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CABLE

RELATED APPLICATIONS

The present application claims priority to EP Patent
Application No. EP 20205926.7, filed Nov. 5, 2020, the
contents of which are hereby incorporated by reference in
their entirety.

BACKGROUND INFORMATION

Hearing instruments typically use a microphone to pick
up/receive sound. Circuitry in the hearing instrument can
process signals from the microphone and other types of
sensors, and provide the processed sound signal into an ear
canal of a user via a miniature loudspeaker, commonly
referred to as a sound reproduction device or a receiver.

Microphones and receivers can be referred to as trans-
ducers.

In combining multiple transducers, for example micro-
phones and receivers, into one module that is separated from
a signal processing and drive unit via a single cable, the risk
of cross-talking between input signals and output signals,
e.g. audio signals and digital signals, and noise pick up
dramatically increases when compared with situations
where the microphones and receivers do not share a single
cable. In particular, running receiver drive signals in parallel
to microphone output signals can result in significant pol-
Iution of the microphone outputs. The magnitude of that
effect depends on the receiver signal current and microphone
output, line and input stage impedances.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus, are not limitive of the present disclo-
sure, and wherein:

FIG. 1 is a schematic sectional view of a cable,

FIG. 2 is a schematic diagram showing crosstalk for
different conductor/signal assignments, and

FIG. 3 is a schematic view of a hearing device having a
transducer module and a cable according to FIG. 1.

Corresponding parts are marked with the same reference
symbols in all figures.

DETAILED DESCRIPTION

The disclosure relates to a cable, in particular for a
hearing device, e.g. to connect a transducer module or
In-the-Ear module comprising of multiple transducers or
other electronic components.

It is a feature of the present disclosure to provide an
improved cable.

As described herein, a cable comprises a plurality, e.g. an
even number, of conductors, comprising conductors
arranged in twisted pairs wound around a plastically deform-
able core wire, e.g. a forming wire. The cable is thus
formable holding its resultant shape using a forming wire.

In an exemplary embodiment the core wire is made of a
malleable material such as a metal or a plastic, e.g. a
stainless-steel core wire.

In an exemplary embodiment at least one filler strand is
arranged between two of the twisted pairs arranged next to
each other.
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2

In an exemplary embodiment at least one filler strand is
arranged between two of the twisted pairs arranged next to
each other in each case.

In an exemplary embodiment the filler strand is a made of
non-conductive material such as plastic, e.g. a clear poly-
amide filler wire.

In an exemplary embodiment the core wire may be
grounded.

In an exemplary embodiment at least one of the twisted
pairs may be shielded by a respective shielding wrap
arranged around said twisted pair.

In an exemplary embodiment, at least one end of the cable
may comprise a connector comprising a plurality of pins
respectively electrically connected to at least one of the
conductors of the cable.

In an exemplary embodiment, the core wire may be
mechanically fixed to the connector.

According to an aspect of the present disclosure the cable
may be used in a hearing device or a wearable device to
connect a transducer module or In-the-Ear module compris-
ing multiple transducers or electronic components such as
transducers, sensors or sensor modules. Moreover, the cable
may be used in a hearing device or a wearable device to
connect any type of sensor or sensor module comprising
multiple sensors and/or other components, e.g. at least one
of'a blood pressure sensor, a heart rate sensor, a microphone
and a receiver.

The cable may be applied in a hearing device, further
comprising an In-the-Ear module or transducer module
comprising multiple electronic components such as trans-
ducers and sensors, wherein the cable connects the trans-
ducer module or In-the-Ear module, the transducer module
or In-the-Ear module having at least two input lines and two
output lines, wherein the two input lines are carried in one
of the twisted pairs and/or wherein the two output lines are
carried in one of the twisted pairs, e.g. in another one of the
twisted pairs.

In an exemplary embodiment the transducer module or
In-the-Ear module has at least two power supply lines
carried in another one of the twisted pairs.

In an exemplary embodiment the transducer module or
In-the-Ear module has at least two ground lines carried in
another one of the twisted pairs.

In an exemplary embodiment the twisted pair conducting
the input lines and/or the twisted pair conducting the output
lines may be shielded by a respective shielding wrap
arranged around said twisted pair.

In an exemplary embodiment the twisted pair conducting
the input lines is arranged next to the twisted pair conducting
the power supply lines and next to the twisted pair conduct-
ing the ground lines.

In an exemplary embodiment the twisted pair conducting
the input lines is arranged next to the twisted pair conducting
the power supply lines and next to the twisted pair conduct-
ing the output lines.

In an exemplary embodiment one or more, in particular
two, filler strands are arranged between the twisted pair
conducting the input lines and the twisted pair conducting
the output lines, wherein one respective filler strand is
arranged between all other pairs of twisted pairs arranged
next to each other.

According to an aspect of the present disclosure, a kit may
be provided, comprising two, three or more cables as
described above, the cables having different lengths. This
may facilitate a hearing aid professional to customize a
hearing aid to the geometry of an ear of a user.
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The disclosure aims at enabling the separation of a signal
processing and power supply unit from a housing containing
both input and output transducers by means of a single
formable cable assembly.

The configuration of the cable according to the disclosure
enables a substantially reduced crosstalk and noise between
relatively high current, low impedance signals such as those
that would drive a receiver in a personal audio amplification
device and low current, high impedance signals such as
those that would carry a microphone signal in situations
where these signal conductors share a common cable assem-
bly and thus are physically in parallel by selectively twisting
pairs of conductors. This in combination with a configurable
core wire enables the user of the cable to manipulate and
shape the cable to meet the application needs

A reduction in crosstalk may allow for reduced potential
for feedback where amplification is applied, reduced distor-
tion and noise pickup, and improved sound quality.

The cable may be applied in a hearing aids, a hearable or
a wearable.

Further scope of applicability of the present disclosure
will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
example embodiments of the disclosure, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the disclosure will become
apparent to those skilled in the art from this detailed descrip-
tion.

FIG. 1 is a schematic sectional view of a cable 1, in
particular for use in a hearing device, e.g. for connecting a
transducer module comprising multiple transducers such as
one or more microphones and/or one or more receivers.

The present disclosure proposes a specific physical
arrangement of conductors in the cable 1 to minimize the
effects of crosstalk/cross-contamination and noise pickup. In
the example given herein, a total of eight conductors are
assumed, in the following configuration:

two input lines TP1 as a twisted pair, for example two

microphone signal lines,

two power supply lines TP2 as a twisted pair, for example

a positive voltage supply line and a negative voltage
supply line for a microphone,

two ground lines TP3 as a twisted pair, for example

double-redundant ground for shielding,

two output lines TP4 as a twisted pair, for example two

receiver drive lines.

In other embodiments, the signals may be distributed in a
different way to the twisted pairs TP1 to TP4. For example,
twisted pair TP1 may carry a signal line and one power line
and twisted pair TP2 may carry another signal line and
another power line.

These eight lines TP1 to TP4 are wound around a central
core wire FW which may be made of a malleable material,
e.g. a stainless-steel forming wire, that allows shaping of the
cable 1 to suit a given physical application allowing for
flexibility and shaping by a user.

To minimize crosstalk and noise, the eight lines are
arranged around the core wire FW as twisted pairs TP1 to
TP4 with filler strands FS which may be made of a non-
conductive material, e.g. clear polyamide (nylon) filler
wires, in between the pairs to reduce coupling and produce
a smoother outer finish around the entire cable assembly.

In the embodiment shown one filler strand FS is arranged
between the twisted pairs TP1 and the twisted pairs TP2, one
filler strand FS is arranged between the twisted pairs TP2
and the twisted pairs TP3, one filler strand FS is arranged
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between the twisted pairs TP3 and the twisted pairs TP4, and
two filler strands FS are arranged between the twisted pairs
TP4 and the twisted pairs TP1. The skilled person readily
understands that different configurations, in which different
numbers of filler strands FS are arranged between the
twisted pairs TP1 to TP4 are possible.

Moreover, the skilled person readily understands that
though four twisted pairs or eight conductors are used in the
illustrated embodiment, the solution is applicable to any
arrangement if there is an even number of conductors. If the
number of conductors is odd, the solution may be applied to
an even number subset of the conductors.

To demonstrate the efficacy of the twisted pair scheme and
as an example, some measurements of crosstalk are shown
in the schematic diagram of FIG. 2 for different conductor/
signal assignments. FI1G. 2 shows electrical crosstalk at 0 dB
FS, wherein equivalent acoustic input EAI in dB. SPL is
shown over frequency f. In this example, these measure-
ments have been obtained by driving a nominally 200 Ohm
receiver with a 900 mV RMS signal across the frequencies
shown. A microphone (sensitivity =37.0 dB re 1V/1 Pa) had
its output, power supply and ground lines connected through
the cable 1, parallel to the receiver signals. The crosstalk
magnitude was taken as the microphone output voltage with
no acoustic signal; only the crosstalk-induced signal was
present (alongside inherent electrical noise). This voltage
was then converted to dB SPL to produce the resulting plots.

The equivalent acoustic input EAI as measured by the
microphone input stage shows a decrease of about 15 dB
across most of the frequency range measured for curve C1
referring to the receiver drive lines arranged as twisted pair
TP4 as opposed to curve C2 referring to the receiver drive
lines arranged non-twisted.

There may be some variability depending on which
conductors carry which signals around the core wire FW and
this is especially evident in the non-twisted pair cases.
Having microphone and receiver lines further apart on the
cable cross-section appears to decrease the crosstalk. None-
theless, the twisted pair configuration yields much lower
crosstalk overall.

It should also be noted that the crosstalk increases with
frequency so that any harmonics of the drive signal will be
more strongly coupled to the microphone than the funda-
mental. Reducing crosstalk then has the added benefit of
reducing the distortion coupled back to the microphone
output.

In an exemplary embodiment the core wire FW may be
grounded to improve noise reduction.

In an exemplary embodiment a shielding wrap W may be
arranged around the interfering signals, e.g. TP1 and/or TP4,
to improve noise reduction.

In an exemplary embodiment at least one end of the cable
1 may comprise a connector comprising a plurality of pins
respectively electrically connected to at least one of the
conductors of the cable 1. In an exemplary embodiment both
ends of the cable 1 may comprise a connector.

In an exemplary embodiment the core wire FW may be
mechanically fixed to the connector.

In an exemplary embodiment, a kit may be provided,
comprising two, three or more cables 1 as described above,
the cables 1 having different lengths. This may facilitate a
hearing aid professional to customize a hearing aid to the
geometry of an ear of a user.

FIG. 3 is a schematic view of a hearing device 2 having
a transducer module 3 or another electronic component or
module such as a sensor or sensor module and a cable 1
according to FIG. 1 connecting the transducer module 3.
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LIST OF REFERENCES

1 cable

C1 to C10 curve

EAI equivalent acoustic input

f frequency

FS filler strand

FW core wire

TP1 twisted pair, input lines

TP2 twisted pair, power supply lines

TP3 twisted pair, ground lines

TP4 twisted pair, output lines

W shielding wrap

What is claimed is:

1. A hearing device, comprising an In-the-Ear module
comprising multiple electronic components and a cable
comprising a plurality of conductors, the plurality of con-
ductors comprising conductors arranged in twisted pairs
wound around a plastically deformable core wire, the cable
connecting the In-the-Ear module, the In-the-Ear module
having at least two input lines and two output lines, wherein
at least one of the following applies:

the two input lines are carried in one of the twisted pairs,

or

the two output lines are carried in one of the twisted pairs,

and

10

15

20

25

6

wherein the In-the-Ear module has at least two ground
lines carried in another one of the twisted pairs.

2. The hearing device according to claim 1, wherein at
least one of the twisted pair conducting the input lines or the
twisted pair conducting the output lines are/is shielded by a
respective shielding wrap arranged around the twisted pair.

3. The hearing device according to claim 1, wherein the
In-the-Ear module has at least two power supply lines
carried in another one of the twisted pairs.

4. The hearing device according to claim 3, wherein the
twisted pair conducting the input lines is arranged next to the
twisted pair conducting the power supply lines and next to
the twisted pair conducting the output lines.

5. The hearing device according to claim 3, wherein the
twisted pair conducting the input lines is arranged next to the
twisted pair conducting the power supply lines and next to
the twisted pair conducting the at least two ground lines.

6. The hearing device according to claim 5, wherein two
filler strands are arranged between the twisted pair conduct-
ing the input lines and the twisted pair conducting the output
lines, wherein one respective filler strand is arranged
between all other pairs of twisted pairs arranged next to each
other.



