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Description

[0001] The present invention resides in the field of
wireless communication towards or from a hearing de-
vice.

Definitions
[0002]

*  We understand under "a hearing device" a device
which is worn at least adjacent to an individual’s ear
with the object to improve individual’s acoustical per-
ception. Such improvement may also be baring
acoustical signals from being perceived, in the sense
of hearing protection for the individual.

Ahearing device may further be a device to positively
improve individual’'s acoustical perception whether
such individual has an impaired perception or not.
If the hearing device is tailored so as to improve the
perception of a hearing impaired individual, then we
speak of a hearing-aid device.

With respect to the application area a hearing device
may especially be applied behind the ear, in the ear
or even completely in the ear canal. Accordingly the
requirements with respect to compactness of con-
struction become more and more severe.

*  When we speak of a "wireless communication link"
we address a communication link which is based on
RF in the frequency range with a lower end at about
10kHz and up to the higher GHz range, according
to today’s and future technologies.

¢ When we speak of a "modulator” we understand that
unit at which information is brought into a form to be
electrically transmitted, e.g. is modulated on an elec-
trical or optical carrier. A modulator has a communi-
cation output. At a "demodulator" information is re-
trieved from a form carried by an electrical or optical
signal as applied to a communication input.

¢ We understand under an "antenna arrangement",
signal processing and transmission units down-
stream the communication output of a modulator or
upstream a communication input of a demodulator.
The upstream front-end of an antenna arrangement
assigned to a demodulator and the downstream
front-end of such arrangement assigned to a modu-
lator is an antenna. The antenna arrangement con-
verts input electromagnetic radiation into wire bound
electric or optical communication signals or vice ver-
sa. A single antenna arrangement may be provided
for a single antenna receiver/transmitter arrange-
ment.

¢ We understand under a "transfer characteristic" of
a unit or of multiple units the ratio of output to input
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signals, represented over frequency as a magnitude
graph and as a phase graph. An example of such
representation is the "Bode" diagram representa-
tion.

We understand under a "passive electronic" element
a resistor, capacitor or inductor. A unit built up from
such elements is called a passive unit

We understand under "audio signal transmission"
via the addressed wireless communication link the
transmission of signals which represent generically
audio signals corresponding to acoustical signals
which impinge on an acoustical/electrical input con-
verter of at least one hearing device involved in the
communication link.

We understand under "speech transmission" the
transmission of audio-signals as addressed above,
in the frequency band of about 70 Hz to 7 kHz.

We understand under "music transmission" the
transmission of audio-signals as addressed above
over substantially the entire spectral band of human
hearing (ca. 20 Hz up to near 20 KHz).

We understand under "command or control signal
transmission" the transmission of signals of relative-
ly short duration for controlling purposes.

Accurate detection and thus high signal to noise ratio
is important.

We understand under "wide or ultra wide band trans-
mission" the transmission of signals which necessi-
tates a bandwidth which is at least 20% of the centre
frequency or at least 500MHz (see UWB tutorial un-
der: www.palowireless.com/uwb).

We understand under "narrow or ultra-narrow band
transmission" the transmission of signals the spec-
trum of which necessitates less than 20% bandwidth
of the centre (carrier) frequency or less than
500MHz.

We understand under "low range transmission" the
transmission over and including a distance below
1m.

We understand under "medium range transmission"
the transmission between 1m and 10m (both limits
included).

We understand under "long range transmission" the
signal-transmission over a distance which is longer
than 10m.

We understand under a "type of signal" a category
of signals which necessitate a specific bandwidth for
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their transmission.

* Inanalogy we understand under a "type of transmis-
sion" transmission of the respective type of signal,
thus having the bandwidth as required.

[0003] In today’s hearing device technology there is
an increasing need to establish wireless communication
links towards and from hearing devices. Such communi-
cation links are e.g. device-to-device communication
links in binaural hearing systems which are characterized
especially by features such as near individual’'s head,
short-range, high information flow. Further communica-
tion links are e.g. links to remote control units, links to
other hearing devices at other individual's to establish
hearing device based communication networks as e.g.
disclosed in application EP-A-05 013 793.4 or US-A-
11/168 704.

[0004] Very restricted constructional space is present
in hearing devices to apply antenna arrangements. Elec-
tric power consumption of the device is a parameter of
predominant concern.

[0005] The present invention resides on the object of
providing the possibility at a hearing device to establish
multiple type wireless communication links and to flexibly
adapt to such different communication link types.
[0006] This is achieved by the method of making a
wireless communication link between a hearing device
and at least one further device wherein the hearing de-
vice has

¢ ademodulator and /or a modulator, respectively with
a communication input and a communication output

e the input and /or output is or are operationally con-
nected to a respective antenna arrangement con-
verting input electromagnetic radiation into wire
bound electriccommunication signals and vice versa
respectively,

e the antenna arrangement has a transfer character-
istic magnitude which is larger than a predetermined
value in a spectral band which has a bandwidth,

¢ and comprising the step of adapting the addressed
bandwidth to the specific type of momentary estab-
lished signal transmission or of signal transmission
to be established next.

[0007] By adaptingthe addressed bandwidth of the an-
tenna arrangement to the respective specific type of sig-
nal to be communicated, it becomes possible to optimize
accuracy of the communication link e.g. with respect to
signal-to-noise ratio, further e.g. under the constraint of
optimum power consumption on the transmission and/or
on the receiver side.

[0008] In one embodiment of the method the antenna
arrangement comprises a passive antenna unit and
adapting the bandwidth comprises adjusting the transfer
characteristic of the passive antenna unit.

[0009] In one embodiment the addressed type of sig-
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nal transmission is automatically recognized and the
bandwidth of the antenna arrangement is automatically
adapted.

[0010] In a further embodiment the addressed com-
munication link is made between a hearing device and
at least one further hearing device.

[0011] Thereby the addressed at least two hearing de-
vices are in a further embodiment part of a binaural hear-
ing device system.

[0012] When considering which type of signal trans-
mission might lead to adaptation of the bandwidth of the
respective antenna arrangements involved in the ad-
dressed communication link, in one embodiment such
specific types may comprise at least one of

e Audio signal transmission;

e Speech transmission;

¢ Music transmission;

e Command or control signal transmission;
e \Wide-or ultra wide band transmission;

e Narrow-or ultra narrow band transmission;
¢ Low range transmission;

e  Medium range transmission;

* Long range transmission.

[0013] An antenna arrangement according to the in-
vention has an extent suited to be built into a hearing
device. The antenna arrangement converts electromag-
netic radiation into wire bound electric signals and/or vice
versa, so as to be operationally connectable to the input
of ademodulator and/or to the output of a modulator. The
antenna arrangement has a transfer characteristic mag-
nitude larger than a predetermined value in a spectral
band which has a bandwidth. An adjusting unit is provid-
ed for the bandwidth which has a bandwidth control input.
[0014] In one embodiment the antenna arrangement
comprises a resonant circuit and the adjusting unit com-
prises at least a part of the resonant circuit.

[0015] Inoneembodimentofthe antennaarrangement
the resonant circuit is a passive circuit. Thereby the ad-
dressed bandwidth is e.g. in a basic parallel or series
resonance circuit predominantly determined by the value
of parallel or series resistance which may easily be ad-
justed manually and/or automatically i.e. electronically.

[0016] Inoneembodimentofthe antennaarrangement
the resonance circuit comprises at least one antenna coil.
[0017] The present invention is further directed to-
wards a hearing device which comprises an antenna ar-
rangement for a wireless communication link as was ad-
dressed.
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[0018] In one embodiment the addressed hearing de-
vice comprises a digital signal-processing unit with an
output operationally connected to the addressed control
input.

[0019] In a further embodiment the hearing device
comprises an acoustical/electrical input converter with
an output which is operationally connected to an input of
the processing unit. An electrical/mechanical output con-
verter has an input which is operationally connected to
an output of the processing unit.

[0020] Inafurther embodiment of the invention a hear-
ing device system is proposed which comprises at least
two of the addressed hearing devices. In one embodi-
ment such system is a binaural system and the commu-
nication link may transmit signals of different types be-
tween said devices.

[0021] Still in a further embodiment at least one of the
antennas provided in the devices of the addressed sys-
tem establishes a communication link to a further device.
[0022] These addressed hearing devices may be be-
hind-the-ear, in-the-ear or completely-in-the-canal hear-
ing devices with increasing demand with respect to con-
structional compactness and minimal power consump-
tion.

[0023] The invention shall now be further exemplified
with the help of figures.

[0024] The figures show:

Fig. 1 in a simplified schematic functional-block/sig-
nal flow diagram a transmitter arrangement as
provided in a hearing device according to the
present invention incorporating an antenna ar-
rangement according to the invention;

Fig. 2  in arepresentation in analogy to that of fig. 1 a
receiver arrangement as provided in a hearing
device according to the present invention and
incorporating an antenna arrangement as of the
invention;

Fig. 3 qualitatively and as explaining example the
graph of magnitude vs. frequency of a transfer
function as possibly realized in an antenna ar-
rangement according to the invention;

Fig. 4  a part of the magnitude graph as of fig. 3, nor-
malized relative to magnitude at one selected
frequency;

Fig. 5 in a simplified schematic form a transmission
and/or reception antenna arrangement accord-
ing to the present invention representing its re-
alization by active electronic elements on one
hand and passive impedance elements on the
other hand;

Fig. 6  a hearing device according to the present in-
vention, shown schematically by means of a
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signal-flow/functional-block diagram with an
antenna arrangement according to the inven-
tion;
Fig. 7 most schematically and simplified, a pair of
hearing devices of a binaural hearing device
system with different types of signal transmis-
sion enabled, and
Fig. 8 departing from the representation of fig. 5, an
embodiment to adjust bandwidth of the antenna
arrangement.

[0025] Inthe figures 1 and 2 there is shown, by means
of a simplified functional-block/signal flow diagram a
transmitter arrangement (fig. 1) and a receiver arrange-
ment as provided in a hearing device according to the
present invention to establish a communication link be-
tween such hearing device and at least one further de-
vice.

[0026] According to fig. 1 the transmitter arrangement
within the hearing device (not shown) comprises a mod-
ulator unit 11y having a communication output A, oper-
ationally connected to an input E; of an antenna arrange-
ment 31x. Signals S(1)1x with information |, which signals
may be of quite different types e.g. audio signals, speech
signals, control signals etc. are applied to the modulator
unit 1. Accordingly, the respective signal S(l)1y is mod-
ulated upon an electrical or optical signal, whereby in
dependency of the type of such signal the output signal
of the modulator 11y will be of a different bandwidth. This
is schematically shown in fig. 1 in that by its type the
signal S(I)tx governs the bandwidth BW of the signal
output at the communication output A; and input to the
antenna arrangement 31x. At the downstream end of the
antenna arrangement 3, and relative to the modulator
unit 11y the antenna arrangement 3 comprises an an-
tenna 51y which converts input electrical signals from the
modulator unit 1 into electromagnetic radiation ERty at
output A;. The transmitter antenna arrangement 31 fur-
ther comprises signal processing units as e.g. amplifiers,
filters, converters etc. as generically represented by units
T1x- Such units 71y are interconnected between the out-
put A, of the modulator unit and the front end antenna
51x-

[0027] Fig. 2 shows in a representation analogous to
that of fig. 1 the receiver arrangement as provided in a
hearing device which, per its receiving ability, makes part
of a communication link according to the present inven-
tion.

[0028] According to fig. 2 the receiver antenna ar-
rangement 3gy comprises an upstream antenna 5zy
which receives and converts electromagnetic radiation
ERRgx atinput E5 towards signal processing units as sche-
matically represented by units 7gy. The output A of the
antenna arrangement 3gy is operationally connected to
the input E4 of a demodulator unit 1gy- As schematically
shown within the block of demodulator unit 1gy in de-
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pendency of the type of information signal S(l)grx Which
is carried in the signal transmitted from the antenna ar-
rangement 5zy to the demodulator unit 1y and of the
modulation technique which was applied on the trans-
mitter side different signal bandwidth BW is transmitted
through arrangement 3gy. As further schematically
shown in fig. 2 in dependency of such bandwidth of the
received signal BW and spectral location thereof, a dif-
ferent demodulating technique may be applied as shown
by the switching symbol in the demodulation block 1gy.
The output of the demodulator unit 1, is an informative
S(l)rx Which in analogy to the explanations with respect
to fig. 1, may be of the audio type, of the speech type, of
command type, etc.

[0029] In the transmission mode the antenna arrange-
ment 31y as shown has a transfer characteristic Gy(f),
whereby f is the frequency. Accordingly, in the receiver
mode as of fig. 2 the antenna arrangement 3gy has a
transfer characteristics Ggy(f) .

[0030] The transfer characteristic Gry(f) and Ggx(f)
may be represented by their respective magnitude vs.
frequency and phase vs. frequency graphs. As schemat-
ically exemplified in fig. 3 the respective transfer charac-
teristics magnitude graphs |G(f)| of antenna arrange-
ments as addressed have band pass characteristics at
and around one or more than one specific frequencies
as shown in fig. 3 by f, .1, fnaxo--

[0031] The selectivity of the antenna arrangement in
the reception - 3gy - mode as well as in the transmitting
- 31x - mode is given by the shape of the respective max-
imum area of the magnitude vs. frequency graphs |G|
and |Gry| at and around the addressed specific frequen-
cies fax1s fmaxe- The shape of the respective spectral
maximum area at and around the addressed frequencies
is given as perfectly known to the skilled artisan by the
behaviour of the network within the antenna arrangement
31x: 3rx at and around pole frequencies present at sec-
ond and higher order transfer characteristics.

[0032] Within the scope of the present invention it is
less the absolute magnitude of the respective transfer
characteristics which are of interest, but rather how the
respective magnitude vs. frequency characteristics drop
on both sides of the respective maxima. Therefore, it is
more convenientto consider normalized magnitude func-
tions as shown in fig. 4.

[0033] To establish normalized magnitude graphs it is
customary to normalize by the maximum magnitude in a
frequency band considered. In fig. 4 the graph of mag-
nitude vs. frequency is standardized by |G(f,;,2x0)| Of fig. 3.
[0034] The bandwidth BWI with a selected pole fre-
quency f,,, of the antenna arrangement 3y and 3g is
then defined by the spectral range along which the nor-
malized magnitude is at least equal to a predetermined
value K. It is customary to select as a value K the value
12 so that the bandwidth BWI is limited by the lower
and upper frequencies f- and f, at which the magnitude
has dropped by 3 dB relative to maximum magnitude at
f

max.
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[0035] According to the presentinvention and accord-
ing to fig. 1 and 2 the bandwidth BWI of the respective
antenna arrangement 3ty and 3y is adjusted as sche-
matically shown in the figures via a bandwidth control
input Cgyy-

[0036] Whereas in more customary RF communica-
tion, fa« is adjusted and possibly swept along the fre-
quency axis so as to select different frequency bands to
be transmitted or to be received, according to the present
invention the primary target is to adjust the bandwidth
BWI at a frequency f,,,x selected which, nevertheless
might be adjusted or shifted additionally. Thereby, and
in dependency of the needed bandwidth BWI to optimally
communicate a signal type the transmission antenna ar-
rangement bandwidth BWI;yx or the reception antenna
arrangement bandwidth BWIry are accordingly adjusted
so as to be optimal for the necessitated signal bandwidth
BW.

[0037] Theantennaarrangement 3y or 3gx may com-
prise active electronic components as of filters and am-
plifiers as well as passive electronic components as of
resistors, capacitors and inductances.

[0038] Thus, and according to fig. 5 the antenna ar-
rangement 31y and 3ry as of the figures 1 and 2 comprise
passive elements generically shown in fig. 5 by the im-
pedance elementZ as well as active elements generically
shown at 9. In one embodiment of the present invention
the bandwidth BWI of the respective transfer character-
istics Gy, Ggrx as has been explained in context with
the figures 1 and 2 is adjusted by adjusting one or more
than one of the passive electronic components in the
antenna arrangement as addressed by the bandwidth
control input Cgyy, in fig. 5 acting on the impedance Z.
[0039] The bandwidth BWI of the antenna arrange-
ment 31x, 3rx is primarily governed by the real compo-
nent of the complex transfer function Gry, Ggry respec-
tively around the respective f,,,,,. Thus, and also with an
eye of fig. 5 the bandwidth control input Cy,,, may act
primarily on resistance elements in the impedance net-
work Z.

[0040] In fig. 6 there is schematically shown how, ac-
cording to the present invention a respective antenna
arrangement 13 as was exemplified with the help of the
figs. 1 to 5, is applied to a hearing device 15.

[0041] The hearing device 15 comprises an input
acoustical/electrical converter unit 17, e.g. a microphone
unit, the output thereof being operationally connected to
an input of a digital signal processing unit DSP 19. The
output of that DSP unit 19 is operationally connected to
an input of an output electrical/mechanical converter 11,
e.g.aloudspeaker unit. The hearing device 15 comprises
the antenna arrangement 13, the electric communication
port E3/A; being operationally connected to an input
and/or output I/O of unit 19, wherein with an eye on fig.
1 and 2 the respective modulator unit 11y and/or demod-
ulator unit 1ry is implemented (not shown in fig. 6).
[0042] The antenna arrangement 13 has as was dis-
cussed a bandwidth control input Cgyy,. Switching from
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one bandwidth to another at the antenna arrangement
13 is done manually, M, and/or automatically, A. Auto-
matic bandwidth control A may e.g. be established by
analyzing acoustical signals received at input converter
17 by the DSP unit 19, by analyzing wirelessly received
signal at antenna unit 13 by the DSP unit 19, generically
by DSP control.

[0043] Most generically the DSP unit 19 provides at
control output C, a bandwidth control signal applied, in
the automatic mode, to antenna arrangement 13 at its
bandwidth control input Cgyy,. Thus, whenever a control
signal is applied to the control input Cgy, of the antenna
arrangement 13 operating in transmitting and/or receiver
mode, this will change or adjust the bandwidth BWI so
as to adapt such bandwidth to be optimally suited for
receiving or transmitting signals of momentarily prevail-

ing type.
As an example:

[0044] It has to be kept in mind that a hearing device
is customarily carried at or very near to an individual’s
head. For wireless communication there exist severe re-
strictions with respect to power density of transmitted
signals. Thus, for ongoing communication one will re-
duce the spectral power density transmitted or received
as far as possible. This may lead to dealing with spectral
low-power density signals necessitating very large spec-
tral bandwidths and thus the need to operate the antenna
arrangements involved at very high bandwidths, which
might not be optimal for other signals to be transmitted,
due e.g. to signal-to-noise consideration.

[0045] If e.g. a hearing device whereat an antenna ar-
rangementis integrated as shown in fig. 6 is, on one hand
part of a binaural hearing device system where audio
representing signals are practically permanently trans-
mitted to and from the hearing device, and, on the other
hand such hearing device is part of a long range com-
munication link too, then it might be advisable, on one
hand, to adjust the bandwidth BWI of the addressed an-
tenna arrangement to be wide to transmit the audio-sig-
nals e.g. coded in UWB-standard and, on the other hand,
to switch to narrow band-width during long range com-
munication cycles. This is exemplified in fig. 7.

[0046] According to fig. 7 a first hearing device 155
e.g. at an individual’s right ear is conceived principally
as has been explained in context with fig. 6. A second
hearing device 15, is applied at the individual’s left ear.
[0047] Both hearing devices 15 and 15, form a bin-
aural hearing system and do communicate via their re-
spective antenna arrangements 13, and 13, . Thus there
is established between the two antenna arrangements a
first communication link L; which is the device-to-device
binaural communication link. Via this wireless communi-
cation link L; information is transmitted practically per-
manently at a high rate. Thereby the respective input
acoustical/electrical converters 17g, 17, of the hearing
devices become respectively operationally connected
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via the addressed communication link L; e.g. with the
other ear electrical/mechanical converters 11, and 11g.
These signals as schematically shown in fig. 7 at S, may
be encoded and transmitted on the low-range, binaural
communication link L, as short, low-energy pulses. Prop-
er transmission of S, necessitates broad bandwidth, but,
on the other hand, the spectral power density is low. For
optimum transmission of such signals the antenna ar-
rangements 13, 13 are switched into broad bandwidth
mode.

[0048] Additionally to the binaural communication link
L,, one or both of the antenna arrangements 13y, 13,
may communicate via a long-distance communication
link L, e.g. with a remote transmitter/receiver unit 18.
This communication link L;; may e.g. be based on RF
modulation as schematically shown at S;; operating on
a carrier frequency fj. For accurate communication on
that link L, the one or the two antenna arrangement 13
involved in L, communication are switched to narrow
band-width operation. The switching from one bandwidth
operation to a different bandwidth operation at the re-
spective antennas is done, as schematically shown, con-
trolled manually or automatically as was addressed in
context with fig. 6.

[0049] In fig. 8 there is shown, how the bandwidth of
a parallel resonance circuit with antenna coil L as an
inductance may be adjusted by controllably varying the
value of resistance R. By the value of the parallel resist-
ance R the quality factor Q and thus the antenna band-
width BWI is varied.

[0050] Comparing fig. 8 with fig. 5 and the respective
explanation reveals that in one embodiment which
makes bandwidth adjustment pretty straightforward, ad-
justing the antenna arrangement comprises adjusting a
resistance element as of R in fig. 8 within a passive res-
onant circuit, wherein the antenna coil is at least part of
the inductance.

[0051] This circuit is at least a front end part of the
passive impedance Z as shown in fig. 5.

[0052] Itis clearthat additionally to adjusting the band-
width BWI according to the present invention and as
showninfig. 8 by dash lines, f, ., i.€. resonance frequen-
cy may be varied and adjusted as by adjusting the value
of capacitance C.

[0053] By adjusting the bandwidth of an antenna ar-
rangement at a hearing device to the respective needs
of different types of signal-transmission considerable
savings with respect to signal-power and improvements
of signal-to-noise ratio and thus of accurate transmission
of information are reached.

Claims
1. A method of making a wireless communication link

between a hearing device and at least one further
device, said hearing device having
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* A demodulator and /or a modulator, respec-
tively with a communication input and a commu-
nication output

« Said input and /or output being operationally
connected to arespective antenna arrangement
converting input electromagnetic radiation into
wire bound electric communication signals and
vice versa respectively,

+ Said antenna arrangement having a transfer
characteristic magnitude larger than a predeter-
mined value in a spectral band having a band-
width,

« comprising the step of adapting said bandwidth
to the specific type of momentary established
signal transmission or of signal transmission to
be established next.

The method of claim 1 wherein said antenna ar-
rangement comprises a passive antenna unit and
said adapting said bandwidth comprises adjusting
transfer characteristic of said passive antenna unit.

The method of claim 1 or 2 comprising automatically
recognizing said specific type and automatically
adapting said bandwidth.

The method of one of claims 1 to 3 wherein said
communication link is made between a hearing de-
vice and at least one further hearing device.

The method of one of claim 1 to 4 wherein said com-
munication link is made at least between the hearing
devices of a binaural hearing device system.

The method of one of claims 1 to 5 wherein said
specific types comprise at least one of:

* Audio signal transmission;

» Speech transmission;

* Music transmission;

» Command or control signal transmission;

* Wide- or ultra wide band transmission;

« Narrow- or ultra narrow band transmission,
* Low range transmission;

* Medium range transmission;

* Long range transmission.

An antenna arrangement with an extent suited to be
built into a hearing device, said antenna arrange-
ment converting electromagnetic radiation into wire
bound electric signals and/or vice versa, so as to be
operationally connectable to the input of a demodu-
lator and/or to the output of a modulator and having
a transfer characteristic magnitude larger than a pre-
determined value in a spectral band having a band-
width, comprising an adjusting unit for said band-
width with a bandwidth control input.
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8.

10.

1.

12.

13.

14.

15.

16.

The antenna arrangement of claim 7 comprising a
resonant circuit, said adjusting unit comprising at
least a part of said resonant circuit.

The antenna arrangement of claim 8 wherein said
resonant circuit is a passive circuit.

The antenna arrangement of one of claims 8 or 9
said resonance circuit comprising at least one an-
tenna coil.

A hearing device comprising an antenna arrange-
ment according to one of claims 7 to 10.

The hearing device of claim 11 comprising a digital
signal processing unit with an output operationally
connected to said bandwidth control input.

The hearing device of claim 11 or 12 comprising an
acoustical/electrical input converter with an output
operationally connected to an input of said process-
ing unit, an electrical/mechanical output converter
with an input operationally connected to an output
of said processing unit.

A hearing device system comprising at least two of
said hearing devices of one of claims 11 to 13.

The system of claim 14 being a binaural system, said
communication link transmitting signals between
said devices.

The system of claim 15 at least one of said antenna
arrangements establishing a communication link to
a further device.
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