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Description

[Technical Field]

[0001] Apparatuses consistent with exemplary em-
bodiments relate to a speaker apparatus and an elec-
tronic apparatus including the same.

[Background Art]

[0002] Along with the recent development of flat dis-
play panel technology, electronic apparatuses such as
digital televisions (DTVs) have slim design. A speaker
apparatus for outputting a sound, which is installed in the
electronic apparatuses, has also been demanded to have
an appropriate shape and thickness to fit in the slim elec-
tronic apparatuses.
[0003] For example, an electronic apparatus may in-
clude a small opening in a thin slit shape opened in a
front direction in which a viewer or an audience is located,
and a speaker apparatus outputs or emits a sound
through the small opening.
[0004] A speaker unit of the speaker apparatus is re-
quired to have a certain size in order to have a sound
pressure of a certain level or more. The size of the speak-
er unit may be larger than a size of the opening provided
on the electronic apparatus. In this case, a portion of the
speaker unit is hidden so as not to be viewed from the
front.
[0005] As such, when a sound from one portion of the
speaker unit is output through the opening while the other
portion of the speaker unit is hidden behind the opening,
deterioration of sound quality becomes a problem.
[0006] US 2010/0098271 A1 relates to a membrane
for an AMT speaker, in particular concerning avoiding
undesirable membrane oscillations through the use of
supporting elements and DE 20207154U1 relates to an
AMT speaker contained within housing with multiple
elongated openings.

[Disclosure]

[Technical Problem]

[0007] One or more exemplary embodiments provide
a speaker apparatus capable of providing wide horizontal
directivity while outputting a sound in a high-frequency
range, which has a sound pressure of a certain level or
more, and an electronic apparatus including the same.
[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented exemplary embodiments.

[Technical Solution]

[0009] According to an aspect of an exemplary embod-
iment, a speaker apparatus includes: a speaker unit in-

cluding a magnet configured to provide a magnetic field
and a membrane disposed in the magnet field and con-
figured to be vibratable in a first direction and emit a sound
in a front direction that is one direction of a second direc-
tion perpendicular to the first direction; and a blocking
unit disposed in the front direction of the membrane and
configured to block a region corresponding to a partial
height of the total height of the membrane in the first
direction from being exposed to the front direction and
expose a region corresponding to the remaining height
of the total height of the membrane to the front direction,
wherein the first direction is an up-down direction per-
pendicular to a floor, a width of the membrane in a third
direction that is perpendicular to the first and second di-
rections is greater than the height of the membrane in
the first direction, and the height of the membrane
blocked by the blocking unit is less than a half of a wave-
length corresponding to a maximum frequency in a fre-
quency range of the sound emitted from the membrane.
[0010] The membrane may have a meandering shape
along the first direction and vibrate while facing regions
facing each other are moving in opposite directions along
the first direction.
[0011] The frequency range of the sound emitted from
the membrane may satisfy a sound pressure level that
is equal to or greater than a sound pressure level lower
by 6 dB than a mean sound pressure level of the sound
emitted from the membrane.
[0012] The maximum frequency may be about 20 KHz,
and the half of the wavelength corresponding to the max-
imum frequency may be about 8.5 mm.
[0013] The height of the membrane exposed to the
front direction by the blocking unit may be about 5 mm
or less.
[0014] The total height of the membrane may be less
than about 13.5 mm.
[0015] The speaker apparatus may further include an
enclosure configured to accommodate the speaker unit,
wherein the total height of the enclosure in the first direc-
tion is less than about 16.5 mm.
[0016] A width of the membrane in the third direction
may be less than about 42 mm.
[0017] A sound-absorption member may be disposed
on at least one of both end portions of the membrane in
the third direction.
[0018] The membrane may include facing regions fac-
ing each other in the first direction and a connection re-
gion disposed between the facing regions to connect the
facing regions, the connection region may include a ridge
region disposed in the front direction and a valley region
disposed in a rear direction, and the sound-absorption
member may be disposed in a certain space defined by
the facing regions and the valley region.
[0019] The blocking unit may be further configured to
expose a region corresponding to a partial width of the
total width of the membrane in the third direction to the
front direction and block a region corresponding to the
remaining width of the total width of the membrane from
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being exposed to the front direction.
[0020] The width of the membrane exposed by the
blocking unit may be about 25 mm or less.
[0021] The width of the membrane blocked from being
exposed to the front direction by the blocking unit may
be less than the half of the wavelength corresponding to
the maximum frequency of a sound emitted from the
membrane.
[0022] A sound-absorption member may be disposed
in a region in which the membrane is blocked from being
exposed to the front direction by the blocking unit.
[0023] The blocking unit may include a front grill dis-
posed in the front direction of the membrane and a display
unit disposed in the front direction of the front grill.
[0024] A region corresponding to the partial height of
the total height of the membrane in the first direction may
be blocked from being exposed to the front direction by
at least one of the display unit and the front grill.
[0025] A region corresponding to the partial width of
the total width of the membrane in the third direction may
be blocked from being exposed to the front direction by
at least one of the display unit and the front grill.
[0026] According to an aspect of another exemplary
embodiment, a speaker apparatus includes: a speaker
unit including a magnet configured to provide a magnetic
field and a membrane disposed in the magnet field and
configured to be vibratable in an up-down direction and
emit a sound to a front direction that is one direction of
a front-rear direction and having a width in a left-right
direction which is greater than a height in the up-down
direction; and a sound-absorption member disposed on
at least one of both end portions of the membrane in the
left-right direction and configured to absorb a portion of
the sound emitted from the membrane.
[0027] The speaker apparatus may further include a
blocking unit disposed in the front direction of the mem-
brane and configured to expose a region corresponding
to a partial width of the total width of the membrane in
the left-right direction and block a region corresponding
to the remaining width of the total width of the membrane
from being exposed to the front direction, wherein the
width of the membrane blocked from being exposed to
the front direction by the block unit is less than a half of
a wavelength corresponding to a maximum frequency in
a frequency range of the sound emitted from the mem-
brane.
[0028] According to an aspect of another exemplary
embodiment, an electronic apparatus includes the
speaker apparatus.
[0029] According to an aspect of another exemplary
embodiment, a speaker apparatus includes a speaker
unit including: a magnet configured to provide a magnetic
field; and a membrane disposed in the magnet field, con-
figured to be vibratable in a first direction, and configured
to emit a sound in a second direction perpendicular to
the first direction; and a blocking unit disposed at the
membrane, configured to block a first region of the mem-
brane having a first height along the first direction from

being exposed and configured to expose a second region
of the membrane having a second height, a sum of the
first and the second heights corresponds to a total height
of the membrane, wherein the first height of the mem-
brane blocked by the blocking unit is less than a half of
a wavelength corresponding to a maximum frequency in
a frequency range of the sound emitted from the mem-
brane.
[0030] A width of the membrane extending in a third
direction, which is perpendicular to the first and the sec-
ond directions, may be greater than the total height of
the membrane in the first direction.
[0031] The membrane may have a meandering shape
along the first direction and vibrates while adjacent facing
regions of the membrane facing each other move in op-
posite directions of each other along the first direction.
[0032] The frequency range of the sound emitted from
the membrane may satisfy a sound pressure level that
is equal to or greater than a sound pressure level lower
by 6 dB than an average sound pressure level of the
sound emitted from the membrane.
[0033] The maximum frequency may be about 20 KHz,
and the half of the wavelength corresponding to the max-
imum frequency of 20 KHz may be about 8.5 mm.
[0034] The second height of the membrane may be
about 5 mm or less.
[0035] The total height of the membrane may be less
than about 13.5 mm.
[0036] The speaker apparatus may further include an
enclosure configured to accommodate the speaker unit,
wherein a height of the enclosure in the first direction is
less than about 16.5 mm.
[0037] The width of the membrane in the third direction
may be less than about 42 mm.
[0038] The speaker apparatus may further include a
sound-absorption member provided on at least one of
opposite end portions of the membrane along the third
direction.
[0039] The membrane may include: adjacent facing re-
gions facing each other along the first direction; and a
connection region disposed between the adjacent facing
regions to connect the adjacent facing regions, wherein
the connection region includes a ridge region disposed
on a first side of the membrane along the second direction
and a valley region disposed on a second side opposite
to the first side of the membrane along the second direc-
tion, and wherein the sound-absorption member is dis-
posed in a space defined by the adjacent facing regions
and the valley region.
[0040] The blocking unit may be configured to expose
the second region having a second width of the mem-
brane in a third direction perpendicular to the first and
the second directions and configured to block the first
region having a first width of the membrane from being
exposed, a sum of the first and the second widths corre-
spond to a total width of the membrane.
[0041] The second width of the membrane may be
about 25 mm or less.
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[0042] The first width of the membrane being blocked
by the blocking unit is less than the half of the wavelength
corresponding to the maximum frequency of the sound
emitted from the membrane.
[0043] The speaker apparatus may further include a
sound-absorption member disposed at the first region in
which the membrane is blocked from being exposed by
the blocking unit.
[0044] The blocking unit may include: a front grill dis-
posed at the membrane; and a display unit disposed at
the front grill.
[0045] The first region of the membrane having the first
height may be blocked from being exposed by at least
one of the display unit and the front grill.
[0046] The first region of the membrane having the first
width may be blocked from being exposed by at least
one of the display unit and the front grill.
[0047] According to an aspect of another exemplary
embodiment, a speaker apparatus includes: a speaker
unit including: a magnet configured to provide a magnetic
field; and a membrane disposed in the magnet field, con-
figured to be vibratable in a vertical direction and config-
ured to emit a sound in a first horizontal direction per-
pendicular to the vertical direction, the membrane having
a total width in a second horizontal direction which is
greater than a height in the vertical direction, the second
horizontal direction being perpendicular to the first hori-
zontal direction and the vertical direction; and a sound-
absorption member disposed on at least one of opposite
end portions of the membrane along the second horizon-
tal direction and configured to absorb a portion of the
sound emitted from the membrane.
[0048] The speaker apparatus may further include a
blocking unit disposed at the membrane, configured to
expose a first region of the membrane having a first width
in the second horizontal direction and configured to block
a second region having a second width from being ex-
posed along the first horizontal direction, a sum of the
first and the second widths corresponding to the total
width, wherein the second width of the membrane is less
than a half of a wavelength corresponding to a maximum
frequency in a frequency range of the sound emitted from
the membrane.
[0049] According to an aspect of another exemplary
embodiment, a speaker apparatus may include: a speak-
er unit including a membrane configured to be expanded
and compressed in a first direction, and configured to
emit a sound in a second direction perpendicular to the
first direction by being expanded and compressed; and
a blocking unit disposed at a first side of the membrane
along the second direction and including: a first portion
configured to block a first region of the membrane pro-
vided on the first side of the membrane and having a first
height along the first direction; and a second portion con-
figured to expose a second region of the membrane pro-
vided on the first side of the membrane and having a
second height, wherein a sum of the first and the second
heights of the membrane corresponds to a total height

of the membrane, and wherein the first height of the mem-
brane blocked by the blocking unit is less than a half of
a wavelength corresponding to a maximum frequency in
a frequency range of the sound emitted from the mem-
brane.
[0050] A width of the membrane extending in a third
direction, which is perpendicular to the first and the sec-
ond directions, may be greater than the total height of
the membrane in the first direction.
[0051] The second portion may include an acoustic
guide tube.

[Advantageous Effects]

[0052] A speaker apparatus according to one or more
exemplary embodiments and an electronic apparatus in-
cluding the same may exhibit a wide horizontal directivity
while outputting a sound of the high-frequency range
which has a sound pressure of a certain level or more.

[Description of Drawings]

[0053] The above and/or other aspects of the disclo-
sure will become apparent and more readily appreciated
from the following description of the exemplary embodi-
ments, taken in conjunction with the accompanying draw-
ings in which:

FIG. 1 illustrates a block diagram of an electronic
apparatus according to an exemplary embodiment;
FIGS. 2A and 2B respectively illustrate a front view
and a cross-sectional view of the electronic appara-
tus of FIG. 1;
FIG. 3A illustrates a magnified cross-sectional view
of a portion of the electronic apparatus of FIG. 1, and
FIG. 3B illustrates a magnified front view of the elec-
tronic apparatus of FIG. 1;
FIGS. 4A and 4B respectively illustrate an assem-
bled perspective view and an exploded perspective
view of a speaker apparatus except for a display unit;
FIGS. 5, 6A, and 6B conceptually illustrate an oper-
ation of a membrane according to an air motion trans-
former (AMT) type;
FIG. 7A illustrates a path difference between direct
sounds in a state where a portion of a speaker unit
is blocked from being exposed to the front direction
by a blocking unit, according to an exemplary em-
bodiment, and FIG. 7B conceptually illustrates a por-
tion of FIG. 7A;
FIG. 8 illustrates a front grill of a speaker apparatus
according to an exemplary embodiment;
FIG. 9A illustrates a magnified cross-sectional view
of a portion of a speaker apparatus according to an
exemplary embodiment, and FIG. 9B illustrates a
magnified front view of the speaker apparatus of FIG.
9A;
FIG. 10 illustrates a magnified cross-sectional view
of an electronic apparatus including the speaker ap-
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paratus of FIG. 9A, according to an exemplary em-
bodiment;
FIGS. 11A through 11C illustrate modified examples
of the speaker apparatus of FIG. 9B;
FIG. 12A illustrates a magnified cross-sectional view
of a portion of a speaker apparatus according to an
exemplary embodiment, and FIG. 12B illustrates a
magnified front view of the speaker apparatus of FIG.
12A;
FIG. 13 illustrates a magnified cross-sectional view
of an electronic apparatus including the speaker ap-
paratus of FIG. 12A, according to an exemplary em-
bodiment;
FIGS. 14 and 15 illustrate modified examples of the
speaker apparatus of FIG. 12B;
FIGS. 16 and 17 illustrate a change in a sound pres-
sure when a height of a membrane blocked from
being exposed by a blocking unit varies;
FIGS. 18A through 18C respectively illustrate front
views of a speaker apparatus according to exempla-
ry embodiments;
FIG. 19 illustrates graphs showing results of meas-
uring frequency characteristics of sounds emitted
from the speaker apparatus according to exemplary
embodiments;
FIGS. 20A through 20C respectively illustrate test
data showing horizontal coverage characteristics of
the speaker apparatus according to exemplary em-
bodiments;
FIGS. 21A through 21C respectively illustrate front
views of a speaker apparatus according to exempla-
ry embodiments; and
FIGS. 22A through 22C respectively illustrate test
data showing horizontal coverage characteristics of
the speaker apparatus of FIGS. 21A through 21C,
according to t exemplary embodiments.

[Mode for Invention]

[0054] Hereinafter, configurations and applications of
exemplary embodiments will be described in detail with
reference to the accompanying drawings.
[0055] The terms used in the specification will be sche-
matically described, and then, the disclosed exemplary
embodiments will be described in detail.
[0056] FIG. 1 illustrates a block diagram of an electron-
ic apparatus 1 according to an exemplary embodiment.
[0057] Referring to FIG. 1, the electronic apparatus 1
includes at least one speaker apparatus 3 configured to
output a sound to the outside of the electronic apparatus
1. The speaker apparatus 3 may emit a sound within an
audible frequency range to the outside. For example, the
audible frequency may be about 20 Hz to about 20 KHz.
[0058] According to the exemplary embodiment, the
speaker apparatus 3 may output a sound in a three-way
type including first, second, and third speaker units 10a,
10b and 10. The first, second, and third speaker units
10a, 10b and 10 may reproduce the sound by dividing

the sound into a low-frequency range, an intermediate-
frequency range, and a high-frequency range.
[0059] For example, the first speaker unit 10a may be
configured to output a sound of the low-frequency range
corresponding to about 20 Hz to about 300 Hz, the sec-
ond speaker unit 10b may be configured to output a
sound of the intermediate-frequency range correspond-
ing to about 300 Hz to about 2 KHz, and the third speaker
unit 10 may be configured to output a sound of the high-
frequency range corresponding to about 2 KHz to about
20 KHz.
[0060] The frequency range of the sound emitted from
each of the first, second, and third speaker units 10a,
10b and 10 may indicate a frequency range of a sound,
e.g., an effective frequency range, which is intentionally
used by each of the first, second, and third speaker units
10a, 10b and 10. For example, the frequency range of
the sound emitted from each of the first, second, and
third speaker units 10a, 10b and 10 may indicate a fre-
quency range of a sound satisfying a sound pressure
level that is equal to or greater than a sound pressure
level lower by about 6 dB than an average sound pres-
sure level of the sound emitted from the speaker appa-
ratus 3. For example, when the average sound pressure
level of the sound emitted from the third speaker unit 10
is about 70 dB, the frequency range of the sound emitted
from the third speaker unit 10 may be a frequency range
of a sound satisfying about 64 dB or more. Accordingly,
even though the third speaker unit 10 is capable of ac-
tually outputting a sound of about 1 KHz to about 40 KHz,
when the frequency range of the sound satisfying about
64 dB or more is about 2 KHz to about 20 KHz, the fre-
quency range of the sound emitted from the third speaker
unit 10 may be about 2 KHz to about 20 KHz.
[0061] Although it has been described in the exemplary
embodiment that a sound of the speaker apparatus 3 is
output in a three-way type, a configuration of the speaker
apparatus 3 for an acoustic output is not limited thereto
and may be varied. For example, the speaker apparatus
3 may reproduce a sound in a one-way type, a two-way
type, or a four-way type.
[0062] FIGS. 2A and 2B respectively illustrate a front
view and a cross-sectional view of the electronic appa-
ratus 1 of FIG. 1. FIG. 2B is a cross-sectional view taken
along line II-II of FIG. 2A, and the other components ex-
cept for the speaker apparatus 3 are omitted from or
schematically shown in FIG. 2B.
[0063] Referring to FIGS. 1, 2A, and 2B, the electronic
apparatus 1 according to the exemplary embodiment
may include the at least one speaker apparatus 3 and
first, second, and third acoustic output ports 2a, 2b, and
2 through which a sound emitted from the speaker ap-
paratus 3 is released to the outside of the electronic ap-
paratus 1.
[0064] The speaker apparatus 3 may output a sound
in a stereoscopic type. For example, one pair of speaker
apparatuses 3 may be arranged at the left side and the
right side, respectively, of the electronic apparatus 1 and
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reproduce a sound. However, the acoustic output of the
speaker apparatuses 3 is not limited thereto, and the
speaker apparatus 3 may output a sound in a monotype.
[0065] Each of the pair of speaker apparatuses 3 may
include the first, second, and third speaker units 10a, 10b
and 10. The first, second, and third speaker units 10a,
10b and 10 may be disposed on the rear of the first, sec-
ond, and third acoustic output ports 2a, 2b, and 2, re-
spectively. Sounds of the low-frequency range, the inter-
mediate-frequency range, and the high-frequency range
may be emitted to the outside of the electronic apparatus
1 through the first, second, and third acoustic output ports
2a, 2b, and 2, respectively.
[0066] At least one of the first, second, and third acous-
tic output ports 2a, 2b, and 2 may be disposed on a front
surface of the electronic apparatus 1. For example, the
third acoustic output port 2 through which a sound of the
high-frequency range is output may be disposed on the
front surface of the electronic apparatus 1. Herein, the
front surface of the electronic apparatus 1 may be defined
as a surface of the electronic apparatus 1, which faces
a user.
[0067] The third acoustic output port 2 may be dis-
posed at a lower part of the front surface of the electronic
apparatus 1. For example, the third acoustic output port
2 may be disposed at a left lower part and a right lower
part of a display unit 21 of the electronic apparatus 1.
However, the arrangement and the number of third
acoustic output ports 2 are not limited thereto and may
be modified according to design intent. For example, the
third acoustic output port 2 may be disposed at an upper
part of the display unit 21 or disposed at an upper part
and a lower part of the display unit 21.
[0068] Sizes of the first, second, and third acoustic out-
put ports 2a, 2b, and 2 may be designed to be small by
taking into account slimness of the electronic apparatus
1. For example, each of the first, second, and third acous-
tic output ports 2a, 2b, and 2 may be designed such that
a height in an up-down direction (z direction) is less than
a width extending in a left-right direction (x direction) as
shown in FIGS. 2A and 2B. A height (i.e., in z-direction)
of each of the first, second, and third acoustic output ports
2a, 2b, and 2 may be about 5 mm or less, and a width
(i.e., in x-direction) of each of the first, second, and third
acoustic output ports 2a, 2b, and 2 may be greater than
the height of each of the first, second, and third acoustic
output ports 2a, 2b, and 2.
[0069] The width of each of the first, second, and third
acoustic output ports 2a, 2b, and 2 may be designed
differently from one another according to a frequency
range and a sound pressure level of a sound output
through each of the first, second, and third acoustic out-
put ports 2a, 2b, and 2. For example, the width of the first
acoustic output port 2a may be relatively large, and the
width of the third acoustic output port 2 may be relatively
small.
[0070] Sizes of the first, second, and third speaker
units 10a, 10b and 10 may vary according to a requisite

sound pressure level, and the requisite sound pressure
level may vary according to a frequency range and a type
of the electronic apparatus 1. For example, when the
electronic apparatus 1 is a TV, and the third speaker unit
10 is responsible for the high-frequency range corre-
sponding to about 2 KHz to about 20 KHz, the requisite
sound pressure level may be about 70 dB or more.
[0071] As described above, when the requisite sound
pressure level is determined, the sizes of the first, sec-
ond, and third speaker units 10a, 10b and 10 may be
designed to have at least a predetermined size which is
greater than the sizes of the first, second, and third acous-
tic output ports 2a, 2b, and 2, respectively.
[0072] In the exemplary embodiment, because the siz-
es of the first, second, and third speaker units 10a, 10b
and 10 are larger than the sizes of the first, second, and
third acoustic output ports 2a, 2b, and 2, respectively, a
portion of the first, second, and third speaker units 10a,
10b and 10 is hidden without being exposed to a front
direction (+y direction) of the electronic apparatus 1. That
is, the portion of the first, second, and third speaker units
10a, 10b and 10 of the speaker apparatus 3 is blocked
from being exposed to the front direction (+y direction)
as shown in FIG. 2B.
[0073] Because frequencies of sounds output from the
first and second speaker units 10a and 10b are lower
than a frequency of a sound output from the third speaker
unit 10, even though the sounds output from the first and
second speaker units 10a and 10b are respectively emit-
ted through the small-sized first and second acoustic out-
put ports 2a and 2b, the sounds are hardly distorted. How-
ever, because the third speaker unit 10 emits a sound in
the high-frequency range, which has a relatively shorter
wavelength than the sounds emitted from the first and
second speaker units 10a and 10b, the sound from the
third speaker unit 10 may be significantly distorted during
the emission / release of the sound through the small-
sized third acoustic output port 2, thereby deteriorating
a frequency response characteristic and an impulse re-
sponse characteristic of the sound from the third speaker
unit 10.
[0074] The speaker apparatus 3 according to the ex-
emplary embodiment may provide a structure capable of
minimizing distortion of a sound of the high-frequency
range even though the sound is emitted through a small-
sized acoustic output port. This will be described below
with reference to FIGS. 3A through 22C.
[0075] It has been described in the exemplary embod-
iment described above that the electronic apparatus 1 is
a TV including the display unit 21. However, according
to one or more exemplary embodiments, the electronic
apparatus 1 is not limited thereto and may include differ-
ent types of apparatuses including the speaker apparatus
3. Examples of the electronic apparatus 1 may include a
personal computer (PC), a laptop computer, a mobile
phone, a tablet PC, a navigation terminal, a smartphone,
a personal digital assistant (PDA), a portable multimedia
player (PMP), and a digital broadcast receiver.
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[0076] FIG. 3A illustrates a magnified cross-sectional
view of a portion of the electronic apparatus 1 of FIG. 1,
and FIG. 3B illustrates a magnified front view of a portion
of the electronic apparatus 1 of FIG. 1. FIGS. 4A and 4B
respectively illustrate an assembled perspective view
and an exploded perspective view of the speaker appa-
ratus 3 except for the display unit 21.
[0077] Referring to FIGS. 3A through 4B, the speaker
apparatus 3 may include the third speaker unit 10 (here-
inafter, referred to as "speaker unit 10") and a blocking
unit 20. The blocking unit 20 is disposed in the front di-
rection (+y direction) of the speaker unit 10 and blocks
a portion of the speaker unit 10 from being exposed to
the front direction (+y direction). The speaker apparatus
3 may further include an enclosure 30 configured to ac-
commodate the speaker unit 10 therein.
[0078] The enclosure 30 includes an upper block 32
configured to support a membrane 11, a lower block 33
configured to accommodate a magnet 12, and a rear case
31 disposed on the rear of the magnet 12.
[0079] The speaker unit 10 includes the magnet 12
configured to provide a magnetic field B (see FIG. 5) and
the membrane 11 disposed inside the magnetic field B.
The membrane 11 and the magnet 12 are disposed inside
the enclosure 30.
[0080] The enclosure 30 may support end portions of
the membrane 11 in first (z-direction) and second (y-di-
rection) directions. For example, both the end portions
of the membrane 11 may be supported in the second
direction by a groove 321 disposed in the front surface
facing +y direction of the upper block 32 of the enclosure
30, and both the end portions of the membrane 11 may
be supported in the first direction by the bottom surface
of the groove 321 provided in the upper block 32.
[0081] The magnet 12 provides the magnetic field B to
the membrane 11. The magnet 12 may be a permanent
magnet. However, a type of the magnet 12 is not limited
thereto and may be modified according to design intent.
For example, the magnet 12 may be an electromagnet.
[0082] The magnet 12 may be disposed at the rear of
the membrane 11 (-y direction). However, the position of
the magnet 12 may be freely modified within a range of
providing the magnetic field B to the membrane 11. For
example, a plurality of magnets 12 may be arranged at
a left side and a right side (along the +x and -x direction)
of the membrane 11. The magnetic field B provided by
the magnet 12 may have a direction of penetrating
through the membrane 11.
[0083] The magnet 12 is disposed inside the enclosure
30. A front grill 22 may be disposed at the front (+y di-
rection) of the enclosure 30. The rear case 31 of the en-
closure 30 and the front grill 22 may include a ferromag-
netic material. An example of the ferromagnetic sub-
stance is a cold rolled steel sheet. The magnetic field B
provided to the membrane 11 may be concentrated by
the rear case 31 of the enclosure 30 and the front grill 22
which include the ferromagnetic material.
[0084] A conductive member 110 through which a cur-

rent flows may be disposed in the membrane 11. The
conductive member 110 may be disposed in a direction
that is perpendicular to the direction of the magnetic field
B. When a current flows through the conductive member
110, the conductive member 110 may apply a force in a
direction determined by the direction of the current and
the direction of the magnetic field B, thereby making the
membrane 11 vibrate. Although FIG. 4B shows the con-
ductive member 110 arranged in a line inside the mem-
brane 11, the arrangement of the conductive member
110 is not limited thereto, and the conductive member
110 may be arranged in two or more lines.
[0085] The speaker unit 10 may reproduce a sound in
an air motion transformer (AMT) type. In the membrane
11, a vibrating direction may differ from an outputting (or
emitting) direction. For example, the membrane 11 may
vibrate in the first direction and output a sound in one
direction of the second direction that is perpendicular to
the first direction.
[0086] FIGS. 5, 6A, and 6B conceptually illustrate an
operation of the membrane 11 according to the AMT type.
[0087] Referring to FIG. 5, the membrane 11 has a
meandering / winding shape along the first direction (z-
direction). The membrane 11 includes facing regions
111a and 111b facing each other in the first direction (z-
direction) and a connection region connecting the facing
regions 111a and 111b.
[0088] The magnetic field B provided by the magnet
12 (see FIG. 3A) penetrates through the membrane 11
in the second direction (y-direction). The direction of the
magnetic field B provided by the magnet 12 is constantly
maintained. A current may flow in opposite directions
through conductive members 110 respectively disposed
in the adjacent facing regions 111a and 111b. Accord-
ingly, the adjacent facing regions 111a and 111b move
in opposite directions along the first direction (z-direc-
tion). For example, the adjacent facing regions 111a and
111b move in directions of getting farther from or closer
to each other along the first direction (z-direction). That
is, the membrane 11 may expand and compress to gen-
erate a sound.
[0089] The connection region includes a ridge region
113 disposed in the front direction (+y direction) of the
facing regions 111a and 111b and a valley region 112
disposed in the rear direction of the facing regions 111a
and 111b. A predetermined space S of which the front
direction is opened is defined by the facing regions 111a
and 111b facing each other and the valley region 112.
[0090] Because the front direction of the space S is
opened, when the adjacent facing regions 111a and 111b
of the membrane 11 periodically move / vibrate along the
first direction (z-direction), the adjacent facing regions
111a and 111b may periodically push air to the front di-
rection (+y direction) through the space S.
[0091] Referring to FIG. 6A, a current may flow through
the facing region 111a disposed at an upper part in a
direction (+x direction) perpendicular to the first and the
second direction (y and z directions), and a current may
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flow through the facing region 111b disposed at a lower
part in a direction (-x direction) perpendicular to the first
and the second direction (y and z directions). According-
ly, the adjacent facing regions 111a and 111b disposed
in the up-down direction (z direction) move in a direction
of getting farther from each other, and air is introduced
into the space S.
[0092] Referring to FIG. 6B, a current may flow through
the facing region 111a disposed at the upper part in the
direction (-x direction) perpendicular to the first and the
second direction (y and z directions), and a current may
flow through the facing region 111b disposed at the lower
part in the direction (+x direction) perpendicular to the
first and the second direction (y and z directions). Ac-
cordingly, the adjacent facing regions 111a and 111b dis-
posed in the up-down direction (z direction) move in a
direction of getting closer to each other, and air is dis-
charged through the space S.
[0093] Along with a change of a direction of a current
flowing through the conductive member 110, a process
of introducing or discharging air into or from the certain
space S defined by the membrane 11 is repeated. Ac-
cordingly, a sound is output or emitted to the second di-
rection (+y direction) due to vibrations of the membrane
11 in the first direction (z-direction).
[0094] Referring back to FIGS. 3A through 4B, the first
direction may be the up-down direction (z direction) that
is perpendicular to a floor F (see FIG. 2A). The membrane
11 may have a shape of meandering / winding in the up-
down direction (z direction) and have a predetermined
width in a third direction (+/- x direction) that is perpen-
dicular to the first (+/- z-direction) and second (+/- y-di-
rection) directions. The third direction may be the left-
right direction (+/- x direction). For example, a width W
of the membrane in the third direction may be less than
about 42 mm.
[0095] As described above, the membrane 11 having
a shape of meandering /winding along the up-down di-
rection (z direction) may have a height h in the up-down
direction (z direction) (hereinafter, referred to as "height
h"), the width W in left-right direction (x direction) (here-
inafter, referred to as "width W"), and a length 1 in the
front-rear direction (y direction). Herein, the height h and
the width W of the membrane 11 are defined as a height
and a width excluding regions which are supported by
the enclosure 30.
[0096] A magnitude of a sound emitted from the mem-
brane 11, e.g., a sound pressure, may be related to the
height h, the width W, and the length 1 of the membrane
11. For example, a sound pressure level of a sound emit-
ted from the membrane 11 may be related to the height
h and the width W of the membrane 11. The height h and
the width W of the membrane 11 may be related to a
height and a width of the space S defined by the facing
region 111 and the valley region 112 inside the mem-
brane 11.
[0097] The height h of the membrane 11 may be less
than the width W of membrane 11. In other words, the

width W of membrane 11 may be greater than the height
h of the membrane 11. For example, when the height h
of the membrane 11 is less than about 13.5 mm, the width
W of membrane 11 may be greater than 13.5 mm and
less than about 42 mm. The width W of membrane 11
may be greater by two times or more than the height h
of the membrane 11.
[0098] As described above, by the structure in which
the height h of the membrane 11 is less than the width
W of membrane 11, the membrane 11 may reproduce a
sound having a sound pressure having a required mag-
nitude or more with a small height.
[0099] The height h of the membrane 11 may be less
than a sum of a half (min/2) of a wavelength min corre-
sponding to a maximum frequency fmax (hereinafter, re-
ferred to as "minimum wavelength min") in a frequency
range of a sound emitted from the membrane 11 and a
height hx of the third acoustic output port 2 ((hereinafter,
referred to as "an acoustic output port 2").
[0100] The frequency range of the sound emitted from
the membrane 11 may be a frequency range of a sound
satisfying a sound pressure level that is equal to or great-
er than a sound pressure level lower by 6 dB than an
average sound pressure level of the sound emitted from
the membrane 11. For example, when the average sound
pressure level of the sound emitted from the membrane
11 is about 70 dB, the frequency range of the sound emit-
ted from the membrane 11 may be a frequency range of
a sound satisfying about 64 dB or more. Accordingly,
even though the membrane 11 is capable of actually out-
putting a sound of about 1 KHz to about 40 KHz, when
the frequency range of the sound satisfying about 64 dB
or more may be about 2 KHz to about 20 KHz. In the
exemplary embodiment, the frequency range of the
sound emitted from the membrane 11 may be about 2
KHz to about 20 KHz. In addition, the maximum frequen-
cy fmax may be about 20 KHz, the minimum wavelength
min may be about 17 mm, and the half of the minimum
wavelength min may be about 8.5 mm. The height hx of
the acoustic output port 2 may be about 5 mm or less. In
the exemplary embodiment, the height h of the mem-
brane 11 may be less than about 13.5 mm that is a sum
of the half of the minimum wavelength min (8.5 mm) and
the height hx (5 mm) of the acoustic output port 2. A height
H of the enclosure 30 may be less than about 16.5 mm.
[0101] In the above-described exemplary embodi-
ment, the minimum wavelength min was calculated based
on when a propagation speed of a sound is about 340
m/s. Because the propagation speed of a sound varies
according to an atmospheric pressure and a tempera-
ture, the minimum wavelength min may slightly vary de-
pending on the atmospheric pressure and the tempera-
ture. For example, when the atmospheric pressure is
about 1 atm and the temperature is within a range of
about 0°C to about 20°C, the minimum wavelength min
may be about 16.6 mm to about 17.2 mm, and the half
of the minimum wavelength min may be about 8.3 mm to
about 8.6 mm.
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[0102] The blocking unit 20 may be disposed at the
front (+y direction) of the membrane 11. The acoustic
output port 2 may be formed on the front surface of the
electronic apparatus 1 by the blocking unit 20. The block-
ing unit 20 may be configured to block a portion of the
membrane 11 from being exposed to the front direction
(+y direction) and to expose the other portion thereof to
the front direction (+y direction).
[0103] For example, the blocking unit 20 may block a
region corresponding to a partial height hb of the total
height h of the membrane 11 from being exposed to the
front direction (+y direction) and expose a region corre-
sponding to the remaining height hx of the total height h
of the membrane 11 to the front direction (+y direction).
[0104] The blocking height hb of the membrane 11,
which is blocked by the blocking unit 20, may be less
than the half of the minimum wavelength min of a sound
emitted from the membrane 11. For example, when the
half of the minimum wavelength min of a sound emitted
from the membrane 11 is about 8.5 mm, the blocking
height hb of the membrane 11, which is blocked by the
blocking unit 20, may be greater than about 0 mm and
less than about 8.5 mm.
[0105] The blocking unit 20 may include the front grill
22 disposed at the front (+y direction) of the membrane
11 and the display unit 21 disposed at the front (+y di-
rection) of the front grill 22. The blocking unit 20 may
further include a case 23 of the electronic apparatus 1.
[0106] The front grill 22 may be disposed at the front
(+y direction) of the enclosure 30 in which the speaker
unit 10 is accommodated. A gap between the front grill
22 and the membrane 11 may be about 0.1 mm to about
0.5 mm.
[0107] The front grill 22 may include a ferromagnetic
material capable of forming a magnetic circuit with the
magnet 12. The front grill 22 may include a plurality of
release ports 2210 through which a sound emitted from
the membrane 11 passes. The plurality of release ports
2210 may be spaced apart from one another along the
left-right direction (x direction) and extend in the up-down
direction (z direction). However, the arrangement and
shape of the plurality of release ports 2210 are not limited
thereto and may be modified according to design intent.
For example, although not shown, the plurality of release
ports 2210 may be spaced apart from one another in the
up-down direction (z direction) and extend in the left-right
direction (x direction). A height of the plurality of release
ports 2210 may be equal to or greater than the height h
of the membrane 11.
[0108] The display unit 21 disposed at the front (+y
direction) of the front grill 22 may block a portion of the
plurality of release ports 2210 from being exposed to the
front direction (+y direction). For example, the display
unit 21 may block an upper region of the plurality of re-
lease ports 2210 from being exposed to the front direction
(+y direction) by a height hb corresponding to less than
the half of the minimum wavelength min of a sound emitted
from the membrane 11. Due to the display unit 21, a

portion of a sound emitted in the front direction (+y direc-
tion) of the membrane 11 may be blocked without being
directly released in the front direction (+y direction) of the
electronic apparatus 1.
[0109] A lower region of the plurality of release ports
2210 of the front grill 22 having a height hx, which is not
blocked by the display unit 21, is exposed to the front
direction (+y direction). Accordingly, a sound emitted
from the membrane 11 may be released through the
acoustic output port 2 by passing through the plurality of
release ports 2210 of the front grill 22 and an acoustic
guide tube 4. The acoustic guide tube 4 and the acoustic
output port 2 may be defined by the display unit 21 and
the case 23.
[0110] FIG. 7A illustrates a path difference between
direct sounds in a state where a portion of the speaker
unit 10 is blocked from being exposed to the front direc-
tion (+y direction) by the blocking unit 20, according to
an exemplary embodiment, and FIG. 7B conceptually il-
lustrates a portion of FIG. 7A.
[0111] Referring to FIGS. 7A and 7B, most of a sound
reproduced by an upper region of the membrane 11 is
reflected by the display unit 21 even though the sound
passes through the plurality of release ports 2210. How-
ever, a portion A1 of the sound reproduced by the upper
region of the membrane 11 may be released through the
lower region of the plurality of release ports 2210 of the
front grill 22 without being reflected by the display unit 21.
[0112] The direct sound A1 radiated from the upper
region of the membrane 11 towards the lower region of
the front grill 22 may meet a direct sound A2 radiated
from a lower region of the membrane 11. In this case, a
path difference d occurs between the direct sound A1
radiated from the upper region of the membrane 11 to-
wards the lower region of the front grill 22 and the direct
sound A2 radiated from the lower region of the membrane
11. That is, the path difference d occurs between the
direct sounds A1 and A2 radiated from the different re-
gions of the membrane 11 in the up-down direction (z
direction).
[0113] The path difference d between the direct sounds
A1 and A2 is less than the blocking height hb of the mem-
brane 11 blocked by the display unit 21. The blocking
height hb of the membrane 11 blocked by the display unit
21 is less than the half of the minimum wavelength min.
Therefore, the path difference d between the direct
sounds A1 and A2 radiated from the different regions of
the membrane 11 is less than the half of the minimum
wavelength min. Accordingly, even though two sounds
having the same amplitude and frequency are generated
different regions and pass through the same region, the
occurrence of offset interference may be prevented or
reduced. As a result, even though a region corresponding
to a partial height hb of the membrane 11 is blocked with-
out being exposed to the front direction (+y direction), an
acoustic characteristic of the high-frequency range may
be prevented from being deteriorated due to interference.
[0114] It has been described in the exemplary embod-
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iment described above that the blocking unit 20 includes
the front grill 22 and the display unit 21 and the front grill
22 includes the plurality of release ports 2210 extending
in the up-down direction (z direction). However, the con-
figuration of the blocking unit 20 and the configuration of
the front grill 22 are not limited thereto and may be mod-
ified according to design intent.
[0115] For example, as shown in FIG. 8, the front grill
22 may include a release port 2210a extending in the
left-right direction (x direction). The blocking height hb of
the membrane 11, which is blocked by the front grill 22,
may be less than the half of the minimum wavelength min
of a sound emitted from the membrane 11. When the
front grill 22 includes a ferromagnetic material, because
a blocking region 224 of the front grill 22 has no release
ports 2210, a relatively strong magnetic field is formed
between the blocking region 224 and the magnet 12, and
accordingly, a sound pressure level in the upper region
of the membrane 11 may be improved. The sound pres-
sure level in the upper region may cause a total sound
pressure level of the membrane 11 to be improved.
[0116] FIG. 9A illustrates a magnified cross-sectional
view of a portion of a speaker apparatus 3a according to
an exemplary embodiment, and FIG. 9B illustrates a
magnified front view of the speaker apparatus 3a of FIG.
9A. FIG. 10 illustrates a magnified cross-sectional view
of the electronic apparatus 1 including the speaker ap-
paratus 3a of FIG. 9A, according to an exemplary em-
bodiment. FIGS. 11A through 11C illustrate modified ex-
amples of the speaker apparatus 3a of FIG. 9B.
[0117] Referring to FIGS. 9A and 9B, the speaker ap-
paratus 3a according to the exemplary embodiment may
include the speaker unit 10, the front grill 22, and a sound-
absorption member 130. The description of the same
configuration as that of the speaker apparatus 3 accord-
ing to the exemplary embodiment described above is
omitted, and a difference therebetween is mainly de-
scribed.
[0118] The width W of the membrane 11 of the speaker
unit 10 may increase by taking into account a requisite
sound pressure level. The width W of the membrane 11
may be equal to or greater than about 25 mm and less
than about 42 mm.
[0119] However, as the width W of the membrane 11
increases, a horizontal coverage characteristic of the
speaker apparatus 3a may be deteriorated. For example,
as the width W of the membrane 11 increases, a hori-
zontal coverage angle may decrease.
[0120] The sound-absorption member 130 may be dis-
posed on at least one of opposite end portions of the
membrane 11 along the left-right direction (x-direction).
For example, the sound-absorption member 130 may be
disposed on both the end portions of the membrane 11
as shown in FIG. 9B.
[0121] At least a portion of the sound-absorption mem-
ber 130 may be disposed in the space S defined by the
membrane 11. The sound-absorption member 130 may
be disposed on both end portions of the space S in the

left-right direction (x direction).
[0122] The sound-absorption member 130 may absorb
a sound generated during vibrations of the membrane
11 and shifted in the left-right direction (x direction) in the
space S. Accordingly, a sound being reflected from both
the end portions of the space S in the left-right direction
(x direction) may be prevented, and the occurrence of a
normal wave in the left-right direction (x direction) may
be prevented. As a result, distortion occurring in a fre-
quency band having a wavelength corresponding to two
times the width W of the membrane 11 may be prevented.
[0123] In addition, the sound-absorption member 130
may absorb a portion of a sound emitted from both the
end portions of the membrane 11. Accordingly, a sound
pressure of a sound emitted from both the end portions
of the membrane 11 where the sound-absorption mem-
ber 130 is disposed may be less than a sound pressure
of a sound emitted from a center portion of the membrane
11.
[0124] As described above, the sound-absorption
member 130 may prevent sound reflection which may
occur at both the end portions of the membrane 11 and
reduce a sound pressure of a sound emitted from both
the end portions of the membrane 11 to prevent deteri-
oration of the horizontal coverage characteristic of the
speaker apparatus 3a.
[0125] The sound-absorption member 130 may be
separated or independent from the enclosure 30 support-
ing the membrane 11. However, the sound-absorption
member 130 is not limited thereto. For example, the
sound-absorption member 130 may be integrated with
the enclosure 30 as one body.
[0126] Referring to FIG. 10, the speaker apparatus 3a
may further include the display unit 21 disposed at the
front (+y direction) of the front grill 22. The display unit
21 may act as the blocking unit 20 in the speaker appa-
ratus 3a. The blocking height hb of the membrane 11,
which is blocked by the display unit 21, may be less than
the half of the minimum wavelength min. The blocking unit
20 including the display unit 21 is the same as described
with reference to FIG. 7B, and thus, a description thereof
is omitted.
[0127] It has been described in the present exemplary
embodiment that the sound-absorption members 130
disposed on both the end portions of the membrane 11
have a same length. However, the number, arrangement,
and lengths of sound-absorption members 130 may be
modified according to design intent. For example, as
shown in FIG. 11A, the sound-absorption member 130
may be disposed on one end portion instead of both the
end portions. As another example, as shown in FIG. 11B,
the lengths of the sound-absorption members 130 dis-
posed on both the end portions of the membrane 11 may
be shorter than those in FIG. 9B, or as shown in FIG.
11C, the lengths of the sound-absorption members 130
disposed on both the end portions of the membrane 11
may be different from each other.
[0128] FIG. 12A illustrates a magnified cross-sectional
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view of a portion of a speaker apparatus 3b according to
an exemplary embodiment, and FIG. 12B illustrates a
magnified front view of the speaker apparatus 3b of FIG.
12A. FIG. 13 illustrates a magnified cross-sectional view
of the electronic apparatus 1 including the speaker ap-
paratus 3b of FIG. 12A, according to an exemplary em-
bodiment. FIGS. 14 and 15 illustrate modified examples
of the speaker apparatus 3b of FIG. 12B.
[0129] Referring to FIGS. 12A and 12B, the speaker
apparatus 3b according to the exemplary embodiment
may include the speaker unit 10, the front grill 22, and
the sound-absorption member 130. The description of
the same portion as described in the exemplary embod-
iments described above is omitted, and a difference ther-
ebetween is mainly described.
[0130] The front grill 22 may be the blocking unit 20,
which exposes a portion of the membrane 11 to the front
direction (+y direction), or a portion of the blocking unit
20. The front grill 22 includes an open region 221 having
the plurality of release ports 2210 through which a sound
emitted from the membrane 11 passes in the front direc-
tion (+y direction) and a blocking region 222 configured
to block the sound emitted from the membrane 11 from
passing therethrough in the front direction (+y direction).
[0131] The open region 221 may include the plurality
of release ports 2210. For example, in the open region
221, the plurality of release ports 2210 extending in the
up-down direction (z direction) may be spaced apart from
each other in the left-right direction (x direction). Howev-
er, the shape of the plurality of release ports 2210 is not
limited thereto and may be variously modified. For ex-
ample, although not shown, the plurality of release ports
2210 extending in the left-right direction (x direction) may
be spaced apart from each other in the up-down direction
(z direction).
[0132] A width W1 of the open region 221 may be de-
signed according to a size of a requisite horizontal cov-
erage angle. The width W1 of the open region 221 may
be less than the width W of the membrane 11. When the
width W1 of the open region 221 is greater than about
25 mm, the width W1 of the open region 221 may be
about 25 mm or less. A width of the membrane 11, which
is exposed to the front direction (+y direction) by the open
region 221, may be about 25 mm or less.
[0133] The blocking region 222 is disposed on at least
one of both side portions of the open region 221. For
example, the blocking region 222 may be disposed on
both the side portions of the open region 221.
[0134] The membrane 11 may be blocked from being
exposed to the front direction (+y direction) by the block-
ing region 222 of the front grill 22. A partial width Wb of
the total width W of the membrane 11 may be blocked
from being exposed to the front direction (+y direction)
by the blocking region 222.
[0135] For example, the blocked width Wb of the mem-
brane 11, which is blocked from being exposed to the
front direction (+y direction) by the blocking region 222,
may be less than the half of the minimum wavelength min

of a sound emitted from the membrane 11. For example,
when the half of the minimum wavelength min is about
8.5 mm, the blocked width Wb of the membrane 11, which
is blocked from being exposed to the front direction (+y
direction) by the blocking region 222, may be greater
than about 0 mm and less than about 8.5 mm. Each of
blocked widths Wb of both the end portions of the mem-
brane 11, which is blocked from being exposed to the
front direction (+y direction) by the blocking region 222,
may be less than about 8.5 mm. the width W of the mem-
brane 11 may be less than about 42 mm.
[0136] By setting the blocked width Wb of the mem-
brane 11, which is blocked from being exposed to the
front direction (+y direction) by the blocking region 222,
to be less than the half of the minimum wavelength min
of a sound emitted from the membrane 11, distortion of
a frequency response characteristic may be reduced
even though a region corresponding to the partial width
Wb of the membrane 11 is blocked without being exposed
to the front direction (+y direction).
[0137] The blocking region 222 of the front grill 22 may
include a ferromagnetic substance. Since the blocking
region 222 has no release ports 2210, a magnetic flux
density of a magnetic field provided between the blocking
region 222 and the magnet 12 may be greater than a
magnetic flux density provided between the open region
221 having the plurality of release ports 2210 and the
magnet 12. Accordingly, a total sound pressure level of
the membrane may increase.
[0138] The sound-absorption member 130 may be dis-
posed on the membrane 11. The sound-absorption mem-
ber 130 may be disposed in the rear direction of the block-
ing region 222 of the front grill 22. The sound-absorption
member 130 may be disposed in the space S defined by
the membrane 11. The sound-absorption member 130
may be disposed on both the end portions in the space
S along the left-right direction (x direction).
[0139] Referring to FIG. 13, the speaker apparatus 3b
may further include the display unit 21 disposed in the
front direction (+y direction) of the front grill 22. The dis-
play unit 21 may act as the blocking unit 20 in the speaker
apparatus 3a together with the front grill 22. The blocking
height hb of the membrane 11, which is blocked by the
display unit 21, may be less than the half of the minimum
wavelength min of a sound emitted from the membrane
11. The blocking unit 20 including the display unit 21 is
the same as described with reference to FIG. 7B, and
thus, a description thereof is omitted.
[0140] It has been described in the exemplary embod-
iment that the open region 221 of the front grill 22 is
formed at a center portion and the sound-absorption
member 130 is disposed in the rear direction of the block-
ing region 222. However, the disposition of the open re-
gion 221 of the front grill 22 and inclusion of the sound-
absorption member 130 may be selectively modified. For
example, as shown in FIG. 14, the open region 221 may
be formed to be close to one end portion of the front grill
22, or as shown in FIG. 15, the sound-absorption member
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130 may not be disposed in the rear direction of the block-
ing region 222.
[0141] FIGS. 16 and 17 illustrate a change in a sound
pressure when the blocking height hb of the membrane
11 blocked from being exposed by the blocking unit 20
varies.
[0142] FIG. 16 illustrates a simulation model showing
a state where a portion of the membrane 11 is blocked
from being exposed to the front direction (+y direction)
by the blocking unit 20. Herein, a frequency range of a
sound emitted from the membrane 11 was set to have a
maximum frequency of about 20 KHz and a minimum
wavelength of about 17 mm.
[0143] FIG. 17 shows frequency characteristics by a
direct sound at a point A of FIG. 16. FIG. 17 shows a
change in a sound pressure when the blocking height hb
according to an exemplary embodiment is 4 mm and
changes in a sound pressure when the blocking heights
hb according to comparative examples are respectively
12 mm, 20 mm, 28 mm, and 36 mm.
[0144] Referring to FIGS. 16 and 17, because the
blocking height hb according to the present exemplary
embodiment is 4 mm, and thus the blocking height hb
according to the present exemplary embodiment is less
than 8.5 mm that is the half of the minimum wavelength
17 mm of the sound emitted from the membrane 11. In
this case, according to a sound pressure characteristic,
a sound pressure was attenuated by about 1 dB or less
in a band of about 10 KHz to about 20 KHz.
[0145] Because the blocking heights hb according to
the comparative examples are respectively 12 mm, 20
mm, 28 mm, and 36 mm, the blocking heights hb accord-
ing to the comparative examples exceed about 8.5 mm
that is the half of the minimum wavelength about 17 mm
of the sound emitted from the membrane 11. In this case,
according to a sound pressure characteristic, as a fre-
quency increases, a sound pressure level rapidly de-
creased. For example, a sound pressure was attenuated
by about 3 dB or more in the band of about 10 KHz to
about 20 KHz.
[0146] According to the test described above, when
the blocking height hb of the membrane 11 is less than
the half of a wavelength corresponding to a maximum
frequency of a frequency range of a sound emitted from
the membrane 11, attenuation of a sound pressure in the
high-frequency range may be prevented.
[0147] FIGS. 18A through 18C respectively illustrate
front views of the speaker apparatus 3 according to ex-
emplary embodiments. FIG. 19 illustrates graphs a, b,
and c showing results of measuring frequency charac-
teristics of sounds emitted from the speaker apparatus
3 according to the exemplary embodiments, and FIGS.
20A through 20C respectively illustrate test data showing
horizontal coverage characteristics of the speaker appa-
ratus 3 according to the exemplary embodiments. In FIG.
19, the graph a shows the frequency characteristic ac-
cording to the exemplary embodiment of FIG. 18A, the
graph b shows the frequency characteristic according to

the exemplary embodiment of FIG. 18B, and the graph
c shows the frequency characteristic according to the
exemplary embodiment of FIG. 18C.
[0148] Referring to FIG. 18A, in this exemplary embod-
iment, the front grill 22 is disposed in the front direction
(+y direction) of the membrane 11 meandering in the up-
down direction (z direction) and has the plurality of re-
lease ports 2210 arranged in the left-right direction (x
direction) of the membrane 11. Referring to FIG. 18B,
this exemplary embodiment is almost the same as the
exemplary embodiment of FIG. 18A except that a sound-
absorption member 130b having a width of about 4 mm
is disposed on both end portions of the membrane 11 in
the left-right direction (x direction). Referring to FIG. 18C,
the exemplary embodiment is almost the same as the
exemplary embodiment of FIG. 18B except that a width
of each of sound-absorption members 130a disposed on
both the end portions of the membrane 11 is about 8 mm.
[0149] Referring to the graphs a, b, and c in FIG. 19,
a phenomenon that a sound pressure suddenly decreas-
es in the high-frequency range did not appear from the
sounds respectively emitted from the speaker apparatus
3 according to the exemplary embodiments of FIGS. 18A-
18C. That is, the speaker apparatus 3 according to the
exemplary embodiments exhibited a good sound pres-
sure characteristic even in the high-frequency range.
[0150] Referring to FIGS. 20A through 20C, compared
with the speaker apparatus 3 according to the exemplary
embodiment of FIG. 18A, a horizontal coverage angle of
the speaker apparatus 3 according to the exemplary em-
bodiment of FIG. 18B in which the sound-absorption
members 130b are disposed on both the end portions of
the membrane 11 was wider. In addition, compared with
the speaker apparatus 3 according to the exemplary em-
bodiment of FIG. 18B in which the width of the sound-
absorption member 130b is relatively narrow, a horizontal
coverage angle of the speaker apparatus 3 according to
the exemplary embodiment of 18C in which the width of
the sound-absorption member 130a is relatively wide
was wider.
[0151] As described above, when the sound-absorp-
tion member 130a or 130b is disposed on the membrane
11 meandering / winding in the up-down direction (z di-
rection), a horizontal coverage angle of the speaker ap-
paratus 3 may be improved.
[0152] FIGS. 21A through 21C respectively illustrate
front views of the speaker apparatus 3 according to ex-
emplary embodiments. FIGS. 22A through 22C respec-
tively illustrate test data showing horizontal coverage
characteristics of the speaker apparatus 3 of FIGS. 21A
through 21C, according to the exemplary embodiments.
[0153] Referring to FIG. 21A, in this exemplary embod-
iment, the front grill 22 is disposed at the front (+y direc-
tion) of the membrane 11 meandering / winding in the
up-down direction (z direction) and has the plurality of
release ports 2210 arranged in the left-right direction (x
direction) of the membrane 11. Referring to FIG. 21B,
this exemplary embodiment is almost the same as the
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exemplary embodiment of FIG. 21A except that a width
of the open region 221 of the front grill, in which the plu-
rality of release ports 2210 are formed, is narrower than
a width of the membrane 11 and each of both the end
portions of the membrane 11 in the left-right direction (x
direction) is blocked by a width of about 8 mm from being
exposed to the front direction (+y direction) by the block-
ing region 222 of the front grill 22. Referring to FIG. 21C,
this exemplary embodiment is almost the same as the
exemplary embodiment of FIG. 21B except that the
sound-absorption member 130 of which a width is about
8 mm is disposed on both the end portions of the mem-
brane 11, which are blocked by the blocking region 222.
[0154] Referring to FIGS. 22A through 22C, compared
with the speaker apparatus 3 according to the exemplary
embodiment of FIG. 21A, a horizontal coverage angle of
the speaker apparatus 3 according to the exemplary em-
bodiment of FIG. 21B in which the width of the open re-
gion 221 of the front grill is narrower than the width of the
membrane 11 was wider. In addition, compared with the
speaker apparatus 3 according to the exemplary embod-
iment of FIG. 21B in which the sound-absorption member
130 is not disposed, a horizontal coverage angle of the
speaker apparatus 3 according to the exemplary embod-
iment of FIG. 21C in which the sound-absorption member
130 is disposed was wider.
[0155] As described above, when both the end portions
of the membrane 11 meandering / winding in the up-down
direction (z direction) are blocked from being exposed to
the front direction (+y direction) by the front grill 22, and
the sound-absorption member 130 is disposed on the
portions of the membrane 11 blocked from being ex-
posed, a horizontal coverage angle of the speaker ap-
paratus 3 may be improved.
[0156] It has been described in the exemplary embod-
iments described above that the speaker apparatuses 3,
3a, and 3b including the speaker unit 10 configured to
output a sound of the high-frequency range. However,
the exemplary embodiments are not limited thereto and
may be applied to structures in which a sound is output
through a slit smaller than a size of the speaker unit 10.
For example, the speaker apparatus 3, 3a, or 3b may
include a full-range speaker unit capable of outputting a
full-range sound wave.
[0157] A speaker apparatus according to one or more
exemplary embodiments and an electronic apparatus in-
cluding the same may exhibit a wide horizontal directivity
while outputting a sound of the high-frequency range
which has a sound pressure of a certain level or more.
[0158] It should be understood that exemplary embod-
iments described herein should be considered in a de-
scriptive sense only and not for purposes of limitation.

Claims

1. A speaker apparatus comprising:
a speaker unit comprising:

a magnet (12) configured to provide a magnetic
field; and
a membrane (11) disposed in the magnet field,
configured to be vibratable in a first direction
when subjected to the magnetic field, and con-
figured to emit a sound in a second direction
perpendicular to the first direction, wherein the
membrane has a meandering shape along a first
direction and vibrates while adjacent facing re-
gions (111a, 111b) of the membrane facing each
other move in opposite directions of each other
along the first direction; and
a blocking unit (20) disposed at the membrane,
configured to block a first region of the mem-
brane having a first height (hb) along the first
direction from being exposed and configured to
expose a second region of the membrane hav-
ing a second height (hx), a sum of the first and
the second heights corresponds to a total height
of the membrane,
a width of the membrane extending in a third
direction, which is perpendicular to the first and
the second directions, is greater than the total
height of the membrane in the first direction, and
the first height of the membrane blocked by the
blocking unit is less than a half of a wavelength
corresponding to a maximum frequency in a fre-
quency range of the sound emitted from the
membrane.

2. The speaker apparatus of claim 1, wherein the fre-
quency range is an effective frequency range which
satisfies a sound pressure level that is equal to or
greater than a sound pressure level lower by 6 dB
than an average sound pressure level of the sound
emitted from the membrane.

3. The speaker apparatus of claim 1, wherein the max-
imum frequency is about 20 KHz, and
wherein the half of the wavelength corresponding to
the maximum frequency of 20 KHz is about 8.5 mm.

4. The speaker apparatus of claim 1, wherein the sec-
ond height of the membrane is about 5 mm or less,
the total height of the membrane is less than about
13.5 mm,
the width of the membrane in the third direction is
less than about 42 mm.

5. The speaker apparatus of claim 1, further comprising
an enclosure (30) configured to accommodate the
speaker unit,
wherein a height of the enclosure in the first direction
is less than about 16.5 mm.

6. The speaker apparatus of claim 1 further comprising
a sound-absorption member (130, 130a, 130b) pro-
vided on at least one of opposite end portions of the
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membrane along the third direction,
the membrane comprises:

adjacent facing regions facing each other along
the first direction; and
a connection region disposed between the ad-
jacent facing regions to connect the adjacent
facing regions,
wherein the connection region comprises a
ridge region (113) disposed on a first side of the
membrane along the second direction and a val-
ley region (112) disposed on a second side op-
posite to the first side of the membrane along
the second direction, and
wherein the sound-absorption member is dis-
posed in a space defined by the adjacent facing
regions and the valley region.

7. The speaker apparatus of claim 1, wherein the block-
ing unit is configured to expose a third region having
a first width of the membrane in a third direction per-
pendicular to the first and the second directions and
configured to block a fourth region having a second
width of the membrane from being exposed, a sum
of the first and the second widths correspond to a
total width of the membrane,
the second width of the membrane being blocked by
the blocking unit is less than the half of the wave-
length corresponding to the maximum frequency of
the sound emitted from the membrane.

8. The speaker apparatus of claim 7, wherein the first
width of the membrane is about 25 mm or less.

9. The speaker apparatus of claim 7 further comprising
a sound-absorption member disposed at the fourth
region in which the membrane is blocked from being
exposed by the blocking unit.

10. The speaker apparatus of claim 1, wherein the block-
ing unit comprises:

a front grill disposed at the membrane; and
a display unit disposed at the front grill (22),
wherein the first region of the membrane having
the first height is blocked from being exposed
by at least one of the display unit (21) and the
front grill.

11. The speaker apparatus of claim 7, wherein the block-
ing unit comprises a front grill disposed at the mem-
brane and a display unit disposed at the front grill,
the fourth region of the membrane having the second
width is blocked from being exposed by at least one
of the display unit and the front grill.

12. An electronic apparatus comprising the speaker ap-
paratus of claim 1.

Patentansprüche

1. Lautsprechervorrichtung, umfassend:
eine Lautsprechereinheit, umfassend:

einen Magneten (12), der konfiguriert ist, um ein
Magnetfeld bereitzustellen;
und eine im Magnetfeld angeordnete Membran
(11), die konfiguriert ist, um in einer ersten Rich-
tung vibrierbar zu sein, wenn sie dem Magnet-
feld ausgesetzt wird, und konfiguriert ist, um in
einer zur ersten Richtung rechtwinkligen zwei-
ten Richtung einen Ton auszugeben, wobei die
Membran eine Meanderform entlang einer ers-
ten Richtung aufweist und vibriert, während be-
nachbarte gegenüberliegende Regionen (111a,
111b) der Membran, die einander gegenüber-
liegen, sich in entgegengesetzten Richtungen
voneinander entlang der ersten Richtung bewe-
gen;
und eine an der Membran angeordnete Sper-
reinheit (20), die konfiguriert ist, um eine erste
Region der Membran mit einer ersten Höhe (hb)
entlang der ersten Richtung von einer Expositi-
on zu sperren, und konfiguriert ist, um eine zwei-
te Region der Membran mit einer zweiten Höhe
(hx) zu exponieren, wobei eine Summe der ers-
ten und der zweiten Höhe einer Gesamthöhe
der Membran entspricht,
wobei eine Breite der Membran, die in einer drit-
ten Richtung verläuft, die rechtwinklig zur ersten
und zweiten Richtung ist, größer als die Gesamt-
höhe der Membran in der ersten Richtung ist,
und
die durch die Sperreinheit gesperrte erste Höhe
der Membran kleiner als eine Hälfte einer Wel-
lenlänge entsprechend einer maximalen Fre-
quenz in einem Frequenzbereich des von der
Membran ausgegebenen Tons ist.

2. Lautsprechervorrichtung nach Anspruch 1, wobei
der Frequenzbereich ein effektiver Frequenzbereich
ist, der einem Tondruckpegel entspricht, der gleich
oder größer als ein Tondruckpegel ist, der um 6 dB
niedriger als ein durchschnittlicher Tondruckpegel
des von der Membran ausgegebenen Tons ist.

3. Lautsprechervorrichtung nach Anspruch 1, wobei
die maximale Frequenz ungefähr 20 KHz ist und wo-
bei die Hälfte der der maximalen Frequenz von 20
KHz entsprechende Frequenz ungefähr 8,5 mm ist.

4. Lautsprechervorrichtung nach Anspruch 1, wobei
die zweite Höhe der Membran ungefähr 5 mm oder
kleiner ist, die Gesamthöhe der Membran kleiner als
ungefähr 13,5 mm ist, die Breite der Membran in der
dritten Richtung kleiner als ungefähr 42 mm ist.
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5. Lautsprechervorrichtung nach Anspruch 1, ferner
umfassend ein Gehäuse (30), das konfiguriert ist,
um die Lautsprechereinheit aufzunehmen, wobei ei-
ne Höhe des Gehäuses in der ersten Richtung klei-
ner als etwa 16,5 mm ist.

6. Lautsprechervorrichtung nach Anspruch 1, ferner
umfassend ein Tonabsorptionselement (130, 130a,
130b), das an mindestens einem von gegenüberlie-
genden Endabschnitten der Membran entlang der
dritten Richtung bereitgestellt ist, wobei die Memb-
ran umfasst:

angrenzende gegenüberliegende Regionen,
die entlang der ersten Richtung einander gegen-
überliegen; und
eine zwischen den angrenzenden gegenüber-
liegenden Regionen angeordnete Verbindungs-
region zum Verbinden der angrenzenden ge-
genüberliegenden Regionen,
wobei die Verbindungsregion eine Kammregion
(113), die an einer ersten Seite der Membran
entlang der zweiten Richtung angeordnet ist,
und eine Talregion (112), die an einer zweiten
Seite gegenüber der ersten Seite der Membran
entlang der zweiten Richtung angeordnet ist,
umfasst, und
wobei das Tonabsorptionselement in einem
Raum angeordnet ist, der durch die angrenzen-
den gegenüberliegenden Regionen und die Tal-
regionen definiert ist.

7. Lautsprechervorrichtung nach Anspruch 1, wobei
die Sperreinheit konfiguriert ist, um eine dritte Regi-
on mit einer ersten Breite der Membran in einer zur
ersten und zweiten Richtung rechtwinkligen dritten
Richtung zu exponieren, und die konfiguriert ist, um
eine vierte Region mit einer zweiten Breite der Mem-
bran von der Exposition zu sperren, wobei eine Sum-
me der ersten und zweiten Breite einer Gesamtbreite
der Membran entspricht,
die zweite Breite der Membran, die von der Sper-
reinheit gesperrt wird, kleiner als die Hälfte der Wel-
lenlänge ist, die der maximalen Frequenz des von
der Membran ausgegebenen Tons ist.

8. Lautsprechervorrichtung nach Anspruch 7, wobei
die erste Breite der Membran ungefähr 25 mm oder
kleiner ist.

9. Lautsprechervorrichtung nach Anspruch 7, ferner
umfassend ein an der vierten Region, in der die
Membran durch die Sperreinheit von der Exposition
gesperrt wird, angeordnetes Tonabsorptionsele-
ment.

10. Lautsprechervorrichtung nach Anspruch 1, wobei
die Sperreinheit umfasst: ein Frontgitter, das an der

Membran angeordnet ist; und eine Anzeigeeinheit,
die am Frontgitter (22) angeordnet ist, wobei die ers-
te Region der Membran mit der ersten Höhe durch
mindestens eines der Anzeigeeinheit (21) und des
Frontgitters von der Exposition gesperrt wird.

11. Lautsprechervorrichtung nach Anspruch 7, wobei
die Sperreinheit ein Frontgitter, das an der Membran
angeordnet ist, und eine Anzeigeeinheit, die am
Frontgitter angeordnet ist, umfasst, wobei die vierte
Region der Membran mit der zweiten Breite durch
mindestens eines der Anzeigeeinheit und des Front-
gitters von der Exposition gesperrt wird.

12. Elektronische Vorrichtung, umfassend die Lautspre-
chervorrichtung nach Anspruch 1.

Revendications

1. Appareil haut-parleur comprenant :
une unité de haut-parleur comprenant :

un aimant (12) configuré pour fournir un champ
magnétique ;
et une membrane (11) disposée dans le champ
magnétique, configurée pour être vibrante dans
une première direction quand elle est soumise
au champ magnétique, et configurée pour émet-
tre un son dans une deuxième direction perpen-
diculaire à la première direction, dans lequel la
membrane a une forme sinueuse le long d’une
première direction et vibre tandis que des zones
adjacentes se faisant face (111a, 111b) de la
membrane se faisant face l’une l’autre se dépla-
cent dans des directions opposées l’une à l’autre
le long de la première direction ;
et une unité de blocage (20) disposée au niveau
de la membrane, configurée pour bloquer une
première zone de la membrane ayant une pre-
mière hauteur (hb) le long de la première direc-
tion et l’empêcher d’être exposée et configurée
pour exposer une deuxième zone de la mem-
brane ayant une deuxième hauteur (hx), une
somme de la première et la deuxième hauteurs
correspond à une hauteur totale de la membra-
ne, une largeur de la membrane s’étendant dans
une troisième direction, qui est perpendiculaire
à la première et la deuxième directions, est su-
périeure à la hauteur totale de la membrane
dans la première direction, et la première hau-
teur de la membrane bloquée par l’unité de blo-
cage est inférieure à une moitié d’une longueur
d’onde correspondant à une fréquence maxi-
mum dans une plage de fréquences du son émis
depuis la membrane.

2. Appareil de haut-parleur selon la revendication 1,
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dans lequel la plage de fréquences est une plage de
fréquences effective qui respecte un niveau de pres-
sion acoustique qui est égal ou supérieur à un niveau
de pression acoustique inférieur de 6 dB à un niveau
de pression acoustique moyen du son émis depuis
la membrane.

3. Appareil de haut-parleur selon la revendication 1,
dans lequel la fréquence maximum est d’environ 20
KHz, et dans lequel la moitié de la longueur d’onde
correspondant à la fréquence maximum de 20 KHz
est d’environ 8,5 mm.

4. Appareil de haut-parleur selon la revendication 1,
dans lequel la deuxième hauteur de la membrane
est environ 5 mm ou moins, la hauteur totale de la
membrane est inférieure à environ 13,5 mm, la lar-
geur de la membrane dans la troisième direction est
inférieure à environ 42 mm.

5. Appareil de haut-parleur selon la revendication 1,
comprenant en outre un boîtier (30) configuré pour
recevoir l’unité de haut-parleur, dans lequel une hau-
teur du boîtier dans la première direction est infé-
rieure à environ 16,5 mm.

6. Appareil de haut-parleur selon la revendication 1,
comprenant en outre un élément d’absorption
acoustique (130, 130a, 130b) prévu sur au moins
l’une de parties d’extrémités opposées de la mem-
brane le long de la troisième direction, la membrane
comprend :
des zones adjacentes se faisant face se faisant face
l’une l’autre le long de la première direction ; et une
zone de connexion disposée entre les zones adja-
centes se faisant face pour connecter les zones ad-
jacentes se faisant face, dans lequel la zone de con-
nexion comprend une zone de crête (113) disposée
sur un premier côté de la membrane le long de la
deuxième direction et une zone de creux (112) dis-
posée sur un deuxième côté opposé au premier côté
de la membrane le long de la deuxième direction, et
dans lequel l’élément d’absorption acoustique est
disposé dans un espace défini par les zones adja-
centes se faisant face et la zone de creux.

7. Appareil de haut-parleur selon la revendication 1,
dans lequel l’unité de blocage est configurée pour
exposer une troisième zone ayant une première lar-
geur de la membrane dans une troisième direction
perpendiculaire à la première et la deuxième direc-
tions et configurée pour bloquer une quatrième zone
ayant une deuxième largeur de la membrane et l’em-
pêcher d’être exposée, une somme de la première
et la deuxième largeurs correspond à une largeur
totale de la membrane, la deuxième largeur de la
membrane étant bloquée par l’unité de blocage est
inférieure à la moitié de la longueur d’onde corres-

pondant à la fréquence maximum du son émis de-
puis la membrane.

8. Appareil de haut-parleur selon la revendication 7,
dans lequel la première largeur de la membrane est
d’environ 25 mm ou moins.

9. Appareil de haut-parleur selon la revendication 7,
comprenant en outre un élément d’absorption
acoustique disposé au niveau de la quatrième zone
dans laquelle la membrane est bloquée et empêchée
d’être exposée par l’unité de blocage.

10. Appareil de haut-parleur selon la revendication 1,
dans lequel l’unité de blocage comprend :
une grille avant disposée au niveau de la
membrane ; et une unité d’affichage disposée au ni-
veau de la grille avant (22), dans lequel la première
zone de la membrane ayant la première hauteur est
bloquée et empêchée d’être exposée par au moins
l’une de l’unité d’affichage (21) et la grille avant.

11. Appareil de haut-parleur selon la revendication 7,
dans lequel l’unité de blocage comprend une grille
avant disposée au niveau de la membrane et une
unité d’affichage disposée au niveau de la grille
avant, la quatrième zone de la membrane ayant la
deuxième largeur est bloquée et empêchée d’être
exposée par au moins l’une de l’unité d’affichage et
la grille avant.

12. Appareil électronique comprenant l’appareil de haut-
parleur selon la revendication 1.

29 30 



EP 3 326 387 B1

17



EP 3 326 387 B1

18



EP 3 326 387 B1

19



EP 3 326 387 B1

20



EP 3 326 387 B1

21



EP 3 326 387 B1

22



EP 3 326 387 B1

23



EP 3 326 387 B1

24



EP 3 326 387 B1

25



EP 3 326 387 B1

26



EP 3 326 387 B1

27



EP 3 326 387 B1

28



EP 3 326 387 B1

29



EP 3 326 387 B1

30



EP 3 326 387 B1

31



EP 3 326 387 B1

32



EP 3 326 387 B1

33



EP 3 326 387 B1

34



EP 3 326 387 B1

35



EP 3 326 387 B1

36



EP 3 326 387 B1

37

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• US 20100098271 A1 [0006] • DE 20207154 U1 [0006]


	bibliography
	description
	claims
	drawings
	cited references

