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1

HEARING AID DEVICE AND A METHOD OF
MANUFACTURING A HEARING AID DEVICE

FIELD OF THE INVENTION

The present invention relates to a hearing aid device and a
method for manufacturing the hearing aid device.

BACKGROUND OF THE INVENTION

Hearing aid devices and hearing devices generally com-
prise a housing, 1n which amicrophone, an amplifier or ampli-
tying device, a receiver, a power supply, mostly a zinc-air
battery inter alia are arranged. The recerver 1s connected to an
acoustic output of the housing, which emits the acoustic
signals generated and prepared by the hearing aid device 1into
an auditory canal of a wearer of the hearing aid device.

In order to meet the aesthetic requirements of a wearer of
the hearing aid device, this 1s to be as minimally externally
visible on the wearer as possible. These requirements are
particularly high especially in the case of hearing devices
worn 1n the ear, referred to as in-ear hearing aid device. The
components needed for an m-ear hearing aid device are thus
to be designed as small as possible within the 1in-ear hearing
aid device, to be packed as tightly as possible and to be
reduced to a minimum.

Additionally, the components of the hearing aid device are
to be shielded from external interferences for efficient func-
tioming of the hearing aid device. Compensating elements
such as coils, capacitors or certain topology of conductive
lines and cables may be arranged within the inner space of a
housing of the hearing aid device to reduce the electromag-
netic interterences (EMI) within the housing. Alternatively, a
shielding layer, such as having a gold plated layer on the inner
surface of the hearing aid device may reduce the EMI within
the housing of the hearing aid device. However, the use of
compensating elements and the shielding layer may provide
limitations on the miniaturization of the hearing aid device.
Further, the manufacturing time of the hearing aid device 1s
increased as the compensating elements are to be carefully
positioned 1nto the hearing aid device or the gold plated layer
1s to be provided onto the inner surface ol the housing after the
after has been made.

SUMMARY OF THE INVENTION

It 1s an object of the invention to provide shielding of
components from external electromagnetic interferences.

The above object 1s achieved by a hearing aid device and a
method of manufacturing the hearing aid device, wherein the
hearing aid device comprises a housing having a first non-
conductive layer and a second non-conductive layer, and a
first conductive layer between the first non-conductive layer
and the second non-conductive layer.

The first conductive layer embedded 1n between the first
non-conducive layer and the second non-conducive layer of
the housing of the hearing aid device shields an inner space of
the housing from external electromagnetic interferences. The
inner space of the housing accommodates the electrical com-
ponents therein. Further this facilitates further miniaturiza-
tion of the hearing aid device as the inner space of the housing,
may be used more efficiently and thus the hearing aid device
can be more compact.

According to another embodiment, the hearing aid device
turther comprises a second conductive layer attached onto at
least a portion of the mnner surface of the second non-conduc-
tive layer. The second conductive layer attached onto the
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inner surface of the second non-conductive layer of the hous-
ing of the hearing aid device enables 1n miniaturization of the
hearing aid device. Additionally, the requirement of loose
wires leads may be reduced and thus the electromagnetic
interference within the housing of the hearing aid device 1s
reduced.

According to yet another embodiment, the second conduc-
tive layer 1s conductively connected to an electrical compo-
nent. Connecting an electrical component to the second con-
ductive layer enables mimaturization of the hearing aid
device and eliminates the requirement of loose wire leads.

According to yet another embodiment, the electrical com-
ponent includes a printed electrical component. Printed elec-
trical components occupy less space and can easily be printed
during the manufacturing of the housing. Thus, printed elec-
trical components enable in miniaturization of the hearing aid
device and also reduce the manufacturing time of the hearing
aid device.

According to yet another embodiment, the first conductive
layer and the second conductive layer are fabricated using a
solid freeform fabrication technique selected from the group
consisting of inkjet printing, pneumatic spraying, screen
printing, pad printing, laser printing, dot matrix printing,
thermal printing, lithography, and 3D printing. Fabricating or
printing the first and the second conductive layer using a solid
freeform fabrication technique enables in fabricating the first
conductive layer between the first non-conducive layer and
the second non-conductive layer and the second conductive
onto the mnner surface of the second non-conductive layer of
the housing at the time of the manufacturing of the housing.

According to yet another embodiment, the first conductive
layer and the second conductive layer comprises an element
from the group consisting of copper, gold, silver and electr-
cally conductive polymer. These elements comprise
enhanced conductive properties and therefore enable the first
conductive layer and the second conductive layer to have
good electrical conductance.

According to yet another embodiment, the housing further
comprises a third or additional non-conductive layer arranged
inwardly of the first non-conductive layer and outwardly of
the second non-conductive layer. Providing the third non-
conductive layer enables providing additional features to the
hearing aid device.

According to yet another embodiment, the hearing aid
device further comprises a coil between the third non-con-
ductive layer and the first non-conductive layer. The coil
enables wireless communication with the hearing aid device.
Additionally, the coil enables wireless charging of the hearing
aid device. This enables efficient use of the inner space of the
hearing aid device, and thus, enables miniaturization of the
hearing aid device. Additionally, as the coil 1s provided exter-
nal to the first conductive layer, the mnner space 1s shielded
from any EMI arising out of the coil by the first conductive
layer.

Another embodiment includes a method of manufacturing
a hearing aid device, wherein the method comprises embed-
ding a first conductive layer between a first non-conductive
layer and a second non-conductive layer of a housing of the
hearing aid device.

Embedding the first conductive layer between the first non-
conductive layer and the second non-conductive layer of the
housing provides shielding of the inner space of the housing
from EMI interferences. Further this facilitates further min-
1aturization ol the hearing aid device as the inner space of the
housing may be used more efficiently and thus the hearing aid
device can be more compact.
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According to yet another embodiment, the embedding
includes fabricating the first conductive layer between the
first non-conductive layer and the second non-conductive
layer using a solid freeform technique selected from the
group consisting of inkjet printing, pneumatic spraying,
screen printing, pad printing, laser printing, dot matrix print-
ing, thermal printing, lithography, and 3D printing.

According to another embodiment, the method further
comprises attaching a second conductive layer onto an inner
surface of the second non-conductive layer. The second con-
ductive layer attached onto the iner surface of the second
non-conductive layer of the housing of the hearing aid device
enables 1n miniaturization of the hearing aid device. Addi-
tionally, the requirement of loose wires leads may be reduced
and thus the electromagnetic interference within the housing
of the hearing aid device 1s reduced.

According to yet another embodiment, the second conduc-
tive layer 1s conductively connected to an electrical compo-
nent.

According to yet another embodiment, wherein the elec-
trical component 1includes a printed electrical component.

According to yet another embodiment, the method com-
prises embedding a coil between the first non-conductive
layer and a third non-conductive layer, the third non-conduc-
tive layer arranged inwardly of the first non-conductive layer
and outwardly of the second non-conductive layer.

According to yet another embodiment, wherein the first
conductive layer, the second conductive layer and the coil

comprises an element from the group consisting of copper,
silver, gold and electrically conductive polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s further described heremaiter with
reference to illustrated embodiments shown 1n the accompa-
nying drawings, 1n which:

FIG. 1 illustrates a cross sectional view of a housing of a
hearing aid device according to an embodiment herein,

FIG. 2 illustrates a schematic block diagram of electrical
components essential for a hearing aid function,

FIG. 3 illustrates a cross sectional view of housing com-
prising an additional conductive layer according to an
embodiment herein,

FI1G. 4a 1llustrates one example where two conductive lay-
ers are separated by an msulating medium to form a positive
and a negative contact,

FI1G. 4b 1llustrates an insulating medium provided to act as
a barrier between two additional conductive layers

FI1G. 5 illustrates a pattern of attaching additional conduc-
tive layers on an inner surface of a second non-conductive
layer of a housing of a hearing aid device according to an
embodiment herein,

FIG. 6 1llustrates another pattern of attaching additional
conductive layers on an inner surface of a second non-con-
ductive layer of a housing of a hearing aid device according to
an embodiment herein,

FI1G. 7 illustrates connection of an electrical component to
the additional conductive layers according to an embodiment
herein,

FIG. 8 illustrates connection between an electrical compo-
nent and additional conductive layers attached onto an inner
surface of a second non-conductive layer in more detail,

FI1G. 9 illustrates connection between an electrical compo-
nent and additional conductive layers using connection leads
attached onto an mner surface of a second non-conductive
layer according to an embodiment herein,
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FIG. 10qa illustrates connection between an electrical com-
ponent and conductive layers attached onto an inner surface

of a housing of a hearing aid device using soit rings,

FIG. 1056 illustrates a soit ring 1n detail,

FIG. 11a 1llustrates separation of a plurality of conductive
layers using insulating mediums in accordance to an embodi-
ment herein,

FIG. 115 1s an enlarged side view of the encircled area of
FIG. 11a,

FIG. 12a illustrates connection between two electrical
components using the additional conductive layers attached
onto an iner surface of a second non-conductive layer of a
housing of a hearing aid device and extended onto an outer
surface of a casing of the electrical components,

FIG. 125 additional conductive layers of FIG. 124,

FIG. 13 illustrates connection between an electrical com-
ponent and an additional conductive layer using a casing of an
clectrical component,

FIG. 14 1llustrates a side view of a slot on an inner side of
a housing of a hearing aid device according to an embodiment
herein,

FIG. 15 1s a cross sectional view of a housing of a hearing,
aid device illustrating a coil printed onto a layer of the hearing
aid device between a first non-conductive layer and a conduc-
tive layer according to an embodiment herein, and

FIGS. 16a-16c¢ 1llustrate a method of manufacturing a
housing of a hearing aid device according to an embodiment
herein.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiments are described with reference to the
drawings, wherein like reference numerals are used to refer to
like elements throughout. In the following description, for
purpose of explanation, numerous specific details are set forth
in order to provide a thorough understanding of one or more
embodiments. It may be evident that such embodiments may
be practiced without these specific details.

FIG. 1, 1llustrates a cross sectional view of a housing 10 of
a hearing aid device 12 according to an embodiment herein.
The housing 10 comprises a conductive layer 18 between a
first non-conductive layer 14 and a second non-conductive
layer 15. The conductive layer 18 with the first non-conduc-
tive layer 14 and the second non-conductive layer 15 forms
the wall of the housing 10. The conductive layer 18 provides
shielding of an iner space 20 within the housing 10 from
clectromagnetic interference (EMI).

The hearing aid device 12 includes, but not limited to,
in-car hearing aid device, baby worn hearing aid device,
behind the ear (BTE) hearing aid device, recerver 1n the canal
(RIC) or ear hearing aid device, 1n the canal (ITC) hearing aid
device, mini1 canal (MIC) hearing aid device, completely 1n
the canal (CIC) hearing aid device, extended wear hearing aid
device, open fit hearing aid devices, eye glass hearing aid
devices and the like.

Still referring to FIG. 1, advantageously, the first non-
conductive layer 14 and the second non-conductive layer 15
are manufactured using non-conductive materials, for
example a resin, an adhesive, a paint or a synthetic matenal,
such that the first non-conductive layer 14 and the second
non-conductive layer 15 do not exhibit any electrical conduc-
tance property. The conductive layer 18 1s manufactured
using conductive materials such that the conductive layer 18
1s electrically conductive.

Preferably, the conductive layer 18 extends substantially at
the interior of the housing 10 between the first non-conduc-
tive layer 14 and the second non-conductive layer 135. This
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provides eflicient shielding of the inner space 20. In an imple-
mentation, the conductive layer 18 can be a thin foil. Advan-
tageously, the conductive layer 18 may be embedded between
the first conductive layer 14 and the second conductive layer
15 during the manufacturing of the housing 10. Alternatively,
the housing 10 may be manufactured such that the housing 10
comprises only the conductive layer 18 and the second non-
conductive layer 15. However, 1t may not be preferred to
manufacture the housing 10 such that 1t comprises only the
conductive layer 18 and the second non-conductive layer 15,
as 1t may cause mconvenience to the user of the hearing aid
device 12 because of the hardness of the conductive layer 18.
The housing 10 having the conductive layer 18 between the
first non-conductive layer 14 and the second conductive layer
15 shields the inner space 20 from EMI. Providing the con-
ductive layer 18 between the first non-conductive layer 14 and
the second non-conductive layer 15 enables efficient usage of
the mner space 20 of the housing 10.

Advantageously, the conductive layer 18 may be provided
such that the conductive layer 18 encircles a substantial sur-
face area ol the second non-conductive layer 15. However, the
conductive layer 18 may be provided such that it encircles
only a particular region or portion of interest of the second
non-conductive layer 15.

FI1G. 2 1llustrates a schematic block diagram of electrical
components essential for a hearing aid function. The hearing
aid device 12 comprises therein the electrical components
essential for the hearing aid function, such as, a microphone
22, an amplifier 24, a recetver 26 and a power source 28. The
clectrical component may also include resistors, capacitors,
coils and the like. The electrical components such as the
resistor, capacitor or the coil may also be printed using solid
freeform fabrication techniques, such as a 3D printing tech-
nique. The hearing aid device 1 records ambient noise with
the aid of the microphone 22, amplifies these by means of the
amplifier 24 and forwards them to the recerver 26. The power
supply required for the amplifier 24 for amplification 1s pro-
vided by the power source 28. The sound signals from the
receiver 26 are conveyed to the ear drum of the wearer by
means of an outlet canal, tube or wire.

Referring now to FIG. 1 and FIG. 2, the electrical compo-
nents are typically arranged in the inner space 20 of the
housing 10. In an aspect, the conductive layer 18 shields the
inner space 20 within the housing 10 from EMI. This shields
the electrical components arranged within the inner space 20
from EMI.

FIG. 3 illustrates a cross sectional view of housing 10
comprising an additional conductive layer according to an
embodiment herein. The housing 10 of the hearing aid device
12 comprises therein the electrical components essential for
the functioning of the hearing aid device 12. In the shown
example of FIG. 3, the housing 10 comprises the conductive
layer 18 between the first non-conductive layer 14 and the
second non-conductive layer 15. In an aspect herein, an addi-
tional conductive layer 21 may be attached onto the inner
surface 16 of the second non-conductive layer 15 of the hous-
ing 10.

The conductive layer 21 1s attached onto the inner surface
16 of the second non-conductive layer 15 of the housing 10 as
the second non-conductive layer 15 1s manufactured using a
non-conductive material. The inner surface 16 of the second
non-conductive layer 15 acts as a support for the conductive
layer 21.

In the shown example of FIG. 3, the additional conductive
layer 21 may represent a positive contact or a negative con-
tact. However, multiple conductive layers may be attached
onto the inner surface 16 of the second non-conductive layer
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15. For example, 1f two conductive layers are attached the
conductive layers may represent a positive and a negative
contact. If multiple conductive layers are attached onto the
inner surface 16 of the second non-conductive layer 15, the
conductive layers would have to be separated using an 1nsu-
lating medium.

FI1G. 4a 1llustrates one example where two conductive lay-
ers 21, 30 are separated by an mnsulating medium 32 to form
a positive and a negative contact. The insulating medium 32
may be a non-conducting layer of the inner surface 16 of the
second non-conductive layer 15 or an sulating layer
attached between the conductive layers 21, 30. In certain
embodiments, the insulating medium 32 may be an insulating
layer such that the insulating layer acts as a barrier between
the two additional conductive layers 21, 30 as illustrated in
FIG. 4b.

FIG. 5 illustrates a pattern of attaching additional conduc-
tive layers on the inner surface of second non-conductive
layer the housing of the hearing aid device according to an
embodiment herein. In the shown example of FIG. 5, a plu-
rality of additional conductive layers 21, 30 are attached on
the mner surface 16 of FIG. 3 of the second non-conducive
layer 15 of FIG. 3 1n a stripe pattern. For example, one of the
additional conductive layers may represent a positive contact
and the other may represent a negative contact. For example,
the additional conductive layers 21 may represent a positive
contact and the additional conductive layers 30 may represent
a negative contact. The additional conductive layers 21 are
separated from the additional conductive layers 30 by an
insulating medium 32. The msulating medium 32 1n the
present embodiment 1s portions of the inner surface 16 of the
second non-conducive layer 15 onto which no conductive
layers 21, 30 are attached.

FIG. 6 illustrates another pattern of attaching additional
conductive layers on the mner surface of the housing of the
hearing aid device according to an embodiment herein. In the
shown example of FIG. 5, the additional conductive layer 21
1s attached on one half of the inner surface 16 of FIG. 3 of the
second non-conductive layer 135 of FIG. 3 and the conductive
layer 30 1s attached onto the other half of the inner surface 16
ol the second non-conductive layer 15. The conductive layer
21 1s separated from the conductive layer 30 by an insulating
medium 32. The msulating medium 32 1n the present embodi-
ment 1s portion of the inner surface 16 of the second non-
conductive layer 15 onto which no conductive layers 21, 30
are attached.

Attaching multiple conductive layers enable, conductively
connecting multiple conductive layers to the electrical com-
ponents. This enables 1n increasing the fault tolerance of the
hearing aid device 1 as redundant connections to the electrical
components can be made.

In the shown example of FIG. 3, the additional conductive
layer 21 extends over a substantial surface area of the inner
surface 16 of the second non-conductive layer 15. However,
the additional conductive layer 21 may be attached onto only
a portion of the mnner surface 16 of the second non-conductive
layer 21. If the additional conductive layer 21 1s attached onto
only a portion of the inner surface 16 of the second non-
conductive layer 15, 1t may be required that the additional
conductive layer 21 1s to be attached onto the inner surface 16
of the second non-conductive layer 15 such that the position
of the additional conductive layer 21 1s suitable for making
connections with electrical components. I1 a single additional
conductive layer 1s attached onto the 1nner surface 16 of the
second non-conductive layer 135, the additional conductive
layer may extend over a substantial area of the inner surface
16 of the second non-conductive layer 15. However, the addi-




US 9,271,095 B2

7

tional conductive layer can also extend over a portion or
region of the surface of the inner surface 16 of the second
non-conductive layer 15.

Referring now to FIG. 7, an electrical component, for
example a recerver 26 may be connected to the conductive
layers 21, 30 using connector leads 34, 36. The receiver 24
illustrated 1n FIG. 7 1s shown as an example and other elec-
trical components may also be connected 1n a similar manner.
Other connector means, such as soft rings and the like may
also be used to connect an electrical component to the con-
ductive layers 21, 30. The connector leads 34, 36 may pierce
into the respective conductive layers 21, 30. The connector
leads 34, 34 enable suspending the receiver 9 rigidly and thus,
reduce shocks and vibrations encountered by the recerver due
to the movement of the user of the hearing aid device. Addi-
tionally, the use of connector leads 34, 36 enable to eliminate
the requirement of soldering and thus, make the manufactur-
ing process easy and less time consuming.

In an embodiment, multiple connections from the conduc-
tive layers 21, 30 to the electrical component may be made to
increase fault tolerance. For example, a plurality of connector
leads 34, 36 may be used to make the connections between the
conductive layers 21, 30 and the electrical component.

FI1G. 8 illustrates connection between an electrical compo-
nent and conductive layers attached onto the mner surface of
the housing connector leads 1n more detail. In the shown
example of FIG. 8, a receiver 26 1s connected to the conduc-
tive layers 21, 30 using connector leads 34, 36. The connector
leads 34, 36 may pierce into the conductive layers 21, 30. The
connector leads 34, 36 connect to a connection pad and the
connection pad 1n turn connects to the contact terminal of the
receiver 26. In the shown example of FIG. 6, the receiver 26
1s held 1n a suspended position rigidly and thus reduces the
chances of device failure due to shock and vibration. The
multiple connector leads 34, 36 enables 1n increasing fault
tolerance of the hearing aid device 12 of FIG. 7.

Referring again to FIG. 7, 1n an alternative implementa-
tion, the housing 10 may be manufactured such that connector
leads 34, 36 are attached to the housing 10. The recerver 26
may be connected to the connector leads 34, 36 and thus
connect to the additional conductive layers 21, 30. FIG. 9
illustrates connection between an electrical component and
conductive layers using connection leads attached onto the
inner surface of the housing. The receiver 26 1s connected to
the conductive layers 21, 30 using connector leads 34,36. The
connector leads 34, 36 are attached to the housing 10 of the
hearing aid device 12 and are conductively connected to the
conductive layers 21, 30. The connector leads 34, 36 may be
attached to the housing 10 during fabrication of the housing

12.

Referring now to FIG. 7 and FIGS. 10a through 105, in
another implementation soit ring 42 may be used to connect
the recerver 26 to the conductive layers 21, 30 and also to
suspend the receiver 26 rigidly. FIG. 10q illustrates connec-
tion between an electrical component and conductive layers
attached onto the mner surface of the housing of the hearing
aid device using soft rings. In the shown example of FIG. 10aq,
a receiver 26 1s connected to the additional conductive layers
21,30 using soitrings 42. FI1G. 1056 1llustrates a softring 42 1n
detail. The soft ring 42 comprises conductive medium 44
which are connected to the additional conductive layers 21,
30 of FIG. 104a. The conductive mediums 44 connect to a
connection pad 46 on the soft ring 42 and the connection pad
44 connects to the contact terminal of the recerver 26 of FIG.
10a. The multiple conductive mediums 44 enable multiple
connections between the recerver 26 and the conductive lay-
ers 21, 30. This increases the fault tolerance of the hearing aid
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device 12 as redundant connections may be made to an elec-
trical component. In the shown example of FIG. 10a, the
receiver 26 1s held 1n a suspended position rigidly and thus
reduces the chances of device failure due to shock and vibra-
tion.

Referring again to FIG. 7, another electrical component,
for example, an amplifier 24 may be connected to the con-
ductive layers 21, 30 using connector leads 38, 40. Soft rings
42 of F1G. 10ag and FIG. 1056 may also be used to connect the
amplifier 24 to the conductive layers 21, 30. Thus, connecting
the recerver 26 and the amplifier 24 to the conductive layers
21, 30 enable conductively connecting the receiver 26 to the
amplifier 24 without the requirement of loose wire leads.
Moreover, the connector leads 34, 36 hold the recetver 26 1n
a suspended position which 1s rigid and reduce shocks and
vibrations encountered by the receiver 26 due to the move-
ment of the user of the hearing aid device. Suspending the
receiver 26 1nside the housing 10 eliminates the need of extra
caution to be taken while the hearing aid device 1s being
manufactured. Alternatively, the manufacturing time for the
hearing aid device 12 1s reduced.

In an embodiment, a face plate 23 1s provided at the distal
end of the hearing aid device 12. Typically, the amplifier 24 1s
mounted onto the face plate 23. In an implementation, the
face plate 22 and the amplifier 24 may also be printed using
the solid freeform techniques.

Still referring to FI1G. 7, preferably, the additional conduc-
tive layers 21, 30 are attached onto the inner surface 16 of the
second non-conductive layer 15 by fabricating the housing 10
and the conductive layers 21, 30. While fabricating the hous-
ing 22, the conductive layers 21, may be fabricated onto the
iner surface 16 of the second non-conductive layer 15. In
certain 1implementation additional non-conductive layers of
the housing 10 may be fabricated onto the mner surface 16 to
which the conductive layers 18, 30 are fabricated. Additional
non-conductive layers of the housing 10 may be fabricated for
tabricating multiple layers of additional conductive layers or
for providing insulation as the housing 10 1s manufactured
using a non-conducting material.

Multiple additional conductive layers one above the other
may also be provided. Advantageously, one additional con-
ductive layer may be separated from another by an insulating
medium. Alternatively an insulating layer may be attached
onto the 1nner surface 16 of the second non-conductive layer
15 to separate two additional conductive layers. In an
example, 1f the additional conductive layers are conductive
pathways, the point of intersection of two additional conduc-
tive layers may be separated by having an insulating layer
therein. FIG. 11a 1llustrates separation of a plurality of addi-
tional conductive layers using insulating mediums. A plural-
ity of additional conductive layers 21a through 21e are sepa-
rated from each other using insulating mediums 32qa through
32/ respectively. In the example of FIG. 115, an enlarged side
view of the encircled area of FIG. 11a 1s shown. It 1s seen that
the additional conductive layers 21a and 215 are separated by
the imsulating medium 32q¢. The insulating medium 32a
enables to prevent conduction between the additional conduc-
tive layers 21a and 215. Thus, multiple additional conductive
layers may be printed by having respective msulating medi-
ums between them.

Referring now to FIG. 11ag and FIG. 115, 1n an implemen-
tation the conductive layers 21a through 21e may be filaments
and the point of intersections can be separated by having
insulating mediums 32a through 32/ therein.

In another embodiment, the electrical components may be
fixedly positioned onto the inner surface comprising the con-
ductive layers. The conductive layers may be extended onto
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the outer surface of a casing of the electrical component and
thus complete the connection. FIG. 12a 1llustrates connection
between two electrical components using the additional con-
ductive layers attached onto the inner surface of the second
non-conductive layer of the housing of the hearing aid device
and extended onto an the outer surface of the casing. In the
shown example of FIG. 12a, electrical components, for
example, a recetver 26 and an amplifier 24 may be held
fixedly onto the iner surface 16 of the second non-conduc-
tive layer 15. The conductive layers 21, 30 may be printed
onto the inner surface 16 of the second non-conductive layer
15 and onto the outer surface 48 of the casing 50 of the
receiver 26 and the amplifier 24 to connect the receiver 26 and
the amplifier 24. Alternatively, the additional conductive lay-
ers 21, 30 may be conductively connected to a single electr-
cal component to provide power to the electrical component.
The conductive layers 21, 30 printed onto the outer surface 48
of the casing 50 make contact with connection pads 52 to
connect the recerver 26 to the conductive layers 21, 30. An
insulating medium 32 may be provided between the conduc-
tive layers 21, 30 for separating the conductive layers 21, 30.
Preferably, the insulating medium 32 is provided at the point
of intersection of the conductive layers 21, 30. However, the
insulating medium 32 may be provided over the entire surface
also. Preferably, in the present embodiment, the conductive
layers 21, 30 are conductive pathways printed onto the inner
surface 16 of the second non-conductive layer 15 and the
outer surface 48 of the casing 50 of the receiver 26.

FI1G. 125 1llustrates a side view of the connection between
the electrical components using the conductive layers of FIG.
12a. In the example of FIG. 125, only the conductive layer 21
1s 1llustrated for understanding purposes. It 1s seen that the
conductive layer 21 1s printed onto the inner surface 16 and
over the outer surface 48 of the casing 50 of the amplifier 24
and the receiver 26. The present embodiment provides the
advantage of connecting an electrical component to the con-
ductive layers 21, 30 by printing the conductive layers 21, 30
on the outer surface 48 of the casing 50 of the electrical
component.

FI1G. 13 illustrates connection between an electrical com-
ponent and a conductive layer using a casing of the electrical
component. Preferably, the conductive layer 21 extends over
a substantial surface area of the inner surface 16 of the second
non-conductive layer 15. However, the conductive layer 21
may extend over only a particular portion or region of the
inner surface 16. In the present example, the conductive layer
21 may be adapted to operate either as a positive contact or a
negative contact. The electrical component, for example the
receiver 26 comprises a casing 53 having a conductive outer
surface 54. The receiver 26 1s fixedly positioned onto the
conductive layer 21 attached onto the mner surface 16 such
that the outer surface 54 of the casing 53 of the recerver 26 1s
in contact with the conductive layer 21. The recetver 26 1s
shown for the purposes of 1llustration only and other electrical
components may also be positioned onto the conductive layer
21. Internally, the outer surface 54 of the casing 53 may be
connected to a connection point so that the outer surface 54 of
the casing 53 1s connected to the internal circuitry of the
clectrical component, 1.¢., the recerver 26. In an alternative
embodiment, the casing 53 may be made using a conductive
material such that the outer surface 54 and an 1inner surface of
the casing 33 are conductive. In an implementation, only a
portion of the outer surface 54 of the casing 53 may be
conductive. If only a portion of the outer surface 34 of the
casing 53 1s conductive, itmay be required that the receiver 26
be positioned onto the conductive layer 21 such that the
conductive portion of the outer surface 54 of the casing 53 1n
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1s contact with the conductive layer 21. Accordingly, the
clectrical component may be conductively connected to the
conductive layer 21. Additionally, one electrical component
may be conductively connected to another electrical compo-
nent using the conductive layer 21.

For an example, the conductive layer 21 may be adapted to
operate as a common ground and the outer surface 54 of the
casing 33 may be connected to the conductive layer 21 to
connect the electrical component to the ground. Alternatively,
the conductive layer 21 may be adapted to operate as a posi-
tive contact and the outer surface 54 of the casing 33 may be
connected to the conductive layer 21 to connect the electrical
component to a positive contact.

In an embodiment, the housing 22 may comprise a slot to
receive an electrical component, for example the recetver 26.
FIG. 14 1llustrates a side view of a slot 535 on the 1nner side 56
of the housing 10. The slot 55 1s provided on the inner side 56
of the housing 10. The electrical component when positioned
into the slot 35 1s conductively connected to the conductive
layer 21. The conductive layer 21 may be attached onto a
substantial area of the inner surface 16 of the second non-
conductive layer 15, including the slot 535. Alternatively, the
conductive layer 21 may be attached onto a portion of the
inner surtace 16 only within the slot 53.

This enables 1n reducing the requirement of loose wire
leads and thus reduces the electromagnetic interference
within the hearing aid device. Additionally, as there 1s no
requirement of soldering, the manufacturing time 1s reduced
and also there 1s possibility of mimaturizing the hearing aid
device as the area covered by a soldering point is substantially
large.

FIG. 15 1s a cross sectional view of the housing of the
hearing aid device illustrating a coil provided on the first
non-conductive layer. In the shown example of FIG. 15, a coil
58 1s provided on the first non-conductive layer 14 of the
housing 10. Typically, the coil 58 comprises a structure of a
helix and spirals around the non-conductive layer 14 of the
housing 10. The housing 10 may comprises an additional
non-conductive layer 60 over the coil 58. The additional
non-conductive layer 60 prevents the coil 58 from being
damaged and also prevents inconvenience to the user of the
hearing aid device 12 due to the presence of the coil 58.

The coi1l 58 may be used for wireless communication or for
wireless charging of the hearing aid device 12. This enables
cificient use of the mnner space 20 of FIG. 1 of the hearing aid
device 12, and thus, enables miniaturization of the hearing aid
device 12. Additionally, as the coil 58 1s provided external to
the first conductive layer 18, the inner space 20 1s shielded
from any EMI arising out of the co1l 538 by the first conductive
layer 18.

Referring now to FIG. 1 through FIG. 15, the housing 10 of
the hearing aid device 12 1s manufactured by embedding the
first conductive layer 18 between the first non-conductive
layer 14 and the second non-conductive layer 15. Advanta-
geously, the conductive layer 18 1s embedded between the
first non-conductive layer 14 and the second non-conductive
layer 15 using a solid freeform fabrication technique. The
solid freeform fabrication technique includes, but not limited
to inkjet printing, pneumatic spraying, screen printing, pad
printing, laser printing, dot matrix printing, thermal printing,
lithography, and 3D printing. Solid freeform fabrication tech-
nique provides the advantages of enabling the manufacturing
of the first conductive layer 18, the first non-conductive layer
14 and the second non-conductive layer 15 simultaneously
such that the housing 22 comprises the first conductive layer
18 between the first non-conductive layer 14 and the second
non-conductive layer 15. This decreases the manufacturing
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time of the hearing aid device 1 and also reduces the com-
plexities. Moreover, using solid freeform fabrication tech-
nique to manufacture the housing 10 eliminates the require-
ment for having separate moulds for individual hearing aid
device 12 design. However, the housing 10 may be manufac-
tured using other manufacturing techniques such as MID and
inset molding. I the hearing aid device 1s manufactured using
a MID or an inset molding technique, a mould may be
required to be created for each hearing aid device. Addition-
ally, the manufacturing time of the hearing aid device 12 may
be increased as the conductive layer 18, the first non-conduc-
tive layer 14 and the second non-conductive layer 15 will have
to be manufactured one at a time.

In a preferred embodiment, the housing 10 1s fabricated a
3D printing technology. Solid freeform fabrication tech-
niques, such as the 3D printing technology enables fabricat-
ing a product using multiple materials. For example, a first
printer head may print the first non-conductive layer 14 of the
housing, a second printer head may print the conductive layer
18 and a third printer head may print the second non-conduc-
tive layer 15. The first printer head may be used to print the
second non-conductive layer 15 as typically, the first conduc-
tive layer 14 and the second conductive layer 15 comprises
the same non-conducting materials. The printing 1s done by
fabricating layers one after the next successively in physical
space until the model or the product 1s completed.

For example, the conductive layer 18, the first conductive
layer 18, the first non-conductive layer 14 and the second
non-conductive layer 15 may be printed by the respective
printer heads by dispersion of suitable respective printing
compositions. The printing composition for printing the non-
conductive layers 14, 15 may comprise particles ol non-
conducting elements, for example a resin. The printing com-
position for printing the conductive layer 18 may comprise
particles of conductive elements, such as copper, gold, silver,
clectrically conductive polymer, and the like. The respective
printing compositions for printing the non-conductive layers
14, 15 and the conductive layer 18 may comprise nanopar-
ticles of elements suitable for printing the respective layers.
The conductive layer 21 may be printed onto the inner surface
16 of the second non-conductive layer 15 1n a similar manner.
Also the coil 58 and the additional non-conductive layer 60
may be printed 1n a similar manner.

Solid freeform fabrication techniques, such as the 3D print-
ing technology enables fabricating a product using multiple
materials. It will be apparent to a person skilled 1n the art that
the layers of the housing 10 and the conductive layer 18 may
be printed simultaneously using freeform fabrication tech-
niques using the respective printing heads such that the end
product 1s the housing 10 having the conductive layer 18
between the first non-conducive layer 14 and the second
non-conductive layer 15.

FIGS. 164 through 16¢ illustrate a method of manufactur-
ing a housing of a hearing aid device according to an embodi-
ment herein. Referring now to FIG. 164 a first non-conductive
layer 14 of the housing 10 of FIG. 1 1s printed. The first
non-conductive layer 14 comprises an inner surface 66 and an
outer surface. Next, as 1llustrated in FIG. 165, a conductive
layer 18 is printed onto the mner surface 66 of the first non-
conductive layer 14. The conductive layer 18 comprises an
inner surface 68. In FIG. 16¢, a second non-conductive layer
15 1s printed onto an 1nner surface 68 of FIG. 165 of the
conductive layer 18. Thus the conductive layer 18 1s posi-
tioned between the first non-conductive layer 14 and the
second non-conductive layer 15.
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Thus, the conductive layer 18 1s embedded between the
first non-conductive layer 14 and the second non-conductive

layer 135 of the housing 10.

The embodiments described herein provide a shielding
layer for shielding the inner space of the hearing aid device
from EMI. The mner space of the hearing aid device accom-
modates electrical components essential for the hearing aid
function. Moreover, this enables efficient use of the inner
space of the housing and thus enables the design of the hear-
ing aid device to me more compact. Additionally, the require-
ment of loose wire leads to connect electrical components of
a hearing aid device may be eliminated. Moreover, the manu-
facturing time of the hearing aid device 1s reduced. Eliminat-
ing the need of loose wire leads also enables the electronic
component to be iserted independently into the housing
during manufacturing of the hearing aid device, and thus
climinating the extra caution required during manufacturing.
Moreover, certain embodiments provide a means to suspend
the receiver rigidly so that the possibility of the failure of the
hearing aid device 1s reduced. Suspension of the receiver
independently enables the recerver to be pushed 1nto position
and thus enable easy repairing of the hearing aid device.
Additionally, the elimination of loose wire leads enable 1n
reducing the electromagnetic interference within the hearing
aid device. Militarization of the hearing aid device 1s also
possible as the requirement of soldering 1s eliminated.

While this invention has been described in detail with
reference to certain preferred embodiments, it should be
appreciated that the present invention 1s not limited to those
precise embodiments. Rather, 1n view of the present disclo-
sure which describes the current best mode for practicing the
invention, many modifications and variations would present
themselves, to those of skill 1n the art without departing from
the scope and spirit of this mnvention. The scope of the inven-
tion 1s, therefore, indicated by the following claims rather
than by the foregoing description. All changes, modifications,
and vanations coming within the meaning and range of
equivalency of the claims are to be considered within their
scope.

LIST OF REFERENCE SIGNS

10 Housing

12 Hearing aid device

14 First non-conductive layer

15 Second non-conductive layer
15 Inner surface

18 Conductive layer

20 Inner space

21 30 Additional conductive layers
22 Microphone

23 Face plate

24 Amplifier

26 Recerver

28 Power source

32 Insulating medium

34 36 Connector leads

38 40 Connector leads

42 Soft ring

44 Conductive medium

46 Connection pad

48 Outer surface of the casing 50
50 Casing

52 Connection pad

53 Casing

54 Outer surface of the casing 53
55 Slot
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56 Inner side

58 Coil

60 Third non-conductive layer

66 Inner surface of the first non-conductive layer 15
68 Inner surface of the conductive layer 18

The mvention claimed 1s:

1. A hearing aid device, comprising:

a housing including a first non-conductive layer, a second
non-conductive layer, and a third non-conductive layer,
said second non-conductive layer having an inner sur-
face, said third non-conductive layer disposed inwardly
of said first non-conductive layer and outwardly of said
second non-conductive layer;

a coil disposed and embedded between said third non-
conductive layer and said first non-conductive layer;

a first conductive layer disposed between said first non-
conductive layer and said second non-conductive layer;

a second conductive layer attached onto a portion of said
iner surface of said second non-conductive layer; and

said inner surface of said second non-conductive layer
acting as a support for said second conductive layer.

2. The hearing aid device according to claim 1, which
turther comprises an electrical component to which said sec-
ond conductive layer 1s conductively connected.

3. The hearing aid device according to claim 2, wherein
said electrical component 1s a printed electrical component.

4. The hearing aid device according to claim 1, wherein
said first conductive layer and said second conductive layer
are solid freeform fabricated layers selected from the group
consisting of:

an 1nkjet printed layer,

a pneumatic sprayed layer,

a screen printed layer,

a pad printed layer,

a laser printed layer,

a dot matrix printed layer,

a thermal printed layer,

a lithographic layer, and

a 3D printed layer.

5. The hearing aid device according to claim 1, wherein
said first conductive layer and said second conductive layer
include an element selected from the group consisting of:

copper,

gold,

silver, and

clectrically conductive polymer.

6. A method for manufacturing a hearing aid device, the
method comprising the following steps:
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producing a housing of the hearing aid device having a first
non-conductive layer, a second non-conductive layer,
and a third non-conductive layer disposed imnwardly of
the first non-conductive layer and outwardly of the first
non-conductive layer;

embedding a coil between the first non-conductive layer

and the third non-conductive layer;

embedding a first conductive layer between the first non-

conductive layer and the second non-conductive layer;
attaching a second conductive layer onto an inner surface
of the second non-conductive layer; and

supporting the second conductive layer on the mnner surface

of the second non-conductive layer.

7. The method according to claim 6, which further com-
prises embedding the first conductive layer between the first
non-conductive layer and the second non-conductive layer by
a solid freeform technique selected from the group consisting
of:

inkjet printing,

pneumatic spraying,

screen printing,

pad printing,

laser printing,

dot matrix printing,

thermal printing,

lithography, and

3D printing.

8. The method according to claim 6, which further com-
prises conductively connecting an electrical component to the
second conductive layer.

9. The method according to claim 8, which further com-
prises providing the electrical component as a printed elec-
trical component.

10. The method according to claim 6, which further com-
prises including in the first conductive layer, the second con-
ductive layer and the coil an element selected from the group
consisting of:

copper,

gold,

silver, and

clectrically conductive polymer.

11. The hearing aid device according to claim 1, wherein
said second conductive layer extends over a substantial sur-
face area of said inner surface of said second non-conductive
layer.

12. The method according to claim 6, wherein the second
conductive layer extends over a substantial surface area of the
inner surface of the second non-conductive layer.
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