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(57) ABSTRACT

A headphone (3, 4) comprises a body (5) forming a chamber
(26) for enclosing an ear of a user of the headphone (3, 4).
The body (5) has an acoustic seal (7) of a flexible material
surrounding the chamber (26). and the body (5) has a
cushion (8) extending around the acoustic seal (7) and
separate from the acoustic seal (7). The cushion (8) has a
first side face (38) for engaging with the head of the user.
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1
HEADPHONE

The present invention relates to a headphone and more
particularly to a headset having a pair of headphones.

Reference to an ear in the specification means the outer
ear which is the external part of the ear (i.e. that which is
beyond the side of the head).

A conventional full size or circumaural or standard over-
ear headphone or ear-cup has an ear cushion of foam around
its speaker or transducer so that a chamber is formed for
enclosing an ear of a wearer of the headphone. The foam
provides two distinct functions: audio isolation, and trans-
ferring mechanical pressure loading from the headphone.

When a person is using a headphone over a long period,
the headphone can become uncomfortable due to the reten-
tion of heat where the user’s head is in contact with the ear
cushion.

Furthermore, a conventional headphone has a shape that
often extends outwardly a significant distance perpendicular
to the surface engaging the user’s head. If a user is in bed and
is wearing a headset having a pair of such headphones, this
causes a significant obstruction/restriction to movement of
the head. As the user moves in bed the headphones can be
dislodged into an unintended position making them uncom-
fortable. This may also compromise the audio performance
of the headphones. If a person rolls onto one of the head-
phones whilst in bed, the foam is significantly compressed
increasing pressure in the ear chamber making the head-
phone uncomfortable to wear. The significant pressure may
be applied in a non-uniform fashion which also makes the
headphone uncomfortable to wear. Furthermore, this pres-
sure may also be applied to a sensitive region behind and
below the ear.

A user may wear the headset in bed to listen to audio (e.g.
music, audio book) to relax the mind or simply for enter-
tainment. However, if a user falls asleep the audio may
continue which may disturb the user’s sleep later.

It is an object of the present invention to provide a
headphone to alleviate at least one of the above-mentioned
problems.

According to one aspect of the present invention there is
provided a headphone comprising a body forming a chamber
for enclosing an ear of a user of the headphone, the body
having an acoustic seal made of a flexible material surround-
ing the chamber, the body having at least one cushion
extending around the acoustic seal and separate from the
acoustic seal, the at least one cushion having a first side face
for engaging with the head of the user.

The at least one cushion can be made from a flexible
material which is the same or different from the flexible
material of the acoustic seal.

By having a headphone with an acoustic seal made of a
flexible material, and at least one cushion separate from the
acoustic seal, this gives more freedom in selecting materials
which may be more particularly suited for the function of
audio isolation, or the function of transferring mechanical
pressure loading from the headphone. The acoustic seal
requires a smaller area of contact with the skin of a user of
the headphone than a conventional headphone. The acoustic
seal can be very soft and flexible as it does not need to
support the mechanical load. The at least one cushion, as it
has no audio barrier requirements, can be made to provide
much more comfort than a conventional headphone.

The headphone may be made of predominantly flexible
materials, such as rubber/silicon, allowing the body of the
headphone to mould to the shape of the head. As the body
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moulds to the shape of the head it enables pressure to spread
consistently over the maximum area thus increasing com-
fort.

The flexible material of the acoustic seal may be expand-
able so that the acoustic seal is arranged to expand towards
the at least one cushion extending around the acoustic seal
when the headphone is pressed against the head of the user.

The headphone may include a channel separating the
acoustic seal from the at least one cushion extending around
the acoustic seal. The acoustic seal may be arranged to
expand into the channel when the headphone is pressed
against the head of the user.

The body may have one continuous cushion extending
around the acoustic seal. Alternatively, the body may have a
plurality of cushions extending around the acoustic seal with
or without a gap between adjacent cushions.

The body of the headphone may have a second side face
opposite the first side face. Venting means may be provided
between the first side face and the second side face. The
venting means may comprise a plurality of openings in the
first side face, a plurality of openings in the second side face,
and a cavity which connects the first side face openings to
the second side face openings.

A plurality of flexible supports may extend through the
cavity between first and second side faces.

The venting means may comprise a plurality of conduits,
each said conduit extending between the first and second
side faces.

The venting means are for circulating and venting air, and
heat is able to dissipate easily via the venting means. The
venting means are in the at least one cushion, and since the
at least one cushion has no audio barrier requirements, this
makes the at least one cushion extremely breathable. This
ensures that the headphone remains cool and comfortable,
particularly if a headset including the headphone is, say,
worn through the night.

A headset may be provided which comprises a headband,
and at least one headphone wherein the or each headphone
is as described above. The at least one headphone is con-
nected to the headband and comprises a speaker, and said
headband includes at least one of a power source and a main
circuit board for the at least one headphone. By accommo-
dating the power source and/or the main circuit board in the
headband, the size of the headphone can be reduced to
provide the lowest or shallowest headphone profile possible
relative to the head without making contact with the ear of
the user.

The second side face of the headphone body may join the
first side face and form an acute angle with the first side face
at said joining of not more than approximately 45° at least
at, or in the vicinity of, the lowermost part of the headphone.
In the vicinity of the lowermost part of the headphone may
be the part of the headphone extending around the part of a
periphery of the chamber corresponding to the lobe part of
the ear of a user of the headphone. The periphery of the
chamber may have a substantially straight portion for posi-
tioning in front of the ear and a substantially curved portion
substantially conforming to the shape of the helix and lobe
parts of the ear, the two portions joining at first upper and
lower points of the periphery. There may be another point on
the substantially curved portion of the periphery where a
rear part of the curved portion joins a lower part of the
curved portion (i.e. the lower part is curved more to the
lowermost part of the periphery whereas the rear part is
curved more to the part of the periphery to be to the rear of
the ear). In the vicinity of the lowermost part of the
headphone may be the part of the headphone extending
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around the chamber between approximately the first lower
point and said another point. The second side face may form
an acute angle with the first side face at said joining of not
more than approximately 45° in the vicinity of the part of the
headphone intended to be positioned adjacent the rear of an
ear of a user of the headphone. The chamber periphery may
have a second upper point where an upper part of the curved
portion joins a rear part of the curved portion (i.e. the upper
part is curved more to the uppermost part of the periphery
whereas the rear part is curved more to the part of the
periphery to be to the rear of the ear). In the vicinity of the
part of the headphone intended to be positioned adjacent the
rear of the ear may be the part of the headphone extending
around the chamber between approximately the second
upper point and said another point. The second side face may
form an acute angle with the first side face at said joining of
not more than approximately 45° in the vicinity of the part
of the headphone intended to be positioned in front of an ear
of a user of the headphone. In the vicinity of the part of the
headphone intended to be positioned in front of the ear may
be the part of the headphone extending around the chamber
between approximately the first upper and lower points. By
the second side face joining the first side face at an acute
angle of not more than approximately 45°, this also helps
provide the lowest or shallowest headphone profile possible
relative to the user’s head.

By the headphone having the lowest or shallowest profile
possible relative to the head of the user, this provides
effectively unrestricted movement of the user’s head when
the user is lying down as the headphone would provide a
minimal obstruction. Also, by the headphone having a lower
profile than a conventional full size headphone it would not
sink so much into a surface of say a pillow when the user
leans or rolls onto the headphone. As a result the pillow
would be less deformed and would provide better support
for the user’s head. The user’s head can roll easily and
comfortably onto its side without dislodging the headphones
or uncomfortably focusing pressure in one region. This
ensures that the headphone remains secure on the user when
the user is say asleep on a bed and that the headphone fits
snugly.

The main circuit board of the headband of the headset
may comprise a plurality of circuit boards electrically con-
nected to each other. The circuit boards may be connected to
each other in series.

The headset may include at least one electroencephalog-
raphy (EEG) sensor mounted in or on an underside of the
headband, the underside arranged to face the scalp of a user
of the headphone. An EEG sensor is a known sensor used in
reading brain activity of a user such as when the user is
asleep. The at least one EEG sensor may be used to monitor
when a user using the headset falls asleep so that any audio
being played can be automatically stopped.

The headphone described above may include at least one
EEG sensor mounted in the first side face.

At least part of the second side face may be covered by a
flexible porous material.

The periphery of the chamber may have a substantially
straight portion for positioning in front of the ear and a
substantially curved portion substantially conforming to the
shape of the helix and lobe parts of the ear, the two portions
joining at first upper and lower points of the periphery, the
first side face having a radial width which extends from
adjacent the chamber periphery to the periphery of the first
side face, the radial width having a maximum value in the
vicinity of the first upper point. The location of the maxi-
mum value of the radial width would be in front of the ear
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of a user of the headphone and would be in a region of the
head of the user forward of their jawline wherein this region
is less sensitive and more tolerant of pressure, whereas the
region behind the ear is significantly more sensitive.

The radial width may have the maximum value at a point
between the first upper point and the first lower point. The
maximum value may be closer to the first upper point than
to the first lower point. The radial width may have a
minimum value in the lower part or in the vicinity of the
lowest point of the curved portion.

The chamber periphery may have a second lower point at
the lowest part of the curved portion, and a second upper
point where an upper part of the curved portion joins a rear
part of the curved portion, the surface area of one section of
the first side face extending around the acoustic seal between
approximately the second lower point and the second upper
point being larger than the surface area of the remaining
section of the first side face, said remaining section being
adjacent the rear of the ear when the headphone is being
worn. The surface area of said one section of the first side
face is in front of a line or an imaginary line between the
second lower and upper points, the said one section being
adjacent the front of the ear when the headphone is being
worn. The imaginary line approximately corresponds to the
jawline of a user of the headphone. The imaginary line may
be at a distance in front of the jawline which may be slight.
When a user is, say, in bed or reclining in a seat or lying on
a couch, the user’s head may lean on the headphone. The
pressure of the user’s head is spread across the first side face
of the at least one cushion of the headphone and, by the
surface area of the one section being greater than the
remaining section, the majority of the pressure is loaded
onto the less sensitive region of the head forward of the
jawline providing more comfort. The surface area of said
one section of the first side face may be at least 1.4 times
larger than the surface area of the remaining section of the
first side face.

According to another aspect of the present invention there
is provided a headphone comprising a body forming a
chamber for enclosing an ear of a user of the headphone, the
body having a first side face for engaging with the head of
the user, a second side face opposite the first side face, and
venting means between the first side face and the second side
face.

According to another further aspect of the present inven-
tion there is provided a headset comprising a headband, and
at least one headphone connected to the headband, said at
least one headphone comprising a speaker, and said head-
band including at least one of a power source and a main
circuit board for the at least one headphone.

According to yet another further aspect of the present
invention there is provided a headphone comprising a body
forming a chamber for enclosing an ear of a user of the
headphone, the body having a first side face for engaging
with the head of the user, and a second side face opposite the
first side face, wherein the second side face joins the first
side face and forms an acute angle with the first side face at
said joining of not more than approximately 45° at least at,
or in the vicinity of, the lowermost part of the headphone.

According to still yet another further aspect of the present
invention there is provided a headphone comprising a body
forming a chamber for enclosing an ear of a user of the
headphone, the periphery of the chamber having a substan-
tially straight portion for positioning in front of the ear and
a substantially curved portion substantially conforming to
the shape of the helix and lobe parts of the ear, the two
portions joining at first upper and lower points of the
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periphery, the body having a first side face for engaging with
the head of the user, the first side face having a radial width
which extends from adjacent the chamber periphery to the
periphery of the first side face, the radial width having a
maximum value in the vicinity of the first upper point.

Embodiments of the present invention will now be
described, by way of example, with reference to the accom-
panying schematic drawings, in which:

FIG. 1 is a perspective view of a headset comprising a pair
of headphones wherein each headphone is in accordance
with a first embodiment of the present invention;

FIGS. 2 to 4 are top, front and side views, respectively, of
the headset;

FIG. 5 is a sectional view of a headphone of the headset
taken along lines 5-5 of FIG. 3;

FIG. 6 is a front view of the headset showing an exploded
view of one of the headphones;

FIGS. 7 and 8 are exploded side and perspective views,
respectively, of an outer shell and cushion of the headphone
of FIG. 6;

FIG. 9 is a view of an inner side face of the headphone of
FIG. 6;

FIG. 10 is a sectional view of the headset taken along lines
10-10 of FIG. 4;

FIG. 11 is a perspective view of the headset in a stored
position;

FIG. 12 is a block diagram of the headset;

FIG. 13 is a sectional view similar to FIG. 5 with the
headphone on the side of a head of a user of the headset;

FIG. 14 is a sectional view of a modified headphone; and

FIG. 15 is a view of an inner side face of another modified
headphone.

Referring to FIGS. 1 to 4 of the accompanying drawings,
a headset 1 comprises a headband 2 connecting a pair of
headphones 3, 4 together.

Referring to FIGS. 5 to 9, each headphone 3, 4 comprises
a body 5 having a central body portion 6, an acoustic or
audio seal 7 surrounding a chamber 26, a cushion 8 sur-
rounding the acoustic seal 7 and separate from the acoustic
seal 7, and an outer shell 9 having a convex outer surface 10
and a concave inner surface 11.

The central body portion 6 has a base 12 with a convex
outer surface 13 and a concave inner surface 14. The central
body portion 6 is fixed to the outer shell 9 so that base
convex outer surface 13 of the central body portion 6 is
against the shell concave inner surface 11. A continuous
outer wall 15 extends from a perimeter of the base concave
inner surface 14, and an inner wall 16 extends from the base
12 and is surrounded by the outer wall 15. The inner wall 16
has an inner step 17 towards the end of the wall 16 distal
from the base 12. A transducer assembly 18 is mounted on
the step 17 and is surrounded by the inner wall 16. A cap 19
is fixed over the distal end of the wall 16 to hold the
transducer assembly 18 within the inner wall 16 of the
central body portion 6, and the cap 19 has apertures 20.

The acoustic seal 7 is made of a first flexible expandable
material such as silicon. The acoustic seal 7 has a continuous
main wall portion 21 surrounding the chamber 26 and an
inner wall portion 22 extending in from the main wall
portion 21 at a base of the main wall portion 21 so as to form
a groove 23 into which a distal end of the central body
portion outer wall 15 is received. The acoustic seal main
wall portion 21 has a flange 24 extending into the groove 23
so that the central body portion outer wall 15 is held in the
groove 23 by an interference grip between the flange 24 and
the acoustic seal inner wall portion 22. The end 25 of the
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acoustic seal main wall portion 21 distal from the base of the
seal 7 tapers and bends or flares outwardly.

The central body portion 6 and the acoustic seal 7
extending from the central body portion outer wall 15 form
the chamber 26 for enclosing an ear 70 (see FIG. 13) of a
user of the headphone 3, 4, wherein the distal end 25 of the
acoustic seal 7 defines the periphery of the chamber 26. The
chamber periphery 25 has a substantially straight portion 28
for positioning in front of the ear and a substantially curved
portion 29 substantially conforming to the shape of the helix
and lobe parts of the ear. The two portions 28, 29 join at first
upper and lower points 30, 31 of the periphery 25. The
chamber periphery 25 has a second lower point 32 at the
lowest part of the curved portion 29, and a second upper
point 33 where an upper part 34 of the curved portion 29
joins a rear part 35 of the curved portion 29. The chamber
periphery 25 has another or a third point 69 where the rear
part 35 of the curved portion 29 joins a lower part 72 of the
curved portion 29.

The cushion 8 is made of a material such as rubber or
silicon. The cushion 8 surrounds the central body portion
outer wall 15 and the acoustic seal 7 and is against the
portion 36 of the concave inner surface 14 of the outer shell
9 which extends beyond the central body portion 6. The
cushion 8 has a base portion 37 with a central opening or
aperture 68, and a bottom face of the base portion 37
comprises a first side face 38 for engaging the head of the
user of the headphone 3, 4. The first side face 38 has a radial
width which extends from an inner edge 66 of the base
portion 37 surrounding the opening 68 and adjacent the
chamber periphery 25 to an outer edge or periphery 39 of the
base portion 37. The radial width has a maximum valver,,
at a point between the first upper point 30 and the first lower
point 31 wherein this point is closer to the first upper point
30.

The surface area of one section A of the first side face 38
extends around the acoustic seal 7 between approximately
the second lower and upper points 32, 33 in front of the
chamber 26. The one section A is larger than the surface area
of the remaining section B of the first side face 38. The
surface area of the one section A of the first side face 38 may
be at least 1.4 times larger than the surface area of the
remaining section B of the first side face 35.

The cushion base portion 37 has an aperture 40 in the
portion of the first side face 38 to be in front of the ear of the
user, and in this aperture 40 is mounted an electroencepha-
lography (EEG) sensor 41.

The cushion base portion outer edge 39 has a rim 42 and
the outer shell 9 is fitted within the rim 42 so that the
perimeter edge 43 of the outer shell 9 engages the rim 42. An
inner wall 44 extends from the cushion base portion inner
edge 66 and surrounds the central body portion 6. The
cushion inner wall is slanted inwardly from the base portion
37 so that its distal end engages the place where the central
body portion outer wall 15 meets the outer shell 9. The
cushion base portion inner wall 44 is adjacent the base 45 of
the acoustic seal main wall portion 21, and a gap or channel
46 is formed between the rest of the acoustic seal main wall
portion 21 and the cushion base portion inner wall 44. A
cavity 47 is formed between the cushion base portion 37 and
the outer shell 9 and is bounded by the cushion base portion
rim 42 and the cushion base portion inner wall 44. The
cushion 8 has a plurality of flexible tube supports 48 which
extend from the cushion base portion 37 to the outer shell 9.
There is a plurality of vent openings 49 extending through,
and spread around, the cushion base portion 37.
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The convex outer surface 10 of the outer shell 9 forms a
second side face of the body 5 which is opposite the first side
face 38. There is a plurality of vent openings 50 extending
through, and spread around, the outer shell portion 36 which
extends beyond the central body portion 6. The second side
face 10 is covered by a porous flexible fabric 51.

The second side face 10 joins the first side face 38 and
forms an acute angle 0 (see FIG. 3) with the first side face
38 at the joining of not more than approximately 45° around
the periphery of the headphone 3, 4 except for the portion of
the headphone 3, 4 radial from the upper part 34 of the
chamber periphery curved portion 29. Part of this headphone
portion extends beyond the first side face 38 which engages
the head of the user. This part is referred to as the top portion
52 of the headphone 3, 4 and the top portion 52 extends to
the headband 2. The boundary between the top portion 52
and the first side face 38 is indicated by a dashed line 67 on
FIG. 9. The top portion 52 is configured so that where it is
adjacent the headband 2 it has the same sectional shape and
size as the headband 2.

Referring to FIGS. 10 to 12, the headband 2 extending
between the top portion 52 of each headphone 3, 4 is
connected by a hinged and rotatable connector 53 to each
headphone 3, 4. This enables the headphones 3, 4 to be
swung inwards and be rotated through 90° so that when the
headset 1 is not in use it can be stored compactly (see FIG.
11).

The headband 2 is hollow and the underside 55 of the
headband 2, which is arranged to face the scalp of a user of
headset 1, has a plurality of apertures 65 spaced in series
along the underside 55 and an EEG sensor 54 is mounted in
each aperture 65. The EEG sensors 54 in the headband 2,
together with the EEG sensor 41 in each headphone 3, 4, are
connected to a central processor 56 mounted on a main
circuit board 57 inside the headband 2. The main circuit
board 57 comprises a plurality of circuit boards 57a, 575,
57¢, 57d electrically connected to each other in series so that
the main circuit board 57 can fit inside the headband 2. Each
circuit board 57a, 57b, 57¢, 57d is mounted to a mounting
58 which connects the circuit board 57a, 57b, 87¢, 57d 10 a
side 59 of the headband 2, and the circuit boards 57a, 575,
57¢, 57d are above the EEG sensors 54.

The transducer assembly 18 in each headphone 3, 4 is
connected to the central processor 56 in the headband 2 and
each transducer assembly 18 comprises a speaker 60 and a
driver 61.

A Bluetooth module 62 is mounted on the main circuit
board 57 in the headband 2 and the Bluetooth module 62 can
communicate with a portable electronic communication
device such as a smart phone or a hand-held tablet PC.

Also inside the headband 2, there is a power source in the
form of a battery 63 for providing power to the headset 1.
The battery 63 is held by a mounting 64 to the side 59 of the
headband 2

In use, the headset 1 is worn on the head of a user with
each ear of the user being received in the chamber 26 of a
respective headphone 3, 4, and the headband 2 being posi-
tioned over the scalp of the user.

As each headphone 3, 4 is placed against the head or skull
71 of the user, the body 5 moulds to the shape of the head
(see FIG. 13). The loading of the headphone 3,4 causes the
acoustic seal 7 to expand so that the tapered end 25 of the
seal 7 engages the inner edge 66 of the cushion base portion
37 closing the opening to the gap 46 between the acoustic
seal 7 and the cushion base portion 37.

The EEG sensors 54 in the headband 2 and the EEG
sensor 41 in each headphone 3, 4 are arranged to measure
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BEG signals associated with brain activity in the head of the
user. These signals are monitored by the central processor
56, and the central processor 56 is arranged to control the
volume of sound from each speaker 60 via their respective
speaker driver 61 in relation to these signals.

Signals from the EEG sensors 41, 54 received by the
central processor 56 could be transmitted by the Bluetooth
module 62 to a said portable electronic communication
device, and the portable electronic communication device
could be used to change or control the sound coming from
the speakers 60 of the headphones 3, 4.

In a modification as illustrated in FIG. 14, the body 80 of
each headphone 81 has a plurality of conduits 82 extending
between the first and second side faces 83, 84 to provide
venting, the conduits 82 extending through the cushion 85
and the outer shell 86 of the body 80.

In another modification as illustrated in FIG. 15, the body
90 of each headphone 91 has a plurality of cushions 92
spaced around the acoustic seal 93 with there being gaps 94
between the cushions 92.

Whilst particular embodiments have been described, it
will be understood that various modifications may be made
without departing from the scope of the claimed invention.

The invention claimed is:

1. A headphone comprising a body forming a chamber for
enclosing an associated ear of an associated user of the
headphone, the body having an acoustic seal made of a
flexible material surrounding the chamber, the body having
at least one cushion extending around the acoustic seal and
separate from the acoustic seal, the at least one cushion
having a first side face for engaging with an associated head
of the associated user, wherein the body has a second side
face opposite the first side face, and at least one vent
including a plurality of openings in the first side face, a
plurality of openings in the second side face, and a cavity
which connects the first side face openings to the second side
face openings, the at least one vent being in the at least one
cushion.

2. The headphone as claimed in claim 1, wherein the
flexible material of the acoustic seal is expandable so that the
acoustic seal is arranged to expand towards the at least one
cushion when the headphone is pressed against the associ-
ated head of the associated user.

3. The headphone as claimed in claim 1, wherein a
plurality of flexible supports extends through the cavity
between the first and second side faces.

4. The headphone as claimed in claim 1, wherein at least
part of the second side face is covered by a flexible porous
material.

5. The headphone as claimed in claim 1, including at least
one electroencephalography (EEG) sensor mounted in the
first side face.

6. A headset comprising a headband, and at least one
headphone as claimed in claim 1, wherein said at least one
headphone is connected to the headband and comprises a
speaker, and said headband includes at least one of a power
source and a main circuit board for the at least one head-
phone.

7. The headset as claimed in claim 6, wherein the head-
band includes both the power source and the main circuit
board.

8. The headset as claimed in claim 6, wherein the main
circuit board comprises a plurality of circuit boards electri-
cally connected to each other.

9. The headset as claimed in claim 8, wherein the circuit
boards are connected to each other in series.
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10. The headset as claimed in claim 6, including at least
one electroencephalography (EEG) sensor mounted in or on
an underside of the headband, the underside arranged to face
an associated scalp of an associated user of the headphone.

11. A headphone comprising a body forming a chamber
for enclosing an associated ear of an associated user of the
headphone, the body having an acoustic seal made of a
flexible material surrounding the chamber, the body having
at least one cushion extending around the acoustic seal and
separate from the acoustic seal, the at least one cushion
having a first side face for engaging with an associated head
of the associated user, wherein the body has a second side
face opposite the first side face, and at least one vent
including a plurality of openings in the first side face, a
plurality of openings in the second side face, wherein the at
least one vent comprises a plurality of conduits, each said
conduit extending between the first and second side faces.
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