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A METHOD OF DIMINISHING THE MINIMUM RANGE OF OPERATION
OF A COMMUNICATION LINK

ABSTRACT

The application relates to a portable electronic device comprising a
wireless receiver unit for receiving a wireless signal from a transmitting
device, the wireless receiver unit comprising an antenna for receiving an
electromagnetic signal and providing a received electric input signal, and a
receiver for providing a recovered electric signal from the received electric
input signal, and an impedance matching circuit for matching the electric
impedance of the antenna to the receiver, the receiver comprising a gain
stage comprising an Automatic Gain Control unit for automatically
determining an AGC-gain value for application to an AGC-input signal to
provide an appropriate signal level of the recovered electric signal when
the level of said AGC input signal is in a range between a minimum signal
level and a maximum signal level corresponding to maximum and
minimum AGC-gain values, respectively. The application further relates to
a method of operating a wireless receiver unit, to the use of a portable
electronic device and to a communication system. The object of the
present application is to provide a scheme for improving flexibility in the
acceptable range of operation of a wireless link. The problem is solved in
that the portable electronic device further comprises a control unit
receiving said AGC-gain value and providing a control signal depending
on said AGC-gain value to said impedance matching circuit, and wherein
the control unit is adapted to change the impedance matching of the
antenna to the receiver based on the control signal. This has the
advantage of enhancing the dynamic range of the wireless receiver, e.g.
allowing a smaller minimum distance between transmitter and receiver.
The invention may e.g. be used for the portable electronic devices capable
of establishing a wireless communication link to other devices, e.g.
listening devices, such as hearing aids.

(Fig. 1 should be published)
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Operation of a Communication Link

The following statement is a full description of this invention, including the best
method of performing it known to us:-
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‘A METHOD OF DIMINISHING THE MINIMUM RANGE OF OPERATION
OF A COMMUNICATION LINK”

The headings in this specification are provided for convenience to assist the
reader, and they are not to be interpreted so as to narrow or limit the scope

of the disclosure in the description, claims, abstract or drawings.

TECHNICAL FIELD

The present application relates to wireless communication between mobile
devices, in particular to the minimum-distance problem in a communication
link. The disclosure relates specifically to a portable electronic device
comprising a wireless receiver unit for receiving a wireless signal from a
transmitting device, the wireless receiver unit comprising an antenna, a
receiver, and an impedance matching circuit for matching the electric
impedance of the antenna to the receiver, the receiver comprising a gain
stage comprising an Automatic Gain Control unit (AGC).

The application furthermore relates to a method of operating a wireless
receiver unit, to the use of a portable electronic device and to a
communication system comprising a portable electronic device.

The application further relates to a data processing system comprising a
processor and program code means for causing the processor to perform at
least some of the steps of the method and to a computer readable medium
storing the program code means.

The disclosure may e.g. be useful in applications involving portable
electronic devices capable of establishing a wireless communication link to
other devices, e.g. listening devices, such as hearing aids.
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BACKGROUND ART

The discussion of the background art, any reference to a document and any
reference to information that is known, which is contained in this
specification, is provided only for the purpose of facilitating an understanding
of the background art to the present invention, and is not an
acknowledgement or admission that any of that material forms part of the
common general knowledge in Australia or any other country as at the
priority date of the application in relation to which this specification has been
filed.

A typical communication link has a specified maximum and minimum
operating distance between transmitter and receiver. For mobile devices,
such as portable communication devices or listening devices, e.g. hearing
instruments, that are adapted to communicate with each other via a wireless
link, it may happen that a transmitting device and a receiving device are
located (intentionally or un-intentionally) out of the specified operating range.

A communication system comprising first and second communication
devices comprising a dynamic regulation scheme for adapting transmit
power to the signal quality of the link established between the devices is, for
example, disclosed in EP 2 211 579 A1. In an embodiment, the system is
adapted to use the dynamic power regulation to implement a partial power
down of the system, when the two communications devices are located
outside the specified operating range (i.e. either too close to each other or
too far from each other). When the two devices are too close to each other,
the receiver ‘saturates’ because it is not able to handle the received input
level.

US 2009/0130991 A1 describes a method of matching the input of an LNA to
an antenna over a range of frequencies by maximizing field strength using an
adjustable antenna matching network. US 2004/0080372 A1 describes a
high frequency amplifier for a mobile phone comprising variable capacitors
and resistors at its input and output matching circuits, wherein the gain and
frequency response can be automatically tuned to the avoid impact of
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impedance variation of the lead frame of the mobile phone or resulting from
the manufacturing process.

SUMMARY OF INVENTION

A portable electronic device:

In accordance with one aspect of the present invention, there is provided a
portable electronic device comprising: a wireless receiver unit for receiving a
wireless signal from a transmitting device, the wireless receiver unit
comprising an antenna for receiving an electromagnetic signal and providing
a received electric input signal, and a receiver for providing a recovered
electric signal from the received electric input signal, and an impedance
matching circuit for matching the electric impedance of the antenna to the
receiver, the receiver comprising a gain stage, the gain stage comprising a
variable gain stage in the form of an Automatic Gain Control (AGC) unit for
automatically determining an AGC-gain value for application to an AGC-input
signal to provide an appropriate signal level of the recovered electric signal
when the level of said AGC input signal is in a range between a minimum
signal level and a maximum signal level corresponding to maximum and
minimum AGC-gain values, respectively, wherein the gain stage is able to
amplify the received electric input signal, but not to attenuate the received
electric input signal; the portable electronic device further comprising a
control unit receiving said AGC-gain value and providing an impedance
matching control signal depending on said AGC-gain value to said
impedance matching circuit, wherein the control unit is adapted to change
the impedance matching of the antenna to the receiver by supplying the
impedance matching control signal to the impedance matching circuit, and
the control unit is adapted to decrease the impedance matching of the
impedance matching circuit when said AGC-gain value is below a predefined
minimum threshold AGC-gain value, thereby attenuating the received electric
input signal when its level is larger than an upper limit of a dynamic range of
the gain stage.
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This has the advantage of enhancing the dynamic range of the wireless
receiver, e.g. allowing a smaller minimum distance between transmitter and
receiver.

In the present context, the term ‘an electromagnetic signal’ is taken to mean
a wireless signal comprising an electric field component and a magnetic field
component (based on electromagnetic radiation) or an electric or magnetic
field component alone (based on an electric or magnetic coupling,
respectively, between appropriate capacitive and inductive components,
respectively).

The variable gain of the gain stage allows the receiver itself to set the gain to
an appropriate value, ensuring the optimum signal level for the succeeding
receiver circuits. This is known as Automatic Gain Control. (AGC).

It should be understood that the purpose of the impedance matching circuit
is to provide that the received electric signal has a level within the dynamic
range of the following gain stage. This is achieved by dynamically varying the
degree of matching of the electric impedance of the antenna to the receiver
(gain stage), thereby leaving the signal un-attenuated (optimal match), if the
level of the received electric signal is within the dynamic range of the gain
stage, and attenuate (decreased match (increased mis-match)) the signal
(detune the antenna), if the level of the received electric signal is too large
(i.e. so that the gain of the gain stage cannot be sufficiently decreased to
bring the level of the received electric signal within the dynamic range of the
gain stage). The principle of the present disclosure is schematically
illustrated in FIG. 5.

The control signal to the impedance matching circuit (for ‘matching’ the
electric impedance of the antenna to the receiver) is thus intended to control
the degree of match (or mis-match) of the impedance matching circuit
(between the antenna and receiver impedances) to allow an attenuation of
the received electric signal, in case its level is larger than the upper limit of
the dynamic range of the gain stage.
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In general, the gain stage is able to apply a gain Ga to an input signal
between a minimum value Gamn and a maximum value Gamax
Correspondingly, the Automatic Gain Control unit is able to apply a gain
Gace to an input signal between a minimum value Gagcmin and a maximum
value Gacemax. In a particular embodiment, the Automatic Gain Control unit is
adapted to amplify an input signal but not to attenuate the input signal (i.e.
Gaacmax 2 1). In other words, the AGC unit is not capable of reducing the
input level (only to increase it). Alternatively, the minimum gain value Gaacmin
of the AGC unit may be < 1.

The impedance matching circuit is located between the antenna and the
fixed gain stage to (if necessary) be able to attenuate the signal before it is
fed to the gain stage.

Decreasing the (degree of) impedance matching of the impedance matching
circuit when said AGC-gain value is below a predefined minimum threshold
AGC-gain value decreases the strength of the signal from the antenna.

In a particular embodiment, the control unit is adapted to increase the
(degree of) impedance matching of the impedance matching circuit when
said AGC-gain value is above a predefined maximum threshold AGC-gain
value (thereby increasing the strength of the signal from the antenna).

In a particular embodiment, the Automatic Gain Control unit is adapted to
provide said AGC-gain values in steps between a minimum and a maximum
value.

The impedance matching circuit is preferably passive. In a particular
embodiment, the impedance matching circuit comprises a variable
capacitance. In a particular embodiment, the impedance matching circuit
comprises a variable resistance. In a particular embodiment, the impedance
matching circuit comprises a variable inductance. In an embodiment, the
impedance maiching circuit comprises one or more of a variable
capacitance, a variable resistance and a variable inductance.
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In general, the wireless link established by the transmitter and receiver parts
can be of any type. In a near-field communication link for example (e.g. an
inductive link), the signal strength decreases with L3, where L is the distance
between transmitter and receiver. In a far-field communication link, the signal
strength correspondingly decreases with L2 In particular, for a
communication link based on near-field communication (e.g. an inductive
link), the signal strength is highly dependent on the distance between
transmitter and receiver. The maximum transmit power of the link determines
the maximum transmit range. If, for example, a transmitter is adapted to
always work at maximum power, a very large difference between received
power is experienced between the maximum and the minimum range of
operation.

In an embodiment, the wireless link is a link based on near-field
communication, e.g. an inductive link based on an inductive coupling
between antenna coils of the transmitter and receiver parts of the first and
second communication devices, respectively. In a particular embodiment, the
antenna comprises an inductance, e.g. an inductance coil. In a particular
embodiment, the wireless link is a link based on a capacitive coupling
between capacitive elements of the transmitter and receiver parts of the first
and second communication devices, respectively. In an embodiment, the
antenna comprises a capacitance, e.g. a patch.

In another embodiment, the wireless link is based on far-field,
electromagnetic radiation.

In an embodiment, the communication via the wireless link is arranged
according to a specific modulation scheme, e.g. an analogue modulation
scheme, such as FM (frequency modulation) or AM (amplitude modulation)
or PM (phase modulation), or a digital modulation scheme, such as ASK
(amplitude shift keying), e.g. On-Off keying, FSK (frequency shift keying),
PSK (phase shift keying) or QAM (quadrature amplitude modulation).

In a particular embodiment, the portable electronic device is adapted to
provide that the change of the impedance matching of the antenna to the
receiver is performed in one or more steps controlled by said control signal
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from the control unit. This is e.g. relevant (to be able to sequentially
attenuate electric input signal received from the antenna), in case the
receiver is saturated by the two devices being located close to each other.

In a particular embodiment, the portable electronic device comprises a
listening device, such as a hearing aid.

In a particular embodiment, the gain stage may further comprise a fixed (pre-
amplifying) gain stage. When transmitter and receiver are located at a
distance below the (normal) minimum operating distance, the signal strength
is too high for the receiver’s fixed gain stage to handle (saturation), but the
fixed gain stage is fixed and cannot attenuate the incoming signal. In this
case, a detuning of the antenna (by changing the impedance matching
circuit) as proposed by the present disclosure may bring the signal strength
into the receiver’s operating range (by attenuating the signal).

In an embodiment, the portable electronic device comprises a local energy
source, e.g. a battery, e.g. a rechargeable battery. In an embodiment, the
portable electronic device is a low power device. The term ‘low power device’
is, in the present context, taken to mean a device whose energy budget is
restricted, e.g. because it is a portable device, e.g. comprising an energy
source (e.g. of limited size, e.g. with a maximum capacity of 1000 mAh, such
as 500 mAh), which - without being exchanged or recharged — is of limited
duration (the limited duration being e.g. of the order of hours or days, e.g.
max. 1 or 3 or 7 or 10 days (during normal operation of the device).

In an embodiment, the portable electronic device is adapted to provide a
frequency dependent gain to compensate for a hearing loss of a user. In an
embodiment, the portable electronic device comprises a signal processing
unit for enhancing the input signals and providing a processed output signal.
Various aspects of digital hearing aids are described in [Schaub; 2008].

In an embodiment, the portable electronic device comprises an output
transducer for converting an electric signal to a stimulus perceived by the
user as an acoustic signal. In an embodiment, the output transducer
comprises a number of electrodes of a cochlear implant or a vibrator of a
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bone conducting hearing device. In an embodiment, the output transducer
comprises a receiver (speaker) for providing the stimulus as an acoustic
signal to the user.

In an embodiment, the portable electronic device comprises a (possibly
standardized) electric interface (e.g. in the form of a connector) for receiving
a wired direct electric input signal from another device, e.g. a communication
device or another portable electronic device.

In an embodiment, the receiver of the portable electronic device comprises
demodulation circuitry for demodulating the received electric input signal to
provide an electric input signal representing an information signal (e.g. an
audio signal and/or a control signal e.g. for setting an operational parameter
(e.g. volume) and/or a processing parameter of the portable electronic
device).

In an embodiment, the portable electronic device and/or the communication
device comprises an electrically small antenna. An ‘electrically small
antenna’ is in the present context taken to mean that the spatial extension of
the antenna (e.g. the maximum physical dimension in any direction) is much
smaller than the wavelength Atx of the transmitted electric signal. In an
embodiment, the spatial extension of the antenna is a factor of 10, or 50 or
100 or more, or a factor of 1 000 or more, smaller than the carrier
wavelength Atx of the transmitted signal.

In an embodiment, the communication between the portable electronic
device and the other device is in the base band (audio frequency range, e.g.
between 0 and 20 kHz). Preferably, communication between the portable
electronic device and the other device is based on some sort of modulation
at frequencies above 100 kHz. Preferably, frequencies used to establish
communication between the portable electronic device and the other device
is below 50 GHz, e.g. located in a range from 100 kHz to 50 MHz (such as in
the range from 1 MHz to 10 MHz), or in the range from 50 MHz to 50 GHz.

In an embodiment, the portable electronic device comprises a forward path
or signal path between an input transducer (microphone system and/or direct
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electric input (e.g. a wireless receiver)) and an output transducer. In an
embodiment, the signal processing unit is located in the forward path. In an
embodiment, the signal processing unit is adapted to provide a frequency
dependent gain according to a user’s particular needs. In an embodiment,
the portable electronic device comprises an analysis path comprising
functional components for analyzing the input signal (e.g. determining a
level, a modulation, a type of signal, an acoustic feedback estimate, etc.). In
an embodiment, some or all signal processing of the analysis path and/or the
signal path is conducted in the frequency domain. In an embodiment, some
or all signal processing of the analysis path and/or the signal path is
conducted in the time domain. In an embodiment, the portable electronic
device comprises an acoustic (and/or mechanical) feedback suppression
system. In an embodiment, the portable electronic device further comprises
other relevant functionality for the application in question, e.g. compression,
noise reduction, etc.

In an embodiment, the portable electronic device has a maximum outer
dimension of the order of 0.15 m (e.g. a handheld mobile telephone). In an
embodiment, the portable electronic device has a maximum outer dimension
of the order of 0.08 m (e.g. a head set). In an embodiment, the portable
electronic device has a maximum outer dimension of the order of 0.04 m
(e.g. a hearing instrument).

In an embodiment, the portable electronic device comprises a level detector
(LD) for determining the level of an input signal (e.g. on a band level and/or
of the full (wide band) signal). Level detection in hearing aids is e.g.
described in WO 03/081947 A1 or US 5,144,675.

Use:
Use of a portable communication device, as herein before described, is also

described herein. In an embodiment, use in a listening device, such as a
hearing aid or a headset, is provided.
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A method:

In accordance with another aspect of the present invention, there is provided
a method of operating a wireless receiver unit for receiving a wireless signal
from a transmitting device, the wireless receiver unit comprising an antenna
for receiving an electromagnetic signal and providing a received electric input
signal, and a receiver for providing a recovered electric signal from the
received electric input signal, and an impedance matching circuit for
matching the electric impedance of the antenna to the receiver, the method
comprising

a) automatically determining an AGC-gain value in the receiver for
application to an AGC-input signal to provide amplification but not
attenuation of the recovered electric signal when the level of said AGC-input
signal is in a range between a minimum signal level and a maximum signal
level corresponding to maximum and minimum AGC-gain values,
respectively; and

b) changing the impedance maiching of the antenna to the receiver in the
impedance matching circuit based on the AGC-gain value, wherein changing
the impedance matching comprises decreasing the impedance matching of
the antenna to the receiver when said AGC-gain value is below a predefined
minimum threshold AGC-gain value, thereby attenuating the received electric
input signal when its level is larger than an upper limit of a dynamic range of
a gain stage of the wireless receiver unit.

It is intended that the structural features of the device herein before
described, in the ‘detailed description of embodiments’ and in the claims can
be combined with the method, when appropriately substituted by a
corresponding process and vice versa. Embodiments of the method have the
same advantages as the corresponding devices.

A computer readable medium:

In accordance with another aspect of the present invention, there is provided
a tangible computer-readable medium storing a computer program
comprising program code means for causing a data processing system to
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perform the steps of the method herein before described when said
computer program is executed on the data processing system.

In addition to being stored on a tangible medium such as diskettes, CD-
ROM-, DVD-, or hard disk media, or any other machine readable medium,
the computer program can also be transmitted via a transmission medium
such as a wired or wireless link or a network, e.g. the Internet, and loaded
into a data processing system for being executed at a location different from
that of the tangible medium.

A data processing system:

The data processing system comprises a processor and program code
means for causing the processor to perform the steps of the method herein
before described, in the ‘detailed description of embodiments’ and in the
claims.

A communication system:

In accordance with another aspect of the present invention, there is provided
a communication system comprising a portable electronic device, as herein
before described, and a transmitting device, the portable electronic device
and the transmitting device being adapted to establish a wireless
(communication) link between them at least allowing a signal to be
transmitted from the transmitting device to the portable electronic device.

In an embodiment, the wireless (communication) link is one-way.

In a particular embodiment, the wireless link is based on inductive coupling
between respective antenna coils of the transmitting device and the portable
electronic device.

In an embodiment, the communication link between the portable electronic
device and the transmitting device is adapted to provide that information
(e.g. control and status signals, possibly audio signals) can be exchanged or
forwarded from one to the other (bi-directionally).
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In an embodiment, the transmitting device is an audio gateway device
adapted for receiving a multitude of audio signals (e.g. from an entertainment
device, e.g. a TV or a music player, a telephone apparatus, e.g. a mobile
telephone or a computer, e.g. a PC) and adapted for selecting and/or
combining an appropriate one of the received audio signals (or combination
of signals) for transmission to the portable electronic device. In an
embodiment, the transmitting device is an entertainment device, e.g.
comprising a TV or video display unit. In an embodiment, the system is
specifically adapted for transmitting and receiving audio via the wireless
communication link.

In an embodiment, the transmitting device is another listening device. In an
embodiment, the communication system comprises two listening devices
adapted to implement a binaural listening system, e.g. a binaural hearing aid
system.

The present invention may be used in connection with any wireless link,
comprising an antenna for receiving an electromagnetic signal and providing
a received electric signal and a transceiver for amplifying the received
electric signal and possibly extracting an information signal, e.g. an audio
signal, from the received electric signal. Typically, the transceiver comprises
a gain stage for amplifying an input signal and providing an amplified output
signal, but no attenuation stage for attenuating an input signal.

The present application may provide a scheme for improving flexibility in the
acceptable range of operation of a wireless link and also to decrease the
minimum operating distance between a transmitting and a receiving device.

As used herein, the singular forms "a," "an,"” and "the" are intended to
include the plural forms as well (i.e. to have the meaning “at least one”),
unless expressly stated otherwise. It will be further understood that the terms
"includes”, "comprises", ‘“included’, “comprised’, ‘"including," and/or
"comprising," when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other features,
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integers, steps, operations, elements, components, and/or groups thereof. It
will also be understood that when an element is referred to as being
"connected" or "coupled" to another element, it can be directly connected or
coupled to the other element or intervening elements may be present, unless
expressly stated otherwise. Furthermore, "connected" or "coupled" as used
herein may include wirelessly connected or coupled. As used herein, the
term "and/or" includes any and all combinations of one or more of the
associated listed items. The steps of any method disclosed herein do not
have to be performed in the exact order disclosed, unless expressly stated
otherwise.

BRIEF DESCRIPTION OF DRAWINGS

The present invention will be now described, by way of example only, in
connection with a preferred embodiment and with reference to the drawings
in which:

FIG. 1 shows an embodiment of a portable electronic device according to the
present application,

FIG. 2 shows two embodiments of an antenna and a variable impedance
matching circuit,

FIG. 3 shows two embodiments of a variable impedance matching circuit,

FIG. 4 shows a use scenario for a communication system according to the
present application, and

FIG. 5 illustrates an example of the effect on dynamic range of the
application of a variable impedance matching circuit according to the present
disclosure.

The figures are schematic and simplified for clarity, and they just show
details which are essential to the understanding of the disclosure, while other
details are left out.
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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 preferred embodiments of the disclosure, are given by way of
illustration only. Other embodiments may become apparent to those skilled
in the art from the following detailed description.

DETAILED DESCRIPTION OF EMBODIMENTS

The idea is to monitor the incoming signal strength on an AGC of a wireless
receiver and switch the tank Q to a lower value (=less sensitive receiver)
before the signal overloads the input stage of the receiver, and, of course,
reversing this step when the signal gets lower again. In an embodiment, the
AGC unit has a gain control output for controlling the gain of a variable
amplifier. The gain control output may be an analogue signal or a digital
signal (indicating a gain setting in steps, e.g. from GC=0 to GC=31). The
larger the input signal level, the smaller gain is necessary in the variable
amplifier and vice versa. The gain control output is - in addition to the
variable gain unit — fed to a processing unit. If the gain control signal is below
a predefined value (e.g. GC=2) corresponding to a relatively low gain setting
of the variable amplifier, e.g. and thus a relatively strong input signal), the
receiving antenna is (increasingly, e.g. in one or more steps) de-tuned to
lower the signal strength. Correspondingly, if the gain control signal is above
a predefined value (e.g. GC227) corresponding to a relatively high gain
setting of the variable amplifier and thus a relatively weak input signal), the
tuning of the receiving antenna is improved (e.g. in one or more steps) to
increase the signal strength.

The problem is particularly relevant in a system comprising a portable,
battery driven receiver with restrictive requirements to power consumption
(including a low battery voltage and a low battery capacity). An example of
such a system is an audio system comprising a (possibly portable) wireless
transmitter and a listening device comprising a wireless receiver, in particular
wherein the communication link between transmitter and receiver is based
on inductive communication. Such system, based on an inductive
communication link, has the potential of providing a relatively low power
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consumption. The system, on the other hand, is also sensitive to the
distance L between transmitter and receiver due to the 1/L® dependence of
the field strength and thus prone to saturation problems, when the two
devices come close to each other. In this case a system according to the
present disclosure is particularly valuable.

FIG. 1 shows an embodiment of a portable electronic device according to the
present application. The portable electronic device of FIG. 1, e.g. a listening
device, e.g. a hearing instrument, comprises a wireless receiver unit for
receiving a wireless signal from a transmitting device, the wireless receiver
unit comprising an antenna (ANT) for receiving an electromagnetic signal
and providing a received electric input signal IN, and a receiver (REC) for
providing a recovered electric signal from the received electric input signal,
and an impedance matching circuit (Z) for matching the electric impedance
of the antenna (ANT) to the receiver (REC). The receiver comprises a gain
stage comprising a first, fixed (pre-amplifying) gain stage (A) and a second,
variable gain stage (AGC). The fixed gain stage (A) amplifies an input signal
(here received electric input signal IN) with a fixed gain value and provides
an amplified output signal INF. The variable gain of the second stage (AGC)
allows the receiver itself to set the gain to an appropriate value, ensuring the
optimum signal level for the succeeding receiver or processing circuits (here
signal processing unit SP). The variable gain stage, in the form of Automatic
Gain Control unit (AGC), is adapted for automatically determining an AGC-
gain value (also referred to as control signal GC) for application to an AGC-
input signal INF to provide an appropriate signal level of the recovered
electric signal INA when the level of said AGC input signal is in a range
between a minimum signal level and a maximum signal level corresponding
to maximum and minimum AGC-gain values, respectively. The portable
electronic device further comprises a control unit (here signal processing unit
SP) receiving the AGC-gain value GC and providing an impedance matching
control signal IMC to the impedance matching circuit Z). The control unit (SP)
is adapted to change the impedance matching of the antenna (ANT) to the
receiver (REC) based on the AGC-gain value GC. In an embodiment, the
fixed gain stage (A) is omitted. Typically, the gain stage (e.g. the AGC-unit) is
only capable of amplifying an input signal, not to attenuate the signal (or not
to attenuate it sufficiently, in order to avoid saturation of the gain stage).



13 Sep 2016

2012205287

10

15

20

25

30

35

17

FIG. 2 shows two embodiments of an antenna and a variable impedance
matching circuit. The antenna (ANT in FIG. 1) is shown as an inductive coll
with inductance (La). The impedance matching circuit (Z in FIG. 1) is shown
as a variable capacitance (C, FIG. 2a) and a variable resistance (R, FIG. 2b),
respectively. In both cases, the value of the impedance can be controlled by
an impedance matching control signal IMC (provided by control unit SP in
FIG. 1) from a minimum value to a maximum value, preferably in a number
of steps. Preferably, the minimum and maximum values are determined with
a view to the antenna (ANT) impedance (La) and the receiver (REC) input
impedance. Alternatively, or additionally the inductance La may be variable.

FIG. 3 shows two embodiments of a variable impedance matching circuit.
FIG. 3a schematically illustrates an embodiment comprising a number of
parallel components (e.g. resistors or capacitors or inductance coils, here
four values are indicated, 1, 2, 4, 8) having different impedances, e.g.
increasing values, e.g. mutually scaled as indicated by the numbers 1, 2, 4,
8. One or more of the impedances (1, 2, 4, 8) can be switched in the signal
path coupling electric input signal IN from the antenna ANT of FIG. 1 to
ground by switches S1, S2, S4, S8 controlled by impedance matching control
signal IMC (generated by control unit (SP) in FIG. 1). Similarly, FIG. 3b
schematically illustrates an embodiment comprising a number of serially
coupled components (e.g. resistors or capacitors or inductors, here four
values are indicated, 1, 2, 4, 8) having different impedances, e.g. increasing
values, e.g. mutually scaled as indicated by the numbers 1, 2, 4, 8. Thereby
the impedance of the antenna can be maiched (or de-matched) to the
receiver input impedance in a number of steps.

FIG. 4 shows a use scenario for a communication system according to the
present application. FIG. 4 shows an application scenario of an embodiment
of a portable listening system according to the present application comprising
a pair of listening devices, in the form or a binaural hearing aid system
comprising first and second hearing instruments (HI-1, HI-2), and an audio
gateway device (AG), wherein the audio gateway device comprises an audio
selection device adapted for receiving a multitude of audio signals (here
shown from an entertainment device, e.g. a TV 52, a telephone apparatus,
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e.g. a mobile telephone 51, a computer, e.g. a PC 53, and an external
microphone xMIC for picking up sounds xIS from the environment, e.g. the
voice of another person). In the embodiment of FIG. 4, the microphone 11 of
the audio gateway device is adapted for picking up the user’'s own voice 31
and capable of being connected to one or more of the external audio
sources 51, 52, 53, xMIC via wireless links 6, here in the form of digital
transmission links according to the Bluetooth standard as indicated by the
Bluetooth transceiver 14 (BT-Tx-Rx) in the audio gateway device 1. The
audio sources and the audio gateway device may be paired using the button
BT-pair. The links may alternatively be implemented in any other convenient
wireless and/or wired manner, and according to any appropriate modulation
type or transmission standard, possibly different for different audio sources.
Other audio sources than the ones shown in FIG. 4 may be connectable to
the audio gateway, e.g. an audio delivery device (such as a music player or
the like). The intended mode of operation of the listening system can be
selected by the user via mode selection buttons Mode1 and Mode2. The
audio gateway device may further have the function of a remote control of
the listening device, e.g. for changing program or operating parameters (e.g.
volume, cf. Vol-button) in the listening device.

The hearing instruments (HI-1, HI-2) are adapted for being mounted at the
left and right ears, respectively, of a user (U). Each hearing instrument of the
embodiment of FIG. 4 comprises a wireless transceiver for establishing a link
to the audio gateway device (AG) (and/or a remote control device), here
indicated to be based on inductive communication (I-Rx). The transceiver (at
least) comprises an inductive receiver (i.e. an inductive coil, which is
inductively coupled to a corresponding coil in a transceiver (I-Tx) of the audio
gateway device AG), which is adapted to receive a wireless signal (e.g.
comprising an audio signal and/or control signals) from the audio gateway
device (either as a baseband signal or as a modulated (analogue or digital)
signal, and in the latter case to extract the audio signal from the modulated
signal). The hearing instruments (HI-1, HI-2) each comprises an antenna, an
impedance maitching circuit, a receiver and a control unit as herein before
described in connection with FIG. 1. Thereby an increased flexibility in the
location of the audio gateway device (AG) relative to the hearing instruments
(HI-1, HI-2) is provided.
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The inductive link 41 between the audio gateway device and the hearing
instruments is indicated to be one-way, but may alternatively be two-way
(e.g. to be able to exchange control signals between transmitting (AG) and
receiving (HI-1, HI-2) device, e.g. to agree on an appropriate transmission
channel). Alternatively or additionally, the hearing instruments (and/or the
audio gateway device) may be adapted to receive an audio signal from a
telecoil (T-coil) in the environment of the device.

The hearing instruments (HI-1, HI-2) each comprise a selector/mixer unit
(SEL/MIX) for selecting either of an input audio signal from a microphone of
the instrument or the input signal from the wireless receiver unit (I-Rx) or a
mixture thereof, providing as an output a resulting input signal. In an
embodiment, the selector/mixer unit can be controlled by the user via the
user interface (Ul).

The audio gateway device (AG) is shown to be carried around the neck of
the user (U) in a neck-strap 42. The neck-strap 42 may have the combined
function of a carrying strap and a loop antenna into which the audio signal
from the audio gateway device is fed for better inductive coupling to the
inductive transceiver of the listening device. An audio selection device, which
may be modified and used according to the present invention is e.g.
described in EP 1 460 769 A1, EP 1 981 253 A1 and in WO 2009/135872
Al.

FIG. 5 illustrates an example of the effect on dynamic range of a signal
received by an antenna by the application of a variable impedance matching
circuit (Z in FIG. 1) according to the present disclosure. The ‘Normal dynamic
range’ between a minimum signal strength (SS) level, SSmin, and a maximum
signal strength level, SSmaxy, Of a gain stage comprising an AGC unit is
illustrated in the lower part of FIG. 5 next to the ‘Extended dynamic range’ of
the same gain stage comprising an impedance matching circuit controllable
according to the present disclosure. The top graph of FIG. 5 illustrates a
schematic example of the variation of gain Ga of an AGC unit with increasing
signal strength (input level, SS in [dB]) of the input signal to the AGC unit
(e.g. received from the antenna). The gain decreases from a maximum value
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(Gamax) to @ minimum value (Gamin). When the signal strength of the input
signal to the AGC increases beyond SSmaxN (corresponding to the upper
level of the normal dynamic range and a gain of Gamin of the AGC unit) Ga
cannot be lowered further. A gain stage without the variable impedance
matching circuit according to the present disclosure (to attenuate the input
signal to the gain stage from the antenna) would be saturated for antenna
signal strengths larger than SSmaxN. According to the present disclosure the
variable impedance matching circuit may increase the normal dynamic range
(Smin to SSmaxn) to an extended dynamic range (Smin t0 SSmaxx) by
decreasing the degree of match of the impedance matching circuit between
the antenna and the receiver, thereby decreasing the input signal from the
antenna to the gain stage as illustrated in the bottom graph of FIG. 5.
Thereby the antenna signal is allowed a larger dynamic range, while still
being appropriately handled by the gain stage. The gain (attenuation) Gz of
the impedance matching circuit is in the example of FIG. 5 shown to be
variable between a maximum value (Gzmax, here 1) and a minimum value
Gzmin, €.g. 0.01 (or larger). In an embodiment, the maximum value Gzmax is
smaller than or equal to 1, e.g. in the range between 0.5 and 1. In an
embodiment, the maximum value Gamax of the gain of the AGC of the gain
stage is 10°. In an embodiment, the minimum value Gamin of the gain of the
AGC of the gain stage is equal to 1. Alternatively the minimum value Gamin
may be larger than 1 (e.g. larger than or equal to 100) or smaller than 1 (e.g.
smaller than or equal to 0.01). In case, the gain stage comprises a first, fixed
(pre-amplifying) gain stage, the minimum gain Gamin is typically determined
by the fixed gain of such stage. In the example of FIG. 5, top graph, the
variation of the gain Ga of the AGC unit with input signal strength is shown to
be linear on a logarithmic scale of the signal strength [dB]. This need not be
the case. Any other functional dependence providing a decreasing gain G
with increasing signal SS strength may be possible. The same is the case for
the gain (attenuation) Gz of the impedance matching circuit illustrated in the
bottom graph of FIG. 5.

The invention is defined by the features of the independent claim(s).
Preferred embodiments are defined in the dependent claims. Any reference
numerals in the claims are intended to be non-limiting for their scope.
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Some preferred embodiments have been shown in the foregoing, but it
should be stressed that the invention is not limited to these, but may be
embodied in other ways within the subject-matter defined in the following
claims.

Modifications and variations such as would be apparent to a skilled
addressee are deemed to be within the scope of the present invention.
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The claims defining the invention are as follows:

1. A portable electronic device comprising:
a wireless receiver unit for receiving a wireless signal from a
transmitting device, the wireless receiver unit comprising
an antenna for receiving an electromagnetic signal and providing
a received electric input signal, and
a receiver for providing a recovered electric signal from the
received electric input signal, and
an impedance matching circuit for matching the electric
impedance of the antenna to the receiver,
the receiver comprising a gain stage, the gain stage comprising a
variable gain stage in the form of an Automatic Gain Control (AGC) unit
for automatically determining an AGC-gain value for application to an
AGC-input signal to provide an appropriate signal level of the recovered
electric signal when the level of said AGC-input signal is in a range
between a minimum signal level and a maximum signal level
corresponding to maximum and minimum AGC-gain values,
respectively, wherein the gain stage is able to amplify the received
electric input signal, but not to attenuate the received electric input
signal;
the portable electronic device further comprising
a control unit receiving said AGC-gain value and providing an
impedance matching control signal depending on said AGC-gain value to
said impedance matching circuit, wherein
the control unit is adapted to change the impedance matching of the
antenna to the receiver by supplying the impedance matching control signal
to the impedance matching circuit, and
the control unit is adapted to decrease the impedance matching of the
impedance matching circuit when said AGC-gain value is below a predefined
minimum threshold AGC-gain value, thereby attenuating the received electric
input signal when its level is larger than an upper limit of a dynamic range of
the gain stage.

2. A portable electronic device according to claim 1, wherein the control
unit is adapted to increase the impedance matching of the impedance
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matching circuit when said AGC-gain value is above a predefined maximum
threshold AGC-gain value.

3. A portable electronic device according to claims 1 or 2, wherein the
Automatic Gain Control unit is adapted to provide said AGC-gain values in
steps between a minimum and a maximum value.

4. A portable electronic device according to any one of claims 1-3,
wherein the impedance matching circuit comprises one or more of a variable
capacitance, a variable resistance and a variable inductance.

5. A portable electronic device according to any one of claims 1-4,
wherein the antenna comprises a coil.

6. A portable electronic device according to claim 5, wherein said coil is
part of an inductive link based on inductive coupling between an antenna coil
of the transmitting device and said coil of the antenna.

7. A portable electronic device according to any one of claims 1-6,
wherein the antenna comprises a patch.

8. A portable electronic device according to any one of claims 1-7,
adapted to provide that the change of the impedance maitching of the
antenna to the receiver is performed in one or more steps controlled by said
control signal from the control unit.

9. A portable electronic device according to any one of claims 1-8,
wherein the gain stage further comprises a fixed gain stage.

10. A portable electronic device according to any one of claims 1-9,
wherein the portable electronic device comprises a listening device.

11. A portable electronic device according to claim 10, wherein the listening
device comprises a hearing aid.
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12. A method of operating a wireless receiver unit for receiving a wireless
signal from a transmitting device, the wireless receiver unit comprising an
antenna for receiving an electromagnetic signal and providing a received
electric input signal, and a receiver for providing a recovered electric signal
from the received electric input signal, and an impedance matching circuit for
matching the electric impedance of the antenna to the receiver, the method
comprising:

a) automatically determining an AGC-gain value in the receiver for
application to an AGC-input signal to provide amplification but not
attenuation of the recovered electric signal when the level of said AGC-input
signal is in a range between a minimum signal level and a maximum signal
level corresponding to maximum and minimum AGC-gain values,
respectively; and

b) changing the impedance matching of the antenna to the receiver in the
impedance matching circuit based on the AGC-gain value, wherein changing
the impedance matching comprises decreasing the impedance matching of
the antenna to the receiver when said AGC-gain value is below a predefined
minimum threshold AGC-gain value, thereby attenuating the received electric
input signal when its level is larger than an upper limit of a dynamic range of
a gain stage of the wireless receiver unit.

13. A communication system comprising a portable electronic device
according to any one of claims 1-11 and a transmitting device, the portable
electronic device and the transmitting device being adapted to establish a
wireless link between them at least allowing a signal to be transmitted from
the transmitting device to the portable electronic device.

14. A communication system according to claim 13, wherein the wireless
link is based on inductive coupling between respective antenna coils of the
transmitting device and the portable electronic device.

15. A communication system according to claim 13 or 14, wherein the
transmitting device is one of an audio gateway device, an entertainment
device, and a listening device, and wherein the system is configured to
transmit and receive audio via the wireless link.
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16. A communication system according to any one of claims 13-15, further
comprising a first listening device, wherein the portable electronic device is a
second listening device, and the first and second listening devices are
configured to implement a binaural listening system.

17. A communication system according to claim 16, wherein the binaural
listening system is a binaural hearing aid system.

18. A tangible computer-readable medium storing a computer program
comprising program code means for causing a data processing system to
perform the steps of the method of claim 12, when said computer program is
executed on the data processing system.
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