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(54) LOUDSPEAKER AND EARPHONE

(57)  The present invention relates to a loudspeaker
and an earphone. The loudspeaker comprises: a mag-
netic circuit assembly; a voice coil assembly; and a first
diaphragm and a second diaphragm spaced apart from
each other in a vibration direction. The voice coil as-
sembly comprises a first voice coil connected to the
first diaphragm and a second voice coil connected to
the second diaphragm; and the first voice coil and the
second voice coil respectively drive the first diaphragm
and the second diaphragm to vibrate synchronously in
opposite directions. The magnetic circuit assembly
comprises a magnetically conductive cover and an in-
ternal magnet; the magnetically conductive cover has a
side wall and a bottom wall; the side wall comprises a
corrugated structure; the corrugated structure has an
inner side wall and an outer side wall spaced apart from
each other, and an extension portion connecting the
inner side wall and the outer side wall; the bottom wall
is connected to the inner side wall; a first magnetic gap
is formed between the inner side wall and the internal
magnet; a second magnetic gap is formed between the
inner side wall and the outer side wall; the first voice
coil is at least partially located in the first magnetic gap:
and the second voice coil is at least partially located in
the second magnetic gap. The first diaphragm and the

second diaphragm vibrate synchronously in opposite
directions, thereby effectively improving the output cap-
ability of the loudspeaker, and thus satisfying the use
effect of specific scenarios.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Pa-
tent Application No. 202410966001.5, filed on July 17,
2024, the contents of which are hereby incorporated by
reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of
acoustic technology, and in particular to a speaker and
an earphone.

BACKGROUND

[0003] As the demand of people for life quality in-
creases, consumers have higher requirements for ear-
phones. In addition to stable output performance, the
earphone is also required to shield environmental noise
for normal listening in noisy or even high-noise environ-
ments. Consequently, the noise reduction performance
of the earphone greatly affects the comfort of use for a
user.

[0004] Therefore, itis necessary to provide a speaker
and an earphone to improve the noise reduction effect
of an acoustic device.

SUMMARY

[0005] One or more embodiments of the present dis-
closure provide a speaker, comprising: a magnetic cir-
cuit assembly; a voice coil assembly, at least a portion
of the voice coil assembly being located within a mag-
netic gap of the magnetic circuit assembly; a first dia-
phragm and a second diaphragm, the first diaphragm
and the second diaphragm being spaced apart in a
vibration direction; wherein the voice coil assembly in-
cludes a first voice coil and a second voice coil ar-
ranged along the vibration direction, the first diaphragm
is connected to the first voice coil, and the second dia-
phragm is connected to the second voice coil; the first
voice coil and the second voice coil are configured to
respectively drive the first diaphragm and the second
diaphragm to vibrate synchronously in opposite direc-
tions; wherein the magnetic circuit assembly includes a
magnetic shield and an inner magnet, the magnetic
shield includes a side wall and a bottom wall, the side
wall includes a folded structure, the folded structure
includes an inner side wall and an outer side wall
spaced apart in a direction perpendicular to the vibra-
tion direction, and an extension portion connecting the
inner side wall and the outer side wall, the bottom wall
is connected to the inner side wall, a first magnetic gap
is formed between the inner side wall and the inner
magnet, a second magnetic gap is formed between the
inner side wall and the outer side wall, at least a portion
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of the first voice coil is located within the first magnetic
gap, and at least a portion of the second voice coil is
located within the second magnetic gap.

[0006] One or more embodiments of the present dis-
closure also provide an earphone, comprising the
speaker as described above, the earphone further
comprising: a first housing, the speaker being arranged
within the first housing; the first diaphragm of the
speaker and an inner wall of the first housing form a
first acoustic cavity, the second diaphragm of the
speaker and another inner wall of the first housing form
a second acoustic cavity, and a third acoustic cavity is
formed between the first diaphragm and the second
diaphragm; wherein the speaker further includes a
frame, the frame is located between the first diaphragm
and the second diaphragm in the vibration direction; an
opening is provided on the frame, and the opening is in
acoustic communication with the third acoustic cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present disclosure will be further illu-
strated by way of exemplary embodiments, which will
be described in detail with reference to the accompany-
ing drawings. These embodiments are not limiting, and
in these embodiments, like numerals denote like struc-
tures, wherein:

FIG. 1 is a schematic diagram illustrating an ex-
emplary physiological structure of an ear according
to some embodiments of the present disclosure;
FIG. 2 is a schematic diagram illustrating a wearing
state of an earphone when worn on an ear accord-
ing to some embodiments of the present disclo-
sure;

FIG. 3 is a block diagram illustrating a sound gen-
erating portion according to some embodiments of
the present disclosure;

FIG. 4 is a schematic diagram illustrating an inter-
nal structure of a sound generating portion accord-
ing to some embodiments of the present disclo-
sure;

FIG. 5 is a schematic diagram illustrating fre-
quency response curves output by a first sound
outlet hole and a second sound outlet hole of an
earphone shown in FIG. 4;

FIG. 6 is a schematic diagram illustrating another
exemplary structure of a speaker according to
some embodiments of the present disclosure;

FIG. 7 is a schematic diagram illustrating an inter-
nal structure of the speaker shown in FIG. 6;

FIG. 8 is a schematic diagram illustrating fre-
quency response curves of an earphone corre-
sponding to different pressure relief holes accord-
ing to some embodiments of the present disclo-
sure;

FIG. 9 is a schematic diagram illustrating another
structure of an earphone according to some embo-
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diments of the present disclosure;

FIGS. 10A-10D are schematic diagrams illustrating
distributions of a first pressure relief hole and a
second pressure relief hole with different dimen-
sions according to some embodiments of the pre-
sent disclosure;

FIGS. 11A-11D are schematic diagrams illustrating
frequency response curves of earphones corre-
sponding to FIGS. 10A-10D;

FIG. 12 is a schematic diagram illustrating a struc-
ture of a first housing according to some embodi-
ments of the present disclosure;

FIGS. 13A-13B are schematic diagrams illustrating
different relative positions of a first pressure relief
hole and a second pressure relief hole according to
some embodiments of the present disclosure;

FIG. 14 is a schematic diagram illustrating a first
pressure relief hole and a second pressure relief
hole with different dimensions according to some
embodiments of the present disclosure;

FIGS. 15A-15B are schematic diagrams illustrating
pressure relief holes with different shapes accord-
ing to some embodiments of the present disclo-
sure;

FIGS. 16A-16B are schematic diagrams illustrating
different counts of pressure relief holes according
to some embodiments of the present disclosure;
FIGS. 17A-17F are schematic diagrams illustrating
pressure relief holes with non-single concentrated
openings in different distributions according to
some embodiments of the present disclosure;

FIG. 18 is a schematic diagram illustrating a rela-
tive position between a first sound outlet hole and a
tuning hole according to some embodiments of the
present disclosure;

FIGS. 19A-19G are schematic diagrams illustrating
different exemplary structures of a speaker accord-
ing to some embodiments of the present disclo-
sure;

FIG. 20 is a schematic diagram illustrating another
structure of a speaker according to some embodi-
ments of the present disclosure;

FIG. 21A is a schematic diagram illustrating a
structure of a frame according to some embodi-
ments of the present disclosure;

FIG. 21B is a schematic diagram illustrating a posi-
tion of a frame and an outer magnet according to
some embodiments of the present disclosure;

FIG. 22 is a schematic diagram illustrating another
structure of a cross section of a sound generating
assembly according to some embodiments of the
present disclosure; and

FIG. 23 is a structural exploded diagram illustrating
a speaker according to some embodiments of the
present disclosure.
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DETAILED DESCRIPTION

[0008] In order to more clearly describe technical so-
lutions of the embodiments of the present disclosure, a
brief introduction to drawings to be used in a descrip-
tion of the embodiments will be provided below. It is
apparent that the drawings in the following descriptions
are merely some examples or embodiments of the pre-
sent disclosure, and a person of ordinary skill in the art
may apply the present disclosure to other similar sce-
narios based on the drawings without inventive effort.
Unless otherwise apparent from the context or stated
otherwise, the same reference numerals in the draw-
ings represent the same structures or operations.
[0009] It should be understood that the words ’sys-
tem’, 'device’, 'unit’, and/or ‘'module’ as used herein are
a manner configured to distinguish between different
components, elements, parts, portions, or assemblies
of different levels. However, if other words may achieve
the same purpose, the words may be replaced by other
expressions.

[0010] As shown in the present disclosure and
claims, unless the context clearly indicates otherwise,
words such as ’a’, ’an’, and/or 'the’ are not specifically
limited to the singular, but may also include the plural.
Generally speaking, terms 'comprising’ and ’including’
merely suggest inclusion of explicitly identified steps
and elements, and these steps and elements do not
constitute an exclusive list, and a manner or a device
may also include other steps or elements.

[0011] Flowcharts are used in the present disclosure
to illustrate operations performed by a system accord-
ing to embodiments of the present disclosure. It should
be understood that the preceding or subsequent opera-
tions are not necessarily performed in the exact order.
Instead, the steps may be processed in reverse order
or simultaneously. Meanwhile, other operations may
also be added to these processes, or one or more
steps may be removed from these processes.

[0012] FIG. 1 is a schematic diagram illustrating an
exemplary physiological structure of an ear according
to some embodiments of the present disclosure. Refer-
ring to FIG. 1, the ear includes physiological parts such
as an external auditory canal 11, a concha cavity 12, a
cavum concha 13, a triangular fossa 14, an antihelix
15, a scapha 16, a helix 17, an earlobe 18, a crus of
helix 19, or the like. Although the external auditory ca-
nal 11 has a certain depth and extends to an eardrum
of the ear, in the absence of specific instructions, the
external auditory canal 11 may be understood as an
opening away from the eardrum (that is, an earhole or
an ear canal opening). Further, the physiological parts
such as the concha cavity 12, the cavum concha 13,
and the triangular fossa 14 have a certain volume and
depth in a three-dimensional space, and the concha
cavity 12 is in direct communication with the external
auditory canal 11, that is, it may be simply regarded
that the aforementioned ear canal opening is located
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at a bottom of the concha cavity 12.

[0013] Since the physiological parts such as the ex-
ternal auditory canal 11, the concha cavity 12, the ca-
vum concha 13, and the triangular fossa 14 have a
certain depth and volume in a three-dimensional space,
regarding an earphone provided in some embodiments
of the present disclosure, stable wearing of the ear-
phone may be achieved with the aid of one or more
physiological parts of the ear.

[0014] Exemplarily, with the aid of other physiological
parts of the ear except the external auditory canal 11
(e.g., the cavum concha 13, the triangular fossa 14, the
antihelix 15, the scapha 16, the helix 17, or the like, or a
combination thereof), the wearing of the earphone is
achieved. For example, in a wearing state, an overall
structure or a partial structure of the earphone may be
in contact with an upper portion of the external auditory
canal 11 (e.g., one or more physiological parts such as
the cavum concha 13, the triangular fossa 14, the anti-
helix 15, the scapha 16, the helix 17, the crus of helix
19, or the like). Alternatively, in the wearing state, an
overall structure or a partial structure of the earphone
may be located within a first region P1 enclosed by
dashed lines in FIG. 1 and at least including the cavum
concha 13 and the triangular fossa 14, or may be lo-
cated within a second region P2 enclosed by dashed
lines in FIG. 1 and at least including the concha cavity
12. In addition, the overall structure or the partial struc-
ture of the earphone may be located at a front side of
the crus of helix 19 (that is, within a third region P3
enclosed by dashed lines in FIG. 1).

[0015] By virtue of other physiological parts of the
ear, except the external auditory canal 11, the wearing
of the earphone and transmission of sound are
achieved, which not only may free the external auditory
canal and reduce an impact of the earphone on ear
health of a user, but also may effectively improve user
experience of the earphone. For example, when the
user wears the earphone on a road, the earphone will
not block the external auditory canal 11. In this way, the
user may both receive a sound from the earphone and
receive ambient sounds (e.g., horn sounds, bicycle bell
sounds, surrounding human voices, traffic command
sounds, or the like), thereby being capable of effec-
tively reducing the occurrence of traffic accidents.
[0016] Since different users may have individual dif-
ferences, resulting in dimension differences, such as
different shapes, sizes, or the like, in the ear. To facil-
itate description and understanding and to reduce or
even eliminate individual differences of different users,
unless otherwise specified, the present disclosure pri-
marily describes structures of earphones in different
embodiments and their wearing manners on an ear
model with standard shape and dimensions, by taking
the ear model as a reference. For example, a simulator
including a head and its (left and right) ears (e.g.,
GRAS 45BC KEMAR) may be prepared based on the
ANSI:S3.36, S3.25, and IEC:60318-7 standards, as a
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reference for wearing the earphone, thereby presenting
scenarios where most users normally wear earphones.
[0017] The descriptions in the present disclosure
such as 'user wearing’, ’in a wearing state’, and under
a wearing state’ refer to the earphone described in the
present disclosure being worn on an ear of the afore-
mentioned simulator. Of course, considering that differ-
ent users have individual differences, the structures,
shapes, sizes, thicknesses, or the like of one or more
ear parts may be differentially designed according to
ears of different shapes and dimensions. These differ-
entiated designs may be manifested as characteristic
parameters of one or more parts of the earphone hav-
ing values in different ranges, so as to adapt to different
ears.

[0018] It should be noted that, in fields such as med-
icine, anatomy, or the like, three basic sections, namely
a sagittal plane, a coronal plane, and a horizontal
plane, and three basic axes, namely a sagittal axis, a
coronal axis, and a vertical axis, may be defined for a
human body. The sagittal plane refers to a section
made along an anterior-posterior direction of the body
and perpendicular to the ground, which divides the hu-
man body into left and right parts. The coronal plane
refers to a section made along a left-right direction of
the body and perpendicular to the ground, which di-
vides the human body into anterior and posterior parts.
The horizontal plane refers to a section made along a
superior-inferior direction of the body and parallel to the
ground, which divides the human body into upper and
lower parts. Correspondingly, the sagittal axis refers to
an axis along the anterior-posterior direction of the
body and perpendicular to the coronal plane. The cor-
onal axis refers to an axis along the left-right direction
of the body and perpendicular to the sagittal plane. The
vertical axis refers to an axis along the superior-inferior
direction of the body and perpendicular to the horizon-
tal plane.

[0019] Further, the ‘front side of the ear’ described in
the present disclosure is a concept relative to the 'rear
side of the ear’, where the former refers to a side of the
ear away from the head, and the latter refers to a side
of the ear facing the head. Both are for the user’s ear.
When the ear of the aforementioned simulator is ob-
served along a direction where the coronal axis of the
human body is located, a schematic diagram of a front
side contour of the ear shown in FIG. 1 may be ob-
tained.

[0020] It should be noted that the above description
regarding the ear is merely for the purpose of illustra-
tion and is not intended to limit the scope of the present
disclosure. For those skilled in the art, various changes
and modifications may be made according to the de-
scription of the present disclosure (e.g., a partial struc-
ture of the earphone may cover a portion or all of the
external auditory canal 11). These changes and modifi-
cations still fall within the protection scope of the pre-
sent disclosure.
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[0021] With continuous improvement of people’s liv-
ing demands, consumers’ demands for earphones are
also increasing. In addition to needing to have stable
output performance, earphones also need to be cap-
able of blocking ambient noise in a noisy or even high-
noise environment to perform normal listening. For in-
ear earphones, a sound outlet hole is located within the
user’s external auditory canal, and the user’s listening
is louder. Meanwhile, a portion of ambient noise will be
blocked outside the ear canal opening. At this time, it is
only necessary to utilize the noise reduction sound gen-
erated by the earphone to perform active noise reduc-
tion on the ambient noise transmitted into the ear canal.
For open-ear earphones that are not inserted into the
external auditory canal, given that a sound generating
portion of the open-ear earphone has a certain distance
from the external auditory canal and is unable to form a
closed sound transmission channel with the external
auditory canal, more ambient noise will be transmitted
into the external auditory canal, which will have a more
significant impact on the user’s listening experience. In
addition, since there is an open-type structure and a
certain distance between the sound outlet hole of the
open-ear earphone and the user’s ear canal opening, it
may also cause the sound output by the earphone to
leak to the surrounding environment, resulting in ob-
vious sound leakage. To improve the user experience
of open-ear earphones, e.g., to improve active noise
reduction effect, sound output effect, sound leakage re-
duction effect, or the like, it is necessary to allow the
earphone to provide higher-intensity output and have
lower distortion while taking into account miniaturiza-
tion and lightweighting, and at the same time make
amplitude frequency response and phase frequency re-
sponse of the earphone more stable and have smaller
fluctuations, and enable the earphone to have a rela-
tively flat output within a relatively wide frequency band
range, to provide higher sound output and/or meet the
demands for better noise reduction effects.

[0022] The present disclosure provides an earphone
that, in the context of open-ear earphones, improves
sound generation efficiency and enables the earphone
to have a relatively flat output over a wider frequency
range, thereby enhancing the sound output effect an-
d/or the active noise reduction effect.

[0023] FIG. 2 is a schematic diagram illustrating a
wearing state of an earphone when worn on an ear
according to some embodiments of the present disclo-
sure. FIG. 3 is a block diagram illustrating a sound
generating portion according to some embodiments of
the present disclosure.

[0024] Referring to FIG. 2 and FIG. 3, in some embo-
diments of the present disclosure, an open-ear ear-
phone (hereinafter referred to as the earphone) is pro-
vided, which includes a sound generating portion 100
and an ear hook. The ear hook is configured to place
the sound generating portion 100 at a position in a
vicinity of the ear, but not blocking the external auditory
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canal 11. It should be pointed out that, since different
users have individual differences, when the earphone
is worn by different users, the sound generating portion
100 may partially cover the external auditory canal 11,
but the external auditory canal 11 is still not blocked.
Detailed descriptions will be provided below.

[0025] The sound generating portion 100 includes a
first housing 110, a sound generating assembly, a mi-
crophone assembly 140, or the like. The sound gener-
ating assembly is arranged within the first housing 110.
The sound generating assembly may include a speaker
120. The speaker 120 can convert an electrical signal
into a corresponding mechanical vibration, thereby
generating a sound output (e.g., a noise reduction
sound, an audio played by the earphone, or the like).
Exemplarily, the sound generated by the speaker 120
may include the noise reduction sound. The noise re-
duction sound output to the exterior of the first housing
110 may have the same amplitude and opposite phase
as ambient noise in the vicinity of the external auditory
canal 11, to eliminate the ambient noise in the vicinity of
the external auditory canal 11, thereby achieving active
noise reduction. The sound generated by the speaker
120 may also include a call sound, a played audio, a
notification sound, or the like. After these sounds are
output to the exterior of the first housing 110, they may
be directed to the external auditory canal 11 to ensure
the user’s listening effect.

[0026] In some embodiments, the sound generating
assembly further includes a limiting assembly 130. The
limiting assembly 130 is configured to position and limit
the speaker 120 within the interior of the first housing
110. On the one hand, by fixing the speaker 120 within
the interior of the first housing 110 with the limiting as-
sembly 130, it may ensure that the sound generated by
the speaker 120 is stably output to the exterior of the
first housing 110 through an acoustic hole arranged on
the first housing 110. On the other hand, by limiting the
speaker 120 with the limiting assembly 130, it may
avoid the speaker 120 shaking relative to the first hous-
ing 110 during vibration, thereby ensuring sound output
performance of the sound generating portion 100.
[0027] The microphone assembly 140 may be config-
ured to collect sound signals (e.g., a user’s voice, am-
bient sound, or the like). Exemplarily, based on the am-
bient noise collected by the microphone assembly 140,
an output of the speaker 120 may be adjusted to cause
the sound output by the speaker 120 to include a sound
signal that cancels out the ambient noise, thereby
achieving active noise reduction by the earphone on
the ambient noise.

[0028] In some embodiments, the ear hook may in-
clude an ear hook housing and a battery assembly, a
circuit board assembly, or the like, disposed inside the
ear hook housing. Structures such as the battery as-
sembly, the speaker 120, and the microphone assem-
bly are electrically connected to the circuit board as-
sembly. The circuit board assembly may be understood
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as a collection of a main control board or a main board
of the earphone and related components. The circuit
board assembly plays a regulatory and management
role for all or a portion of functional components in the
earphone. For example, the circuit board assembly is
configured to perform conversion processing on electri-
cal signals in the earphone to support the realization of
various functions of the earphone (e.g., supporting the
earphone to realize power on/off, playback content
switching, volume increase/decrease, or the like)
[0029] Referring to FIG. 2, in some embodiments, the
ear hook may be divided into two portions along its
length direction, namely a battery portion 200 and a
adapter 300. The adapter portion 300 is connected be-
tween the battery portion 200 and the sound generating
portion 100. In the wearing state, a portion of the bat-
tery portion 200 (e.g., a portion occupied by the battery
assembly and the circuit board assembly) is hooked
between an auricle and the head. Another portion of
the battery portion 200 extends towards a side of the
auricle away from the head and is connected to the
adapter portion 300, thereby positioning the sound gen-
erating portion 100 near the external auditory canal 11
without blocking the external auditory canal 11, so that
the earphone functions as an open-ear earphone.
Further, the battery assembly, the circuit board assem-
bly, or the like, may be arranged in the battery portion
200. The adapter portion 300 may be provided with one
or more earphone buttons and with components such
as a transfer board, which are configured to electrically
connect the circuit board assembly with the speaker
120 and the microphone assembly 140. In some embo-
diments, the battery assembly, the circuit board assem-
bly, or the like, may be arranged at an end of the bat-
tery portion 200 away from the adapter portion 300, to
balance the center of the earphone and improve the
wearing comfort of the earphone.

[0030] In some embodiments, to improve stability of
the earphone in the wearing state, the earphone may
adopt any one or any combination of the following man-
ners. First, at least a portion of the ear hook is config-
ured as a conforming structure (e.g., an arc-shaped
barb-like shape) that conforms to at least one of the
rear side of the ear and the head, to increase the con-
tact area between the ear hook and the ear or the
head, thereby increasing the resistance of the ear-
phone detaching from the ear. Second, at least a por-
tion of the ear hook is configured as an elastic struc-
ture, thereby causing the ear hook to have a certain
elastic deformation amount in the wearing state, to in-
crease a pressure of the ear hook on the ear or the
head, thereby increasing the resistance of the ear-
phone detaching from the ear. Third, at least a portion
of the ear hook is configured to abut against the head in
the wearing state, thereby causing the ear hook to form
a reaction force for pressing the ear, to cause the
sound generating portion 100 to be pressed against
the front side of the ear, thereby increasing the resis-
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tance of the earphone detaching from the ear. Fourth,
the sound generating portion 100 and the ear hook are
configured to respectively clamp physiological parts
such as a region where the helix 17 is located and a
region where the concha cavity 12 is located, from the
front and rear sides of the ear in the wearing state,
thereby increasing the resistance of the earphone de-
taching from the ear. Fifth, the sound generating portion
100 is configured to at least partially extend into phy-
siological parts such as the concha cavity 12, the ca-
vum concha 13, the triangular fossa 14, and the scapha
16 in the wearing state, thereby increasing the resis-
tance of the earphone detaching from the ear.

[0031] In some embodiments, the earphone may be
combined with products such as glasses, headsets,
head-mounted display devices, augmented reality
(AR)/virtual reality (VR) helmets, or the like. For exam-
ple, the ear hook may be omitted or retained, and the
sound generating portion 100 is worn in a vicinity of a
user’s ear by manners such as suspension, clamping,
or the like.

[0032] FIG. 4 is a schematic diagram illustrating an
internal structure of a sound generating portion accord-
ing to some embodiments of the present disclosure.
[0033] Referring to FIG. 2, the sound generating por-
tion 100 may have a long axis direction and a short axis
direction that are perpendicular to a thickness direction
and orthogonal to each other. The long axis direction
may be defined as a direction having a maximum ex-
tension dimension in a shape of a two-dimensional pro-
jection plane of the sound generating portion 100 (e.g.,
a projection of the sound generating portion 100 on a
plane where its outer side surface is located or on the
sagittal plane). For example, when the projection shape
is a rectangle or an approximately rectangular shape,
the long axis direction is the length direction of the rec-
tangle or the approximately rectangular shape. The
short axis direction may be defined as a direction per-
pendicular to the long axis direction in the shape of the
projection of the sound generating portion 100 on the
sagittal plane. For example, when the projection shape
is a rectangle or an approximately rectangular shape,
the short axis direction is the width direction of the rec-
tangle or the approximately rectangular shape. The
thickness direction may be defined as a direction per-
pendicular to the two-dimensional projection plane. For
example, the thickness direction may be consistent
with a direction of the coronal axis, both pointing to the
left and right sides of the body. In some embodiments,
the thickness direction may also be defined as a direc-
tion in which a housing approaches or moves away
from the ear in the wearing state. In some embodi-
ments, when the sound generating portion 100 is in an
inclined state in the wearing state, the long axis direc-
tion and the short axis direction may still be parallel or
approximately parallel to the sagittal plane. The long
axis direction may have a certain angle with a direction
of the sagittal axis, that is, the long axis direction is
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accordingly inclined. The short axis direction may have
a certain angle with a direction of the vertical axis, that
is, the short axis direction is accordingly inclined. In
some embodiments, a whole or partial structure of the
housing of the sound generating portion 100 may ex-
tend into the concha cavity 12, that is to say, a projec-
tion of the housing of the sound generating portion 100
on the sagittal plane may have an overlapping portion
with a projection of the concha cavity 12 on the sagittal
plane. In some embodiments, the long axis direction
and the short axis direction of the speaker 120 are con-
sistent with the long axis direction and the short axis
direction of the sound generating portion 100.

[0034] Referring to FIG. 2 and FIG. 4, in some embo-
diments, the first housing 110 of the sound generating
portion 100 may include a plurality of different side
walls, such as an inner side surface 110a, an outer side
surface 110b, an upper side surface 110c, a lower side
surface 110d, a front side surface 110e, or the like. The
inner side surface 110a is a side surface of the first
housing 110 that faces the ear (e.g., the external audi-
tory canal 11) in the thickness direction in the wearing
state; the outer side surface 110b is a side surface of
the first housing 110 that is away from the ear (e.g., the
external auditory canal 11) in the thickness direction in
the wearing state; the upper side surface 110c is a side
surface of the first housing 110 that is close to the
user’s vertex in the short axis direction in the wearing
state; the lower side surface 110d is a side surface of
the first housing 110 that is away from the user’s vertex
in the short axis direction in the wearing state; and the
front side surface 110e is a side surface of the first
housing 110 that faces a rear of the ear in the long axis
direction in the wearing state. It may be understood that
these different side surfaces of the housing may coop-
eratively form an accommodating cavity of the sound
generating portion 100, and the sound generating as-
sembly (e.g., the speaker 120, or the like) is accommo-
dated within the accommodating cavity.

[0035] In order to effectively enhance the active noise
reduction effect of the earphone in an open application
scenario, the earphone may be designed to have a
relatively flat output in a relatively wide frequency band
range. In some embodiments, a frequency response
curve of the sound output by the earphone to an exter-
ior of the first housing 110 has a first resonance peak
and a second resonance peak, wherein a peak reso-
nance frequency of the first resonance peak is less
than a peak resonance frequency of the second reso-
nance peak. In some embodiments, the first resonance
peak and the second resonance peak refer to two ad-
jacent and continuous resonance peaks on the fre-
quency response curve, and a flat region is present on
the frequency response curve between these two reso-
nance peaks. In the frequency band range correspond-
ing to the flat region between the first resonance peak
and the second resonance peak, the earphone has a
better active noise reduction effect. Designing the first
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resonance peak and the second resonance peak may
affect a frequency range of the active noise reduction of
the earphone. Designing the flat region (e.g., the flat-
ness, the curve height of the flat region, or the like) may
affect the effect of the active noise reduction. For ex-
ample, the flatness of the flat region may reflect the
stability of the sound output by the earphone. The more
stable the output of the earphone is, the more conveni-
ent it is to perform active noise reduction, and the better
the active noise reduction effect is. For example, the
curve height of the flat region may reflect a magnitude
of the sound that the earphone can output. The larger
the sound that the earphone can output, the larger
noise for which the earphone can perform noise reduc-
tion, and the better the active noise reduction effect is.

[0036] In order to design the first resonance peak,
the second resonance peak, and the flat region be-
tween them, referring to FIG. 4, in some embodiments,
the speaker 120 may include a magnetic circuit assem-
bly 122, a voice coil assembly 123, a first diaphragm
121-1, and a second diaphragm 121-2. The voice coil
assembly 123 drives the first diaphragm 121-1 and the
second diaphragm 121-2 to vibrate synchronously in
opposite directions. At least a portion of the voice coil
assembly 123 is located within the magnetic gap of the
magnetic circuit assembly 122. The first diaphragm
121-1 and the second diaphragm 121-2 are spaced
apart in the vibration direction. The voice coil assembly
123 includes a first voice coil 123-1 and a second voice
coil 123-2 arranged along the vibration direction. The
first diaphragm 121-1 is connected to the first voice coil
123-1, and the second diaphragm 121-2 is connected
to the second voice coil 123-2. The first voice coil 123-1
and the second voice coil 123-2 are configured to re-
spectively drive the first diaphragm 121-1 and the sec-
ond diaphragm 121-2 to vibrate synchronously in oppo-
site directions. In this case, the first voice coil 123-1
and the second voice coil 123-2 are not directly con-
nected, and relative movement may occur between
them, thereby facilitating driving the first diaphragm
121-1 and the second diaphragm 121-2 to vibrate syn-
chronously in opposite directions.

[0037] The first diaphragm 121-1 and an inner wall of
the first housing 110 are spaced apart and arranged
opposite to each other in the vibration direction (that is,
the thickness direction), thereby forming a first acoustic
cavity 111-1. The second diaphragm 121-2 and another
inner wall of the first housing 110 are spaced apart and
arranged opposite to each other in the vibration direc-
tion, thereby forming a second acoustic cavity 111-2. A
third acoustic cavity 111-3 is formed between the first
diaphragm 121-1 and the second diaphragm 121-2.
The third acoustic cavity 111-3 serves as a common
cavity between the first diaphragm 121-1 and the sec-
ond diaphragm 121-2. The first housing 110 is penetra-
bly provided with a first acoustic hole that is in acoustic
communication with the speaker 120 through the first
acoustic cavity 111-1. The first housing 110 is penetra-
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bly provided with a second acoustic hole that is in
acoustic communication with the speaker 120 through
the second acoustic cavity 111-2. The first housing 110
is penetrably provided with a third acoustic hole that is
in acoustic communication with the speaker 120
through the third acoustic cavity 111-3.

[0038] A connection configuration of the first acoustic
cavity 111-1 and the first acoustic hole may be approxi-
mately equivalent to a first Helmholtz resonance cavity
model. A connection configuration of the second
acoustic cavity 111-2 and the second acoustic hole
may be approximately equivalent to a second Helm-
holtz resonance cavity model. A connection configura-
tion of the third acoustic cavity 111-3 and the third
acoustic hole may be approximately equivalent to a
third Helmholtz resonance cavity model. The first
acoustic hole, the second acoustic hole, and the third
acoustic hole serve as neck openings of their respec-
tive corresponding Helmholtz resonance cavity models.
When the speaker 120 vibrates and outputs a sound,
the first acoustic hole outputs a first sound, the second
acoustic hole outputs a second sound, and the third
acoustic hole outputs a third sound. The superposition
of the first sound, the second sound, and the third
sound is the sound output by the earphone.

[0039] The first resonance peak is related to the flex-
ibility of the first diaphragm 121-1 and the second dia-
phragm 121-2 in the vibration direction. The second
resonance peak is related to the first acoustic cavity
111-1, the second acoustic cavity 111-2, and the third
acoustic cavity 111-3. The flat region is related to the
vibration of the first diaphragm 121-1 and the second
diaphragm 121-2. Specifically, the flexibility of the first
diaphragm 121-1 and the second diaphragm 121-2 in
the vibration direction corresponds to an elastic coeffi-
cient K of their vibration along the vibration direction.
When a load remains unchanged, the smaller the K
value is, the lower the frequency of the first resonance
peak is. The magnitude of the second resonance peak
corresponds to a resonance frequency corresponding
to the first Helmholtz resonance cavity model (the sec-
ond Helmholtz resonance cavity model), which de-
pends on a configuration of the first acoustic cavity
111-1 (the second acoustic cavity 111-2) and the first
acoustic hole (the second acoustic hole). The flatness
of the flat region is related to vibration consistency of
both the first diaphragm 121-1 and the second dia-
phragm 121-2. The curve height of the flat region is
related to driving force of the first diaphragm 121-1 and
the second diaphragm 121-2. In some embodiments, in
order to improve the sound output effect and/or the
active noise reduction effect of the earphone in a wider
frequency band, the resonance frequency of the first
resonance peak and the resonance frequency of the
second resonance peak may be designed to increase
a width of the flat region of the frequency response
curve of the sound output by the earphone. For exam-
ple, the first diaphragm 121-1 and the second dia-
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phragm 121-2 may be designed (e.g., material, struc-
ture, or the like), thereby lowering the resonance fre-
quency of the first resonance peak. For example, the
first acoustic cavity 111-1 and the second acoustic cav-
ity 111-2 may be designed, thereby increasing the reso-
nance frequency of the second resonance peak. In
some embodiments, the first sound and the second
sound may have a phase opposite to that of the third
sound, thereby cooperatively cancelling the third sound
and improving anti-leakage performance of the ear-
phone. By designing the first acoustic cavity 111-1 and
the second acoustic cavity 111-2, the high-frequency
resonance frequencies of the first sound and the sec-
ond sound are improved, thereby enabling the ear-
phone to have a flat output in a relatively wide fre-
quency band range. Meanwhile, the third acoustic cav-
ity 111-3 may also be designed to improve the high-
frequency resonance of the third sound, thereby en-
abling the first sound and the second sound to have an
opposite phase to the third sound in a relatively wide
frequency band range, and thereby enabling the ear-
phone to have a better anti-leakage effect in the rela-
tively wide frequency band range. In some embodi-
ments, by designing the third acoustic cavity 111-3, the
vibration capability of the first diaphragm 121-1 and the
second diaphragm 121-2 may also be improved, there-
by improving the output of the earphone and the user’s
listening effect.

[0040] In some embodiments, for the speaker 120 in
which the first diaphragm 121-1 and the second dia-
phragm 121-2 vibrate synchronously in opposite direc-
tions, in order to enable the frequency response curve
of the sound output by the speaker 120 to have a rela-
tively flat region in a wider frequency band range, the
resonance frequency of the second resonance peak
may be increased by designing a count, a shape, a
dimension, a position, or the like, of one or more acous-
tic structures (e.g., sound outlet holes, acoustic cav-
ities) of the sound generating portion 100, thereby opti-
mizing the frequency response curve of the sound out-
put by the earphone (such as the first sound outlet hole
112-1), thereby supporting the earphone to perform ac-
tive noise reduction in a relatively wide frequency band
range and improving the sound output effect of the ear-
phone. Meanwhile, a design of an acoustic structure
corresponding to the third acoustic cavity 111-3 may
also improve vibration capability of the first diaphragm
121-1 and the second diaphragm 121-2, thereby im-
proving output performance of the earphone and the
user’s listening effect.

[0041] In some embodiments, as shown in FIG. 4,
the first acoustic hole that is in acoustic communication
with the first acoustic cavity 111-1 is a first sound outlet
hole 112-1. The second acoustic hole that is in acoustic
communication with the second acoustic cavity 111-2 is
a second sound outlet hole 112-2. The third acoustic
hole that is in acoustic communication with the third
acoustic cavity 111-3 is a pressure relief hole 113. In
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some embodiments, the first sound outlet hole 112-1
and the second sound outlet hole 112-2 are both set to
face the user’s external auditory canal (e.g., the inner
side surface of the first housing 110 shown in FIG. 4).
The sound generated by the first diaphragm 121-1 is
output through the first sound outlet hole 112-1 and
guided to the user’s external auditory canal. The sound
generated by the second diaphragm 121-2 is output
through the second sound outlet hole 112-2 and guided
to the user’s external auditory canal, thereby increasing
the output of the earphone. When applied to an open-
ear earphone, since the user’s external auditory canal
receives larger ambient noise, improving the output
performance of the earphone helps the earphone per-
form active noise reduction for the larger ambient
noise. The pressure relief hole 113 is set further away
from the user’s external auditory canal (e.g., the outer
side surface of the first housing 110 shown in FIG. 4)
compared to the first sound outlet hole 112-1 and the
second sound outlet hole 112-2. The pressure relief
hole 113 may be configured to guide the sound gener-
ated by the speaker 120 out of the first housing 110 to
interfere and cancel with the sound leaked through the
first sound outlet hole 112-1 and the second sound out-
let hole 112-2 in the far field, thereby reducing sound
leakage of the earphone.

[0042] FIG. 5 is a schematic diagram illustrating fre-
quency response curves output by the first sound outlet
hole and the second sound outlet hole of the earphone
shown in FIG. 4. The curve Lg4 is a frequency re-
sponse curve output at the first sound outlet hole
112-1, which may be measured by a test microphone
spaced 2 mm from the first sound outlet hole 112-1
when only the first diaphragm 121-1 is driven. The
curve L4q, is a frequency response curve output at the
second sound outlet hole 112-2, which may be mea-
sured by a test microphone spaced 2 mm from the
second sound outlet hole 112-2 when only the second
diaphragm 121-2 is driven. As shown in FIG. 5, the
curve L4gq and curve Lyg, are close, and a difference
in an output sound pressure level corresponding to a
same frequency is within 1 dB, that is, the output sound
pressure levels of the first diaphragm 121-1 and the
second diaphragm 121-2 are close, the vibration con-
sistency of the first diaphragm 121-1 and the second
diaphragm 121-2 is higher, a distortion degree of the
earphone output is lower, and the active noise reduc-
tion effect of the earphone is better.

[0043] FIG. 6 is a schematic diagram illustrating an-
other exemplary structure of a speaker according to
some embodiments of the present disclosure; and FIG.
7 is a schematic diagram illustrating an internal struc-
ture of the speaker shown in FIG. 6. In some embodi-
ments, as shown in FIGS. 6 and 7, the first acoustic
hole that is in acoustic communication with the first
acoustic cavity 111-1 is a first pressure relief hole
113-1, the second acoustic hole that is in acoustic com-
munication with the second acoustic cavity 111-2 is a
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second pressure relief hole 113-2, and the third acous-
tic hole that is in acoustic communication with the third
acoustic cavity 111-3 is a sound outlet hole 112. The
sound outlet hole 112 is arranged towards the user’s
external auditory canal. For example, as shown in
FIGS. 6 and 7, the sound outlet hole 112 may be ar-
ranged on the inner side surface of the first housing
110. The first pressure relief hole 113-1 and the second
pressure relief hole 113-2 are arranged further away
from the user’s external auditory canal compared to
the sound outlet hole 112. For example, the first pres-
sure relief hole 113-1 may be arranged on the upper
side surface of the first housing 110, and the second
pressure relief hole 113-2 may be arranged on the low-
er side surface of the first housing 110, as shown in
FIGS. 6 and 7. The sounds generated by the first dia-
phragm 121-1 and the second diaphragm 121-2 are
output through the sound outlet hole 112 and guided to
the user’s external auditory canal, thereby increasing
the output of the earphone. When applied to the open-
ear earphone, since the ambient noise received by the
user’s external auditory canal is relatively high, improv-
ing the output performance of the earphone facilitates
the earphone to perform the active noise cancellation
on the relatively high ambient noise.

[0044] In some embodiments, to reduce the difficulty
of air exchange between the third acoustic cavity 111-3
and the outside, the sound outlet hole 112 may adopt
an L-shaped structure. The L-shaped structure includes
a short side portion located on the front side surface of
the first housing 110 parallel to the short axis direction,
and a long side portion located on the inner side sur-
face of the first housing 110 parallel to the long axis
direction, as shown in FIG. 6.

[0045] FIG. 8 is a schematic diagram illustrating fre-
quency response curves of an earphone corresponding
to different pressure relief holes according to some em-
bodiments of the present disclosure; and FIG. 9 is a
schematic diagram illustrating another structure of an
earphone according to some embodiments of the pre-
sent disclosure.

[0046] In some embodiments, in the wearing state,
the front side surface of the first housing 110 as shown
in FIG. 9 may abut against the user’s auricle. At this
time, the front side surface of the first housing 110 may
not output sound. In some embodiments, the sound
outlet hole 112 is located on the inner side surface of
the first housing 110. A gap is provided between the
front side surface of the first housing 110 and the
speaker 120, and the gap serves as a sound guide
channel. The sound guide channel is configured to:
guide the sound generated by the speaker 120 on the
front side surface to the sound outlet hole 112 for out-
put. That is, compared to FIGS. 6 and 7, in the ear-
phone shown in FIG. 9, the sound generated by the
speaker 120 on the short side portion of the sound out-
let hole 112 is guided through the sound guide channel
to the long side portion of the sound outlet hole 112 for
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output. For example, in FIG. 9, the sound outlet hole
112 may only include the long side portion. The sound
output by the speaker 120 on the short side portion of
the sound outlet hole 112 may be guided to the long
side portion of the sound outlet hole 112 for output
through the sound guide channel formed by the gap
between the first housing 110 and the speaker 120. In
some embodiments, the speaker 120 outputs the
sound through an opening 1251 on a short side portion
of a frame 125. The opening 1251 of the short side
portion of the frame 125 may be in acoustic communi-
cation with a sound guide channel (e.g., a sound guide
tube), thereby guiding the sound to the long side por-
tion of the sound outlet hole 112 for output.

[0047] In FIG. 8, a curve Lqgq is the frequency re-
sponse curve of the earphone shown in FIG. 4, a curve
L4go is the frequency response curve at the first pres-
sure relief hole 113-1 when the earphone shown in FIG.
7 separately drives the first diaphragm 121-1, a curve
Lo is the frequency response curve at the second
pressure relief hole 113-2 when the earphone shown in
FIG. 7 separately drives the second diaphragm 121-2,
and a curve L, is the frequency response curve of the
earphone shown in FIG. 9. As shown in FIG. 8, the
curve L4g, is close to and substantially coincides with
the curve L4g3, indicating that the vibration consistency
of the first diaphragm 121-1 and the second diaphragm
121-2 of the earphone shown in FIG. 7 is relatively
high.

[0048] In a flat section (e.g., 200Hz-4kHz as shown in
FIG. 8), at the same frequency, the output sound pres-
sure level corresponding to the curve L,gq is approxi-
mately 4 dB higher than the output sound pressure
level corresponding to the curve L,g,, indicating that
the output of the earphone shown in FIG. 4 is approxi-
mately 4 dB higher than the output of the earphone
shown in FIG. 7. In some embodiments, this may be
due to a relatively long length of the sound outlet hole
112 arranged on the earphone shown in FIG. 7, thereby
causing unfocused sound output.

[0049] In the flat section (e.g., 200Hz-4kHz as shown
in FIG. 8), at the same frequency, the output sound
pressure level corresponding to the curve L4g, is ap-
proximately 3 dB higher than the output sound pressure
level corresponding to the curve L,q,, indicating that
guiding the sound output from the front side surface of
the first housing 110 to the sound outlet hole 112 on the
inner side surface (as shown in FIG. 9) via the sound
guide channel may make the sound output from the
sound outlet hole 112 more focused, thereby improving
the output directivity of the earphone.

[0050] In some embodiments, the width of the sound
guide channel may also affect the output of the ear-
phone, thereby further affecting the active noise can-
cellation effect of the earphone on relatively high ambi-
ent noise in an open-type wearing manner. lllustra-
tively, when the sound output by the speaker 120 on
the short side portion of the sound outlet hole 112 is
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guided to the long side portion of the sound outlet hole
112 for output through the sound guide channel formed
by the gap between the first housing 110 and the
speaker 120, the gap between the first housing 110
and the speaker 120 serves as the sound guide chan-
nel, and the width of the gap between the short side
portion of the first housing 110 and the short side por-
tion of the speaker 120 is the width of the sound guide
channel. If the width of the sound guide channel is too
small, it may increase the difficulty of sound transmis-
sion, reduce the sound transmitted to the long side por-
tion of the sound outlet hole 112, and affect the output
sound pressure level of the earphone. If the width of the
sound guide channel is too large, it may lead to an
excessively large dimension of the first housing 110 or
an excessively small volume of the third acoustic cavity
111-3 of the speaker 120, thereby causing an exces-
sively high resonance frequency of the third acoustic
cavity 111-3. In some embodiments, to ensure the out-
put sound pressure level of the earphone and make the
resonance frequency of the third acoustic cavity 111-3
appropriate, so that the earphone has a relatively flat
and stable output within a relatively wide frequency
band range, the width of the sound guide channel may
be 0.5 mm-2 mm. In some embodiments, to enable the
earphone to have a relatively large output sound pres-
sure level, the width of the sound guide channel may be
1 mm-1.5 mm. In some embodiments, the width of the
sound guide channel may be 1.3 mm, to make the re-
sonance frequency of the third acoustic cavity 111-3
around 5.5kHz, thereby enabling the earphone to have
a relatively flat and stable output within the wide fre-
quency band range.

[0051] In some embodiments, the microphone as-
sembly 140 may include a noise cancellation micro-
phone. The noise cancellation microphone may include
a first microphone. The first microphone may be ar-
ranged on the first housing 110 at a position close to
the user’s external auditory canal to collect the ambient
noise near the user’s external auditory canal. Further,
the first microphone is arranged in a region near the
acoustic null of the earphone to reduce the interference
of the output of the earphone with the first microphone,
thereby improving the accuracy of the first microphone
in collecting the ambient noise near the user’s external
auditory canal. In some embodiments, the noise can-
cellation microphone may also include a second micro-
phone. The second microphone may be arranged near
the sound outlet hole 112 to collect a sound signal out-
put from the sound outlet hole 112, including a noise
cancellation signal, thereby monitoring the effect of ac-
tive noise cancellation. The first microphone may also
be regarded as a feedforward microphone, configured
to generate a primary noise signal based on the ambi-
ent noise collected by the first microphone, to perform
the active noise cancellation. The second microphone
may also be regarded as a feedback microphone, con-
figured to generate a secondary noise signal based on
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the sound collected by the second microphone, and
configured to generate the noise cancellation signal
based on the primary noise signal and the secondary
noise signal, to improve the active noise cancellation
effect.

[0052] In some embodiments, when the first pressure
relief hole 113-1 and the second pressure relief hole
113-2 are respectively arranged on the upper side sur-
face and the lower side surface of the first housing 110
of the earphone, and when the first pressure relief hole
113-1 and the second pressure relief hole 113-2 are
arranged facing each other or staggered, a region of
the acoustic null where sound cancellation occurs does
not change significantly. In a length direction gradually
away from the front side surface (i.e., the left-right di-
rection in FIGS. 10A-10D), when the first pressure relief
hole 113-1 and the second pressure relief hole 113-2
are arranged at different positions, the region of the
acoustic null where sound cancellation occurs does
not change significantly. In summary, the first micro-
phone may be arranged near an intersection region of
a right side surface and the front side surface of the first
housing 110, thereby arranging the first microphone in
a region near the acoustic null of the first housing 110
close to the user’s external auditory canal.

[0053] In some embodiments, the microphone as-
sembly 140 may also include a call microphone, and
the call microphone may be configured to collect the
user’s speech sound. The call microphone may include
a third microphone and a fourth microphone. The third
microphone is arranged on the first housing 110 in a
region close to the user’s mouth (e.g., near an intersec-
tion region of the front side surface and the outer side
surface), and a line connecting the fourth microphone
and the third microphone points to the user’s mouth. In
some embodiments, the fourth microphone may be ar-
ranged in a region near the acoustic null of the ear-
phone, to reduce the sound collected by the fourth mi-
crophone from the sound outlet hole 112 and the pres-
sure relief hole 113, thereby minimizing an echo during
a call. In some embodiments, the third microphone and
the first microphone may be the same microphone. In
this case, the first microphone may serve as both the
call microphone and the noise cancellation micro-
phone. The first microphone and the fourth microphone
may cooperate to perform the active noise cancellation
during a user’s call, and the second microphone may
improve the effect of active noise cancellation.

[0054] In some embodiments, by designing the first
pressure relief hole 113-1 and the second pressure re-
lief hole 113-2, the output of the earphone may also be
adjusted, thereby further adjusting the active noise can-
cellation effect of the earphone on relatively high ambi-
ent noise in an open-type wearing manner.

[0055] FIGS. 10A-10D are schematic diagrams illus-
trating distributions of a first pressure relief hole and a
second pressure relief hole with different dimensions
according to some embodiments of the present disclo-
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sure; and FIGS. 11A-11D are schematic diagrams illus-
trating frequency response curves of earphones corre-
sponding to FIGS. 10A-10D. The dimensions of the first
pressure relief hole 113-1 and the second pressure re-
lief hole 113-2 shown in FIG. 10A are both relatively
small. The dimension of the first pressure relief hole
113-1 shown in FIG. 10B is relatively small, and the
dimension of the second pressure relief hole 113-2 is
relatively large. The dimension of the first pressure re-
lief hole 113-1 shown in FIG. 10C is relatively large,
and the dimension of the second pressure relief hole
113-2 is relatively small. The dimensions of the first
pressure relief hole 113-1 and the second pressure re-
lief hole 113-2 shown in FIG. 10D are both relatively
large. In FIGS. 11A-11D, a curve L, represents the
frequency response curve at the pressure relief hole,
and a curve L,q, represents the frequency response
curve at the sound outlet hole. The output sound pres-
sure level at the pressure relief hole may be measured
by a test microphone arranged at an equivalent pres-
sure relief hole of both the first pressure relief hole
113-1 and the second pressure relief hole 113-2. A cen-
ter of the equivalent pressure relief hole may be located
at a midpoint of a line connecting a center of the first
pressure relief hole 113-1 and a center of the second
pressure relief hole 113-2.

[0056] Referring to FIGS. 10A-11D, as the total open-
ing area of the first pressure relief hole 113-1 and the
second pressure relief hole 113-2 increases, a peak
width of the curve Lyy; at high frequencies (e.g.,
6kHz-10kHz) increases, and the curve Loz, exhibits
peak-to-valley fluctuations at high frequencies (e.g.,
6kHz-10kHz). Further, when the dimensions of the first
pressure relief hole 113-1 and the second pressure re-
lief hole 113-2 are different, the curve L,34 exhibits a
plurality of peaks at high frequencies (e.g.,
6kHz-10kHz), and the high-frequency vibration charac-
teristics are richer.

[0057] In some embodiments, the first pressure relief
hole 113-1 and the second pressure relief hole 113-2
may be staggered in the vibration direction (i.e., an up-
down direction in FIGS. 10A-10D) and have different
dimensions, to improve the high-frequency vibration
characteristics of the earphone, improve output perfor-
mance of the earphone, thereby further improving the
active noise cancellation effect of the earphone on rela-
tively high ambient noise in the open-type wearing
manner.

[0058] In some embodiments, the earphone may
further include an equalization (EQ). The EQ may be
configured to adjust the proportion of different frequen-
cies in the sound output by the earphone. To improve
the high-frequency output of the earphone, in some
embodiments, by adjusting the EQ, a proportion of
high-frequency components in the sound output by the
earphone may be increased, thereby compensating for
a lack of the high-frequency output, improving the out-
put performance of the earphone, and further enhan-
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cing the active noise reduction effect of the earphone
on the relatively large ambient noise under an open
wearing state.

[0059] In some embodiments, to improve a high-fre-
quency output of the earphone, and further enhance
the active noise reduction effect of the earphone on the
relatively large ambient noise under the open wearing
state, the earphone may also be provided with a high-
frequency unit. The speaker 120 may serve as a low-
frequency unit, being at least responsible for the output
of middle and low frequencies (e.g., frequency bands
below 6 kHz); and the high-frequency unit may be pri-
marily responsible for the output of high-frequency
bands (e.g., 6 kHz-10 kHz). By using the high-fre-
quency unit, the high-frequency lack of the earphone
may be compensated, thereby improving the output
performance of the earphone.

[0060] In some embodiments, a working frequency
band of the high-frequency unit may be greater than 7
kHz, which means that the frequency of a signal input
to the high-frequency unit may be greater than 7 kHz,
thereby reducing an intersection of working frequencies
of the high-frequency unit and the speaker 120, allow-
ing the earphone to have a relatively flat frequency re-
sponse curve in a relatively wide frequency range in
middle and low frequency bands (e.g., 200 Hz-6 kHz),
improving the output performance of the earphone, and
further enhancing the active noise reduction effect of
the earphone on the relatively large ambient noise un-
der the open wearing state.

[0061] Referring to the curve L,34 in FIG. 11A to FIG.
11D, in some embodiments, at high frequencies, the
sound output by the pressure relief hole may generate
resonance, interfering with signal acquisition of the sec-
ond microphone, and affecting the active noise reduc-
tion effect of the earphone.

[0062] In some embodiments, the acoustic resis-
tance of the pressure relief hole (e.g., the first pressure
relief hole 113-1, the second pressure relief hole 113-2,
or the like) may be increased, thereby reducing the
sound leakage of the pressure relief hole, and espe-
cially reducing an influence on the second microphone
near the high-frequency resonance frequency. In some
embodiments, an acoustic resistance mesh may be ar-
ranged in the pressure relief hole (e.g., the first pres-
sure relief hole 113-1, the second pressure relief hole
113-2, or the like), to increase the acoustic resistance
of the pressure relief hole.

[0063] FIG. 12 is a schematic diagram illustrating a
structure of a first housing according to some embodi-
ments of the present disclosure. Referring to FIG. 12, in
some embodiments, when the first pressure relief hole
113-1 and the second pressure relief hole 113-2 are
respectively arranged on the upper side surface 110c
and the lower side surface 110d of the first housing
110, by designing the first Helmholtz resonance cavity
model and the second Helmholtz resonance cavity
model (e.g., the count, the shape, the dimension, the

10

15

20

25

30

35

40

45

50

55

12

position, or the like, of the sound outlet hole and the
acoustic cavity), the resonance frequency of the sec-
ond resonance peak may be increased, allowing the
frequency response curve of the sound output by the
speaker 120 to have a relatively flat region in a rela-
tively wide frequency band range, optimizing the fre-
quency response curve of the sound output by the ear-
phone (specifically, by the sound outlet hole 112),
thereby supporting the earphone to perform active
noise reduction in the relatively wide frequency band
range, and improving the sound output effect of the
earphone.

[0064] As the dimension of the pressure relief hole
(e.g., the first pressure relief hole 113-1, the second
pressure relief hole 113-2, or the like) gradually de-
creases, the resonance peak of the sound generating
portion 100 at high frequencies (e.g., above 4.5 kHz)
gradually shifts forward. To increase the resonance fre-
quency of the second resonance peak at high frequen-
cies of the earphone, and to allow the earphone to have
a flat output in the relatively wide frequency band
range, the dimension of the pressure relief hole should
not be too small. Based on this, in some embodiments,
the first pressure relief hole 113-1 and the second pres-
sure relief hole 113-2 may adopt a single-hole struc-
ture, and a ratio of a dimension of the first pressure
relief hole 113-1 and/or the second pressure relief hole
113-2 to a corresponding dimension of the first housing
110 may be not less than 0.3. For example, in the case
where the lengths of the first housing 110 and the pres-
sure relief hole in the long axis direction are greater
than the widths thereof in the short axis direction, re-
spectively, the ratio of the long side dimension of the
pressure relief hole to the long side dimension of the
first housing 110 may be not less than 0.3; for example,
the ratio of the length of the first pressure relief hole
113-1 in the long axis direction to the length of the inner
side wall in the long axis direction may be not less than
0.3, and the ratio of the length of the first pressure relief
hole 113-1 in the long axis direction to the length of the
outer side wall in the long axis direction may be not less
than 0.3. In the case where an outline shape of the
sound generating portion 100 is a circularly symmetric
geometric shape (e.g., circular, or the like), a ratio of
the radius of the pressure relief hole to the radius of
the corresponding side wall of the first housing 110
may be not less than 0.3. In this manner, the resonance
frequency of the corresponding acoustic cavity may be
made larger, ensuring that the second resonance peak
of the sound output through the pressure relief hole
moves to the high-frequency band, and finally allowing
the earphone to have a relatively flat output in a rela-
tively wide frequency band range, thereby enhancing
the active noise reduction effect of the earphone on the
relatively large ambient noise in the open-fit scenario.
[0065] FIGS. 13A-13B are schematic diagrams illus-
trating different relative positions of a first pressure re-
lief hole and a second pressure relief hole according to
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some embodiments of the present disclosure. In FIG.
13A, the first pressure relief hole 113-1 and the second
pressure relief hole 113-2 are arranged opposite to
each other, and both are located at a central position
of a corresponding surface. In FIG. 13B, the first pres-
sure relief hole 113-1 and the second pressure relief
hole 113-2 are arranged eccentrically in the length di-
rection.

[0066] In some embodiments, a staggered arrange-
ment of the first pressure relief hole 113-1 and the sec-
ond pressure relief hole 113-2 may cause the second
resonance frequency of the earphone to shift forward,
thereby causing the flat region of the earphone to nar-
row. To ensure that the second resonance peak of the
sound output through the pressure relief hole moves to
the high-frequency band, and finally allow the earphone
to have the relatively flat output in the relatively wide
frequency band range, thereby enhancing the active
noise reduction effect of the earphone on the relatively
large ambient noise in the open-fit scenario, the first
pressure relief hole 113-1 and the second pressure re-
lief hole 113-2 may adopt the single-hole structure, and
the first pressure relief hole 113-1 and the second pres-
sure relief hole 113-2 may be arranged opposite to
each other, as shown in FIG. 13A. That is, on a refer-
ence plane perpendicular to the vibration direction, a
centroid of a projection of the second pressure relief
hole 113-2 and a centroid of a projection of the first
pressure relief hole 113-1 are coincident or approxi-
mately coincident.

[0067] Due to process limitations during an actual
manufacturing process, and component design or ap-
pearance design requirements of the earphone, the di-
mensions of the first pressure relief hole 113-1 and the
second pressure relief hole 113-2 may be different,
which may affect the output of the earphone, and
further affect a near-field listening effect of the ear-
phone and the active noise reduction effect of the ear-
phone on the relatively large ambient noise in the open-
fit scenario.

[0068] FIG. 14 is a schematic diagram illustrating a
first pressure relief hole and a second pressure relief
hole with different dimensions according to some em-
bodiments of the present disclosure.

[0069] In some embodiments, when the dimensions
of the first pressure relief hole 113-1 and the second
pressure relief hole 113-2 are different, this may cause
the second resonance frequency of the earphone to
shift forward, thereby causing the flat region of the ear-
phone to narrow. To ensure that the second resonance
peak of the sound output through the pressure relief
hole moves to the high-frequency band, and finally al-
low the earphone to have the relatively flat output in the
relatively wide frequency band range, thereby enhan-
cing the active noise reduction effect of the earphone
on the relatively large ambient noise in the open-fit sce-
nario, in some embodiments, the dimensions of the first
pressure relief hole 113-1 and the second pressure re-
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lief hole 113-2 may be set to be the same (as shown in
FIG. 13A), thereby facilitating ensuring that the sound
generating portion 100 has a flat frequency response
curve and a phase curve with small changes in the
relatively wide frequency band range, and strengthen-
ing the effect of the earphone in performing active
noise reduction in the relatively wide frequency band
range.

[0070] F FIGS. 15A-15B are schematic diagrams il-
lustrating pressure relief holes with different shapes ac-
cording to some embodiments of the present disclo-
sure. In FIG. 15A, the pressure relief hole is a single
concentrated opening, and in FIG. 15B, the pressure
relief hole is a single non-concentrated opening (e.g.,
an annular opening).

[0071] In some embodiments, compared with the
pressure relief hole in the form of a single concentrated
opening as shown in FIG. 15A, adopting the pressure
relief hole in the form of the single non-concentrated
opening as shown in FIG. 15B may allow the peak
resonance frequency of the second resonance peak of
the sound output by the pressure relief hole to be in the
relatively high-frequency band, thereby being more
conducive to the earphone having a relatively flat
acoustic output in the relatively wide frequency band
range, and improving the active noise reduction effect
of the earphone. To ensure that the second resonance
peak of the sound output through the pressure relief
hole moves to a high-frequency band, and finally allow
the earphone to have the relatively flat output in the
relatively wide frequency band range, thereby enhan-
cing the active noise reduction effect of the earphone
on the relatively large ambient noise in an open-fit sce-
nario, in some embodiments, the first pressure relief
hole 113-1 and/or the second pressure relief hole
113-2 may adopt the form of the single non-concen-
trated opening as shown in FIG. 15B.

[0072] FIGS. 16A-16B are schematic diagrams illus-
trating different counts of pressure relief holes accord-
ing to some embodiments of the present disclosure.
[0073] In some embodiments, when the total opening
area of the pressure relief holes is constant, the smaller
the dimension of a single pressure relief hole is, and
the larger the count of the pressure relief holes is, the
more the second resonance peak of the corresponding
output sound shifts towards the high-frequency band.
In some embodiments, the pressure relief hole (e.g.,
the first pressure relief hole 113-1) may have holes dis-
tributed as non-single concentrated openings as shown
in FIG. 16A and FIG. 16B, that is, the pressure relief
hole is a multi-hole structure composed of a plurality of
micro-holes arranged in an array. This may not only
shift the high-frequency peak of the speaker 120 to a
higher position, but also significantly increase an effec-
tive area of the sound output and ensure the active
noise reduction effect, while also satisfying appearance
design requirements of the sound generating portion
100 or the earphone.
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[0074] When the total area of the pressure relief
holes is constant, if the dimension of a single pressure
relief hole is too small, although the total count of the
pressure relief holes may be increased, thereby in-
creasing the resonance peak at high frequencies, it
may also increase the acoustic resistance of the pres-
sure relief hole, and further affect the output sound
pressure level. Therefore, to ensure the output sound
pressure level of the earphone, when the pressure re-
lief hole (e.g., the first pressure relief hole 113-1)
adopts the multi-hole structure in the form of non-single
concentrated openings as shown in FIG. 16A and FIG.
16B, that is, when the pressure relief hole is a multi-
hole structure composed of a plurality of micro-holes
arranged in an array, a diameter of a single micro-hole
may be not less than 0.2 mm.

[0075] FIGS. 17A-17F are schematic diagrams illus-
trating pressure relief holes with non-single concen-
trated openings in different distributions according to
some embodiments of the present disclosure. FIG.
17A illustrates the pressure relief holes with non-single
concentrated openings distributed on one side of a side
wall of the first housing 110 in the long axis direction,
and a corresponding opening ratio is 0.15; FIG. 17B
illustrates the pressure relief holes with non-single con-
centrated openings annularly distributed on one side of
the side wall of the first housing 110 in the long axis
direction, and the corresponding opening ratio is 0.15;
FIG. 17C illustrates the pressure relief holes with non-
single concentrated openings annularly distributed on
an entire surface of the side wall of the first housing
110, and the corresponding opening ratio is 0.15; FIG.
17D illustrates the pressure relief holes with non-single
concentrated openings annularly distributed on one
side of the side wall of the first housing 110 in the long
axis direction, and a sound tuning hole 113-3 is pro-
vided on another side of the side wall in the long axis
direction, wherein an opening ratio corresponding to
the pressure relief holes is 0.15, and an opening ratio
corresponding to the sound tuning hole 113-3 is
0.0375; FIG. 17E illustrates the pressure relief holes
with non-single concentrated openings distributed in a
central region of the side wall of the first housing 110,
and the corresponding opening ratio is 0.15; and FIG.
17F illustrates the pressure relief holes with non-single
concentrated openings distributed on the entire surface
of the side wall of the first housing 110, and the corre-
sponding opening ratio is 0.30. In this case, the first
pressure relief hole 113-1 and the second pressure re-
lief hole 113-2 may be aligned, or may be staggered.
The opening ratio is calculated as a ratio of an opening
area of the pressure relief hole to an area of a corre-
sponding side wall of the first housing 110 (e.g., an
area ratio of the first pressure relief hole 113-1 to the
inner wall).

[0076] In some embodiments, a lower opening ratio
of the pressure relief hole, indicating a smaller total
area of the pressure relief hole, may cause the reso-
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nance frequency of the second resonance peak of the
sound output by the pressure relief hole to be smaller,
thereby causing the flat region of the earphone to be-
come narrower and affecting the active noise cancella-
tion effect of the earphone. When the pressure relief
hole is a porous structure composed of a plurality of
micro-holes arranged in an array (that is, when the
pressure relief hole adopts a non-single concentrated
opening structure), in order to enable the earphone to
have a relatively flat output in a relatively wide fre-
quency band range, the opening ratio of the pressure
relief hole may be not less than 0.1. It may also be
understood that, on a reference plane perpendicular to
the thickness direction (the vibration direction), an area
proportion of the projection of the first pressure relief
hole 113-1 or the second pressure relief hole 113-2 in
the projection of a corresponding side wall of the first
housing 110 (e.g., the upper side wall or the lower side
wall) is not less than 10%.

[0077] Due to limitations of factors such as an open-
ing dimension of the first pressure relief hole 113-1 and
a covering area relative to the first acoustic cavity 111-1
in the wearing state, a portion of the sound generated
by the speaker 120 (specifically, such as the first dia-
phragm 121-1) within the first acoustic cavity 111-1 may
be blocked by a side wall of the first housing 110 (e.g.,
a portion of the upper side wall where the first pressure
relief hole 113-1 is not formed) and cannot be directly
output through the first pressure relief hole 113-1,
thereby causing a standing wave to be formed within
the first acoustic cavity 111-1, which may cause the
peak resonance frequency of the second resonance
peak to shift forward (that is, to move toward a low
frequency band), thereby affecting the active noise
cancellation effect of the earphone in a relatively wide
frequency band range.

[0078] Therefore, referring to FIG. 17D and FIG. 18,
in some embodiments, the inner side wall of the first
housing 110 may be further provided with the sound
tuning hole 113-3, wherein the sound tuning hole 113-3
is in acoustic communication with the first acoustic cav-
ity 111-1; based on an acoustic communication relation-
ship of the first pressure relief hole 113-1 and the sound
tuning hole 113-3 with the first acoustic cavity 111-1,
the peak resonance frequency of the second reso-
nance peak of the sound output through the first pres-
sure relief hole 113-1 to outside the first housing 110
may be adjusted by means of the sound tuning hole
113-3 (e.g., the peak resonance frequency of the sec-
ond resonance peak is not less than 1 kHz). In this
case, the first pressure relief hole 113-1 may be a sin-
gle-hole structure (e.g., a single concentrated opening
structure), or may also be a porous structure (that is, a
non-single concentrated opening structure).

[0079] Specifically, most of the sound generated by
the speaker 120 within the first acoustic cavity 111-1 is
output through the first pressure relief hole 113-1, while
a small portion of the sound may be output through the
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sound tuning hole 113-3, thereby avoiding a standing
wave from being formed within the first acoustic cavity
111-1 as much as possible, allowing the peak reso-
nance frequency of the second resonance peak of the
frequency response curve of the sound output by the
first pressure relief hole 113-1 to move as much as
possible toward a high frequency band, thereby realiz-
ing an adjustment of the peak resonance frequency of
the resonance peak, and finally enabling the earphone
to have a relatively flat output in a relatively wide fre-
quency band range, which facilitates active noise can-
cellation by the earphone in a relatively wide frequency
band range; at the same time, this also facilitates an
enhancement of the sound pressure level of the sound
output by the first pressure relief hole 113-1, and en-
sures the user’s listening effect.

[0080] FIG. 18 is a schematic diagram illustrating a
relative position between a first sound outlet hole and a
tuning hole according to some embodiments of the pre-
sent disclosure.

[0081] Considering differences in relative positions
between the sound tuning hole 113-3 and the first pres-
sure relief hole 113-1, the output of the speaker 120 or
a position of the peak resonance frequency of a reso-
nance peak may be affected. Referring to FIG. 18, tak-
ing the first pressure relief hole 113-1 and the sound
tuning hole 113-3 both adopting porous structures as
an example, L1-X is defined as a minimum distance
between any two holes, L2-X is defined as a minimum
distance from the boundary of the first acoustic cavity
111-1 to any hole, and LM is defined as the minimum
distance between any two holes or the minimum dis-
tance from the boundary of the first acoustic cavity
111-1 to any hole. It should be noted that the minimum
distance referred to herein refers to a distance between
contour edges of any hole, or a distance from a contour
edge of any hole to a boundary of an acoustic cavity.
[0082] In some embodiments, with the increase of
the LM, the corresponding high-frequency peak shifts
forward accordingly, causing the flat region of the ear-
phone to become narrower and affecting the active
noise cancellation effect of the earphone. At the same
time, the increase of the LM means that the opening
area of the pressure relief hole is correspondingly re-
duced, thereby causing the sound pressure level of the
output sound to decrease. In order to enable the ear-
phone to have a relatively flat output in a relatively wide
frequency band range and at the same time ensure the
output sound pressure level of the earphone, in some
embodiments, the minimum distance between any two
holes or the minimum distance from the boundary of
the first acoustic cavity 111-1 to any hole may be set to
be not greater than 14 mm. It may also be understood
that the minimum distance between the first pressure
relief hole 113-1 and the sound tuning hole 113-3 is not
greater than 14 mm, the minimum distance from the
boundary of the first acoustic cavity 111-1 to the first
pressure relief hole 113-1 is not greater than 14 mm,
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and the minimum distance from the boundary of the
first acoustic cavity 111-1 to the sound tuning hole
113-3 is not greater than 14 mm. It may also be under-
stood that, when the first pressure relief hole 113-1
and/or the sound tuning hole 113-3 are porous struc-
tures composed of a plurality of micro-holes arranged
in an array, the minimum distance between any two
adjacent micro-holes is not greater than 14 mm.

[0083] Thus, the sound output by the first pressure
relief hole 113-1 may have a relatively flat phase curve
at least in a frequency band range before 1 kHz, there-
by ensuring the earphone to have a relatively flat output
in a relatively wide frequency band range, which facil-
itates active noise cancellation by the earphone in a
relatively wide frequency band range. In addition, as
described in the foregoing embodiments, an aperture
of each of the micro-holes may be set to be not less
than 0.2 mm.

[0084] In some embodiments, on a reference plane
perpendicular to the thickness direction, a total projec-
tion area of the first pressure relief hole 113-1 on the
reference plane is defined as S1, a total projection area
of the sound tuning hole 113-3 on the reference plane
is defined as S2, and a ratio of the total projection area
S1 of the sound tuning hole 113-3 to the total projection
area S1 of the first pressure relief hole 113-1 is defined
as SS.

[0085] With a gradual increase of the SS, a corre-
sponding high-frequency peak gradually shifts back-
ward, and a sound pressure level of the output sound
gradually decreases; the increase of the SS means that
the opening area of the sound tuning hole 113-3 in-
creases, which may effectively achieve a pressure re-
lief effect, thereby causing the high-frequency peak to
shift backward, but at the same time, due to the in-
crease in the opening area of the sound tuning hole
113-3, the sound leaked through the sound tuning hole
113-3 also increases, thereby causing the sound pres-
sure level of the sound output through the first pressure
relief hole 113-1 to decrease.

[0086] In some embodiments, in order to enable the
earphone to have a relatively flat output in a relatively
wide frequency band range and at the same time en-
sure the output sound pressure level of the earphone, a
ratio of the total area of the sound tuning hole 113-3 to
the total area of the first pressure relief hole 113-1 may
be set to be less than 23%. By setting the ratio of the
total area of the sound tuning hole 113-3 to the total
area of the first pressure relief hole 113-1 to be less
than 23%, problems such as an opening of the sound
tuning hole 113-3 being too large or an area proportion
being too large, which causes excessive sound leak-
age and consequently reduces the sound pressure le-
vel or volume of the first pressure relief hole 113-1, may
be effectively avoided.

[0087] In some embodiments, referring to FIG. 18, in
the wearing state, the sound tuning hole 113-3 is lo-
cated at a position farther from the external auditory



29

canal 11 compared to the first pressure relief hole
113-1. In an open-type application scenario, since the
user’s external auditory canal 11 receives larger ambi-
ent noise, improving an output performance of the ear-
phone is conducive to active noise cancellation by the
earphone against larger ambient noise. Therefore, by
setting the sound tuning hole 113-3 at a position farther
from the external auditory canal 11 compared to the
first pressure relief hole 113-1, destructive interference
in a near field between the sound output through the
sound tuning hole 113-3 and the sound output through
the first pressure relief hole 113-1 may be avoided as
much as possible, and the user’s listening effect may
be ensured.

[0088] In some embodiments, on a reference plane
perpendicular to the thickness direction, a length of a
projection of the first acoustic cavity 111-1 in the long
axis direction is not less than a width thereof in the
short axis direction. For example, a projection shape of
the first acoustic cavity 111-1 may be a rectangle with a
length greater than a width. As another example, the
projection shape of the first acoustic cavity 111-1 may
be a square or a circle with a length equal to a width.
The projection of the first acoustic cavity 111-1 on the
reference plane (e.g., a region shown by a dashed box
in FIG. 18) is divided into a first region and a second
region (e.g., two regions separated by a dashed arrow
in FIG. 18) along the length direction, wherein a ratio of
a length of the first region in the long axis direction to
the length of the projection of the first acoustic cavity in
the long axis direction may be set to be less than 40%
(e.g., 38.3%). The projection of the sound tuning hole
113-3 on the reference plane is located within the first
region, and the projection of the first pressure relief
hole 113-1 on the reference plane is located within the
second region.

[0089] Thus, by setting the sound tuning hole 113-3
and the first pressure relief hole 113-1 in different re-
gions corresponding to the first acoustic cavity 111-1 on
a corresponding side surface of the first housing 110
(e.g., the upper side surface), it may not only ensure
that in the wearing state, the sound tuning hole 113-3
is located farther from the external auditory canal com-
pared to the first pressure relief hole 113-1; but also
may distinguish between the sound tuning hole 113-3
and the first pressure relief hole 113-1 when the sound
tuning hole 113-3 adopts micro-holes in an array or a
large-area concentrated opening, and is relatively close
to the first pressure relief hole 113-1. For example, in
the length direction or a diameter direction of the first
acoustic cavity 111-1, holes located within a region ac-
counting for 38.3% from the boundary of the first
acoustic cavity 111-1 may be regarded as the sound
tuning hole 113-3.

[0090] It should be noted that the dashed box in FIG.
18 represents a projection boundary of the first acoustic
cavity 111-1 on the reference plane; the dashed arrow
in FIG. 18 represents an approximate boundary be-
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tween the first region and the second region in the pro-
jection shape of the first acoustic cavity 111-1. The re-
gion located on the left side of the dashed arrow repre-
sents the first region, and the region located on the
right side of the dashed arrow represents the second
region.

[0091] In some embodiments, by designing the mag-
netic circuit assembly 122 of the speaker 120, the driv-
ing force of the voice coil assembly 123 may be im-
proved, thereby optimizing the output of the earphone.
[0092] FIGS. 19A-19G are schematic diagrams illus-
trating different exemplary structures of a speaker ac-
cording to some embodiments of the present disclo-
sure.

[0093] Referring to FIG. 19A, in some embodiments,
the first diaphragm 121-1 is connected to the first voice
coil 123-1, the second diaphragm 121-2 is connected to
the second voice coil 123-2, and the first voice coil
123-1 and the second voice coil 123-2 respectively
drive the first diaphragm 121-1 and the second dia-
phragm 121-2 to vibrate synchronously in a same di-
rection. The first diaphragm 121-1 and the second dia-
phragm 121-2 are not directly connected, and the first
voice coil 123-1 and the second voice coil 123-2 are not
directly connected. The first voice coil 123-1 individu-
ally drives the first diaphragm 121-1 to vibrate, the sec-
ond voice coil 123-2 individually drives the second dia-
phragm 121-2 to vibrate, and the first diaphragm 121-1
and the second diaphragm 121-2 vibrate synchro-
nously in opposite directions. Through the above set-
tings, an internal structure of the speaker 120 may be
simplified, and manufacturing difficulty may be re-
duced.

[0094] In some embodiments, in order to improve the
output sound of the earphone, improve a listening ef-
fect of the earphone, and improve the active noise can-
cellation effect of the earphone for larger ambient
noise, the magnetic circuit assembly 122 may be de-
signed to enhance a magnetic field strength thereof
and improve a driving force of the voice coil assembly
123.

[0095] Referring to FIG. 19A, in some embodiments,
the magnetic circuit assembly 122 includes a magnetic
shield 1221 and an inner magnet 1222. The inner mag-
net 1222 is arranged within the magnetic shield 1221,
and a first magnetic guide plate 1224 is provided on a
side of the inner magnet 1222 away from the magnetic
shield 1221. The magnetic shield 1221 may include a
bottom wall 12211 and a side wall. The side wall may
be a folded structure. The folded structure has an
opening facing a bottom of the magnetic shield 1221.
The folded structure includes an inner side wall 12212
and an outer side wall 12214 spaced apart in a direc-
tion perpendicular to the vibration direction, and an ex-
tension portion 12213 connecting the inner side wall
12212 and the outer side wall 12214. The bottom wall
12211 is arranged at an end of the inner side wall
12212 close to the opening, and the inner magnet
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1222 is arranged on the bottom wall 12211. The end of
the inner side wall 12212 away from the opening and
the end of the outer side wall 12214 away from the
opening are connected through the extension portion
12213. A first magnetic gap is formed between the in-
ner side wall 12212 of the magnetic shield 1221 and
the inner magnet 1222, wherein at least a portion of
the first voice coil 123-1 is located within the first mag-
netic gap. A second magnetic gap is formed between
the inner side wall 12212 of the magnetic shield 1221
and the outer side wall 12214, wherein at least a por-
tion of the second voice coil 123-2 is located within the
second magnetic gap.

[0096] Since the second voice coil 123-2 is relatively
far from the inner magnet 1222, the magnetic field
strength near the second voice coil 123-2 is relatively
small, and the second voice coil 123-2 may have a
problem of insufficient driving force. In order to improve
the driving force of the second voice coil 123-2, thereby
improving the driving force of the speaker 120, improv-
ing the output of the speaker 120, and improving the
active noise cancellation effect of the earphone for lar-
ger ambient noise, the magnetic circuit assembly 122
may be designed.

[0097] Referring to FIG. 19B, in some embodiments,
an outer magnet 1223 may be arranged at the outer
side wall 12214 of the magnetic shield 1221 (that is,
the outer side wall 12214 may include the outer magnet
1223), to increase the magnetic field strength near the
second voice coil 123-2, thereby improving the driving
force of the second voice coil 123-2, improving the driv-
ing force of the speaker 120, improving the output of
the speaker 120, and improving the active noise can-
cellation effect of the earphone for larger ambient
noise. In this case, the first magnetic gap is formed
between the inner magnet 1222 and the inner side wall
12212, and the second magnetic gap is formed be-
tween the outer magnet 1223 and the inner side wall
12212. In some embodiments, a magnetization direc-
tion of the outer magnet 1223 and a magnetization di-
rection of the inner magnet 1222 may be the same or
opposite. For example, an N-pole of the inner magnet
1222 may be located at an upper end, and the N-pole
of the outer magnet 1223 may be located at the upper
end (as shown in FIG. 19A). As another example, the
N-pole of the inner magnet 1222 may be located at the
upper end, and the N-pole of the outer magnet 1223
may be located at a lower end (as shown in FIG. 19G).
[0098] In some embodiments, when the magnetiza-
tion directions of the inner magnet 1222 and the outer
magnet 1223 are the same (e.g., the N-poles are both
located at the upper end shown in FIG. 19B), the inner
side wall 12212 of the magnetic shield 1221 is sub-
jected to a combined action of the inner magnet 1222
and the outer magnet 1223, thereby causing a mag-
netic saturation phenomenon to occur in the inner side
wall 12212, which limits an improvement in the mag-
netic field strength at positions of the first voice coil
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123-1 and the second voice coil 123-2, affecting the
driving force of the first voice coil 123-1 and the second
voice coil 123-2, and affecting the active noise cancel-
lation effect of the earphone. In some embodiments, as
shown in FIG. 19C, the dimension of the inner side wall
12212 may be increased to avoid magnetic saturation
from occurring in the inner side wall 12212 as much as
possible, thereby improving the magnetic field strength
at positions of the first voice coil 123-1 and the second
voice coil 123-2, thereby improving the driving force of
the speaker 120, improving the output of the speaker
120, and improving the active noise cancellation effect
of the earphone for larger ambient noise.

[0099] Referring to FIGS. 19B and 19C, in some em-
bodiments, in order to avoid the dimension of the mag-
netic circuit assembly 122 from being too large, the
dimension of the inner magnet 1222 may be reduced
to increase the dimension of the inner side wall 12212,
while keeping the dimension of the magnetic circuit as-
sembly 122 unchanged (that is, the dimension of the
magnetic shield 1221 being unchanged). In some em-
bodiments, in the short axis direction or the long axis
direction, a ratio of the thickness of the inner side wall
12212 to the dimension of the magnetic shield 1221
may be 0.05 to 0.16. In some embodiments, in order to
further improve the driving force of the speaker 120, in
the short axis direction or the long axis direction, a ratio
of the thickness of the inner side wall 12212 to the
dimension of the magnetic shield 1221 may be 0.06 to
0.15. In some embodiments, in a case of keeping the
dimension of the magnetic circuit assembly 122 un-
changed (that is, a width of the magnetic shield 1221
being unchanged), the thickness of the inner side wall
12212 and the dimension of the inner magnet 1222 are
negatively correlated. Exemplarily, in the short axis di-
rection or the long axis direction, when the dimension
of the magnetic shield 1221 is 16 mm, the thickness of
the inner side wall 12212 may be 0.8 mm to 2.5 mm.
When the dimension of the inner magnet 1222 is great-
er than 4.7 mm, the thickness of the inner side wall
12212 may be 2 mm to 2.5 mm. When the dimension
of the inner magnet 1222 is greater than 5.7 mm, the
thickness of the inner side wall 12212 may be 1.5 mm
to 2.5 mm. When the dimension of the inner magnet
1222 is greater than 6.7 mm, the thickness of the inner
side wall 12212 may be 1.25 mm to 2.5 mm. When a
radius of the inner magnet 1222 is greater than 7.7 mm,
the thickness of the inner side wall 12212 may be 1.1
mm to 2.5 mm. When the dimension of the inner mag-
net 1222 is greater than 8.7 mm, the thickness of the
inner side wall 12212 may be 1 mm to 2 mm. When the
radius of the inner magnet 1222 is greater than 9.7 mm,
the thickness of the inner side wall 12212 may be 0.8
mm to 1.6 mm. When the radius of the inner magnet
1222 is greater than 10.7 mm, the thickness of the
inner side wall 12212 may be 0.8 mm to 1.3 mm.
[0100] It should be noted that the aforementioned ra-
tio of the dimension of the inner side wall 12212 to the
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dimension of the magnetic shield 1221 refers to the
ratio of the thickness of the inner side wall 12212 in the
long axis direction to the dimension of the magnetic
shield 1221 in the long axis direction, or the ratio of the
thickness of the inner side wall 12212 in the short axis
direction to the dimension of the magnetic shield 1221
in the short axis direction. When the magnetic shield
1221 is a 'IT’-shaped structure and only includes a side
wall in the long axis direction or the short axis direction,
the aforementioned ratio of the thickness of the inner
side wall 12212 to the dimension of the magnetic shield
1221 refers to the ratio of the thickness of the inner side
wall 12212 in a corresponding direction to the dimen-
sion of the magnetic shield 1221 in the corresponding
direction.

[0101] In some embodiments, as shown in FIG. 19D,
the outer magnet 1223 may also be arranged on the
inner side wall 12212 (i.e., the inner side wall 12212
may include the outer magnet 1223), to avoid magnetic
field saturation of the inner side wall 12212 and to en-
sure the magnetic field strength at positions of the first
voice coil 123-1 and the second voice coil 123-2, there-
by improving the driving force of the speaker 120, im-
proving the output of the speaker 120, and improving
the active noise cancellation effect of the earphone
against a relatively large ambient noise. In this case,
the first magnetic gap is formed between the inner
magnet 1222 and the outer magnet 1223, and the sec-
ond magnetic gap is formed between the outer magnet
1223 and the outer side wall 12214. In some embodi-
ments, the magnetization direction of the outer magnet
1223 may be the same as or opposite to the magneti-
zation direction of the inner magnet 1222.

[0102] In some embodiments, as shown in FIG. 19E,
to further improve the magnetic field strength at posi-
tions of the first voice coil 123-1 and the second voice
coil 123-2, thereby improving the driving force of the
speaker 120, improving the output of the speaker 120,
and improving the active noise cancellation effect of the
earphone against a relatively large ambient noise, the
inner side wall 12212 of the magnetic shield 1221 may
be provided with a first outer magnet 1223-1, and the
outer side wall 12214 of the magnetic shield 1221 may
be provided with a second outer magnet 1223-2. That
is, the inner side wall 12212 may include the first outer
magnet 1223-1, and the outer side wall 12214 may in-
clude the second outer magnet 1223-2. In this case,
the first magnetic gap is formed between the inner
magnet 1222 and the first outer magnet 1223-1, and
the second magnetic gap is formed between the first
outer magnet 1223-1 and the second outer magnet
1223-2. In some embodiments, the magnetization di-
rections of the inner magnet 1222, the first outer mag-
net 1223-1, and the second outer magnet 1223-2 may
be the same as or opposite to each other. For example,
the magnetization direction of the inner magnet 1222
may be the same as that of the first outer magnet
1223-1, and the magnetization direction of the inner

10

15

20

25

30

35

40

45

50

55

18

magnet 1222 may be the same as that of the second
outer magnet 1223-2. As another example, the magne-
tization direction of the inner magnet 1222 may be the
same as that of the first outer magnet 1223-1, and the
magnetization direction of the inner magnet 1222 may
be opposite to that of the second outer magnet 1223-2.
As yet another example, the magnetization direction of
the inner magnet 1222 may be opposite to that of the
first outer magnet 1223-1, and the magnetization direc-
tion of the inner magnet 1222 may be the same as that
of the second outer magnet 1223-2. For a further ex-
ample, the magnetization direction of the inner magnet
1222 may be opposite to that of the first outer magnet
1223-1, and the magnetization direction of the inner
magnet 1222 may be opposite to that of the second
outer magnet 1223-2.

[0103] Referring to FIG. 19F, when the outer magnet
1223 is arranged on the outer side wall 12214 of the
magnetic shield 1221 (i.e., the outer side wall 12214
includes the outer magnet 1223), and the magnetiza-
tion direction of the inner magnet 1222 is opposite to
that of the outer magnet 1223 (e.g., the N-pole of the
inner magnet 1222 may be located at the upper end,
and the N-pole of the outer magnet 1223 may be lo-
cated at the lower end), the inner side wall 12212 of
the magnetic shield 1221 may exhibit a magnetic field
null point, and the inner side wall 12212 is not config-
ured to guide magnetism. In this case, the inner side
wall 12212 of the magnetic shield 1221 mainly func-
tions as connection and support. To reduce the mass
and dimension of the speaker 120, the thickness of the
inner side wall 12212 of the magnetic shield 1221 may
be less than or equal to 0.4 mm. In some embodiments,
as shown in FIG. 19G, to further reduce the mass and
dimension of the speaker 120, the thickness of the in-
ner side wall 12212 of the magnetic shield 1221 may
also be designed to be 0, meaning that the structure of
the inner side wall 12212 is omitted.

[0104] In some embodiments, to reduce the mass
and dimension of the speaker 120, the inner side wall
12212 may be hollowed out.

[0105] Since the outer magnet 1223 and the inner
magnet 1222 need to be installed and connected, the
annular side wall of the magnetic shield 1221 needs to
retain at least a portion of the inner side wall 12212, to
connect the outer side wall 12214 with the bottom wall
12211 of the magnetic shield 1221. For example, the
outer side wall 12214 on the long side of the magnetic
shield 1221 may be connected with the bottom wall
12211 of the magnetic shield 1221 via the inner side
wall 12212, and the short side of the magnetic shield
1221 may not be provided with the inner side wall
12212. The long side of the magnetic shield 1221 re-
fers to a side parallel to the long axis direction, and the
short side of the magnetic shield 1221 refers to a side
parallel to the short axis direction.

[0106] To improve vibration consistency of the first
diaphragm 121-1 and the second diaphragm 121-2,
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and to reduce distortion of the earphone output, there-
by improving the output effect of the speaker 120 and
improving active noise cancellation effect of the ear-
phone against a relatively large ambient noise in the
open-type wearing manner, the driving force of the first
voice coil 123-1 and the second voice coil 123-2 may
be approximate or the same. In some embodiments, by
designing dimensions of the inner magnet 1222 and the
outer magnet 1223, the magnetic field strength near the
first voice coil 123-1 and the second voice coil 123-2
may be similar, thereby improving vibration consistency
of the first diaphragm 121-1 and the second diaphragm
121-2, reducing distortion of the earphone output, and
improving the active noise cancellation effect of the
earphone.

[0107] FIG. 20 is a schematic diagram illustrating an-
other structure of a speaker according to some embodi-
ments of the present disclosure.

[0108] Referring to FIG. 20, a ratio of the dimension
Wim of the inner magnet 1222 to the dimension Wom
of the outer magnet 1223 is defined as Wim/Wom. The
dimension refers to a dimension parameter of a related
component in a direction perpendicular to the vibration
direction. F or example, the thickness of the outer mag-
net 1223 refers to a distance between an outer surface
and an inner surface of the outer magnet 1223, and the
dimension of the inner magnet 1222 refers to a dimen-
sion of a cross section of the inner magnet 1222. In
some embodiments, when the ratio of the dimension of
the inner magnet 1222 to the thickness of the outer
magnet 1223 is too small, the dimension of the inner
magnet 1222 is too small, which may result in a weak
magnetic field strength of the magnetic circuit assembly
122 and insufficient driving force of the voice coil as-
sembly 123, thereby affecting the output of the speaker
120. When the ratio of the dimension of the inner mag-
net 1222 to the thickness of the outer magnet 1223 is
too large, the dimension of the inner magnet 1222 is
too large, which may cause the dimension of the
speaker 120 to be too large, affecting wearing of the
earphone and reducing user experience.

[0109] By designing the dimension ratio of the outer
magnet 1223 and the inner magnet 1222, electromag-
netic conversion efficiency of the speaker 120 may be
ensured, thereby improving the driving force of the
voice coil assembly 123, improving the output of the
speaker 120, and improving the active noise cancella-
tion effect of the earphone against a relatively large
ambient noise, while preventing earphone dimension
from being too large. For example, a ratio of the dimen-
sion of the inner magnet 1222 in the long axis direction
to the thickness of the outer magnet 1223 in the long
axis direction may be between 1.7 and 33; and a ratio
of the dimension of the inner magnet 1222 in the short
axis direction to the thickness of the outer magnet 1223
in the short axis direction may be between 1.7 and 33.
[0110] In some embodiments, in the long axis direc-
tion, the ratio of the dimension of the inner magnet
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1222 to the thickness of the outer magnet 1223 may
be 1.7 to 6.7; and in the short axis direction, the ratio
of the dimension of the inner magnet 1222 to the thick-
ness of the outer magnet 1223 may be 1.7 to 2.7. By
means of the above range design, the force factor (BL)
value of the speaker 120 may be significantly improved,
thereby enhancing sound output performance of the
speaker 120, and improving the active noise cancella-
tion effect of the earphone against a relatively large
ambient noise.

[0111] For example, when the contour shape of the
speaker 120 is circular, a ratio of the dimension of the
inner magnet 1222 in a radial direction (i.e., equivalent
to the long axis direction or the short axis direction) to
the thickness of the outer magnet 1223 in the radial
direction is between 1.7 and 33.

[0112] It should be noted that the thickness of the
outer magnet 1223 refers to a distance between the
outer surface and the inner surface of the outer magnet
1223.

[0113] When the volume of the outer magnet 1223 is
too small relative to the volume of the inner magnet
1222, a driving force of the second voice coil 123-2
which is close to the outer magnet 1223 and far from
the inner magnet 1222 is small, and a driving force of
the first voice coil 123-1 which is far from the outer
magnet 1223 and close to the inner magnet 1222 is
large, thereby causing a large driving force difference
between the first voice coil 123-1 and the second voice
coil 123-2. Similarly, when the volume of the outer mag-
net 1223 is too large relative to the volume of the inner
magnet 1222, the driving force of the second voice coil
123-2 which is close to the outer magnet 1223 and far
from the inner magnet 1222 is large, and the driving
force of the first voice coil 123-1 which is far from the
outer magnet 1223 and close to the inner magnet 1222
is small, thereby causing a large driving force differ-
ence between the first voice coil 123-1 and the second
voice coil 123-2. That is, when the volume of the outer
magnet 1223 differs too much from the volume of the
inner magnet 1222, it will cause a large driving force
difference between the first voice coil 123-1 and the
second voice coil 123-2, and affect the active noise
cancellation effect of the earphone. In some embodi-
ments, to improve vibration consistency of the first dia-
phragm 121-1 and the second diaphragm 121-2, to re-
duce distortion of the earphone output, and to improve
the active noise cancellation effect of the earphone, a
ratio of the volume of the outer magnet 1223 to the
volume of the inner magnet 1222 may be 0.3 to 3. In
some embodiments, to further improve vibration con-
sistency of the first diaphragm 121-1 and the second
diaphragm 121-2, to reduce distortion of the earphone
output, and to improve the active noise cancellation
effect of the earphone, the ratio of the volume of the
outer magnet 1223 to the volume of the inner magnet
1222 may be 0.5 to 1.5.

[0114] In some embodiments, with an increase in the
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thickness of the magnetic shield 1221 or the first mag-
netic plate 1224 (i.e., a ratio of a dimension of the mag-
net to the thickness of the magnetic shield 1221 de-
creases), the BL value of the speaker 120 gradually
increases. However, when the thickness of the mag-
netic shield 1221 or the first magnetic plate 1224 in-
creases to a certain value, excessively increasing the
thickness of the magnetic shield 1221 or the first mag-
netic plate 1224 may cause magnetic field lines to dis-
perse, which cannot be effectively concentrated near
the voice coil assembly 123, thereby reducing the mag-
netic field near the voice coil assembly 123. When the
thickness of the magnetic shield 1221 or the first mag-
netic plate 1224 decreases (i.e., the ratio of the dimen-
sion of the magnet to the thickness of the magnetic
shield 1221 increases), it may cause a decrease in a
magnetic saturation amount of the magnetic shield
1221 or the first magnetic plate 1224, and a reduction
in magnetism guiding capability, thereby reducing the
magnetic field strength passing through the voice coil
assembly 123.

[0115] To improve electromagnetic conversion effi-
ciency of the speaker 120, to improve the output sound
pressure level of the speaker 120, and to improve the
active noise cancellation performance of the earphone
against a relatively large ambient noise, in some embo-
diments, a ratio of the dimension of the inner magnet
1222 to the thickness of the magnetic shield 1221 (e.g.,
the bottom wall 12211) or the first magnetic plate 1224
may be between 1 and 4, and a ratio of the thickness of
the outer magnet 1223 to the thickness of the magnetic
shield 1221 (e.g., the inner side wall 12212) may be
between 1 and 4.

[0116] In some embodiments, the first voice coil
123-1 and the second voice coil 123-2 may adopt a
non-equal diameter structure. For example, on a refer-
ence plane perpendicular to the vibration direction, a
gap may exist between an orthographic projection of
the first voice coil 123-1 and an orthographic projection
of the second voice coil 123-2 in both the long axis
direction and the short axis direction, and the ortho-
graphic projection of the first voice coil 123-1 may be
located in an inner circle or an outer circle of the ortho-
graphic projection of the second voice coil 123-2. That
is, an annular orthographic projection of the first voice
coil 123-1 is located in the inner ring or the outer ring of
an annular orthographic projection of the second voice
coil 123-2, thereby forming the gap between the first
voice coil 123-1 and the second voice coil 123-2, which
serves as an avoidance channel 123-3 allowing the
magnetic circuit assembly 122 (e.g., the side wall of
the magnetic shield 1221) to pass through the voice
coil assembly 123.

[0117] In some embodiments, when the contour
shape of the speaker 120 is non-circular, e.g., rectan-
gular, elliptical, or the like, in this case, side walls of the
first voice coil 123-1 and the second voice coil 123-2
parallel to the long axis direction may be defined as
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long side walls, and side walls parallel to the short axis
direction may be defined as short side walls. The di-
mension of the short side wall of the first voice coll
123-1 is smaller than the dimension of the short side
wall of the second voice coil 123-2, and the dimension
of the long side wall of the first voice coil 123-1 is smal-
ler than the dimension of the long side wall of the sec-
ond voice coil 123-2. Alternatively, the dimension of the
short side wall of the first voice coil 123-1 is larger than
the dimension of the short side wall of the second voice
coil 123-2, and the dimension of the long side wall of
the first voice coil 123-1 is larger than the dimension of
the long side wall of the second voice coil 123-2.
[0118] In some embodiments, when the contour
shape of the sound generating portion 100 or the
speaker 120 is substantially circular, in this case, the
orthographic projection of the first voice coil 123-1 on
the reference plane is a first annular ring, the ortho-
graphic projection of the second voice coil 123-2 on
the reference plane is a second annular ring, and the
first annular ring and the second annular ring have dif-
ferent diameters, and the first voice coil 123-1 and the
second voice coil 123-2 are completely staggered,
thereby forming the avoidance channel 123-3.

[0119] By setting the first voice coil 123-1 and the
second voice coil 123-2 with the above dimensions,
the avoidance channel 123-3 formed between the first
voice coil 123-1 and the second voice coil 123-2 can be
utilized to provide an avoidance space for the magnetic
circuit assembly 122 (e.g., the side wall of the magnetic
shield 1221), which is equivalent to placing the voice
coil assembly 123 within the same magnetic gap of the
magnetic circuit assembly 122. This not only can en-
hance the structural robustness of the magnetic circuit
assembly 122 itself, provide support for rapid combined
assembly of the speaker 120, and facilitate reduction of
assembly difficulty and cost, but also avoids contact
between the voice coil assembly 123 and the magnetic
circuit assembly 122 during movement, which might
affect sound output. Meanwhile, by adopting the above
dimension setting, it can also avoid reserving the gap
between the first voice coil 123-1 and the second voice
coil 123-2 in the vibration direction for the magnetic
circuit assembly 122 to pass through, thereby reducing
the dimension of the speaker 120 in the vibration direc-
tion.

[0120] It should be noted that, when the magnetic
shield 1221 is of a 'IT-shaped structure and is only
provided with the side wall parallel to the long axis di-
rection (or, only provided with the side wall parallel to
the short axis direction), the first voice coil 123-1 and
the second voice coil 123-2 may accordingly have di-
mension differences only in short side walls (or, only in
long side walls), to form the corresponding avoidance
channel 123-3.

[0121] FIG. 21A is a schematic diagram illustrating a
structure of a frame according to some embodiments of
the present disclosure; and FIG. 21B is a schematic
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diagram illustrating a position of a frame and an outer
magnet according to some embodiments of the present
disclosure.

[0122] Referring to FIG. 4, FIG. 21A, and FIG. 21B,
in some embodiments, the speaker 120 may further
include the frame 125. The frame 125 is located be-
tween the first diaphragm 121-1 and the second dia-
phragm 121-2 in the vibration direction. The frame 125
may provide an installation and fixing platform for var-
ious components of the speaker 120. The speaker 120
may be connected to the first housing 110 via the frame
125.

[0123] Since the first diaphragm 121-1 and the sec-
ond diaphragm 121-2 may simultaneously compress air
within the third acoustic cavity 111-3, to reduce vibra-
tion resistance of the first diaphragm 121-1 and the
second diaphragm 121-2 and to enhance gas ex-
change efficiency between the third acoustic cavity
111-3 and the outside, the opening 1251 may be pro-
vided on the frame 125. The opening 1251 is in acous-
tic communication with the third acoustic cavity 111-3,
and the opening 1251 is in acoustic communication
with the third acoustic hole.

[0124] In some embodiments, by designing the third
acoustic cavity 111-3, the resonance frequency of the
third acoustic cavity 111-3 may be increased, thereby
increasing the peak resonance frequency of the second
resonance peak, allowing the earphone to have a rela-
tively stable sound output in a relatively large frequency
range, providing support for active noise reduction of
the earphone in a wider frequency range, and simulta-
neously improving the output effect of the earphone. In
addition, designing the third acoustic cavity 111-3 may
also enable a high-frequency resonance frequency of
the third sound generated by the third acoustic cavity
111-3 to be increased, thereby allowing the third sound
to have a phase opposite to phases of the first sound
and the second sound in a relatively wide frequency
range, enabling the third sound to cancel out the first
sound and the second sound in the relatively wide fre-
quency range, and providing the earphone with a better
sound leakage reduction effect in a wider frequency
range.

[0125] In some embodiments, the resonance fre-
quency of the third acoustic cavity 111-3 may be great-
er than 4.5 kHz, to allow the peak resonance frequency
of the second resonance peak to be increased, thereby
allowing the earphone to have a relatively stable sound
output in a relatively large frequency range, providing
support for active noise reduction of the earphone in a
wider frequency range, and simultaneously improving
the output effect of the earphone. In some embodi-
ments, to further enable the earphone to have a rela-
tively stable sound output in a larger frequency range,
the resonance frequency of the third acoustic cavity
111-3 may be greater than 5 kHz. In some embodi-
ments, to further enable the earphone to have a rela-
tively stable sound output in a larger frequency range,
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the resonance frequency of the third acoustic cavity
111-3 may be greater than 6 kHz.

[0126] Since the third acoustic hole is in acoustic
communication with the third acoustic cavity 111-3 via
the opening 1251, an area of the opening 1251 may
also affect the third Helmholtz resonance cavity model.
In some embodiments, to enable the resonance fre-
quency of the third acoustic cavity 111-3 to be greater
than 6 kHz, a plurality of openings 1251 may be pro-
vided on the frame 125, to increase a total area of the
openings 1251.

[0127] In some embodiments, the outer magnet 1223
may include a plurality of separated sub-magnets, and
as shown in FIG. 21B, the plurality of separated sub-
magnets are in a separated structure. The plurality of
sub-magnets of the outer magnet 1223 are arranged on
an inner wall of the frame 125, and the frame 125 co-
operates with the magnetic shield 1221 to fix the outer
magnet 1223. The frame 125 may fix the outer magnet
1223, thereby preventing the outer magnet 1223 from
falling off.

[0128] In some embodiments, to reduce manufactur-
ing difficulty, a position of the opening 1251 on the
frame 125 may be staggered with respect to a position
of the outer magnet 1223. Meanwhile, the staggered
arrangement of the opening 1251 and the outer magnet
1223 may also prevent the opening 1251 from being
blocked by the outer magnet 1223, allowing the open-
ing 1251 to have a larger usable area, thereby increas-
ing the resonance frequency of the third acoustic cavity
111-3, improving the second resonance frequency of
the sound output by the speaker 120, enabling the ear-
phone to have a flat output in a relatively wide fre-
quency range, while ensuring gas circulation between
the third acoustic cavity 111-3 and the outside, reducing
the difficulty of gas exchange between the third acous-
tic cavity 111-3 and the outside, reducing the difficulty
of the volume change of the third acoustic cavity 111-3,
reducing the difficulty of synchronous and opposite re-
lative vibration of the first diaphragm 121-1 and the
second diaphragm 121-2, and improving the output of
the earphone.

[0129] In some embodiments, the opening 1251 may
include a first opening 12511 arranged near a corner of
the frame 125, as shown in FIG. 21A and FIG. 21B. In
some embodiments, all the four corners of the frame
125 may be provided with the first opening 12511, to
allow the opening 1251 to have a larger area, thereby
increasing the resonance frequency of the third acous-
tic cavity 111-3, enabling the earphone to have a flat
output in a relatively wide frequency range, simulta-
neously reducing the difficulty of gas exchange be-
tween the third acoustic cavity 111-3 and the outside,
reducing the difficulty of synchronous and opposite re-
lative vibration of the first diaphragm 121-1 and the
second diaphragm 121-2, and improving the output of
the earphone.

[0130] In some embodiments, the opening 1251 may
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further include a second opening 12512. In the vibra-
tion direction, the dimension of the outer magnet 1223
is smaller than the dimension of the frame 125. In the
vibration direction, the frame 125 includes a staggered
portion (e.g., a region near upper and lower ends of the
frame 125) staggered with respect to the outer magnet
1223, and the second opening 12512 is arranged on
the staggered portion. The arrangement of the second
opening 12512 may further increase the total area of
the opening 1251, while ensuring that the opening
1251 is staggered with respect to the outer magnet
1223.

[0131] In some embodiments, on a plane where the
port of the third acoustic hole (e.g., the pressure relief
hole 113 shown in FIG. 4 or the sound outlet hole 112
shown in FIG. 6 and FIG. 7) is located, an orthographic
projection of the opening 1251 at least partially over-
laps the orthographic projection of the third acoustic
hole, to allow the opening 1251 to be at least partially
directly opposite to the third acoustic hole, thereby al-
lowing the third acoustic cavity 111-3 to be in direct
communication with the outside via the opening 1251
and the third acoustic hole, reducing obstacles be-
tween the third acoustic cavity 111-3 and an external
environment, to reduce the difficulty of gas exchange
between the third acoustic cavity 111-3 and the outside,
reducing the difficulty of synchronous and opposite re-
lative vibration of the first diaphragm 121-1 and the
second diaphragm 121-2, and improving the output of
the earphone. The plane where the port of the third
acoustic hole is located may refer to a plane where an
outer port of the third acoustic hole is located, or a
plane where an inner port of the third acoustic hole is
located. For example, when the third acoustic hole is
the pressure relief hole 113 arranged on the inner side
surface of the first housing 110 as shown in FIG. 4, or
the sound outlet hole 112 arranged on the first housing
110 as shown in FIG. 7, the plane where the end sur-
face of the third acoustic hole is located may refer to an
outer surface or an inner surface of the inner side sur-
face of the first housing 110. As another example, when
the third acoustic hole is the L-shaped sound outlet
hole 112 shown in FIG. 6, on the plane where the port
of the long side portion of the L-shaped structure is
located (the outer surface or the inner surface of the
inner side surface), an orthographic projection of the
opening 1251 on a long side of the frame 125 parallel
to the long axis direction at least partially overlaps an
orthographic projection of the long side portion of the L-
shaped structure; and on the plane where the port of
the short side portion of the L-shaped structure is lo-
cated (the outer surface or the inner surface of the front
side surface), an orthographic projection of the opening
1251 on a short side of the frame 125 parallel to the
short axis direction at least partially overlaps an ortho-
graphic projection of the short side portion of the L-
shaped structure.

[0132] In some embodiments, on the plane where the
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port of the third acoustic hole is located, an ortho-
graphic projection of the first opening 12511 at least
partially overlaps an orthographic projection of the third
acoustic hole. In some embodiments, on the plane
where the port of the third acoustic hole is located, an
orthographic projection of the second opening 12512 at
least partially overlaps the orthographic projection of
the third acoustic hole. In some embodiments, on the
plane where the port of the third acoustic hole is lo-
cated, orthographic projections of both the first opening
12511 and the second opening 12512 at least partially
overlap the orthographic projection of the third acoustic
hole. The third acoustic hole may be the pressure relief
hole 113 or the sound outlet hole 112 that is only ar-
ranged on the inner side surface as shown in FIG. 4 or
FIG. 7, or may be the sound outlet hole 112 of the L-
shaped structure as shown in FIG. 6. Through the
above arrangement, the total area of the opening 1251
may be further increased, while ensuring that the open-
ing 1251 is staggered with respect to the outer magnet
1223. In some embodiments, the orthographic projec-
tion of the opening 1251 in the long axis direction at
least partially overlaps the orthographic projection of
the third acoustic hole in the long axis direction, to allow
the opening 1251 to be at least partially directly oppo-
site to the third acoustic hole, to reduce the difficulty of
gas exchange between the third acoustic cavity 111-3
and the outside, and improve the output of the ear-
phone.

[0133] FIG. 22 is a schematic diagram illustrating an-
other structure of a cross section of a sound generating
assembly according to some embodiments of the pre-
sent disclosure; and FIG. 23 is a structural exploded
diagram illustrating a speaker according to some em-
bodiments of the present disclosure.

[0134] In some embodiments, referring to FIG. 22 to
FIG. 23, an end of the outer magnet 1223 away from
the extension portion 12213 may be provided with a
second magnetic conductive plate 1225. The magnetic
circuit assembly 122 may further include a bracket as-
sembly. The bracket assembly may include a first
bracket 122-4 and a second bracket 122-5. The first
bracket 122-4 is annularly connected to an outer per-
iphery of the second magnetic conductive plate 1225,
the second bracket 122-5 is annularly connected to an
outer periphery of the extension portion 12213, and the
first bracket 122-4 and the second magnetic conductive
plate 1225, and the second bracket 122-5 and the ex-
tension portion 12213 may be connected in forms such
as injection molding, adhesive bonding, bolting, or
snap-fitting. An outer periphery of the first diaphragm
121-1 is fixed to the first bracket 122-4 (e.g., by adhe-
sive bonding), and an outer periphery of the second
diaphragm 121-2 is fixed to the second bracket 122-5
(e.g., by adhesive bonding).

[0135] On one hand, by the cooperation of the first
bracket 122-4, the second bracket 122-5, and the sec-
ond magnetic conductive plate 1225, a cone frame in
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some existing speakers or the aforementioned frame
125 may be replaced, allowing the outer magnet 1223
to have a larger volume and dimension, enhancing
magnetic flux, and thereby increasing a driving force of
the voice coil assembly 123; meanwhile, also enabling
the speaker 120 to have a more compact structure,
reducing assembly difficulty, and improving assembly
effect.

[0136] On the other hand, by the cooperation of the
first bracket 122-4 and the second bracket 122-5, and
the magnetic shield 1221 and the diaphragms, the in-
ternal space of the speaker 120 may be enclosed to
form a relatively closed cavity (i.e., the common cavity
111-3), and the first bracket 122-4 and the second
bracket 122-5 may be used as structural connection
carriers between the speaker 120 and the first housing
110, or between the speaker 120 and the limiting as-
sembly 130, so as to firmly restrict the speaker 120
within the first housing 110, and form the first acoustic
cavity 111-1 and the second acoustic cavity 111-2 that
are relatively independent of the common cavity 111-3.
[0137] In some embodiments, referring to FIG. 23,
the first bracket 122-4 has a first receiving groove en-
closed around the second magnetic conductive plate
1225, and the second bracket 122-5 has a second re-
ceiving groove enclosed around the extension portion
12213. An outer periphery of the second magnetic con-
ductive plate 1225 is inserted into the first receiving
groove, and an outer periphery of the extension portion
12213 is inserted into the second receiving groove.
Merely by way of example, the first bracket 122-4 may
be integrally formed with the second magnetic conduc-
tive plate 1225 by injection molding, overmolding, or
the like, and the first bracket 122-4 covers the outer
periphery of the second magnetic conductive plate
1225, at this time, the first receiving groove is equiva-
lent to being naturally formed on the first bracket 122-4.
[0138] Based on the provided receiving grooves, a
structural connection area between the brackets and
the corresponding magnetic conductive plates may be
effectively increased, thereby allowing the brackets to
be firmly integrated with the corresponding magnetic
conductive plates (e.g., the brackets and the corre-
sponding magnetic conductive plates are integrally in-
jection molded), which is beneficial for reducing a count
of components of the speaker 120 and lowering assem-
bly difficulty of the speaker 120.

[0139] In some embodiments, referring to FIG. 23,
the first bracket 122-4, the second magnetic conductive
plate 1225, and the first diaphragm 121-1 cooperatively
form a first chamber 120a within the speaker 120, and
the second bracket 122-5, the extension portion 12213,
and the second diaphragm 121-2 cooperatively form a
second chamber 120b within the speaker 120. It may
be understood that the first chamber 120a and the sec-
ond chamber 120b are equivalent to a portion of the
common cavity 111-3, and both are located on two
sides of the magnetic circuit assembly in the vibration
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direction.

[0140] At this point, referring to FIG. 23, the first
bracket 122-4 and the second bracket 122-5 are re-
spectively provided with a positioning structure 120c
and a through-hole structure 120d. For ease of differ-
entiation and description, the positioning structure 120c
and the through-hole structure 120d arranged on the
first bracket 122-4 are respectively defined as a first
positioning structure and a first through-hole structure,
and the positioning structure 120c and the through-hole
structure 120d arranged on the second bracket 122-5
are respectively defined as a second positioning struc-
ture and a second through-hole structure.

[0141] The first positioning structure is located within
the first chamber 120a, and is mainly configured to po-
sition and restrict a wire of the first voice coil 123-1 on
the first bracket 122-4 within the first chamber 120a.
The first through-hole structure is arranged through a
side wall of the first bracket 122-4 (e.g., the side wall in
the short axis direction), to allow the wire of the first
voice coil 123-1 to be drawn out from an interior of the
speaker 120, and thereby connected to a circuit board
arranged at a periphery of the speaker 120 (the circuit
board may implement electrical connection between
the speaker 120 and the microphone assembly and
the circuit board assembly of the earphone). Based on
the same principle, the second positioning structure is
located within the second chamber 120b, and is mainly
configured to position and restrict a wire of the second
voice coil 123-2 on the second bracket 122-5 within the
second chamber 120b, and the second through-hole
structure is arranged through a side wall of the second
bracket 122-5, to allow the wire of the second voice coil
123-2 to be connected to the circuit board after being
drawn out from the interior of the speaker 120.

[0142] As a result, by the cooperation between the
corresponding chambers, brackets, positioning struc-
tures 120c, and through-hole structures 120d, the com-
pactness of the overall structure of the speaker 120
may be effectively enhanced, and restrictions on the
voice coil wires may be formed, to prevent the wires
from interfering with vibration of the diaphragms. In a
specific implementation, the positioning structure 120c
may be a mechanical structure such as a snap-fit
buckle arranged on the corresponding bracket, or the
like, or may be a structure formed by adhesive fixing
the voice coil wires.

[0143] In some embodiments, referring to FIG. 23,
the first bracket 122-4 and the second bracket 122-5
are arranged separately in the vibration direction,
thereby forming a receiving gap distributed around the
outer magnet 1223 between the two. The circuit board
may be received and fixed within the receiving gap, for
example, being attached and fixed on an outer periph-
eral surface of the first outer magnet 122-11. As a re-
sult, the overall volume and the dimension of the
speaker 120 may be effectively reduced, thereby
further enhancing the structural compactness of the
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speaker 120.

[0144] In some embodiments, referring to FIG. 23,
one or both of the first bracket 122-4 and the second
bracket 122-5 may be provided with a pressure balance
channel 120e. The pressure balance channel 120e
may be arranged through the corresponding bracket
along a direction perpendicular to the vibration direction
(e.g., the long axis direction, the short axis direction, or
the like). In some embodiments, since the bracket as-
sembly replaces the frame 125, an arrangement of the
pressure balance channel 120e on the bracket assem-
bly may be the same as an arrangement of the opening
1251 on the frame 125, and the third acoustic cavity
111-3 is in acoustic communication with the sound out-
let hole 112 on the first housing 110 via the pressure
balance channel 120e. For example, the pressure bal-
ance channel 120e may also be staggered with respect
to the outer magnet 1223, or the like.

[0145] In some embodiments, the pressure balance
channel 120e may be covered by a gauze, a water-
proof and breathable membrane, or the like, to improve
waterproof performance of the speaker 120.

[0146] The basic concepts have been described
above, and it is apparent to those skilled in the art that
the detailed disclosure described above is merely by
way of example and does not constitute a limitation on
the present disclosure. Although not explicitly stated
herein, those skilled in the art may make various mod-
ifications, improvements, and revisions to the present
disclosure. Such modifications, improvements, and re-
visions are contemplated in the present disclosure, and
thus still fall within the spirit and scope of the exemplary
embodiments of the present disclosure.

[0147] In addition, the present disclosure employs
specific terms to describe the embodiments of the pre-
sent disclosure. For example, ’an embodiment’, ’one
embodiment’, and/or 'some embodiments’ mean that a
particular feature, structure, or characteristic is related
to at least one embodiment of the present disclosure.
Therefore, it should be emphasized and noted that 'one
embodiment’ or 'an embodiment’ or 'an alternative em-
bodiment’ mentioned two or more times in different lo-
cations in the present disclosure do not necessarily re-
fer to the same embodiment. Furthermore, certain fea-
tures, structures, or characteristics in one or more em-
bodiments of the present disclosure may be appropri-
ately combined.

[0148] Similarly, it should be noted that, in order to
simplify the description of the present disclosure and
thereby facilitate an understanding of one or more em-
bodiments of the present disclosure, in the preceding
descriptions of the embodiments of the present disclo-
sure, a plurality of features may sometimes be grouped
into an embodiment, a figure, or descriptions thereof.
However, such a disclosure approach does not imply
that the subject matter of the present disclosure re-
quires more features than those mentioned in the
claims. In fact, the features of an embodiment are few-
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er than all the features of a single embodiment de-
scribed in the above disclosure.

[0149] In some embodiments, numerical values de-
scribing quantities of components and attributes are
used, and it should be understood that such numerical
values used in the descriptions of the embodiments are
modified by the modifier 'approximately’ in some exam-
ples. Unless otherwise specified, 'approximately’ indi-
cates that the numerical values allow for a =20% varia-
tion. Accordingly, in some embodiments, the numerical
parameters used in the present disclosure and the
claims are all approximate values, and the approximate
values may vary according to required characteristics
of individual embodiments. In some embodiments, the
numerical parameters should take into account the
specified significant figures and be expressed using a
general method of rounding. While the numerical
ranges and parameters used in some embodiments of
the present disclosure to confirm their scope of applic-
ability are approximate values, in specific embodi-
ments, such numerical values are set to be as precise
as possible to the extent practicable.

[0150] Finally, it should be understood that the de-
scribed embodiments in the present disclosure are
merely illustrative of the principles of the embodiments
of the present disclosure. Other variations may also fall
within the scope of the present disclosure. Therefore,
by way of example and not limitation, alternative con-
figurations of the embodiments of the present disclo-
sure may be considered to be consistent with the
teachings of the present disclosure. Accordingly, the
embodiments of the present disclosure are not limited
to the embodiments explicitly introduced and described
in the present disclosure.

Claims
1. A speaker, comprising:

a magnetic circuit assembly;

a voice coil assembly, at least a portion of the
voice coil assembly being located within a
magnetic gap of the magnetic circuit assembly;
a first diaphragm and a second diaphragm, the
first diaphragm and the second diaphragm
being spaced apart in a vibration direction;
wherein the voice coil assembly includes a first
voice coil and a second voice coil arranged
along the vibration direction, the first dia-
phragm is connected to the first voice coil, and
the second diaphragm is connected to the sec-
ond voice coil;

the first voice coil and the second voice coil
are configured to respectively drive the first
diaphragm and the second diaphragm to vi-
brate synchronously in opposite directions;
wherein the magnetic circuit assembly in-
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cludes a magnetic shield and an inner magnet,
the magnetic shield includes a side wall and a
bottom wall, the side wall includes a folded
structure, the folded structure includes an in-
ner side wall and an outer side wall spaced
apart in a direction perpendicular to the vibra-
tion direction, and an extension portion con-
necting the inner side wall and the outer side
wall, the bottom wall is connected to the inner
side wall, a first magnetic gap is formed be-
tween the inner side wall and the inner mag-
net, a second magnetic gap is formed between
the inner side wall and the outer side wall, at
least a portion of the first voice coil is located
within the first magnetic gap, and at least a
portion of the second voice coil is located with-
in the second magnetic gap.

The speaker of claim 1, wherein the outer side wall
includes an outer magnet, the first magnetic gap is
formed between the inner magnet and the inner
side wall, and the second magnetic gap is formed
between the outer magnet and the inner side wall.

The speaker of claim 2, wherein a magnetization
direction of the inner magnet is the same as a
magnetization direction of the outer magnet, the
speaker includes a long axis direction and a short
axis direction, and in the short axis direction or in
the long axis direction, a ratio of a thickness of the
inner side wall to a dimension of the magnetic
shield is 0.05-0.16.

The speaker of claim 2, wherein a magnetization
direction of the inner magnet is opposite to a mag-
netization direction of the outer magnet, and a
thickness of the inner side wall is less than or equal
to 0.4 mm.

The speaker of claim 4, wherein the inner side wall
is hollowed out.

The speaker of claim 1, wherein the inner side wall
includes an outer magnet, the first magnetic gap is
formed between the inner magnet and the outer
magnet, and the second magnetic gap is formed
between the outer magnet and the outer side wall.

The speaker of claim 1, wherein the inner side wall
includes a first outer magnet, the outer side wall
includes a second outer magnet, the first magnetic
gap is formed between the inner magnet and the
first outer magnet, and the second magnetic gap is
formed between the first outer magnet and the sec-
ond outer magnet.

The speaker of any one of claims 1-6, wherein the
speaker includes a long axis direction and a short
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axis direction, and in the short axis direction or in
the long axis direction, a ratio of a dimension of the
inner magnet to a thickness of the outer magnet is
between 1.7 and 33.

The speaker of claim 8, wherein in the long axis
direction, a ratio of a dimension of the inner mag-
net to a thickness of the outer magnet is 1.7-6.7;
and in the short axis direction, a ratio of a dimen-
sion of the inner magnet to a thickness of the outer
magnet is 1.7-2.7.

An earphone, comprising the speaker of any one of
claims 1-9, the earphone further comprising:

a first housing, the speaker being arranged
within the first housing;

the first diaphragm of the speaker and an inner
wall of the first housing form a first acoustic
cavity, the second diaphragm of the speaker
and another inner wall of the first housing form
a second acoustic cavity, and a third acoustic
cavity is formed between the first diaphragm
and the second diaphragm;

wherein the speaker further includes a frame,
the frame is located between the first dia-
phragm and the second diaphragm in the vi-
bration direction; an opening is provided on
the frame, and the opening is in acoustic com-
munication with the third acoustic cavity.

The earphone of claim 10, wherein the magnetic
circuit assembly includes an outer magnet, the out-
er magnet includes a plurality of separated sub-
magnets, the plurality of sub-magnets of the outer
magnet are each arranged on an inner wall of the
frame, and the opening is staggered with respect to
the sub-magnets of the outer magnet.

The earphone of claim 10, wherein in a wearing
state, the first housing includes an inner side sur-
face facing an external auditory canal and an outer
side surface opposite to the inner side surface and
away from the external auditory canal, the first
housing is provided with a first sound outlet hole
communicating with the first acoustic cavity, a sec-
ond sound outlet hole communicating with the sec-
ond acoustic cavity, and a pressure relief hole com-
municating with the third acoustic cavity;

wherein the first sound outlet hole and the second
sound outlet hole are located on the inner side sur-
face of the first housing, and the pressure relief
hole is located on the outer side surface of the first
housing.

The earphone of claim 10, wherein in a wearing
state, the first housing includes an inner side sur-
face facing an external auditory canal, an outer
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side surface opposite to the inner side surface and
away from the external auditory canal, an upper
side surface facing the user’s vertex, and a lower
side surface opposite to the upper side surface and
facing the user’s skull base, the first housing is
provided with a first pressure relief hole communi-
cating with the first acoustic cavity, a second pres-
sure relief hole communicating with the second
acoustic cavity, and a sound outlet hole communi-
cating with the third acoustic cavity;

wherein the sound outlet hole is arranged on the
inner side surface of the first housing, and the first
pressure relief hole and the second pressure relief
hole are both arranged on the outer side surface of
the first housing.

The earphone of claim 10, wherein in a wearing
state, the first housing includes an inner side sur-
face facing an external auditory canal, an outer
side surface opposite to the inner side surface and
away from the external auditory canal, an upper
side surface facing a user’s vertex, and a lower
side surface opposite to the upper side surface
and facing the user’s skull base, the first housing
is provided with a first pressure relief hole commu-
nicating with the first acoustic cavity, a second
pressure relief hole communicating with the sec-
ond acoustic cavity, and a sound outlet hole com-
municating with the third acoustic cavity;

wherein the sound outlet hole is arranged on the
inner side surface of the first housing, and the first
pressure relief hole and the second pressure relief
hole are respectively arranged on the upper side
surface and the lower side surface of the first hous-

ing.

The earphone of claim 14, wherein in the wearing
state, the first housing further includes a front side
surface facing a rear of a user’s ear, the sound
outlet hole is in an L-shaped structure, and the L-
shaped structure includes a short side portion lo-
cated on the front side surface of the first housing
and a long side portion located on the inner side
surface of the first housing.

The earphone of any one of claims 13-15, wherein
the opening on the frame is in acoustic communi-
cation with the sound outlet hole, and on a plane
where a port of the sound outlet hole is located, an
orthographic projection of the opening at least par-
tially overlaps an orthographic projection of the
sound outlet hole.

The earphone of claim 15, wherein a gap is pro-
vided between the front side surface of the first
housing and the speaker, the gap serves as a
sound guide channel, and the sound guide channel
is configured to: guide a sound generated by the
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speaker on the front side surface to the sound out-
let hole for output; wherein in the long axis direc-
tion, a dimension of the sound guide channel is 0.5
mm-2 mm.

The earphone of claim 13, wherein the first pres-
sure relief hole and the second pressure relief hole
are staggered in the vibration direction.

The earphone of claim 13, wherein a dimension of
the first pressure relief hole is different from a di-
mension of the second pressure relief hole.

The earphone of claim 13 or 14, wherein the ear-
phone further comprises a microphone assembly,
the microphone assembly includes a third micro-
phone and a fourth microphone, the first micro-
phone is arranged at an intersection region of the
outer side surface and the front side surface of the
first housing, and in a wearing state, a line con-
necting the fourth microphone and the third micro-
phone points to a user’s mouth.
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