof. In some embodiments, the
magnetic shield may include at least one baseplate and
the side wall, and the side wall may be the ring structure.
In some embodiments, the baseplate and the side wall
may be integrally formed. In some embodiments, the
baseplate may be connected with the side wall through
any one or more connection means as described else-
where in the present disclosure. For example, the mag-
netic shield 414 may include a first baseplate, a second
baseplate, and the side wall. The first baseplate and the
side wall may be integrally formed, and the second base-
plate may be connected with the side wall through any
one or more connection means as described elsewhere
in the present disclosure.
[0146] In the magnetic circuit assembly 4800, the mag-
netic shield 414 may close the magnetic circuit generated
by the magnetic circuit assembly 4800, so that more mag-
netic induction lines are concentrated within the magnetic
gap in the magnetic circuit assembly 4800, thereby sup-
pressing magnetic leakage, increasing magnetic induc-
tion intensity within the magnetic gap, and improving the
sensitivity of the bone conduction speaker.
[0147] The above description of the magnetic circuit
assembly 4800 may be only a specific example, and
should not be considered as the only feasible implemen-
tation solution. Obviously, for a person skilled in the art,
after understanding the basic principle of the bone mag-
netic circuit assembly, it is possible to make various mod-
ifications and changes in the form and details of the spe-
cific means and steps for implementing magnetic circuit
assembly 4800 without departing from this principle, but
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these modifications and changes are still within the scope
described above. For example, the magnetic circuit as-
sembly 4800 may further include one or more conductive
elements, the one or more conductive elements may be
connected with at least one of the first magnetic element
402, the first magnetic guide element 404, the second
magnetic element 408, the third magnetic element 410,
the fourth magnetic element 412, the fifth magnetic ele-
ment 416, the sixth magnetic element 418, and the sev-
enth magnetic element 420.
[0148] FIG. 4M is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
4900 according to some embodiments of the present dis-
closure. As shown in FIG. 4M, different from the magnetic
circuit assembly 4100, the magnetic circuit assembly
4900 may further include one or more conductive ele-
ments (e.g., first conductive element 424, second con-
ductive element 426, and third conductive element 428).
[0149] The description of the conductive element is
similar to the conductive element 318, the conductive
element 320 and the conductive element 322, and the
related description is not repeated here.
[0150] The above description of the magnetic circuit
assembly 4900 may be only a specific example and
should not be considered as the only feasible implemen-
tation. Obviously, for those skilled in the art, after under-
standing the basic principle of bone magnetic circuit as-
sembly, it is possible to make various modifications and
changes in form and detail to the specific manner and
steps of implementing magnetic circuit assembly 4900
without departing from this principle, but these modifica-
tions and changes are still within the scope described
above. For example, the magnetic circuit assembly 4900
may further include at least one magnetic element and/or
magnetic guide element.
[0151] FIG. 5A is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
5100 according to some embodiments of the present dis-
closure. As shown in FIG. 5A, the magnetic circuit as-
sembly 5100 may include a first magnetic element 502,
a first magnetic guide element 504, a second magnetic
guide element 506, and a second magnetic element 508.
[0152] In some embodiments, the first magnetic ele-
ment 502 and/or the second magnetic element 508 may
include any one or more magnets described in the
present disclosure. In some embodiments, the first mag-
netic element 502 may include the first magnet, and the
second magnetic element 508 may include the second
magnet. the first magnet may be the same as or different
from the second magnet. The first magnetic guide ele-
ment 504 and/or the second magnetic guide element 506
may include any one or more magnetic conductive ma-
terials described in the present disclosure. The process-
ing means of the first magnetic guide element 504 and/or
the second magnetic guide element 506 may include any
one or more processing means as described elsewhere
in the present disclosure. In some embodiments, the first
magnetic element 502, the first magnetic guide element

504, and/or the second magnetic element 508 may be
provided as the axisymmetric structure. For example, the
first magnetic element 502, the first magnetic guide ele-
ment 504, and/or the second magnetic element 508 may
be cylinders. In some embodiments, the first magnetic
element 502, the first magnetic guide element 504,
and/or the second magnetic element 508 may be coaxial
cylinders with the same or different diameters. The thick-
ness of the first magnetic element 502 may exceed or
equal to the thickness of the second magnetic element
508. In some embodiments, the second magnetic guide
element 506 may be the groove-type structure. The
groove-type structure may include the U-shaped cross
section (as shown in FIG. 5A). The groove-type second
magnetic guide element 506 may include the baseplate
and the side wall. In some embodiments, the baseplate
and the side wall may be integrally formed. For example,
the side wall may be formed by extending the baseplate
in the direction perpendicular to the baseplate. In some
embodiments, the baseplate may be connected with the
side wall through one or more connection means as de-
scribed elsewhere in the present disclosure. The second
magnetic element 508 may be provided in the annular
shape or the sheet shape. Regarding the shape of the
second magnetic element 508, reference may be made
to descriptions elsewhere in the specification (e.g., FIG.
6A and FIG.6B and related descriptions). In some em-
bodiments, the second magnetic element 508 may be
coaxial with the first magnetic element 502 and/or the
first magnetic guide element 504.
[0153] The upper surface of the first magnetic element
502 may be connected with the lower surface of the first
magnetic guide element 504. The lower surface of the
first magnetic element 502 may be connected with the
baseplate of the second magnetic guide element 506.
The lower surface of the second magnetic element 508
may be connected with the upper surface of the first mag-
netic guide element 504. The connection means between
the first magnetic element 502, the first magnetic guide
element 504, the second magnetic guide element 506
and/or the second magnetic element 508 may include
the bonding, the snapping, the welding, the riveting, the
bolting, or the like, or any combination thereof.
[0154] The magnetic gap may be configured between
the first magnetic element 502, the first magnetic guide
element 504, and/or the second magnetic element 508
and the side wall of the second magnetic guide element
506. The voice coil 520 may be located within the mag-
netic gap. In some embodiments, the first magnetic ele-
ment 502, the first magnetic guide element 504, the sec-
ond magnetic guide element 506, and the second mag-
netic element 508 may form the magnetic circuit. In some
embodiments, the magnetic circuit assembly 5100 may
generate the first magnetic field, and the first magnetic
element 502 may generate the second magnetic field.
The first magnetic field may be jointly formed by magnetic
fields generated by all components (e.g., the first mag-
netic element 502, the first magnetic guide element 504,
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the second magnetic guide element 506, and the second
magnetic element 508) in the magnetic circuit assembly
5100. The magnetic field strength of the first magnetic
field within the magnetic gap (may also be referred to as
magnetic induction intensity or magnetic flux density)
may exceed the magnetic field strength of the second
magnetic field within the magnetic gap. In some embod-
iments, the second magnetic element 508 may generate
the third magnetic field, and the third magnetic field may
increase the magnetic field strength of the second mag-
netic field within the magnetic gap.
[0155] In some embodiments, the included angle be-
tween the magnetization direction of the second magnet-
ic element 508 and the magnetization direction of the first
magnetic element 502 may be in a range from 90 degrees
to 180 degrees. In some embodiments, the included an-
gle between the magnetization direction of the second
magnetic element 508 and the magnetization direction
of the first magnetic element 502 may be in a range from
150 degrees to 180 degrees. In some embodiments, the
magnetization direction of the second magnetic element
508 may be opposite to the magnetization direction of
the first magnetic element 502 (as shown, in the direction
of a and in the direction of b).
[0156] Compared with the magnetic circuit assembly
of the single magnetic element, the magnetic circuit as-
sembly 5100 may add the second magnetic element 508.
The magnetization direction of the second magnetic el-
ement 508 may be opposite to the magnetization direc-
tion of the first magnetic element 502, which can sup-
press the magnetic leakage of the first magnetic element
502 in the magnetization direction, so that the magnetic
field generated by the first magnetic element 502 may
be more compressed into the magnetic gap, thereby in-
creasing the magnetic induction intensity within the mag-
netic gap.
[0157] The above description of the magnetic circuit
assembly 5100 may be only a specific example, and
should not be considered as the only feasible implemen-
tation. Obviously, for a person skilled in the art, after un-
derstanding the basic principles of bone magnetic circuit
assembly, it is possible to make various modifications
and changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
5100 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the second magnetic guide element
506 may be the ring structure or the sheet structure. As
another example, the magnetic circuit assembly 5100
may further include a conductive element. The conduc-
tive element may be connected with the first magnetic
element 502, the first magnetic guide element 504, the
second magnetic guide element 506, and the second
magnetic element 508.
[0158] FIG. 5B is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
5200 according to some embodiments of the present dis-
closure. As shown in FIG. 5B, different from the magnetic

circuit assembly 5100, the magnetic circuit assembly
5200 may further include a third magnetic element 510.
[0159] The lower surface of the third magnetic element
510 may be connected with the side wall of the second
magnetic guide element 506. The magnetic gap may be
configured between the first magnetic element 502, the
first magnetic guide element 504, the second magnetic
element 508, and/or the third magnetic element 510. The
voice coil 520 may be located within the magnetic gap.
In some embodiments, the first magnetic element 502,
the first magnetic guide element 504, the second mag-
netic guide element 506, the second magnetic element
508, and the third magnetic element 510 may form the
magnetic circuit. In some embodiments, the magnetiza-
tion direction of the second magnetic element 508 may
refer to the detailed descriptions in FIG. 3A of the present
disclosure.
[0160] In some embodiments, the magnetic circuit as-
sembly 5200 may generate the first magnetic field, and
the first magnetic element 502 may generate the second
magnetic field. The magnetic field strength of the first
magnetic field within the magnetic gap may be greater
than the magnetic field strength of the second magnetic
field within the magnetic gap. In some embodiments, the
third magnetic element 510 may generate the third mag-
netic field, and the third magnetic field may increase the
magnetic field strength of the second magnetic field with-
in the magnetic gap.
[0161] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 502 and the magnetization direction of the third
magnetic element 510 may be in a range from 0 to 180
degrees. In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 502 and the magnetization direction of the third
magnetic element 510 may be in a range from 45 degrees
to 135 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 502 and the magnetization direction of the
third magnetic element 510 may equal or exceed 90 de-
grees. In some embodiments, the magnetization direc-
tion of the first magnetic element 502 may be perpendic-
ular to the lower surface or the upper surface of the first
magnetic element 502 vertically upwards (the direction
denoted by arrow a in the FIG. 5B). The magnetization
direction of the third magnetic element 510 may be di-
rected from the inner ring of the third magnetic element
510 to the outer ring (the direction denoted by arrow c in
the FIG. 5B). On the right side of the first magnetic ele-
ment 502, the magnetization direction of the first mag-
netic element 502 deflected 90 degrees in a clockwise
direction.
[0162] In some embodiments, at the position of the
third magnetic element 510, the included angle between
the direction of the first magnetic field and the magneti-
zation direction of the third magnetic element 510 may
not be higher than 90 degrees. In some embodiments,
at the position of the third magnetic element 510, the

47 48 



EP 3 723 388 A1

26

5

10

15

20

25

30

35

40

45

50

55

included angle between the direction of the magnetic field
generated by the first magnetic element 502 and the mag-
netization direction of the third magnetic element 510
may be an included angle that is less than or equal to 90
degrees, such as 0 degrees, 10 degrees, 20 degrees, etc.
[0163] Compared with the magnetic circuit assembly
5100, the third magnetic element 510 may be added to
the magnetic circuit assembly 5200. The third magnetic
element 510 may further increase the total magnetic flux
within the magnetic gap in the magnetic circuit assembly
5200, thereby increasing the magnetic induction intensity
within the magnetic gap. And, under the action of the
third magnetic element 510, the magnetic induction line
will further converge to the position of the magnetic gap,
further increasing the magnetic induction intensity within
the magnetic gap.
[0164] FIG. 5C is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
5300 according to some embodiments of the present dis-
closure. As shown in FIG. 5C, different from the magnetic
circuit assembly 5100, the magnetic circuit assembly
5300 may further include a fourth magnetic element 512.
[0165] The fourth magnetic element 512 may be con-
nected with the side wall of the first magnetic element
502 and the second magnetic guide element 506 by the
bonding, the snapping, the welding, the riveting, the bolt-
ing, or the like, or any combination thereof. In some em-
bodiments, the magnetic gap may be configured between
the first magnetic element 502, the first magnetic guide
element 504, the second magnetic guide element 506,
the second magnetic element 508, and the fourth mag-
netic element 512. In some embodiments, the magneti-
zation direction of the second magnetic element 508 may
be found in FIG. 5A of the present disclosure.
[0166] In some embodiments, the magnetic circuit as-
sembly 5200 may generate the first magnetic field, and
the first magnetic element 502 may generate the second
magnetic field. The magnetic field strength of the first
magnetic field within the magnetic gap may exceed the
magnetic field strength of the second magnetic field with-
in the magnetic gap. In some embodiments, the fourth
magnetic element 512 may generate the fourth magnetic
field, and the fourth magnetic field may increase the mag-
netic field strength of the second magnetic field within
the magnetic gap.
[0167] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 502 and the magnetization direction of the fourth
magnetic element 512 may be in a range from 0 to 180
degrees. In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 502 and the magnetization direction of the fourth
magnetic element 512 may be in a range from 45 degrees
to 135 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 502 and the magnetization direction of the
fourth magnetic element 512 may not be higher than 90
degrees. In some embodiments, the magnetization di-

rection of the first magnetic element 502 may be perpen-
dicular to the lower surface or the upper surface of the
first magnetic element 502 vertically upward (the direc-
tion denoted by arrow a in the FIG. 5C). The magnetiza-
tion direction of the fourth magnetic element 512 may be
directed from the outer ring of the fourth magnetic ele-
ment 512 to the inner ring (the direction denoted by arrow
e in the FIG. 5C). On the right side of the first magnetic
element 502, the magnetization direction of the first mag-
netic element 502 deflected 270 degrees in a clockwise
direction.
[0168] In some embodiments, at the position of the
fourth magnetic element 512, the included angle between
the direction of the first magnetic field and the magneti-
zation direction of the fourth magnetic element 512 may
not be higher than 90 degrees. In some embodiments,
at the position of the fourth magnetic element 512, the
included angle between the direction of the magnetic field
generated by the first magnetic element 502 and the mag-
netization direction of the fourth magnetic element 512
may be an included angle that is less than or equal to 90
degrees, such as 0 degrees, 10 degrees, 20 degrees, etc.
[0169] Compared with the magnetic circuit assembly
5200, the fourth magnetic element 512 may be added to
the magnetic circuit assembly 5300. The fourth magnetic
element 512 may further increase the total magnetic flux
within the magnetic gap in the magnetic circuit assembly
5300, thereby increasing the magnetic induction intensity
within the magnetic gap. In addition, under the action of
the fourth magnetic element 512, the magnetic induction
line will further converge to the position of the magnetic
gap, further increasing the magnetic induction intensity
within the magnetic gap.
[0170] FIG. 5D is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
5400 according to some embodiments of the present dis-
closure. As shown in FIG. 5D, different from the magnetic
circuit assembly 5200, the magnetic circuit assembly
5400 may further include a fifth magnetic element 514.
[0171] The lower surface of the third magnetic element
510 may be connected with the fifth magnetic element
514, and the lower surface of the fifth magnetic element
514 may be connected with the side wall of the second
magnetic guide element 506. The magnetic gap may be
configured between the first magnetic element 502, the
first magnetic guide element 504, the second magnetic
element 508, and/or the third magnetic element 510. The
voice coil 520 may be located within the magnetic gap.
In some embodiments, the first magnetic element 502,
the first magnetic guide element 504, the second mag-
netic guide element 506, the second magnetic element
508, the third magnetic element 510, and the fifth mag-
netic element 514 may form the magnetic circuit. In some
embodiments, the magnetization direction of the second
magnetic element 508 and the third magnetic element
510 may be found in FIG. 5A and FIG. 5B of the present
disclosure.
[0172] In some embodiments, magnetic circuit assem-
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bly 5400 may generate the first magnetic field. The first
magnetic element 502 may generate the second mag-
netic field, and the magnetic field strength of the first mag-
netic field within the magnetic gap may exceed the mag-
netic field strength of the second magnetic field within
the magnetic gap. In some embodiments, the fifth mag-
netic element 514 may generate the fifth magnetic field,
and the fifth magnetic field may increase the magnetic
field strength of the second magnetic field within the mag-
netic gap.
[0173] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 502 and the magnetization direction of the fifth
magnetic element 514 may be in a range from 0 degrees
to 180 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 502 and the magnetization direction of the
fifth magnetic element 514 may be in a range from 45
degrees to 135 degrees. In some embodiments, the in-
cluded angle between the magnetization direction of the
first magnetic element 502 and the magnetization direc-
tion of the fifth magnetic element 514 may equal or ex-
ceed 90 degrees.
[0174] In some embodiments, at some positions of the
fifth magnetic element 514, the included angle between
the direction of the first magnetic field and the magneti-
zation direction of the fifth magnetic element 514 may
not be higher than 90 degrees. In some embodiments,
at the position of the fifth magnetic element 514, the in-
cluded angle between the direction of the magnetic field
generated by the first magnetic element 502 and the mag-
netization direction of the fifth magnetic element 514 may
be an included angle that is less than or equal to 90 de-
grees, such as 0 degrees, 10 degrees, 20 degrees, etc.
In some embodiments, the magnetization direction of the
first magnetic element 502 may be perpendicular to the
lower surface or the upper surface of the first magnetic
element 502 vertically upward (the direction denoted by
arrow a in the FIG. 5D). The magnetization direction of
the fifth magnetic element 514 may be directed from the
upper surface of the fifth magnetic element 514 to the
lower surface (the direction denoted by arrow d in the
FIG. 5D). On the right side of the first magnetic element
502, the magnetization direction of the first magnetic el-
ement 502 deflected 180 degrees in a clockwise direc-
tion.
[0175] Compared with the magnetic circuit assembly
5200, the fifth magnetic element 514 may be added to
the magnetic circuit assembly 5400. The fifth magnetic
element 514 may further increase the total magnetic flux
within the magnetic gap in the magnetic circuit assembly
5400, thereby increasing the magnetic induction intensity
within the magnetic gap. In addition, under the action of
the fourth magnetic element 514, the magnetic induction
line will further converge to the position of the magnetic
gap, further increasing the magnetic induction intensity
within the magnetic gap.
[0176] FIG. 5E is a schematic diagram illustrating a

longitudinal sectional view of a magnetic circuit assembly
5500 according to some embodiments of the present dis-
closure. As shown in FIG. 5E, different from the magnetic
circuit assembly 5300, the magnetic circuit assembly
5500 may further include a sixth magnetic element 516.
[0177] The sixth magnetic element 516 may be con-
nected with the side wall of the second magnetic element
508 and the second magnetic guide element 506 by the
bonding, the snapping, the welding, the riveting, the bolt-
ing, or the like, or any combination thereof. In some em-
bodiments, the magnetic gap may be configured between
the first magnetic element 502, the first magnetic guide
element 504, the second magnetic guide element 506,
the second magnetic element 508, the fourth magnetic
element 512, and the sixth magnetic element 516. In
some embodiments, the magnetization direction of the
second magnetic element 508 and the fourth magnetic
element 512 may be found in FIG. 5A and FIG. 5C of the
present disclosure.
[0178] In some embodiments, magnetic circuit assem-
bly 5500 may generate the first magnetic field, and the
first magnetic element 502 may generate the second
magnetic field. The magnetic field strength of the first
magnetic field within the magnetic gap may exceed the
magnetic field strength of the second magnetic field with-
in the magnetic gap. In some embodiments, the sixth
magnetic element 516 may generate a sixth magnetic
field, and the sixth magnetic field may increase the mag-
netic field strength of the second magnetic field within
the magnetic gap.
[0179] In some embodiments, the included angle be-
tween the magnetization direction of the first magnetic
element 502 and the magnetization direction of the sixth
magnetic element 516 may be in a range from 0 degrees
to 180 degrees. In some embodiments, the included an-
gle between the magnetization direction of the first mag-
netic element 502 and the magnetization direction of the
sixth magnetic element 516 may be in a range from 45
degrees to 135 degrees. In some embodiments, the in-
cluded angle between the magnetization direction of the
first magnetic element 502 and the magnetization direc-
tion of the sixth magnetic element 516 may not be higher
than 90 degrees. In some embodiments, the magnetiza-
tion direction of the first magnetic element 502 may be
perpendicular to the lower surface or the upper surface
of the first magnetic element 502 vertically upward (the
direction denoted by arrow a in the FIG. 5E). The mag-
netization direction of the sixth magnetic element 516
may be directed from the outer ring of the sixth magnetic
element 516 to the inner ring (the direction denoted by
arrow f in the FIG. 5E). On the right side of the first mag-
netic element 502, the magnetization direction of the sixth
magnetic element 516 may be the same as the magnet-
ization direction of the first magnetic element 502 deflect-
ed 270 degrees in a clockwise direction).
[0180] In some embodiments, at the position of the
sixth magnetic element 516, the included angle between
the direction of the first magnetic field and the magneti-
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zation direction of the sixth magnetic element 516 may
not be higher than 90 degrees. In some embodiments,
at the position of the sixth magnetic element 516, the
included angle between the direction of the magnetic field
generated by the first magnetic element 502 and the mag-
netization direction of the sixth magnetic element 516
may be an included angle exceed 90 degrees, such as
90 degrees, 110 degrees, and 120 degrees.
[0181] Compared with the magnetic circuit assembly
5100, the fourth magnetic element 512 and the sixth mag-
netic element 516 may be added to the magnetic circuit
assembly 5500. The fourth magnetic element 512 and
the sixth magnetic element 516 may increase the total
magnetic flux within the magnetic gap in the magnetic
circuit assembly 5500, increase the magnetic induction
intensity within the magnetic gap, thereby increasing the
sensitivity of the bone conduction speaker.
[0182] FIG. 5F is a schematic diagram illustrating a
longitudinal sectional view of a magnetic circuit assembly
5600 according to some embodiments of the present dis-
closure. As shown in FIG. 5F, different from the magnetic
circuit assembly 5100, the magnetic circuit assembly
5600 may further include a third magnetic guide element
518.
[0183] In some embodiments, the third magnetic guide
element 518 may include any one or more magnetically
conductive materials described in the present disclosure.
The magnetic conductive materials included in the first
magnetic guide element 504, the second magnetic guide
element 506, and/or the third magnetic guide element
518 may be the same or different. In some embodiments,
the third magnetic guide element 5186 may be provided
as the symmetrical structure. For example, the third mag-
netic guide element 518 may be cylinders. In some em-
bodiments, the first magnetic element 502, the first mag-
netic guide element 504, the second magnetic element
508, and/or the third magnetic guide element 518 may
be coaxial cylinders with the same or different diameters.
The third magnetic guide element 518 may be connected
with the second magnetic element 508. In some embod-
iments, the third magnetic guide element 518 may be
connected with the second magnetic element 5084 and
the second magnetic guide element 506 so that the third
magnetic guide element 518 and the second magnetic
guide element 506 form a cavity. The cavity may include
the first magnetic element 502, the second magnetic el-
ement 508, and the first magnetic guide element 504.
[0184] Compared with the magnetic circuit assembly
5100, the third magnetic guide element 518 may be add-
ed to the magnetic circuit assembly 5600magnetic guide
element. The third magnetic guide element 518 may sup-
press the magnetic leakage of the second magnetic el-
ement 508 in the magnetization direction in the magnetic
circuit assembly 5600, so that the magnetic field gener-
ated by the second magnetic element 508 may be more
compressed into the magnetic gap, thereby increasing
the magnetic induction intensity within the magnetic gap.
[0185] FIG. 6A is a schematic diagram illustrating a

cross-section of a magnetic element according to some
embodiments of the present disclosure. The magnetic
element 600 may be applicable to any magnetic circuit
assembly in the present disclosure (e.g., the magnetic
circuit assembly shown in FIG. 3A to FIG.3G, FIG. 4A to
FIG. 4M, or FIG. 5A to FIG. 5F). As shown, the magnetic
element 600 may be in an annular shape. The magnetic
element 600 may include an inner ring 602 and an outer
ring 604. In some embodiments, the shape of the inner
ring 602 and/or the outer ring 604 may be a circle, an
ellipse, a trigon, a quadrangle, or any other polygon.
[0186] FIG. 6B is a schematic diagram illustrating a
magnetic element according to some embodiments of
the present disclosure. The magnetic element may be
applied to any magnetic circuit assembly in the present
disclosure (e.g., the magnetic circuit assembly shown in
FIG. 3A to FIG. 3G, FIG. 4A to FIG. 4M, or FIG. 5A to
FIG. 5F). As shown, the magnetic element may be com-
posed of a plurality of magnets s arranged one by one.
Each of the two ends of any one of the plurality of magnets
may be connected with or have a certain spacing from
an end of an adjacent magnet. The spacing between two
adjacent magnets may be the same or different. In some
embodiments, the magnetic element may be composed
of two or three sheet-shaped magnets (e.g., the magnet
608-2, the magnet 608-4, and the magnet 608-6) that are
arranged equidistantly. The shape of the sheet-shaped
magnets may be a fan shape, a quadrangular shape, or
the like.
[0187] FIG. 6C is a schematic diagram illustrating the
magnetization direction of a magnetic element in a mag-
netic circuit assembly according to some embodiments
of the present disclosure. As shown, the magnetic circuit
assembly may include a first magnetic element 601, a
second magnetic element 603, and a third magnetic el-
ement 605. The magnetization direction of the first mag-
netic element 601 may be directed from the lower surface
of the first magnetic element 601 to the upper surface
(i.e., a direction perpendicular to the paper and pointing
out). The second magnetic element 603 may encompass
the first magnetic element 601. The magnetic gap may
be configured between the inner ring of the second mag-
netic element 603 and the outer ring of the first magnetic
element 601. The magnetization direction of the second
magnetic element 603 may be directed from the inner
ring of the second magnetic element 603 to the outer ring
of the second magnetic element 603. The inner ring of
the third magnetic element 605 may be connected with
the outer ring of the first magnetic element 601, and the
outer ring of the third magnetic element 605 may be con-
nected with the inner ring of the second magnetic element
603. The magnetization direction of the third magnetic
element 605 may be directed from the outer ring of the
third magnetic element 603 to the inner ring of the third
magnetic element 605.
[0188] FIG. 6D is a schematic diagram illustrating mag-
netic induction lines of a magnetic element in a magnetic
circuit assembly according to some embodiments of the

53 54 



EP 3 723 388 A1

29

5

10

15

20

25

30

35

40

45

50

55

present disclosure. As shown, the magnetic circuit as-
sembly 600 (e.g., the magnetic circuit assembly in FIG.
3A to FIG. 3G, FIG. 4A to FIG. 4M, or FIG. 5A to FIG.
5F) may include a first magnetic element 602 and a sec-
ond magnetic element 604. The magnetization direction
of the first magnetic element 602 may be directed from
the lower surface of the first magnetic element 602 to the
upper surface (denoted by arrow a in FIG. 6D). The first
magnetic element 602 may generate a second magnetic
field, and the second magnetic field may be represented
by magnetic induction lines (denoted by solid lines in FIG.
6D that represent the distribution of the second magnetic
field in the absence of the second magnetic element 604).
The direction of the magnetic field of the second magnetic
field at a certain point may be the tangent direction of the
point on the magnetic induction line. The magnetization
direction of the second magnetic element 604 may be
that the inner ring of the second magnetic element 604
points to the outer ring (as shown by arrow b). The second
magnetic element 604 may generate the third magnetic
field. The third magnetic field may be represented by a
magnetic induction line (denoted by dotted lines in FIG.
6D that indicate the distribution of the third magnetic field
in the absence of the first magnetic element 602). The
magnetic field direction of the third magnetic field at a
certain point may be the tangent direction of the point on
the third magnetic induction line. Under the interaction
of the second magnetic field and the third magnetic field,
the magnetic circuit assembly 600 may generate a first
magnetic field. The magnetic field strength of the first
magnetic field at the voice coil 606 may exceed the mag-
netic field strength of the second magnetic field or the
third magnetic field at the voice coil 606. As shown, the
included angle between the magnetic field direction of
the second magnetic field at the voice coil 606 and the
magnetization direction of the second magnetic element
604 may be less than or equal to 90 degrees.
[0189] FIG. 7A is a schematic diagram illustrating a
magnetic circuit assembly 7000 according to some em-
bodiments of the present disclosure. As shown, the mag-
netic circuit assembly 7000 may include a first magnetic
element 702, a first magnetic guide element 704, a first
annular magnetic element 706, and a second annular
magnetic element 708. The first annular magnetic ele-
ment 706 may also be referred to as the first magnetic
field changing element (such as the first magnetic field
changing element 406 described in FIG. 4A). The first
magnetic element 702, the first magnetic guide element
704, the first annular magnetic element 706, and the sec-
ond annular magnetic element 708 may be similar or
same as the first magnetic element 702, the first magnetic
element 402, the first magnetic guide element 404, the
first magnetic field changing element 406, and the sec-
ond magnetic element 408, respectively as described in
FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, FIG. 4E, FIG. 4F,
FIG. 4G, FIG. 4H, and/or FIG. 4M. For example, the first
annular magnetic element 706 may be integrally formed
of a magnetic material, or may be a combination of a

plurality of magnetic elements. The second annular mag-
netic element 708 may be integrally formed of the mag-
netic material, or may be a combination of a plurality of
magnetic elements. As another example, the second an-
nular magnetic element 708 may be connected with the
first annular magnetic element 702 and the first annular
magnetic element 706. Further, the first annular magnetic
element 706 may be connected with the upper surface
of the second annular magnetic element 708, and the
inner wall of the second annular magnetic element 708
may be connected with the outer wall of the first magnetic
element 702.
[0190] The first magnetic element 702, the first mag-
netic guide element 704, the first annular magnetic ele-
ment 706, and the second annular magnetic element 708
may form a magnetic circuit and a magnetic gap. The
voice coil 720 may be located within the magnetic gap.
The voice coil 720 may be in a circular shape or non-
circular shape. The non-circular shape may include an
ellipse, a trigon, a quadrangle, a pentagon, other poly-
gons, or other irregular shapes. When an alternating cur-
rent including sound information is passed through the
voice coil 720, the voice coil 720 within the magnetic gap
may vibrate driven by the ampere force under the mag-
netic field in the magnetic circuit, thereby converting the
sound information into a vibration signal. The vibration
signal may be transmitted to the auditory nerve through
human tissues and bones through other components
(e.g., the vibration assembly 104 shown in FIG. 1) in a
bone conduction headset, so that a person can hear the
sound. The magnitude of the ampere force on the voice
coil 720 may affect the vibration of the voice coil, thereby
further affecting the sensitivity of the bone conduction
headset. The magnitude of the ampere force on the voice
coil may be related to the magnetic induction intensity
within the magnetic gap. Further, the magnetic induction
intensity within the magnetic gap may be changed by
adjusting the parameters of the magnetic circuit assem-
bly.
[0191] The parameters of the magnetic circuit assem-
bly 7000 may include the thickness H (i.e., the height H
of the first magnetic element 702 as shown in FIG. 7A)
of the first magnetic element 702, the thickness w of the
first annular magnetic element 706, the height h of the
second magnetic element 708, the radius R of the mag-
netic circuit, or the like. In some embodiments, the radius
R of the magnetic circuit (i.e., magnetic return path) may
refer to the average half-width of the magnetic circuit,
i.e., the distance between the central axis (denoted by a
dashed line in FIG. 7A) of the magnetic circuit assembly
7000 and the outer wall of the first annular magnetic el-
ement 706. In some embodiments, the parameters of the
magnetic circuit assembly 7000 may include a ratio of
the magnetic circuit radius R to the thickness H of the
first magnetic element 702 (denoted as R/H), the ratio of
the thickness w of the first annular magnetic element 706
to the magnetic circuit radius R (denoted as w/R), the
ratio of the height h of the second annular magnetic el-
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ement 708 to the thickness H of the first magnetic element
702 (denoted as h/H), etc. In some embodiments, the
ratio R/H of the magnetic circuit radius R to the thickness
H of the first magnetic element 702 may range from 2.0
to 4.0. For example, the ratio R/H of the magnetic circuit
radius R to the thickness H of the first magnetic element
702 may be 2.0, 2.4, 2.8, 3.2, 3.6, or 4.0. The ratio h/H
of the height h of the second annular magnetic element
708 to the thickness H of the first magnetic element 702
may not be greater than 0.8, or not greater than 0.6, or
not greater than 0.5, or the like. For example, the ratio
h/H of the height h of the second magnetic element 708
to the thickness H of the first magnetic element 702 may
be equal to 0.4. The ratio w/R of the thickness w of the
first annular magnetic element 706 to the magnetic circuit
radius R may be in a range of 0.05-0.50, or 0.1 -0.35, or
0.1-0.3, or 0.1-0.25, or 0.1 -0.20. For example, the ratio
w/R of the thickness w of the first annular magnetic ele-
ment 706 and the magnetic circuit radius R may be in
the range of 0.16-0.18.
[0192] In some embodiments, when the ratio of the
thickness H of the first magnetic element 702 to the mag-
netic circuit radius R is constant (i.e., R/H is constant),
values of the two parameters w/R and h/H may be opti-
mized, which makes the magnetic induction intensity (or
strength) within the magnetic gap and the ampere force
on the voice coil the largest, i.e., the driving force coeffi-
cient BL the largest. More descriptions about the rela-
tionship between the parameters w/R, h/H and the driving
force coefficient BL may be found in FIG. 7B. In some
embodiments, by setting different values of R/H and ad-
justing values of w/R and h/H, the magnetic induction
intensity (or strength) within the magnetic gap and the
ampere force of the coil can be maximized, i.e., the driv-
ing force coefficient BL has the largest value. More de-
scriptions about the relationship between the parameters
R/H, w/R, h/H and the driving force coefficient BL may
be found in FIG. 7C to FIG. 7E.
[0193] FIG. 7B is a schematic diagram illustrating an
exemplary relationship curve between the driving force
coefficient at the voice coil 720 and the parameters of
the magnetic circuit assembly in FIG. 7A according to
some embodiments of the present disclosure. As shown
in FIG. 7B, when the ratio of the magnetic circuit radius
R to the thickness H of the first magnetic element 702 is
constant (i.e., R/H is constant), the driving force coeffi-
cient BL changes with values of the parameter w/R and
h/H. In some embodiments, when the ratio w/R of the
thickness w of the first annular magnetic element 706 to
the magnetic circuit radius R is constant, the greater the
ratio h/H of the height h of the second annular magnetic
element 708 to the thickness H of the first magnetic ele-
ment 702, the larger the driving force coefficient BL may
be. Further, if the size of the magnetic circuit (i.e., the
radius R of the magnetic circuit) is constant, the larger
the height h of the second annular magnetic element 708
is, the greater the ratio h/H may of the height h of the
second annular magnetic element 708 to the thickness

H of the first magnetic element 702 may be, and the larger
the driving force coefficient BL may be. But as the height
h of the second annular magnetic element 708 increases,
the distance between the second annular magnetic ele-
ment 708 and the voice coil 720 becomes smaller. During
the vibration process, the voice coil 720 and the second
annular magnetic element 708 may be likely to collide
with each other, resulting in a broken sound, thereby af-
fecting the sound quality of the bone conduction headset.
As shown in FIG. 7B, the ratio h/H of the height h of the
second annular magnetic element 708 to the thickness
H of the first magnetic element 702 may not be greater
than 0.8, or not greater than 0.6, or not greater than 0.5,
or the like. For example, the ratio h/H of the height h of
the second annular magnetic element 708 to the thick-
ness H of the first magnetic element 702 may be equal
to 0.4.
[0194] In some embodiments, when the ratio h/H of
the height h of the second annular magnetic element 708
to the thickness H of the first magnetic element 702 is
constant, the driving force coefficient BL may first in-
crease and then decrease as the ratio w/R of the thick-
ness w of the first annular magnetic element 706 to the
magnetic circuit radius R increases. The ratio w/R cor-
responding to the maximum driving force coefficient BL
may be within a certain range. For example, when the
ratio h/H of the height h of the second magnetic element
708 to the thickness H of the first magnetic element 702
is 0.4, if the driving force coefficient BL is maximized, the
ratio w/R of the thickness w of the first annular magnetic
element 706 to the magnetic circuit radius R may be in
the range of 0.08-0.25. When the ratio h/H of the height
h of the second magnetic element 708 and the thickness
H of the first magnetic element 702 changes, the range
of the ratio w/R corresponding to the maximum driving
force coefficient BL may change. For example, when the
ratio h/H of the height h of the second magnetic element
708 to the thickness H of the first magnetic element 702
is 0.72, if the driving force coefficient BL is maximized,
the ratio w/R of the thickness w of the first annular mag-
netic element 706 to the magnetic circuit radius R may
be in the range of 0.04-0.20. More descriptions of the
value range of the ratio w/R of the thickness w of the first
annular magnetic element 706 to the magnetic circuit ra-
dius R corresponding to the maximum driving force co-
efficient BL may be found in FIG. 7C to FIG. 7E.
[0195] FIG. 7C to FIG. 7E are schematic diagrams il-
lustrating the relationship curves between the driving
force coefficient at the voice coil 720 and parameters of
the magnetic circuit assembly in FIG. 7A according to
some embodiments of the present disclosure. As shown
in FIG. 7C to FIG. 7E, the driving force coefficient BL of
the voice coil 720 located in the magnetic circuit assembly
7000 varies with the parameter R/H, w/R, and h/H of the
magnetic circuit assembly 7000. As shown in FIG. 7C,
when the ratio R/H of the magnetic circuit radius R to the
thickness H of the first magnetic element 702 is 2.0 and
2.4, if the driving force coefficient BL is maximized, the
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ratio w/R of the thickness w of the first annular magnetic
element 706 to the magnetic circuit radius R may be in
a range of 0.05-0.20, or 0.05-0.15, or 0.05-0.25, or
0.1-0.25, or 0.1-0.18. As shown in FIG. 7D, when the
ratio R/H of the magnetic circuit radius R to the thickness
H of the first magnetic element 702 is 2.8 and 3.2, if the
driving force coefficient BL is maximized, the ratio w/R
of the thickness w of the first annular magnetic element
706 to the magnetic circuit radius R may be in the range
of 0.05-0.25, or 0.1-0.20, or 0.05-0.30, or 0.10-0.25. As
shown in FIG. 7E, when the ratio R/H of the magnetic
circuit radius R to the thickness H of the first magnetic
element 702 is 3.6 and 4.0, if the driving force coefficient
BL is maximized, the ratio w/R of the thickness w of the
first annular magnetic element 706 to the magnetic circuit
radius R may be in the range of 0.05-0.20, or 0.10-0.15,
or 0.05-0.25, or 0.10-0.20.
[0196] With reference to FIG. 7C to FIG. 7E, when the
ratio h/H of the height h of the second annular magnetic
element 708 to the thickness H of the first magnetic ele-
ment 702 is 0.4, if the driving force coefficient BL is max-
imized, the ratio w/R of the thickness w of the first annular
magnetic element 706 to the magnetic circuit radius R
may be in the range of 0.15-0.20, or 0.16-0.18.
[0197] FIG. 8A is a schematic diagram illustrating a
magnetic circuit assembly 8000 according to some em-
bodiments of the present disclosure. As shown, the mag-
netic circuit assembly 8000 may include a first magnetic
element 802, a first magnetic guide element 804, a first
annular magnetic element 806, a second annular mag-
netic element 808, and a magnetic shield 814. The first
annular magnetic element 806 may also be referred to
as the first magnetic field changing element (e.g., the first
magnetic field changing element 406 described in FIG.
4A). The first magnetic element 802, the first magnetic
guide element 804, the first annular magnetic element
806, the second annular magnetic element 808, the mag-
netic shield 804 may refer to the present disclosure for
detailed descriptions in FIG. 4A, FIG. 4B, FIG. 4C, FIG.
4D, FIG. 4E, FIG. 4F, FIG. 4G, FIG. 4H, and/or FIG. 4M.
For example, the first annular magnetic element 806 may
be integrally formed of magnetic materials, or may be a
combination of a plurality of magnetic elements. The sec-
ond annular magnetic element 808 may be integrally
formed of magnetic materials, or may be a combination
of a plurality of magnetic elements. As another example,
the magnetic shield 814 may be configured to encom-
pass the first magnetic element 802, the first annular
magnetic element 806, and the second annular magnetic
element 808. In some embodiments, the magnetic shield
814 may include the baseplate and the side wall, and the
side wall may be the ring structure. In some embodi-
ments, the baseplate and the side wall may be integrally
formed. The first magnetic element 802, the first mag-
netic guide element 804, the first annular magnetic ele-
ment 806, and the second annular magnetic element 808
may form the magnetic circuit and the magnetic gap. The
voice coil 820 may be located within the magnetic gap.

The voice coil 820 may be in a circular shape or non-
circular shape. The non-circular shape may include the
oval, the trigon, the quadrangle, the pentagon, other pol-
ygons, or other irregular shapes.
[0198] The parameters of the magnetic circuit assem-
bly 8000 may include a thickness H of the first magnetic
element 802 (as shown in FIG. 8A, i.e., a height H of the
first magnetic element 802), the thickness w of the first
annular magnetic element 806, the height h of the second
annular magnetic element 808, the magnetic circuit ra-
dius R, or the like. In some embodiments, the radius R
of the magnetic circuit (i.e., magnetic circuit) may be
equal to the distance between the central axis of the mag-
netic circuit assembly 8000 (shown as a dotted line in
FIG. 8A) and the outer wall of the first annular magnetic
element 806. In some embodiments, the parameters of
the magnetic circuit assembly 8000 may also include the
ratio of the magnetic circuit radius R to the thickness H
of the first magnetic element 802 (may be expressed as
R/H), the ratio of the thickness w of the first annular mag-
netic element 806 to the magnetic circuit radius R (may
be expressed as w/R), the ratio of height h of second
annular magnetic element 808 to thickness H of first mag-
netic element 802 (may be expressed as h/H), or the like.
In some embodiments, the ratio R/H of the magnetic cir-
cuit radius R to the thickness H of the first magnetic el-
ement 802 may range from 2.0 to 4.0. For example, the
ratio R/H of the magnetic circuit radius R to the thickness
H of the first magnetic element 802 may be 2.0, 2.4, 2.8,
3.2, 3.6, and 4.0. The ratio h/H of the height h of the
second annular magnetic element 808 to the thickness
H of the first magnetic element 802 may not be greater
than 0.8, or not greater than 0.6, or not greater than 0.5,
and so on. For example, the ratio h/H of the height h of
the second annular magnetic element 808 to the thick-
ness H of the first magnetic element 702 may be equal
to 0.4. The ratio w/R of the thickness w of the first annular
magnetic element 806 to the magnetic circuit radius R
may be in a range of 0.02-0.50, or 0.05-0.35, or 0.05-0.25,
or 0.1-0.25, or 0.1 -0.20. For example, the ratio w/R of
the thickness w of the first annular magnetic element 806
to the magnetic circuit radius R may be in the range of
0.16-0.18. When the thickness H of the first magnetic
element 802 and the magnetic circuit radius R are con-
stant (e.g., R/H is constant), the two parameters w/R and
h/H are optimized, so that the magnetic induction inten-
sity within the magnetic gap and the ampere force of the
coil are maximized, i.e., the driving force coefficient BL
has the largest value. The relationship between the pa-
rameter w/R and h/H and the driving force coefficient BL
may be found in FIG. 8B. In some embodiments, in the
case of changing R/H, the two parameters w/R and h/H
can be optimized, so that the magnetic induction intensity
within the magnetic gap and the ampere force of the coil
are maximized, i.e., the driving force coefficient BL has
the largest value. The relationship between the param-
eter R/H, w/R, h/H and the driving force coefficient BL
may be found in FIG. 8C to FIG. 8E.

59 60 



EP 3 723 388 A1

32

5

10

15

20

25

30

35

40

45

50

55

[0199] FIG. 8B is a relationship curve between the driv-
ing force coefficient at the voice coil 820 and the param-
eters of the magnetic circuit assembly in FIG. 8A accord-
ing to some embodiments of the present disclosure. As
shown in FIG. 8B, when the ratio of the magnetic circuit
radius R to the thickness H of the first magnetic element
802 is constant (i.e., R/H is constant), the driving force
coefficient BL may change with the parameter w/R and
h/H. In some embodiments, when the ratio w/R of the
thickness w of the first annular magnetic element 806 to
the magnetic circuit radius R is constant, the greater the
ratio h/H of the height h of the second annular magnetic
element 808 to the thickness H of the first magnetic ele-
ment 802, the larger the driving force coefficient BL. Fur-
ther, the greater the height h of the second annular mag-
netic element 808 is, the greater the ratio h/H may be
between the height h of the second annular magnetic
element 808 and the thickness H of the first magnetic
element 702, and the larger the driving force coefficient
BL. As shown in FIG. 8B, the ratio h/H of the height h of
the second annular magnetic element 808 to the thick-
ness H of the first magnetic element 802 may not be
greater than 0.8, or not greater than 0.6, or not greater
than 0.5. For example, the ratio h/H of the height h of the
second annular magnetic element 808 to the thickness
H of the first magnetic element 802 may be equal to 0.4.
[0200] In some embodiments, when the ratio h/H of
the height h of the second annular magnetic element 808
to the thickness H of the first magnetic element 802 is
constant, the driving force coefficient BL may change as
the ratio w/R of the thickness w of the first annular mag-
netic element 806 to the magnetic circuit radius R chang-
es. For example, when the ratio h/H of the height h of the
second magnetic element 808 to the thickness H of the
first magnetic element 802 is 0.4, the driving force coef-
ficient BL may decrease as the ratio w/R of the thickness
w of the first annular magnetic element 806 to the mag-
netic circuit radius R increases first. When the ratio h/H
of the height h of the second magnetic element 808 and
the thickness H of the first magnetic element 802 chang-
es, the range of the ratio w/R corresponding to the max-
imum driving force coefficient BL may change. For ex-
ample, when the ratio h/H of the height h of the second
magnetic element 808 to the thickness H of the first mag-
netic element 802 is 0.4, if the driving force coefficient
BL is maximized, the ratio w/R of the thickness w of the
first annular magnetic element 806 to the magnetic circuit
radius R may be in the range of 0.02-0.22. When the ratio
h/H of the height h of the second annular magnetic ele-
ment 808 to the thickness H of the first magnetic element
802 is 0.72, if the driving force coefficient BL is maxi-
mized, the ratio w/R of the thickness w of the first annular
magnetic element 806 to the magnetic circuit radius R
may be in the range of 0.02-0.16.
[0201] With reference to FIG. 7B, when the parameters
R/H, w/R, h/H of the magnetic circuit assembly 8000 and
7000 are the same, the driving force coefficient BL of the
voice coil located in the magnetic circuit assembly 8000

with the magnetic shield may be larger than that in the
magnetic circuit assembly 7000 without the magnetic
shield, i.e., the ampere force of the voice coil located in
the magnetic circuit assembly 8000 may be greater than
that of the magnetic circuit assembly 7000. For example,
as shown in FIG. 7B and FIG. 8B, if w/R and h/H are
about 0.21 and 0.4, respectively, the driving force coef-
ficient BL of the voice coil located in the magnetic circuit
assembly 8000 may be 2.817, and the driving force co-
efficient BL of the magnetic circuit assembly 7000 may
be 2.376.
[0202] FIG. 8C to FIG. 8E are the relationship curves
between the driving force coefficient at the voice coil 820
and the magnetic circuit assembly parameters in FIG. 8A
according to some embodiments of the present disclo-
sure. As shown in FIG. 8C to FIG. 8E, the driving force
coefficient BL of the voice coil 820 in the magnetic circuit
assembly 8000 varies with the parameter R/H, w/R, and
h/H of the magnetic circuit assembly 8000. As shown in
FIG. 8C, when the ratio R/H of the magnetic circuit radius
R to the thickness H of the first magnetic element 802 is
2.0 and 2.4, if the driving force coefficient BL is maxi-
mized, the ratio w/R of the thickness w of the first annular
magnetic element 806 to the magnetic circuit radius R
may be in the range of 0.02-0.15, or 0.05-0.15, or
0.02-0.20. As shown in FIG. 8D, when the ratio R/H of
the magnetic circuit radius R to the thickness H of the
first magnetic element 802 is 2.8 and 3.2, if the driving
force coefficient BL is maximized, the ratio w/R of the
thickness w of the first annular magnetic element 806 to
the magnetic circuit radius R may be 0.01-0.20, or
0.05-0.15, or 0.02-0.25, or 0.10-0.15. As shown in FIG.
8E, when the ratio R/H of the magnetic circuit radius R
to the thickness H of the first magnetic element 802 is
3.6 and 4.0, if the driving force coefficient BL is maxi-
mized, the ratio w/R of the thickness w of the first annular
magnetic element 806 to the magnetic circuit radius R
may be in the range of 0.02-0.20, or 0.05-0.15, or
0.05-0.25, or 0.10-0.20.
[0203] With reference to FIG. 8C to FIG.8E, when the
ratio h/H of the height h of the second annular magnetic
element 808 to the thickness H of the first magnetic ele-
ment 802 is 0.4, if the driving force coefficient BL is max-
imized, the ratio w/R of the thickness w of the first annular
magnetic element 806 to the magnetic circuit radius R
may be in the range of 0.05-0.20 or 0.16-0.18. Comparing
FIG. 7C and FIG. 8C, FIG. 7D and FIG. 8D, and FIG. 7E
and FIG. 8E, respectively, when the ratio R/H of the mag-
netic circuit radius R to the thickness H of the first mag-
netic element 802 is the same, if the driving force coef-
ficient BL is maximized, the ratio w/R of thickness w to
the magnetic circuit radius R of the first annular magnetic
element 806 in the magnetic component 8000 having the
magnetic shield may change along a decreasing trend
relative to the magnetic component 7000. For example,
when the ratio R/H of the magnetic circuit radius R to the
thickness H of the first magnetic element 802 (or 702) is
2.0, if the driving force coefficient BL is maximized, the
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ratio w/R of the thickness w of the first annular magnetic
element 806 in the magnetic component 8000 with the
magnetic shield to the magnetic circuit radius R may be
in the range of 0.02-0.15. The ratio w/R of the thickness
w of the first annular magnetic element 706 in the mag-
netic component 7000 without the magnetic shield to the
magnetic circuit radius R may be in the range of
0.05-0.25.
[0204] FIG. 9A is a schematic diagram illustrating a
distribution of magnetic induction lines of a magnetic cir-
cuit assembly 900 according to some embodiments of
the present disclosure. As shown, the magnetic circuit
assembly 900 may include a first magnetic element 902,
a first magnetic guide element 904, a second magnetic
guide element 906, and a second magnetic element 914.
The first magnetic element 902, the first magnetic guide
element 904, the second magnetic guide element 906
and the second magnetic element 914 may be similar to
or same as the first magnetic element 302, the first mag-
netic guide element 304, the second magnetic guide el-
ement 306, and the second magnetic element 314, re-
spectively, in FIG. 3D. The magnetization direction of the
first magnetic element 902 may be opposite to the mag-
netization direction of the second magnetic element 914.
And magnetic induction lines generated by the first mag-
netic element 902 may interact with magnetic induction
lines generated by the second magnetic element 914, so
that more magnetic induction lines generated by the first
magnetic element 902 and more magnetic induction lines
generated by the second magnetic element 914 may
pass through the voice coil 928 perpendicularly, thereby
reducing leakage of magnetic lines of the first magnetic
element 902 at the voice coil 928.
[0205] FIG. 9B is a schematic diagram illustrating a
relationship curve between a magnetic induction inten-
sity at the voice coil and a thickness of one or more com-
ponents in the magnetic circuit assembly 900 in FIG. 9A
according to some embodiments of the present disclo-
sure. The abscissa is the ratio of the thickness (denoted
by h3) of the first magnetic element 902 to the sum (i.e.,
h2 + h3 + h5) of the thickness h3 of the first magnetic
element 902, the thickness of the first magnetic guide
element 904 (denoted by h2), and the thickness of the
second magnetic element 914 (denoted by h5), which
may also be referred to as a first thickness ratio. The
ordinate is the normalized magnetic induction intensity
at the voice coil 928. The normalized magnetic induction
intensity may be the ratio of the actual magnetic induction
intensity at the voice coil 928 to the largest magnetic in-
ductive intensity a magnetic circuit is formed by a mag-
netic circuit assembly including one single magnetic el-
ement (also referred to as a single magnetic circuit as-
sembly). For example, the single magnetic magnetic cir-
cuit assembly may include the first magnetic element,
the first magnetic guide element, and the second mag-
netic guide element. The volume of the magnetic element
in the single magnetic magnetic circuit assembly may be
equal to the sum of the volumes of the magnetic elements

in a multiple magnetic circuit assembly including multiple
magnetic elements (e.g., the first magnetic element 902
and the second magnetic element 914 in magnetic circuit
assembly 900) corresponding to the single magnetic cir-
cuit assembly. The k is a ratio of the thickness h2 of the
first magnetic guide element 904 to the sum (h2 + h3 +
h5) of the thicknesses of the first magnetic element 902,
the first magnetic guide element 904, and the second
magnetic element 914, which may also be referred to as
a second thickness ratio (indicated by "k" in FIG. 9B). As
shown, as the first thickness ratio gradually increases,
the magnetic induction intensity at the voice coil 928 may
gradually increase, and may gradually decrease after
reaching a certain value, i.e., the magnetic induction in-
tensity at the voice coil 928 may have a maximum value,
and a range of the first thickness ratio corresponding to
the maximum value of the magnetic induction intensity
may be between 0.4 and 0.6. The range of the second
thickness ratio corresponding to the maximum value of
the magnetic induction intensity may be between
0.26-0.34.
[0206] FIG. 10A is a schematic diagram illustrating a
magnetic induction line distribution of a magnetic group
1000 according to some embodiments of the present dis-
closure. As shown, the magnetic circuit assembly 1000
may include a first magnetic element 1002, a first mag-
netic guide element 1004, a second magnetic guide el-
ement 1006, a second magnetic element 1014, and a
third magnetic guide element 1016. The first magnetic
element 1002, the first magnetic guide element 1004, the
second magnetic guide element 1006, the second mag-
netic element 1014, and the third magnetic guide element
1016 may be same or similar to the first magnetic element
302, the first magnetic guide element 304, the second
magnetic guide element 306, the second magnetic ele-
ment 308, the second magnetic element 314 and the
third magnetic guide element 316 in FIG. 3E of the
present disclosure. The third magnetic guide element
1016 may not be connected to the second magnetic guide
element 1006. The magnetization direction of the first
magnetic element 1002 may be opposite to the magnet-
ization direction of the second magnetic element 1014.
The magnetic induction lines generated by the first mag-
netic element 1002 interact with the magnetic induction
lines generated by the second magnetic element 1014
so that the magnetic induction lines generated by the first
magnetic element 1002 and the magnetic induction lines
generated by the second magnetic element 1014 may
pass through the voice coil 1028 more perpendicularly,
thereby reducing the leaked magnetic induction lines of
the first magnetic element 1002 at the voice coil 1028.
The third magnetically permeable plate 1016 may further
reduce the leakage magnetic lines of the first magnetic
element 1002 at the voice coil 1028.
[0207] FIG. 10B is a relationship curve between mag-
netic induction intensity at a voice coil and the thickness
of a component in a magnetic circuit assembly according
to some embodiments of the present disclosure. The
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curve a corresponds to the magnetic circuit assembly
900 in FIG. 9A, and the curve b corresponds to the mag-
netic circuit assembly 1000 in FIG. 10A. The abscissa
may be the first thickness ratio, and the ordinate may be
the normalized magnetic induction intensity at the voice
coil 928 or 1028. The first thickness ratio and the normal-
ized magnetic induction intensity may be described in
detail in FIG. 9B of the present disclosure. The curve a
may be the relationship between the magnetic induction
intensity of the voice coil 928 in the magnetic circuit as-
sembly 900 and the first thickness ratio, and curve b may
be the relationship between the magnetic induction in-
tensity of the voice coil 1028 in the magnetic circuit as-
sembly 1000 and the first thickness ratio. As shown in
FIG. 10B, a magnetic circuit assembly 1000 of a third
magnetic guide element 1016 is provided. When the
range of the first thickness is between 0-0.55, the mag-
netic induction intensity at voice coil 1028 is significantly
stronger than the magnetic induction intensity at voice
coil 928 (e.g., the magnetic induction intensity corre-
sponding to curve b is higher than the magnetic induction
intensity corresponding to curve a). When the range of
the first thickness ratio is between 0.55-1, the magnetic
induction intensity at voice coil 1028 is significantly lower
than the magnetic induction intensity at voice coil 928
(e.g., the magnetic induction intensity corresponding to
curve b is lower than the magnetic induction intensity
corresponding to curve a).
[0208] FIG. 11A is a schematic diagram illustrating a
magnetic induction line distribution of a magnetic circuit
assembly 1100 according to some embodiments of the
present disclosure. As shown, the magnetic circuit as-
sembly 1100 may include a first magnetic element 1102,
a first magnetic guide element 1104, a second magnetic
guide element 1106, a second magnetic element 1114,
and a third magnetic guide element 1116. The first mag-
netic element 1102, the first magnetic guide element
1104, the second magnetic guide element 1106, the sec-
ond magnetic element 1114, and the third magnetic guide
element 1116 may be similar to or same as the first mag-
netic element 302, the first magnetic guide element 304,
the second magnetic guide element 306, the second
magnetic element 308, the fifth magnetic element 314,
and the third magnetic guide element 316, respectively,
in FIG. 3E. The third magnetic guide element 1116 may
be connected with the second magnetic guide element
1106. The magnetization direction of the first magnetic
element 1102 may be opposite to the magnetization di-
rection of the second magnetic element 1114. The mag-
netic field of the first magnetic element 1102 and the mag-
netic field of the second magnetic element 1114 may be
mutually exclusive at the junction of the first magnetic
element 1102 and the second magnetic element 1114,
so that the magnetic field that is originally divergent may
pass through the voice coil 1128 under the effect of the
mutually exclusive magnetic field (e.g., a magnetic field
generated only by the first magnetic element 1102 or a
magnetic field generated only by the second magnetic

element 1114), thereby increasing the magnetic field
strength at 1128 of the voice coil. The third magnetically
conductive plate 1116 may be connected with the second
magnetic guide element 1106, so that the magnetic field
of the second magnetic element 1114 and the first mag-
netic element 1102 is bound to a magnetic circuit formed
by the second magnetic guide element 1106 and the third
magnetic guide element 1116, thereby further increasing
the magnetic induction intensity at 1128 of the voice coil.
[0209] FIG. 11B is a relationship curve between the
magnetic induction intensity and the thickness of each
element in the magnetic circuit assembly according to
some embodiments of the present disclosure. The curve
a corresponds to the magnetic circuit assembly 900 in
FIG. 9A. The curve b corresponds to the magnetic circuit
assembly 1000 in FIG. 10A. The curve c corresponds to
the magnetic circuit assembly 1100 shown in FIG. 11A.
The abscissa may be the ratio of the thickness (h3) of
the first magnetic element (902, 1002, 1102) to the sum
(h3 + h5) of the thickness of the first magnetic element
(902, 1002, 1102) and the second magnetic element
(914, 1014, 1114). Hereinafter referred to as the third
thickness ratio. The ordinate may be the normalized mag-
netic induction intensity at the voice coil (928, 1028,
1128). For the normalized magnetic induction intensity
may be found in FIG. 9B of the present disclosure. The
curve a may be the relationship between the magnetic
induction intensity of the voice coil 928 in the magnetic
circuit assembly 900 and the first thickness ratio. The
curve b may be the relationship between the magnetic
induction intensity of the voice coil 1028 in the magnetic
circuit assembly 1000 and the first thickness ratio. The
curve c may be the relationship between the magnetic
induction intensity of the voice coil 1128 in the magnetic
circuit assembly 1100 and the first thickness ratio. As
shown in FIG. 11B, the magnetic circuit assembly 1000
and 1100 including a third magnetic guide element (e.g.,
a magnetic guide element 1014, a magnetic guide ele-
ment 1114), in the case that the first thickness is less
than 0.7, the magnetic induction intensity at the corre-
sponding voice coil (e.g., voice coil 1028, voice coil 1128)
may be stronger than the magnetic induction intensity at
voice coil 928 in magnetic circuit assembly 900 that does
not contain a third magnetic guide element (e.g., the mag-
netic induction intensity corresponding to curve b and
curve c is higher than the magnetic induction intensity
corresponding to curve a). When the third magnetic guide
element and the second magnetic guide element are con-
nected to each other (e.g., the third magnetic guide ele-
ment 1116 and the second magnetic guide element 1106
in the magnetic circuit assembly 1100 are connected to
each other), the magnetic induction intensity at voice coil
1128 may be stronger than the magnetic induction inten-
sity at voice coil 1028 (e.g., the magnetic induction inten-
sity corresponding to curve c is higher than the magnetic
induction intensity corresponding to curve b).
[0210] FIG. 11C is a relationship curve between mag-
netic induction intensity at the voice coil and the element
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thickness in the magnetic circuit assembly 1100 shown
in FIG. 11A according to some embodiments of the
present disclosure. The abscissa may be the second
thickness ratio (represented by "h2 / (h2 + h3 + h5)" in
the figure). The ordinate may be the normalized magnetic
induction intensity at the voice coil 1128, and the second
thickness ratio and the normalized magnetic induction
intensity may be found in FIG. 9B of the present disclo-
sure. As shown in FIG. 11C, as the second thickness
ratio gradually increases, the magnetic induction inten-
sity at the voice coil 1128 gradually increases to a max-
imum value and then decreases. The range of the second
thickness ratio corresponding to the maximum value of
the magnetic induction intensity may be between 0.3-0.6.
[0211] FIG. 12A is a schematic diagram illustrating a
magnetic circuit assembly 1200 according to some em-
bodiments of the present disclosure. As shown, the mag-
netic circuit assembly 1200 may include a first magnetic
element 1202, a first magnetic guide element 1204, a
second magnetic guide element 1206, and a first con-
ductive element 1208. More descriptions for the first mag-
netic element 1202, the first magnetic guide element
1204, the second magnetic guide element 1206, and the
first conductive element 1208 may be found elsewhere
in the present disclosure (e.g., FIGs. 3A-3G, and the de-
scriptions thereof). In some embodiments, the first con-
ductive element 1204 may have an overhang portion
above the first magnetic element 1202. The first conduc-
tive element 1208 may be located in the first concave
portion and connected with the first magnetic element
1202.
[0212] The first magnetic element 1202, the first mag-
netic guide element 1204, and the second magnetic
guide element 1206 may form a magnetic gap. A voice
coil 1210 may be located within the magnetic gap. The
cross-sectional shape of the voice coil 1210 may be in a
circular shape or non-circular shape, such as the oval,
the rectangle, the square, the pentagon, other polygons,
or other irregular shapes. In some embodiments, an al-
ternating current may flow into the voice coil 1210. The
direction of the alternating current may be perpendicular
to the paper surface and point to the paper surface as
shown in FIG. 12 A. In the magnetic circuit formed by the
first magnetic element 1202, the first magnetic guide el-
ement 1204, and the second magnetic guide element
1206, the voice coil 1210 may generate an alternating
induction magnetic field A (also referred to as a "first al-
ternating induction magnetic field") under the action of a
magnetic field in the magnetic circuit. The direction of the
induction magnetic field A may be counterclockwise as
shown in FIG. 12A. The alternating induction magnetic
field A may cause a reverse induction current in the voice
coil 1210, thereby reducing the current in the voice coil
1210. The first conductive element 1208 may generate
an alternating induced current under the action of the
alternating induction magnetic field A. Under the action
of the magnetic field in the magnetic circuit, the alternat-
ing induced current may generate an alternating induc-

tion magnetic field B (also referred to as a "second alter-
nating induction magnetic field"). The direction of the in-
duction magnetic field B may be counterclockwise as
shown in FIG. 12A. Because the direction of the induction
magnetic field A and the direction of the induction mag-
netic field B are opposite, the reverse induction current
in the voice coil 1210 may be reduced, i.e., the inductive
reactance caused by the reverse induction current in the
voice coil 1210 may be reduced, and the current in the
voice coil 1210 may be increased.
[0213] The above description of the magnetic circuit
assembly 1200 may be only a specific example and
should not be considered as the only feasible implemen-
tation. Obviously, for those skilled in the art, after under-
standing the basic principle of bone conduction speaker,
it is possible to make various modifications and changes
in form and detail to the specific manner and steps of
implementing the magnetic circuit assembly 1200 with-
out departing from this principle, but these modifications
and changes are still within the scope described above.
For example, the first conductive element 1208 may be
provided near the voice coil 1210, such as near the inner
wall, the outer wall, the upper surface and/or lower sur-
face of the voice coil 1210.
[0214] FIG. 12B is a schematic diagram illustrating a
curve indicating an effect of the conductive elements on
the inductive reactance in the voice coil in the magnetic
circuit assembly 1200 in FIG. 12A according to some
embodiments of the present disclosure. The curve a cor-
responds to the magnetic circuit assembly 1200 that does
not include the first conductive element 1208, and the
curve b corresponds to the magnetic circuit assembly
1200 that includes the first conductive element 1208. The
abscissa represents the alternating current frequency in
the voice coil 1210, and the ordinate represents the in-
ductive reactance in the voice coil 1210. As shown in
FIG. 12B, the inductive reactance in the voice coil 1210
may increase as the alternating current frequency in-
creases, especially, after the alternating current frequen-
cy exceeds 1200HZ. When the first conductive element
1208 is provided in the magnetic circuit assembly 1200,
the inductive reactance in the voice coil may significantly
be lower than the inductive reactance in the voice coil
when the first conductive element 1208 is not provided
in the magnetic circuit assembly 1200 (e.g., the inductive
reactance corresponding to curve b is lower than the in-
ductive reactance corresponding to curve a when the al-
ternating current frequency is the same).
[0215] FIG. 13A is a schematic structural diagram il-
lustrating a magnetic circuit assembly 1300 according to
some embodiments of the present disclosure. As shown,
the magnetic circuit assembly 1300 may include a first
magnetic element 1302, a first magnetic guide element
1304, a second magnetic guide element 1306, and a first
conductive element 1318. The first magnetic element
1302, the first magnetic guide element 1304, the second
magnetic guide element 1306, and the first conductive
element 1318 may refer to related descriptions in the
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present disclosure. The first conductive element 1318
may be connected with the upper surface of the first mag-
netic guide element 1304. The shape of the first conduc-
tive element 1318 may be in the sheet shape, the annular
shape, the mesh shape, the orifice plate, or the like.
[0216] The first magnetic element 1302, the magnetic
gap may be configured between the first magnetic guide
element 1304 and the second magnetic guide element
1306. A voice coil 1328 may be located within the mag-
netic gap. The cross-sectional shape of the voice coil
1328 may be in a circular shape or non-circular shape.
The non-circular shape may include the oval, the trigon,
the quadrangle, the pentagon, other polygons, or other
irregular shapes.
[0217] The above description of the magnetic circuit
assembly 1300 may be only a specific example, and
should not be considered as the only feasible implemen-
tation solution. Obviously, for those skilled in the art, after
understanding the basic principles of magnetic circuit as-
sembly, it is possible to make various modifications and
changes in form and detail to the specific manner and
steps of implementing magnetic circuit assembly 1300
without departing from this principle, but these modifica-
tions and changes are still within the scope described
above. For example, the first conductive element 1318
may be provided near the voice coil 1328, such as the
inner wall, the outer wall, the upper surface and/or lower
surface of the voice coil 1328.
[0218] FIG. 13B is an influence curve of the magnetic
guide element on the inductive reactance in the voice
coil in the magnetic circuit assembly 1300 in FIG. 13A
according to some embodiments of the present disclo-
sure. The curve a corresponds to the magnetic circuit
assembly 1300 without the first conductive element 1318,
and the curve b corresponds to the magnetic circuit as-
sembly 1300 with the first conductive element 1318. The
abscissa may be the alternating current frequency in the
voice coil 1110, and the ordinate may be the inductive
reactance in the voice coil 1110. As shown in FIG. 13B,
the inductive reactance in the voice coil 1110 may in-
crease as the frequency of the alternating current in-
creases, especially, after the alternating current frequen-
cy exceeds 1200HZ. When the first conductive element
1318 is provided in the magnetic circuit assembly 1300,
the inductive reactance in the voice coil 1110 may sig-
nificantly be lower than the inductive reactance in the
voice coil when the first conductive element 1318 is not
provided in the magnetic circuit assembly 1300 (e.g., the
inductive reactance corresponding to curve b is lower
than the inductive reactance corresponding to curve a
when the alternating current frequency is the same).
[0219] FIG. 14A is a schematic structural diagram il-
lustrating a magnetic circuit assembly 1400 according to
some embodiments of the present disclosure. As shown,
the magnetic circuit assembly 1400 may include a first
magnetic element 1402, a first magnetic guide element
1404, a second magnetic guide element 1406, a first con-
ductive element 1418, a second conductive element

1420, and a third conductive element 1422. The first mag-
netic element 1402, the first magnetic guide element
1404, the second magnetic guide element 1406, the first
conductive element 1418, the second conductive ele-
ment 1420, and the third conductive element 1422 may
be found in FIG. 3F of the present disclosure. The mag-
netic gap may be configured between the first magnetic
element 1302, the first magnetic guide element 1304,
and the second magnetic guide element 1306. A voice
coil 1428 may be located within the magnetic gap. The
cross-sectional shape of the voice coil 1428 may be in a
circular shape or non-circular shape. The non-circular
shape may include the oval, the trigon, the quadrangle,
the pentagon, other polygons, or other irregular shapes.
[0220] The above description of the magnetic circuit
assembly 1400 may be only a specific example, and
should not be considered as the only feasible implemen-
tation solution. Obviously, for those skilled in the art, after
understanding the basic principles of magnetic circuit as-
sembly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
1400 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the first conductive element 1418
may be provided near the voice coil 1428, such as the
inner wall, the outer wall, the upper surface and/or lower
surface of the voice coil 1428.
[0221] FIG. 14B is an influence curve of the number of
conductive elements in the magnetic circuit assembly
1420 in FIG. 14A on the inductive reactance in the voice
coil according to some embodiments of the present dis-
closure. The curve m corresponds to a magnetic circuit
assembly without a conductive element. The curve n cor-
responds to a magnetic circuit assembly provided with a
conductive element (such as the magnetic circuit assem-
bly 1200 shown in FIG. 12A). The curve I corresponds
to a magnetic circuit assembly (such as the magnetic
circuit assembly 1400 shown in FIG. 14A) in which a plu-
rality of conductive elements may be provided. The ab-
scissa may be the frequency of the alternating current in
the voice coil, and the ordinate may be the inductive re-
actance in the voice coil. As shown in FIG. 14B, when
the alternating current frequency increases to about
1200HZ, the inductive reactance in the voice coil may
increase with the increase of the alternating current fre-
quency. With one or more conductive elements, the in-
ductive reactance in the voice coil may significantly be
lower than the inductive reactance in the voice coil when
no conductive element is provided (e.g., the inductive
reactance corresponding to curves n and I is lower than
the inductive reactance corresponding to curve m). When
a plurality of conductive elements is provided in the mag-
netic circuit assembly 1400, the inductive reactance in
the voice coil may significantly be lower than the inductive
reactance in the voice coil when a conductive element is
provided (such as the inductive reactance corresponding
to curve I is lower than the inductive reactance corre-
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sponding to curve n).
[0222] FIG. 15A is a schematic diagram illustrating a
magnetic circuit assembly 1500 according to some em-
bodiments of the present disclosure. As shown, the mag-
netic circuit assembly 1500 may include a first magnetic
element 1502, a first magnetic guide element 1504, a
first annular element 1506, a first annular magnetic ele-
ment 1508, a second annular magnetic element 1510, a
third annular magnetic element 1512, a magnetic shield
1514, and a second magnetic element 1516. The first
magnetic element 1502, the first magnetic guide element
1504, the first ring element 1506, the first annular mag-
netic element 1508, the second annular magnetic ele-
ment 1510, the third annular magnetic element 1512, the
magnetic shield 1514, and the second magnetic element
1516 may be found in FIG. 4A, FIG. 4B, FIG. 4C, FIG.
4D, FIG. 4E, FIG. 4F, FIG. 4G, FIG. 4H, and/or FIG. 4M.
[0223] The first magnetic element 1502, the first mag-
netic guide element 1504, the second magnetic element
1516, the second annular magnetic element 1510, and/or
the third annular magnetic element 1512 may form a
magnetic gap. A voice coil 1528 may be located within
the magnetic gap. The voice coil 1528 may be in a circular
shape or a non-circular shape. The non-circular shape
may include the oval, the trigon, the quadrangle, the pen-
tagon, other polygons, or other irregular shapes.
[0224] The above description of the magnetic circuit
assembly 1500 may be only a specific example, and
should not be regarded as the only feasible implemen-
tation solution. Obviously, for those skilled in the art, after
understanding the basic principles of magnetic circuit as-
sembly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps of implementing the magnetic circuit assembly
1500 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the magnetic circuit assembly 1500
may further include one or more conductive elements,
which may be provided near the voice coil 1528, such as
the inner wall, the outer wall, the upper surface, and/or
lower surface of the voice coil 1528. In some embodi-
ments, the conductive element may be connected with
the first magnetic element 1502, the second magnetic
element 1516, the first annular magnetic element 1508,
the second annular magnetic element 1510, and/or the
third annular magnetic element 1512. As another exam-
ple, the magnetic circuit assembly 1500 may further in-
clude a third magnetic guide element, and the third mag-
netic guide element may be connected with the second
magnetic element 1516.
[0225] FIG. 15B is a schematic diagram illustrating a
relationship curve between the ampere force on the voice
coil and the thickness of one or more magnetic elements
in the magnetic circuit assembly 1500 in FIG. 15A ac-
cording to some embodiments of the present disclosure.
The abscissa represents the first thickness ratio, and the
ordinate represents the normalized ampere force re-
ceived by the voice coil. The normalized ampere force

may refer to a ratio of an actual ampere force on the voice
coil located in the magnetic circuit assembly 1500 to a
maximum ampere force on the voice coil located in single
magnetic magnetic circuit assembly that includes one
single magnetic element (also referred to as single mag-
netic circuit assembly). For example, the single magnetic
circuit assembly may include the first magnetic element,
the first magnetic guide element, and the second mag-
netic guide element. The volume of the first magnetic
element in the single magnetic circuit assembly may be
the same as the sum of volumes of the first magnetic
element 1502 and the second magnetic element 1516 in
the magnetic circuit assembly 1500. More descriptions
for a first thickness ratio and a second thickness ratio
may be found in FIG. 9B. As shown in FIG. 15B, for any
value of the second thickness ratio k, the ordinate value
exceeds 1, i.e., in the magnetic circuit assembly 1500,
the ampere force on the voice coil 1528 may exceed the
ampere force on the voice coil located in the single mag-
netic magnetic circuit assembly. When the second thick-
ness ratio k remains unchanged, as the first thickness
ratio increases, the ampere force on the voice coil 1528
located in the magnetic circuit assembly 1500 may grad-
ually decrease. When the first thickness ratio remains
unchanged, as the second thickness ratio k decreases,
the ampere force on the voice coil 1528 located in the
magnetic circuit assembly 1500 may gradually increase.
When the range of the first thickness ratio is between
0.1-0.3 or the range of the second thickness ratio k is
between 0.2-0.7, the ampere force on the voice coil 1528
located in the magnetic circuit assembly 1500 may be
50% -60% higher than the ampere force of the voice coil
located in the single magnetic magnetic circuit assembly.
[0226] FIG. 16 is a schematic diagram illustrating a
bone conduction speaker 1600 according to some em-
bodiments of the present disclosure. As shown, the bone
conduction speaker 1600 may include a first magnetic
element 1602, a first magnetic guide element 1604, a
second magnetic guide element 1606, a second mag-
netic element 1608, a voice coil 1610, a third magnetic
guide element 1612, a bracket 1614, and a connector
1616. More descriptions for the first magnetic element
1602, the first magnetic guide element 1604, the second
magnetic guide element 1606, the second magnetic el-
ement 1608, the voice coil 1610, and/or the third mag-
netic guide element 1612 may be found elsewhere in the
present disclosure (e.g., FIGs. 3A-3G, 4A-4M, and 5A-
5F, and the descriptions thereof).
[0227] The upper surface of the first magnetic element
1602 may be connected with the lower surface of the first
magnetic guide element 1604. The lower surface of the
second magnetic element 1608 may be connected with
the upper surface of the first magnetic guide element
1604. The second magnetic guide element 1606 may
include a first baseplate and a first side wall. The lower
surface of the first magnetic element 1602 may be con-
nected with the upper surface of the first baseplate. A
magnetic gap may be configured between the side wall
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of the second magnetic guide element 1606, the side
wall of the first magnetic element 1602, the first magnetic
guide element 1604, and/or the second magnetic ele-
ment 1608. The bracket 1614 may include a second
baseplate and a second side wall. The voice coil 1610
may be located within the magnetic gap. The voice coil
1610 may be connected with the second side wall. A
seam may be formed between the voice coil 1610 and
the second baseplate. After the voice coil 1610 is located
within the magnetic gap, the third magnetic guide ele-
ment 1612 may pass through the seam to connect with
the upper surface of the second magnetic element 1608
and the first side wall of the second magnetic guide ele-
ment 1606, so that the third magnetic guide element 1612
and the second magnetic guide element 1606 form a
closed cavity. The first magnetic element 1602, the first
magnetic guide element 1604, the second magnetic
guide element 1606, the second magnetic element 1608,
the voice coil 1610, and/or the third magnetic guide ele-
ment 1612 may be connected through one or more of
the connection means as described elsewhere in the
present disclosure. In some embodiments, one or more
holes (e.g., pin holes, threaded holes, etc.) may be pro-
vided on the first magnetic element 1602, the first mag-
netic guide element 1604, the second magnetic guide
element 1606, the second magnetic element 1608, the
third magnetic guide element 1612, and/or the bracket
1614. The holes may be provided at the center, the pe-
riphery, or other positions on the first magnetic element
1602, the first magnetic guide element 1604, the second
magnetic guide element 1606, the second magnetic el-
ement 1608, the third magnetic guide element 1612,
and/or the bracket 1614. The connector 1616 may con-
nect various elements. For example, the connector 1616
may include a pipe pin. The pipe pin may pass through
various elements (e.g., the first magnetic element 1602,
the first magnetic guide element 1604, the second mag-
netic guide element 1606, the second magnetic element
1608, the third magnetic guide element 1612, and/or the
bracket 1614) through the holes and fix the various ele-
ments after being deformed by a punching head through
the bracket 1614.
[0228] The above description of the bone conduction
speaker 1600 may be only a specific example, and should
not be regarded as the only feasible implementation so-
lution. Obviously, for those skilled in the art, after under-
standing the basic principles of magnetic circuit assem-
bly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps for implementing the bone conduction speaker
1600 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the bone conduction speaker 1600
may include one or more conductive elements provided
on the inner side wall, the outer wall, the top, and/or bot-
tom of the voice coil 1610. As another example, the bone
conduction speaker 1600 may further include one or
more annular magnetic elements, the one or more an-

nular magnetic elements may be connected with the up-
per surface of the second side wall of the second mag-
netic guide element 1606 or fixed in a magnetic gap.
[0229] FIG. 17 is a schematic diagram illustrating a
bone conduction speaker 1700 according to some em-
bodiments of the present disclosure. As shown, the bone
conduction speaker 1700 may include a first magnetic
element 1702, a first magnetic guide element 1704, a
second magnetic guide element 1706, a second mag-
netic element 1708, a voice coil 1710, a third magnetic
guide element 1712, a bracket 1714, a connector 1716,
a support link 1718, and a washer 1720. The upper sur-
face of the first magnetic element 1702 may be connected
with the lower surface of the first magnetic guide element
1706. The lower surface of the second magnetic element
1708 may be connected with the upper surface of the
first magnetic guide element 1706. The second magnetic
guide element 1706 may include a first baseplate and a
first side wall. The first side wall may be formed by the
baseplate extending in a direction perpendicular to the
first baseplate. The lower surface of the first magnetic
element 1702 may be connected with the upper surface
of the first baseplate of the second magnetic guide ele-
ment 1706. A magnetic gap may be configured between
the first side wall of the second magnetic guide element
1706, the side surface of the first magnetic element 1702,
the first magnetic guide element 1704, and/or the second
magnetic element 1708. The support link 1718 may in-
clude one or more connecting rods. The voice coil 1710
may be connected with the support link 1718. The voice
coil 1710 may be located within the magnetic gap. The
third magnetic guide element 1712 may include a second
baseplate and a second side wall. The second side wall
may be formed by extending the second baseplate. The
second side wall may be provided with one or more first
holes, and the first holes correspond to the connecting
rods of the support link 1718. Each of the connecting
rods of the support link 1718 may penetrate one of the
first holes of the third magnetic guide element 1712.
When the voice coil 1710 is located within the magnetic
gap, the second side wall of the third magnetic guide
element 1712 may be connected with the support link
1718 by the connecting rods of the support link 1718
passing through the first holes, and the second baseplate
may be connected with the upper surface of the second
magnetic element 1708. The first magnetic element
1702, the first magnetic guide element 1704, the second
magnetic guide element 1706, the second magnetic el-
ement 1708, the voice coil 1710, and/or the third mag-
netic guide element 1712 may be connected through one
or more connection means as described elsewhere in
the present disclosure. In some embodiments, the first
magnetic element 1702, the first magnetic guide element
1704, the second magnetic guide element 1706, the sec-
ond magnetic element 1708, the third magnetic guide
element 1712, and/or the bracket 1714 may be provided
with one or more second holes in the center, the periph-
ery, or other positions. The connector 1716 may connect
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various elements (e.g., the first magnetic element 1702,
the first magnetic guide element 1704, the second mag-
netic guide element 1706, the second magnetic element
1708, the third magnetic guide element 1712, and/or the
bracket 1714) through the holes. For example, the con-
nector 1716 may include a pipe pin. The pipe pin may
pass through various elements (e.g., the first magnetic
element 1702, the first magnetic guide element 1704, the
second magnetic guide element 1706, the second mag-
netic element 1708, the third magnetic guide element
1712, and/or the bracket 1714) through the holes and fix
the various elements after being deformed by a punching
head through the bracket 1714. The bracket 1914 may
be connected with the support link 1718, and the washer
1920 may be further connected with the second side wall
of the third magnetic guide element 1712 and the first
side wall of the second magnetic guide element 1706,
thereby further fixing the second magnetic guide element
1706 and the third magnetic guide element 1712. In some
embodiments, the washer 1720 may be connected with
the bracket 1714 through a vibration plate.
[0230] The above description of the bone conduction
speaker 1700 may be only a specific example, and should
not be considered as the only feasible implementation
solution. Obviously, for those skilled in the art, after un-
derstanding the basic principles of magnetic circuit as-
sembly, it is possible to make various modifications and
changes in form and detail to the specific manner and
steps of implementing the bone conduction speaker 1700
without departing from this principle, but these modifica-
tions and changes are still within the scope described
above. For example, the bone conduction speaker 1700
may include one or more conductive elements provided
near the inner side wall, the outer wall, the top, and/or
the bottom of the voice coil 1710. As another example,
the bone conduction speaker 1700 may further include
one or more annular magnetic elements, and the one or
more annular magnetic elements may be connected with
the upper surface of the first side wall of the second mag-
netic guide element 1706 or fixed within the magnetic
gap.
[0231] FIG. 18 is a schematic diagram illustrating a
bone conduction speaker 1800 according to some em-
bodiments of the present disclosure. As shown, the bone
conduction speaker 1800 may include a first magnetic
element 1802, a first magnetic guide element 1804, a
second magnetic guide element 1806, a gasket 1808, a
voice coil 1810, a first vibration plate 1812, a bracket
1814, a second vibration plate 1816, and a vibration panel
1818. The lower surface of the first magnetic element
1802 may be connected with the inner wall of the second
magnetic guide element 1806. The upper surface of the
first magnetic element 1802 may be connected with the
upper surface of the first magnetic guide element 1804.
A magnetic gap may be configured between the first mag-
netic element 1802, the first magnetic guide element
1804, and the second magnetic guide element 1806. A
voice coil 1810 may be located within the magnetic gap.

In some embodiments, the voice coil 1810 may be in a
circular shape or non-circular shape, such as the trigon,
the rectangle, the square, the oval, the pentagon, or other
irregular shapes. The voice coil 1810 may be connected
with the bracket 1814, the bracket 1814 may be connect-
ed with the first vibration plate 1812, and the first vibration
plate 1812 may be connected with the second magnetic
guide element 1806 through the washer 1808. The lower
surface of the second vibration plate 1816 may be con-
nected with the bracket 1814, and the upper surface of
the second vibration plate 1816 may be connected with
the vibration panel 1818. In some embodiments, the first
magnetic element 1802, the first magnetic guide element
1804, the second magnetic guide element 1806, the
washer 1808, the voice coil 1810, the first vibration plate
1812, the bracket 1814, the second vibration plate 11016,
and/or the vibration panel 1818 may be connected
through one or more connection means as described
elsewhere in the present disclosure. For example, the
first magnetic element 1802 may be connected with the
first magnetic guide element 1804 and/or the second
magnetic guide element 1806 by welding. As another
example, the first magnetic element 1802, the first mag-
netic guide element 1804, and/or the second magnetic
guide element 1806 may be provided with one or more
holes. The pipe pin may pass through various elements
(e.g., the first magnetic element 1802, the first magnetic
guide element 1804, the second magnetic guide element
1806 and/or the bracket 1814) through the holes and fix
the various elements after being deformed by a punching
head through the bracket 1814. In some embodiments,
the first vibration plate 1812 and/or the second vibration
plate 1816 may be provided as one or more coaxial an-
nular bodies. A plurality of supporting rods which are con-
verged toward the center may be arranged in each of the
one or more coaxial annular bodies, and the radiating
centers may be consistent with the centers of the first
vibration plate 1812 and/or the second vibration plate
1816. The plurality of supporting rods may be staggered
in the first vibration plate 1812 and/or the second vibration
plate 1816.
[0232] The above description of the bone conduction
speaker 1800 may be only a specific example, and should
not be regarded as the only feasible implementation so-
lution. Obviously, for those skilled in the art, after under-
standing the basic principle of magnetic circuit assembly,
it is possible to make various modifications and changes
in the form and details of the specific means and steps
for implementing the bone conduction speaker 1800 with-
out departing from this principle, but these modifications
and changes are still within the scope described above.
For example, the bone conduction speaker 1800 may
include one or more conductive elements, and the one
or more conductive elements may be provided near the
inner side wall, the outer wall, the top, and/or the bottom
of the voice coil 1810. As another example, the bone
conduction speaker 18000 may further include one or
more annular magnetic elements, and the one or more
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annular magnetic elements may be connected with the
upper surface of the side wall of the second magnetic
guide element 1806 or fixed within the magnetic gap. In
some embodiments, the bone conduction speaker may
further include the second magnetic element and/or the
third magnetic guide element.
[0233] FIG. 19 is a schematic diagram illustrating a
bone conduction speaker 1900 according to some em-
bodiments of the present disclosure. As shown, the bone
conduction speaker 1900 may include a first magnetic
element 1902, a first magnetic guide element 1910, a
second magnetic element 1904, third magnetic element
1906, a second magnetic guide element 1908, a washer
1914, a voice coil 1912, a first vibration plate 1916, a
bracket 1918, a second vibration plate 1920, and a vi-
bration panel 1922. The lower surface of the first mag-
netic element 1902 may be connected with the inner wall
of the second magnetic guide element 1908. The upper
surface of the first magnetic element 1902 may be con-
nected with the lower surface of the first magnetic guide
element 1910. The outer wall of the second magnetic
element 1904 may be connected with the inner side wall
of the second magnetic guide element 1908. The third
magnetic element 1906 may be below the second mag-
netic element 1904, and at the same time, the outer wall
of the third magnetic element 1906 may be connected
with the inner side wall of the second magnetic guide
element 1908; the inner side wall of the third magnetic
element 1906 may be connected with the outer wall of
the first magnetic element 1902; the lower surface of the
third magnetic element 1906 may be connected with the
inner wall of the second magnetic guide element 1908;
the magnetic gap may be configured between the first
magnetic element 1902, the first magnetic guide element
1910, the second magnetic element 1904, and the third
magnetic element 1906. A voice coil 1912 may be located
within the magnetic gap. In some embodiments, the voice
coil 1912 may be in a track shape as shown in FIG. 19,
or other geometric shapes, such as the trigon, the rec-
tangle, the square, the oval, the pentagon, or other irreg-
ular shapes. The voice coil 1912 may be connected with
the bracket 1918, the bracket 1918 may be connected
with the first vibration plate 1916, and the first vibration
plate 1916 may be connected with the second magnetic
guide element 1908 through the washer 1914. The lower
surface of the second vibration plate 1920 may be con-
nected with the bracket 1918, and the upper surface of
the second vibration plate 1920 may be connected with
the vibration panel 1922. In some embodiments, the sec-
ond magnetic element 1904 may be composed of multi-
ple magnetic elements, for example, as shown in FIG.
19, including 4 magnetic elements 19041, 19041, 19043,
and 19044. The shape surrounded by multiple magnetic
elements may be the track shape as shown in FIG. 19,
or other geometric shapes, such as the trigon, the rec-
tangle, the square, the oval, the pentagon, or other irreg-
ular shapes. The third magnetic element 1906 may be
composed of multiple magnetic elements, for example,

as shown in FIG. 19, including 4 magnetic elements
19061, 19061, 19063, and 19064. The shape surrounded
by multiple magnetic elements may be the track shape
as shown in FIG. 19, or other geometric shapes, such as
the trigon, the rectangle, the square, the oval, the pen-
tagon, or other irregular shapes. As described in other
embodiments in the present disclosure, at least one of
the second magnetic element 1904 or the third magnetic
element 1906 may be replaced with a plurality of mag-
netic elements with different magnetization directions.
The plurality of magnetic elements with different magnet-
ization directions may increase the magnetic field
strength within the magnetic gap in the bone conduction
speaker 1900, thereby improving the sensitivity of the
bone conduction speaker 1900.
[0234] In some embodiments, the first magnetic ele-
ment 1902, the first magnetic guide element 1910, the
second magnetic element 1904, the third magnetic ele-
ment 1906, the second magnetic guide element 1908,
the washer 1914, the voice coil 1912, the first vibration
plate 1916, the bracket 1918, the second vibration plate
1920, and/or the vibration panel 1922 may be connected
through any one or more connection means as described
elsewhere in the present disclosure. For example, the
first magnetic element 1902, the second magnetic ele-
ment 1904, and the third magnetic element 1906 may be
connected with the first magnetic guide element 1910
and/or the second magnetic guide element 1908 by the
bonding. As another example, the washer 1914 may be
connected with the second magnetic guide element 1908
through a buckle, and the washer 1914 may further be
connected with the second magnetic guide element 1908
and/or the second magnetic element 1904 through a
buckle and an adhesive. In some embodiments, the first
vibration plate 1916 and/or the second vibration plate
1920 may be provided as one or more coaxial annular
bodies. A plurality of supporting rods may converge to-
ward the center may be provided in the plurality of rings,
and the converge center may be consistent with the cent-
er of the first vibration plate 1916 and/or the second vi-
bration plate 1920. The plurality of supporting rods may
be staggered in the first vibration plate 1916 and/or the
second vibration plate 1920. A plurality of supporting rods
may be straight rods or curved rods, or part of the straight
rods are partially curved rods. Preferably, a plurality of
supporting rods may be curved rods. In some embodi-
ments, the outer surface of the vibration panel 1922 may
be a flat surface or a curved surface. For example, the
outer surface of the vibration panel 1922 may be a cam-
bered surface that is convex as shown in FIG. 19.
[0235] The above description of the bone conduction
speaker 1900 may be only a specific example, and should
not be regarded as the only feasible implementation so-
lution. Obviously, for those skilled in the art, after under-
standing the basic principles of magnetic circuit assem-
bly, it is possible to make various modifications and
changes in the form and details of the specific means
and steps for implementing bone conduction speaker
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1900 without departing from this principle, but these mod-
ifications and changes are still within the scope described
above. For example, the bone conduction speaker 1900
may include one or more conductive elements provided
on the inner side wall, outer wall, top, and/or bottom of
the voice coil 1912. As another example, the bone con-
duction speaker 1900 may further include one or more
annular magnetic elements, the one or more annular
magnetic elements may connect the lower surface of the
second magnetic element 1904 and the upper surface
of the third magnetic element 1906. In some embodi-
ments, the bone conduction speaker may further include
the fifth magnetic element and/or the third magnetic guide
element as described in other embodiments in the
present disclosure.
[0236] The basic concepts have been described
above. Obviously, to those skilled in the art, the disclo-
sure of the invention is merely by way of example, and
does not constitute a limitation on the present disclosure.
Although not explicitly stated here, those skilled in the
art may make various modifications, improvements and
amendments to the present disclosure. These altera-
tions, improvements, and modifications are intended to
be suggested by this disclosure, and are within the spirit
and scope of the exemplary embodiments of this disclo-
sure.
[0237] Moreover, certain terminology has been used
to describe embodiments of the present disclosure. For
example, the terms "one embodiment," "an embodi-
ment," and/or "some embodiments" mean that a partic-
ular feature, structure or characteristic described in con-
nection with the embodiment is included in at least one
embodiment of the present disclosure. Therefore, it is
emphasized and should be appreciated that two or more
references to "an embodiment" or "one embodiment" or
"an alternative embodiment" in various parts of this spec-
ification are not necessarily all referring to the same em-
bodiment. In addition, some features, structures, or fea-
tures in the present disclosure of one or more embodi-
ments may be appropriately combined.
[0238] In addition, those skilled in the art may under-
stand that various aspects of the present disclosure may
be illustrated and described through several patentable
categories or situations, including any new and useful
processes, machines, products or combinations of ma-
terials or any new and useful improvements to them. Ac-
cordingly, all aspects of the present disclosure may be
performed entirely by hardware, may be performed en-
tirely by softwares (including firmware, resident soft-
wares, microcode, etc.), or may be performed by a com-
bination of hardware and softwares. The above hardware
or softwares can be referred to as "data block", "module",
"engine", "unit", "component" or "system". In addition, as-
pects of the present disclosure may appear as a compu-
ter product located in one or more computer-readable
media, the product including computer-readable pro-
gram code.
[0239] Furthermore, the recited order of processing el-

ements or sequences, or the use of numbers, letters, or
other designations therefore, is not intended to limit the
claimed processes and methods to any order except as
may be specified in the claims. Although the above dis-
closure discusses through various examples what is cur-
rently considered to be a variety of useful embodiments
of the disclosure, it is to be understood that such detail
is solely for that purpose, and that the appended claims
are not limited to the disclosed embodiments, but, on the
contrary, are intended to cover modifications and equiv-
alent arrangements that are within the spirit and scope
of the disclosed embodiments. For example, although
the implementation of various components described
above may be embodied in a hardware device, it may
also be implemented as a software only solution, e.g.,
an installation on an existing server or mobile device.
[0240] Similarly, it should be appreciated that in the
foregoing description of embodiments of the present dis-
closure, various features are sometimes grouped togeth-
er in a single embodiment, figure, or description thereof
for the purpose of streamlining the disclosure aiding in
the understanding of one or more of the various embod-
iments. However, this disclosure does not mean that the
present disclosure object requires more features than
the features mentioned in the claims. Rather, claimed
subject matter may lie in less than all features of a single
foregoing disclosed embodiment.
[0241] In some embodiments, the numbers expressing
quantities of ingredients, properties, and so forth, used
to describe and claim certain embodiments of the appli-
cation are to be understood as being modified in some
instances by the term "about," "approximate," or "sub-
stantially" and etc. Unless otherwise stated, "about," "ap-
proximate," or "substantially" may indicate 620% varia-
tion of the value it describes. Accordingly, in some em-
bodiments, the numerical parameters set forth in the de-
scription and attached claims are approximations that
may vary depending upon the desired properties sought
to be obtained by a particular embodiment. In some em-
bodiments, numerical data should take into account the
specified significant digits and use an algorithm reserved
for general digits. Notwithstanding that the numerical
ranges and parameters configured to illustrate the broad
scope of some embodiments of the present disclosure
are approximations, the numerical values in specific ex-
amples may be as accurate as possible within a practical
scope.
[0242] At last, it should be understood that the embod-
iments described in the present application are merely
illustrative of the principles of the embodiments of the
present application. Other modifications that may be em-
ployed may be within the scope of the application. Thus,
by way of example, but not of limitation, alternative con-
figurations of the embodiments of the application may be
utilized in accordance with the teachings herein. Accord-
ingly, embodiments of the present disclosure are not lim-
ited to that precisely as shown and described.
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Claims

1. A magnetic circuit assembly of a bone conduction
speaker, wherein the magnetic circuit assembly gen-
erates a first magnetic field, and the magnetic circuit
assembly includes:

a first magnetic element generating a second
magnetic field;
a first magnetic guide element; and
at least one second magnetic element config-
ured to surround the first magnetic element, a
magnetic gap being configured between the at
least one second magnetic element and the first
magnetic element, wherein a magnetic field
strength of the first magnetic field within the
magnetic gap exceeds a magnetic field strength
of the second magnetic field within the magnetic
gap.

2. The magnetic circuit assembly of claim 1, wherein
an included angle between a magnetization direction
of the at least one second magnetic element and a
magnetization direction of the first magnetic element
is in a range from 45 degrees to 135 degrees.

3. The magnetic circuit assembly of claim 2, wherein
the included angle between the magnetization direc-
tion of the at least one second magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

4. The magnetic circuit assembly of claim 1, further
comprising:

a second magnetic guide element; and
at least one third magnetic element connected
with the second magnetic guide element and the
at least one second magnetic element.

5. The magnetic circuit assembly of claim 4, wherein
an included angle between a magnetization direction
of the at least one third magnetic element and a mag-
netization direction of the first magnetic element is
in a range from 45 degrees to 135 degrees.

6. The magnetic circuit assembly of claim 5, wherein
the included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

7. The magnetic circuit assembly of claim 5, further
comprising:
at least one fourth magnetic element located below
the magnetic gap, wherein the at least one fourth
magnetic element is connected with the first mag-
netic element and the second magnetic guide ele-

ment.

8. The magnetic circuit assembly of claim 7, wherein
an included angle between a magnetization direction
of the at least one fourth magnetic element and the
magnetization direction of the first magnetic element
is in a range from 45 degrees to 135 degrees.

9. The magnetic circuit assembly of claim 8, wherein
the included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement does not exceed 90 degrees.

10. The magnetic circuit assembly of claim 4, further
comprising:
at least one fifth magnetic element connected with
an upper surface of the first magnetic guide element.

11. The magnetic circuit assembly of claim 10, wherein
an included angle between a magnetization direction
of the at least one fifth magnetic element and a mag-
netization direction of the first magnetic element is
in a range from 150 degrees to 180 degrees.

12. The magnetic circuit assembly of claim 10, wherein
a ratio of a thickness of the first magnetic element
to a sum of the thickness of the first magnetic ele-
ment, a thickness of the at least one fifth magnetic
element, and a thickness of the first magnetic guide
element ranges from 0.4 to 0.6.

13. The magnetic circuit assembly of claim 10, wherein
the thickness of the at least one fifth magnetic ele-
ment is equal to the thickness of the first magnetic
element.

14. The magnetic circuit assembly of claim 10, wherein
the thickness of the at least one fifth magnetic ele-
ment is less than the thickness of the first magnetic
element.

15. The magnetic circuit assembly of claim 10, further
comprising:
a third magnetic guide element connected with an
upper surface of the fifth magnetic element, wherein
the third magnetic guide element is configured to
suppress leakage of a field strength of the first mag-
netic field.

16. The magnetic circuit assembly of claim 4, wherein
the first magnetic guide element is connected with
an upper surface of the first magnetic element, the
second magnetic guide element includes a base-
plate and a side wall, and the first magnetic element
is connected with the baseplate of the second mag-
netic guide element.
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17. The magnetic circuit assembly of claim 4, further
comprising:
at least one conductive element connected with at
least one of the first magnetic element, the first mag-
netic guide element, or the second magnetic guide
element.

18. A magnetic circuit assembly of a bone conduction
speaker, wherein the magnetic assembly generates
a first magnetic field, the magnetic circuit assembly
includes:

a first magnetic element generating a second
magnetic field;
a first magnetic guide element;
a second magnetic guide element configured to
magnetic guide element surround the first mag-
netic element, a magnetic gap being configured
between the at least one second magnetic ele-
ment and the first magnetic element; and
at least one second magnetic element located
below the magnetic gap, wherein a magnetic
field strength of the first magnetic field within the
magnetic gap exceeds a magnetic field strength
of the second magnetic field within the magnetic
gap.

19. The magnetic circuit assembly of claim 18, wherein
an included angle between the magnetization direc-
tion of the at least one second magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

20. The magnetic circuit assembly of claim 19, wherein
the included angle between the magnetization direc-
tion of the at least one second magnetic element and
the magnetization direction of the first magnetic el-
ement does not exceed 90 degrees.

21. The magnetic circuit assembly of claim 18, further
comprising:
at least one third magnetic element connected with
the second magnetic guide element.

22. The magnetic circuit assembly of claim 21, wherein
an included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

23. The magnetic circuit assembly of claim 22, wherein
the included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

24. The magnetic circuit assembly of claim 21, further
comprising:

at least one fourth magnetic element located be-
tween the second magnetic guide element and the
at least one third magnetic element.

25. The magnetic circuit assembly of claim 24, wherein
an included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

26. The magnetic circuit assembly of claim 25, wherein
the included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

27. The magnetic circuit assembly of any one of claim
18 to claim 26, further comprising:
a magnetic shield configured to encompass the first
magnetic element, the first magnetic guide element,
the second magnetic guide element, and the second
magnetic element.

28. The magnetic circuit assembly of claim 18, wherein
the second magnetic guide element is connected
with the at least one second magnetic element, and
a connection surface between the second magnetic
guide element and the at least one second magnetic
element includes a cross section in a wedge shape.

29. The magnetic circuit assembly of claim 18, further
comprising:
at least one fifth magnetic element connected with
an upper surface of the first magnetic guide element.

30. The magnetic circuit assembly of claim 29, wherein
an included angle between the magnetization direc-
tion of the at least one fifth magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 150 degrees to 180 degrees.

31. The magnetic circuit assembly of claim 29, wherein
a ratio of a thickness of the at least one fifth magnetic
element to a sum of the thickness of the first magnetic
element, a thickness of the at least one fifth magnetic
element, and a thickness of the first magnetic guide
element ranges from 0.4 to 0.6.

32. The magnetic circuit assembly of claim 29, wherein
the thickness of the fifth magnetic element is equal
to the thickness of the first magnetic element.

33. The magnetic circuit assembly of claim 18, further
comprising:
at least one conductive element connected with at
least one of the first magnetic element, the first mag-
netic guide element, or the second magnetic ele-
ment.
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34. A magnetic circuit assembly of a bone conduction
speaker, wherein the magnetic circuit assembly gen-
erates a first magnetic field, and the magnetic circuit
assembly includes:

a first magnetic element generating a second
magnetic field;
a first magnetic guide element;
a second magnetic guide element, at least a por-
tion of the second magnetic guide element being
configured to surround the first magnetic ele-
ment and a magnetic gap being configured be-
tween the second magnetic guide element and
the first magnetic element; and
at least one second magnetic element connect-
ed with an upper surface of the first magnetic
guide element, wherein a magnetic field
strength of the first magnetic field within the
magnetic gap exceeds a magnetic field strength
of the second magnetic field within the magnetic
gap.

35. The magnetic circuit assembly of claim 34, wherein
an included angle between the magnetization direc-
tion of the at least one second magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 150 degrees to 180 degrees.

36. The magnetic circuit assembly of claim 34, wherein
a ratio of a thickness of the first magnetic element
to a sum of the thickness of the first magnetic ele-
ment, a thickness of the at least one second mag-
netic element, and a thickness of the first magnetic
guide element ranges from 0.4 to 0.6.

37. The magnetic circuit assembly of claim 34, wherein
the thickness of the at least one second magnetic
element is equal to the thickness of the first magnetic
element.

38. The magnetic circuit assembly of claim 34, wherein
the thickness of the at least one second magnetic
element is less than the thickness of the first mag-
netic element.

39. The magnetic circuit assembly of claim 34, further
comprising:
at least one third magnetic element configured to
surround the at least one second magnetic element.

40. The magnetic circuit assembly of claim 39, wherein
an included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

41. The magnetic circuit assembly of claim 40, wherein
the included angle between the magnetization direc-

tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

42. The magnetic circuit assembly of claim 39, further
comprising:
at least one fourth magnetic element, wherein the at
least one fourth magnetic element is connected with
the second magnetic guide element and the at least
one third magnetic element.

43. The magnetic circuit assembly of claim 42, wherein
an included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

44. The magnetic circuit assembly of claim 43, wherein
the included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

45. The magnetic circuit assembly of claim 34, further
comprising:
at least one fifth magnetic element located below the
magnetic gap, wherein the at least one fifth magnetic
element is connected with the first magnetic element
and the second magnetic guide element.

46. The magnetic circuit assembly of claim 45, wherein
an included angle between the magnetization direc-
tion of the at least one fifth magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

47. The magnetic circuit assembly of claim 46, wherein
the included angle between the magnetization direc-
tion of the at least one fifth magnetic element and
the magnetization direction of the first magnetic el-
ement does not exceed90 degrees.

48. The magnetic circuit assembly of claim 46, further
comprising:
a third magnetic guide element connected with the
at least one second magnetic element.

49. A magnetic circuit assembly of a bone conduction
speaker, comprising:

a first magnetic element generating a first mag-
netic field;
a first magnetic guide element; and
at least one second magnetic element config-
ured to surround the first magnetic element, a
magnetic gap being configured between the at
least one second magnetic element and the first
magnetic element, wherein the at least one sec-
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ond magnetic element generates a second mag-
netic field, the second magnetic field increases
a magnetic field strength of the first magnetic
field within the magnetic gap.

50. The magnetic circuit assembly of claim 49, wherein
an included angle between the magnetization direc-
tion of the at least one second magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

51. The magnetic circuit assembly of claim 49, further
comprising:

a second magnetic guide element; and
at least one third magnetic element connected
with the second magnetic guide element and the
at least one second magnetic element, wherein
the at least one third magnetic element gener-
ates a third magnetic field, the third magnetic
field increases the magnetic field strength of the
first magnetic field within the magnetic gap.

52. The magnetic circuit assembly of claim 51, wherein
an included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

53. The magnetic circuit assembly of claim 51, further
comprising:
at least one fourth magnetic element located below
the magnetic gap, wherein the at least one fourth
magnetic element is connected with the first mag-
netic element and the second magnetic guide ele-
ment, the at least one fourth magnetic element gen-
erates a fourth magnetic field, and the fourth mag-
netic field increases the magnetic field strength of
the first magnetic field within the magnetic gap.

54. The magnetic circuit assembly of claim 53, wherein
the magnetization direction of the at least one fourth
magnetic element and the magnetization direction
of the first magnetic element is in a range from 45
degrees and 135 degrees.

55. The magnetic circuit assembly of claim 51, further
comprising:
at least one fifth magnetic element connected with
an upper surface of the first magnetic guide element,
wherein the at least one fifth magnetic element gen-
erates a fifth magnetic field, and the fifth magnetic
field increases the magnetic field strength of the first
magnetic field within the magnetic gap.

56. The magnetic circuit assembly of claim 55, wherein
an included angle between the magnetization direc-
tion of the at least one fifth magnetic element and

the magnetization direction of the first magnetic el-
ement is in a range from 150 degrees to 180 degrees.

57. The magnetic circuit assembly of claim 55, wherein
a ratio of a thickness of the first magnetic element
to a sum of the thickness of the first magnetic ele-
ment, a thickness of the at least one fifth magnetic
element, and a thickness of the first magnetic guide
element ranges from 0.4 to 0.6.

58. The magnetic circuit assembly of claim 55, wherein
the thickness of the at least one fifth magnetic ele-
ment is equal to the thickness of the first magnetic
element.

59. The magnetic circuit assembly of claim 55, wherein
the thickness of the at least one fifth magnetic ele-
ment is less than the thickness of the first magnetic
element.

60. The magnetic circuit assembly of claim 55, further
comprising:
a third magnetic guide element connected with an
upper surface of the fifth magnetic element, wherein
the third magnetic guide element is configured to
suppress leakage of a field strength of the first mag-
netic field and the second magnetic field.

61. The magnetic circuit assembly of claim 55, wherein
the first magnetic guide element is connected with
an upper surface of the first magnetic element, the
second magnetic guide element includes a base-
plate and a side wall, and the first magnetic element
is connected with the baseplate of the second mag-
netic guide element.

62. The magnetic circuit assembly of claim 55, further
comprising:
at least one conductive element connected with at
least one of the first magnetic element, the first mag-
netic guide element, or the second magnetic guide
element.

63. A magnetic circuit assembly of a bone conduction
speaker, comprising:

a first magnetic element generating a first mag-
netic field;
a first magnetic guide element;
a second magnetic guide element configured to
magnetic guide element surround the first mag-
netic element, a magnetic gap being configured
between the at least one second magnetic ele-
ment and the first magnetic element; and
at least one second magnetic element located
below the magnetic gap, wherein the at least
one second magnetic element generates a sec-
ond magnetic field, the second magnetic field
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increases a magnetic induction strength of the
first magnetic field within the magnetic gap.

64. The magnetic circuit assembly of claim 63, wherein
an included angle between the magnetization direc-
tion of the at least one second magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

65. The magnetic circuit assembly of claim 63, further
comprising:
at least one third magnetic element connected with
the second magnetic guide element, wherein the at
least one third magnetic element generates a third
magnetic field, the third magnetic field increases a
magnetic field strength of the first magnetic field with-
in the magnetic gap.

66. The magnetic circuit assembly of claim 65, wherein
an included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

67. The magnetic circuit assembly of claim 63, further
comprising:
at least one fourth magnetic element located be-
tween the second magnetic guide element and the
at least one third magnetic element.

68. The magnetic circuit assembly of claim 67, wherein
an included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

69. The magnetic circuit assembly of any one of claim
63 to claim 68, further comprising:
a magnetic shield configured to encompass the first
magnetic element, the first magnetic guide element,
the second magnetic guide element, and the second
magnetic element.

70. The magnetic circuit assembly of claim 63, wherein
the second magnetic guide element is connected
with the at least one second magnetic element, and
a connection surface between the second magnetic
guide element and the at least one second magnetic
element includes a cross section in a wedge shape.

71. The magnetic circuit assembly of claim 63, further
comprising:
at least one fifth magnetic element connected with
an upper surface of the first magnetic guide element,
wherein the at least one fifth magnetic element gen-
erates a fifth magnetic field, the fifth magnetic field
increases the magnetic field strength of the first mag-
netic field within the magnetic gap.

72. The magnetic circuit assembly of claim 71, wherein
an included angle between the magnetization direc-
tion of the at least one fifth magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 150 degrees to 180 degrees.

73. The magnetic circuit assembly of claim 71, wherein
a ratio of a thickness of the at least one fifth magnetic
element to a sum of the thickness of the first magnetic
element, a thickness of the at least one fifth magnetic
element, and a thickness of the first magnetic guide
element ranges from 0.4 to 0.6.

74. The magnetic circuit assembly of claim 71, wherein
the thickness of the fifth magnetic element is less
than or equal to the thickness of the first magnetic
element.

75. The magnetic circuit assembly of claim 71, further
comprising:
a third magnetic guide element connected with an
upper surface of the fifth magnetic element, wherein
the third magnetic guide element is configured to
suppress leakage of a field strength of the first mag-
netic field and the second magnetic field.

76. The magnetic circuit assembly of claim 63, further
comprising:
at least one conductive element connected with at
least one of the first magnetic element, the first mag-
netic guide element, or the second magnetic ele-
ment.

77. A magnetic circuit assembly of a bone conduction
speaker, comprising:

a first magnetic element generating a first mag-
netic field;
a first magnetic guide element;
a second magnetic guide element, at least a por-
tion of the second magnetic guide element being
configured to surround the first magnetic ele-
ment and a magnetic gap being configured be-
tween the at least one second magnetic element
and the first magnetic element; and
at least one second magnetic element connect-
ed with an upper surface of the first magnetic
guide element, wherein the at least one second
magnetic element generates a second magnetic
field, the second magnetic field increases a
magnetic field strength of the first magnetic field
within the magnetic gap.

78. The magnetic circuit assembly of claim 77, wherein
an included angle between the magnetization direc-
tion of the at least one second magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 150 degrees to 180 degrees.
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79. The magnetic circuit assembly of claim 77, wherein
a ratio of a thickness of the first magnetic element
to a sum of the thickness of the first magnetic ele-
ment, a thickness of the at least one second mag-
netic element, and a thickness of the first magnetic
guide element ranges from 0.4 to 0.6.

80. The magnetic circuit assembly of claim 77, wherein
the thickness of the at least one second magnetic
element is equal to the thickness of the first magnetic
element.

81. The magnetic circuit assembly of claim 77, wherein
the thickness of the at least one second magnetic
element is less than the thickness of the first mag-
netic element.

82. The magnetic circuit assembly of claim 77, further
comprising:
at least one third magnetic element configured to
surround the at least one second magnetic element.

83. The magnetic circuit assembly of claim 82, wherein
an included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

84. The magnetic circuit assembly of claim 83, wherein
the included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

85. The magnetic circuit assembly of claim 82, further
comprising:
at least one fourth magnetic element, wherein the at
least one fourth magnetic element is connected with
the second magnetic guide element and the at least
one third magnetic element.

86. The magnetic circuit assembly of claim 85, wherein
an included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

87. The magnetic circuit assembly of claim 86, wherein
the included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

88. The magnetic circuit assembly of claim 77, further
comprising:
at least one fifth magnetic element located below the
magnetic gap, wherein the at least one fifth magnetic
element is connected with the first magnetic element

and the second magnetic guide element.

89. The magnetic circuit assembly of claim 88, wherein
an included angle between the magnetization direc-
tion of the at least one fifth magnetic element and
the magnetization direction of the first magnetic el-
ement is in a range from 45 degrees to 135 degrees.

90. The magnetic circuit assembly of claim 89, wherein
the included angle between the magnetization direc-
tion of the at least one fifth magnetic element and
the magnetization direction of the first magnetic el-
ement does not exceed90 degrees.

91. The magnetic circuit assembly of claim 89, further
comprising:
a third magnetic guide element connected with the
at least one second magnetic element.

92. A magnetic circuit assembly of a bone conduction
speaker, wherein the magnetic assembly generates
a first magnetic field, the magnetic circuit assembly
includes:

a first magnetic element generating a second
magnetic field;
a first magnetic guide element;
a second magnetic guide element, wherein the
second magnetic guide element includes a
baseplate and a side wall, the baseplate of the
second magnetic guide element is connected
with the first magnetic element;
at least one second magnetic element, wherein
the at least one second magnetic element is con-
nected with the side wall of the second magnetic
guide element, a magnetic gap being configured
between the at least one second magnetic ele-
ment and the first magnetic element; and
at least one third magnetic element, wherein the
at least one third magnetic element is connected
with the baseplate and the side wall of the sec-
ond magnetic guide element, a magnetic field
strength of the first magnetic field within the
magnetic gap exceeds a magnetic field strength
of the second magnetic field within the magnetic
gap.

93. The magnetic circuit assembly of claim 92, wherein
an included angle between the magnetization direc-
tion of the at least one second magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

94. The magnetic circuit assembly of claim 92, wherein
the included angle between the magnetization direc-
tion of the at least one third magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.
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95. The magnetic circuit assembly of claim 92, further
comprising:
at least one fourth magnetic element, wherein the at
least one fourth magnetic element is connected with
an upper surface of the at least one second magnetic
element and the side wall of the second magnetic
guide element.

96. The magnetic circuit assembly of claim 95, wherein
an included angle between the magnetization direc-
tion of the at least one fourth magnetic element and
the magnetization direction of the first magnetic el-
ement is not less than 90 degrees.

97. The magnetic circuit assembly of claim 92, further
comprising:
at least one fifth magnetic element connected with
an upper surface of the first magnetic guide element.

98. The magnetic circuit assembly of claim 97, wherein
the included angle between the magnetization direc-
tion of the at least one fifth magnetic element and a
magnetization direction of the first magnetic element
is in a range from 150 degrees to 180 degrees.

99. The magnetic circuit assembly of claim 97, wherein
a ratio of a thickness of the first magnetic element
to a sum of the thickness of the first magnetic ele-
ment, a thickness of the at least one fifth magnetic
element, and a thickness of the first magnetic guide
element ranges from 0.4 to 0.6.

100.The magnetic circuit assembly of claim 97, wherein
the thickness of the at least one fifth magnetic ele-
ment is less than or equal to the thickness of the first
magnetic element.

101.The magnetic circuit assembly of claim 97, further
comprising:
a third magnetic guide element connected with an
upper surface of the fifth magnetic element, wherein
the third magnetic guide element is configured to
suppress leakage of a field strength of the first mag-
netic field.

102.The magnetic circuit assembly of claim 92, further
comprising:
at least one conductive element connected with at
least one of the first magnetic element, the first mag-
netic guide element, or the second magnetic guide
element.

103.A bone conduction speaker, comprising:

a vibration assembly including a voice coil and
at least one vibration plate;
a magnetic circuit assembly, including:

a first magnetic element generating a first
magnetic field;
a first magnetic guide element; and
at least one second magnetic element con-
figured to surround the first magnetic ele-
ment, a magnetic gap being configured be-
tween the at least one second magnetic el-
ement and the first magnetic element,
wherein the voice coil is located within the
magnetic gap, the at least one second mag-
netic element generates a second magnetic
field, the first magnetic field and the second
magnetic field increase a magnetic field
strength of the first magnetic field at the
voice coil.

104.The bone conduction speaker of claim 103, wherein
the shape of the voice coil includes an ellipse or a
rectangle.

105.The bone conduction speaker of claim 103, wherein
the magnetic circuit assembly includes:
a second magnetic guide element, wherein the sec-
ond magnetic guide element is connected with the
second magnetic element.

93 94 



EP 3 723 388 A1

49



EP 3 723 388 A1

50



EP 3 723 388 A1

51



EP 3 723 388 A1

52



EP 3 723 388 A1

53



EP 3 723 388 A1

54



EP 3 723 388 A1

55



EP 3 723 388 A1

56



EP 3 723 388 A1

57



EP 3 723 388 A1

58



EP 3 723 388 A1

59



EP 3 723 388 A1

60



EP 3 723 388 A1

61



EP 3 723 388 A1

62



EP 3 723 388 A1

63



EP 3 723 388 A1

64



EP 3 723 388 A1

65



EP 3 723 388 A1

66



EP 3 723 388 A1

67



EP 3 723 388 A1

68



EP 3 723 388 A1

69



EP 3 723 388 A1

70



EP 3 723 388 A1

71



EP 3 723 388 A1

72



EP 3 723 388 A1

73



EP 3 723 388 A1

74



EP 3 723 388 A1

75



EP 3 723 388 A1

76



EP 3 723 388 A1

77



EP 3 723 388 A1

78



EP 3 723 388 A1

79



EP 3 723 388 A1

80



EP 3 723 388 A1

81



EP 3 723 388 A1

82



EP 3 723 388 A1

83



EP 3 723 388 A1

84

5

10

15

20

25

30

35

40

45

50

55



EP 3 723 388 A1

85

5

10

15

20

25

30

35

40

45

50

55



EP 3 723 388 A1

86

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• CN 2018071751 W [0001]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

