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(54)
instrument

(57)  An electronic battery-powered hearing instru-
ment (10) comprises

* afirstpower supply terminal (1) and a second power

supply terminal (2) arranged to contact a battery (3),

e a rectifier circuit (6) for providing a positive supply

voltage (Up) and a negative supply voltage (Un) re-
gardless of a polarity of the battery (3) relative to
the first and second power supply terminal (2),

e primary function means (7) arranged to provide at

least one drive signal (Ud) to a drive circuit (20) for
driving an electroacoustic conversion means (13)
by controlling electrical valve means (14, 15, 16,

Electronic battery-powered hearing instrument, and method for operating such a hearing

17).

The drive circuit (20) is electrically connected to the
first power supply terminal (1) and to the second power
supply terminal (2), and the electrical valve means (14,
15, 16, 17) are polarity-independent, that is, they are
able to operate regardless of the polarity of the voltage
applied to their terminals.

As a result, the current path from the battery (3) to
the electroacoustic conversion means (13) and back
again comprises at the most two electrical valve means
(14,15,16,17), e.g. transistors, minimising voltage drop
and power loss.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to an electronic battery-
powered hearing instrument, and to a method for oper-
ating such a hearing instrument, as described in the pre-
amble of the corresponding independent claims.

BACKGROUND OF THE INVENTION

[0002] The term "hearing instrument" or "hearing de-
vice", as understood here, denotes on the one hand
hearing aid devices that are therapeutic devices improv-
ing the hearing ability of individuals, primarily according
to diagnostic results. Such hearing aid devices may be
Outside-The-Ear hearing aid devices or In-The-Ear
hearing aid devices. On the other hand, the term stands
for devices which may improve the hearing of individuals
with normal hearing e.g. in specific acoustical situations
such as in a very noisy environment or in concert halls,
or which may even be used in context with remote com-
munication or with audio listening for instance as pro-
vided by headphones.

[0003] The hearing devices as addressed by the
present invention are so-called active hearing devices
which comprise at the input side at least one acoustical
to electrical converter, such as a microphone, at the out-
put side at least one electrical to mechanical or electroa-
coustic converter, such as a loudspeaker, and which fur-
ther comprise a signal processing unit for processing
signals according to the output signals of the acoustical
to electrical converter and for generating output signals
to the electrical input of the electrical to mechanical out-
put converter. In general, the signal processing circuit
may be an analog, digital or hybrid analog-digital circuit,
and may be implemented with discrete electronic com-
ponents, integrated circuits, or a combination of both.
[0004] Many battery-powered hearing instruments or
hearing devices provide access to the battery in order
to allow replacement by a user. It may then happen that
small batteries, especially disc-type batteries used in e.
g. watches and in particular in hearing aids, are inserted
the wrong way around mechanically. As a result, their
electrical polarity with respect to the device's normal op-
erating condition is inverted, that is, the positive terminal
of the battery is connected to the negative power termi-
nal of the device, and the negative terminal of the battery
is connected to the positive power terminal of the device.
Consequently, the device will not operate and may even
be damaged.

[0005] In order to overcome this problem, US
5,661,420 proposes a rectifier circuit that accepts, at a
pair of input terminals, a power supply whose polarity
may be oriented either way, and provides, at a pair of
output terminals, a voltage with a predefined polarity. In
order to reduce losses - as compared to a diode rectifier
bridge - the rectifier circuit comprises two transistor
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bridge circuits, with e.g. MOSFET transistors. The tran-
sistor switches are opened or closed in order to connect
the input and output terminals according to the polarity
at the input terminals. Figure 1 shows this circuit as
used in a hearing instrument according to this prior art.
A battery 3 powers the rectifier circuit 6 which in turn
powers an amplifier 8 with proper polarity, regardless of
the orientation of the battery 3. The amplifier 8 accepts
input signals from a microphone 9 and drives a speaker
13.

[0006] When powering the hearing instrument by
means of such a rectifier, all the electronic circuits are
powered by the rectifier. These circuits include primary
function means which implement the essential signal
processing of the hearing instrument, and a loudspeak-
er with an associated amplifier.

DESCRIPTION OF THE INVENTION

[0007] Itis an object of the invention to create an elec-
tronic battery-powered hearing instrument of the type
mentioned initially, and a method for operating such a
hearing instrument that reduces circuit losses, noise
and power consumption.

[0008] These objects are achieved by an electronic
battery-powered hearing instrument, and a method for
operating such a hearing instrument according to the
corresponding independent claims.

[0009] The electronic battery-powered hearing instru-
ment according to the invention comprises

e a first power supply terminal and a second power
supply terminal arranged to contact a battery,

* arectifier circuit for providing a positive supply volt-
age and a negative supply voltage regardless of a
polarity of the battery relative to the first and second
power supply terminal,

¢ said primary function means arranged to provide at
least one drive signal to a drive circuit for driving
electroacoustic conversion means by controlling
electrical valve means.

The drive circuit s electrically connected to the first pow-
er supply terminal and to the second power supply ter-
minal, and the electrical valve means or switching
means are polarity-independent, that is, they are able
to operate regardless of the polarity of the voltage ap-
plied to their terminals.

[0010] As a result, the current path from the battery
to the electroacoustic conversion means and back again
preferably comprises at most two electrical valve
means. This in turn reduces a voltage drop over the
valve means and corresponding power losses. Further-
more, the low impedance of the connection from the
supply to the power amplifier output reduces the signal
to noise ratio and distortion of the amplified signal.
[0011] The polarity independent valve means prefer-
ably comprise transistors, for example, bipolar transis-



3 EP 1 501 333 A2 4

tors or unipolar transistors such as field effect transis-
tors, in particular MOS transistors.

[0012] Ina preferred embodiment of the invention, the
valve means are configured and operated as switches.
That is, each valve is either in an "on" or conducting
state, or in an "off" or nonconducting state, and a tran-
sition time between these two states is negligible with
respect to the overall operation of the switch and the
electroacoustic conversion means. The drive circuit in
this case preferably is a class D amplifier, that is, an am-
plifier in which either a positive or a negative supply volt-
age or a zero voltage is supplied to the terminals of the
electroacoustic conversion means, and in which an an-
alog acoustical output signal is generated by pulse mod-
ulation of the voltage at said terminals.

[0013] In a preferred embodiment of the invention, a
polarity independent valve or switch comprises two par-
allel transistors of complementary type. The two transis-
tors are controlled by drive signals that are inverted with
respect to each other. In a preferred embodiment of the
invention, the two transistors are implemented as a
complementary MOS circuit.

[0014] Other complementary arrangements of tran-
sistors are possible, that is, arrangements in which the
characteristics of the two transistors complement one
another. Control signals for the individual transistors
may be adapted by inverting one of them within the valve
or switch means itself. Alternatively, a drive circuit may
provide inverted and non-inverted drive signals and pro-
vide both to the valve or switch. In another preferred em-
bodiment of the invention, a "make before break" func-
tionality is implemented by the control of the different
switches: That is, a switch is configured to break (open)
a first set of contacts before engaging (closing) some
other new contacts. This prevents the momentary con-
nection of the old and new signal paths.

[0015] Depending on the polarity of the battery with
respect to the power supply terminals, one of the two
transistors alternates between a partly conducting and
a non-conducting state, and the other one synchronous-
ly alternates between a conducting and a non-conduct-
ing state, according to the drive signal.

[0016] In afurther preferred embodiment of the inven-
tion, there is more than one rectifier circuit arranged for
powering the primary function means. For example, a
first rectifier circuitis configured to power an analog sec-
tion of the primary function means, and a second recti-
fier circuit is configured to power a digital section of the
primary function means. By having several rectifier cir-
cuits, interference between two or more separately pow-
ered sections is reduced. Such an arrangement of mul-
tiple rectifiers may be used together with the polarity-
independent switching means as described above, but
also alone, i.e. without them.

[0017] The method for operating an electronic bat-
tery-powered hearing instrument, wherein the drive cir-
cuit is electrically connected to the first power supply
terminal and to the second power supply terminal, and
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the electrical valve means are polarity-independent,
comprises the steps of

e providing primary function means with power from
the battery via a first power supply terminal and a
second power supply terminal, and via a rectifier cir-
cuit for providing a positive supply voltage and a
negative supply voltage regardless of the polarity of
the battery relative to the first and second power
supply terminal,

e providing, by means of the primary function means,
at least one drive signal to a drive circuit for driving
an electroacoustic conversion means by controlling
electrical valve means,

* driving the electroacoustic conversion means re-
gardless of the polarity of the battery relative to the
first and second power supply terminal.

[0018] This results in controlling, by means of the
electrical valve means, a current through the electroa-
coustic conversion means without incurring significant
voltage drops and power losses elsewhere than in the
electrical valve means.

[0019] Further preferred embodiments are evident
from the dependent patent claims. Features of the meth-
od claims may be combined with features of the device
claims and vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject matter of the invention will be ex-
plained in more detail in the following text with reference
to preferred exemplary embodiments which are illustrat-
ed in the attached schematical drawings, in which:

Figure 1 shows a block diagram of a hearing instru-
ment according to the state of the art;

Figure 2 shows a block diagram of the inventive
hearing instrument; and

Figure 3  shows an internal structure of polarity-inde-

pendent electric valve means.

[0021] The reference symbols used in the drawings,
and their meanings, are listed in summary form in the
list of reference symbols. In principle, identical parts are
provided with the same reference symbols in the figures.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0022] Figure 2 schematically shows a block diagram
of a hearing aid 10 according to the invention. The hear-
ing instrument 10 comprises a first power supply termi-
nal 1 and a second power supply terminal 2 arranged to
contact a battery 3 which may be inserted either way
around. The first power supply terminal 1 and second
power supply terminal 2 are electrically connected to
power a rectifier circuit 6 which, regardless of the polar-
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ity of the battery 3, produces a negative supply voltage
Un at a negative supply line 11 and a positive supply
voltage Up at a positive supply line 12. The negative
supply line 11 and positive supply line 12 power a pri-
mary function means 7 which comprises e.g. analog
and/or digital signal processing means according to the
functions of the hearing instrument 10. The signal
processing means take as an input an audio signal from
an input device - not shown in the figures - such as a
microphone, telephone coil, radio frequency (RF) re-
ceiver etc. The signal processing means generate an
output signal represented by one or more drive voltages
Ud1, Ud2, Ud3, Ud4 driving an output amplifier or drive
circuit 20.

[0023] The drive circuit 20 is connected to an elec-
troacoustic conversion means 13 such as a loudspeak-
er. The circuit shown is also referred to as an H-bridge.
The speaker preferably is an electrodynamic speaker,
but may also be based on other principles.

[0024] The drive circuit 20 is electrically connected to
the first power supply terminal 1 and to the second pow-
er supply terminal 2, with minimal resistance and without
any further circuit elements of significant impedance, in
particular without further electronic switching means lo-
cated in the connections between the drive circuit 20
and the first power supply terminal 1 and the second
power supply terminal 2, respectively.

[0025] The drive voltages Ud1, Ud2, Ud3, Ud4 are ar-
ranged to control polarity-independent electric valves
14, 15, 16, 17 of the drive circuit 20. The electrical valve
means 14, 15, 16, 17 are polarity-independent, that is,
they are able to operate regardless of the polarity of the
voltage applied to their power terminals, i.e. the termi-
nals carrying the current that is controlled.

[0026] Depending on the internal nature of the valve
means 14, 15, 16, 17, the drive voltages Ud1, Ud2, Ud3,
Ud4 may be identical or may be inverted for some of the
valve means 14, 15, 16, 17 by one or more correspond-
ing inverters inside the primary function means 7. There
may be more than one drive signal per switch or valve.
There may also be differences, e.g. small shifts of edg-
es, in the timing of the otherwise identical control sig-
nals, in order to improve the signal quality of the output
signals driving the speaker 13.

[0027] Ina preferred embodiment of the invention, the
electrical valve means 14, 15, 16, 17 are polarity-inde-
pendent switches, in particular transmission gates, la-
belled TG-P and TG-N. With the valves being switches,
and in the configuration of Figure 2, the drive circuit 20
forms a class D amplifier.

[0028] The transmission gates 14, 15, 16, 17 are ar-
ranged to be switched such that they form a series con-
figuration with the speaker 13. In particular, the drive cir-
cuit 20 is configured to establish, in accordance with the
drive signal Ud,

» eithera current path connecting the first power sup-
ply terminal 1 via a first electrical valve means 14,
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the speaker 13 and a second electrical valve means
15 to the second power supply terminal 2,

* ora current path connecting the first power supply
terminal 1 via a third electrical valve means 16, the
speaker 13 and a fourth electrical valve means 17
to the second power supply terminal 2.

[0029] Furthermore, the drive circuit 20 may also be
configured to establish a short circuit current path for
shorting the speaker 13 via the power supply terminals
1 or 2. This can be done for instance by connecting the
first power supply terminal 1 via the switch 14, the
speaker 13 and the switch 16 back to the first power
supply terminal 1, or by connecting the second power
supply terminal 2 via the switch 15, the speaker 13 and
the switch 17 back to the second power supply terminal
2. In such a configuration, energy stored in the coil of
the speaker 13 is dissipated.

[0030] Thus,

* thefirsttransmission gate 14 is electrically arranged
between a first terminal of the speaker 13 and the
first power supply terminal 1,

e the second transmission gate 15 is electrically ar-
ranged between a second terminal of the speaker
13 and the second power supply terminal 2,

* the third transmission gate 16 is electrically ar-
ranged between the second terminal of the speaker
13 and the first power supply terminal 1, and

e the fourth transmission gate 17 is electrically ar-
ranged between the first terminal of the speaker 13
and the second power supply terminal 2.

[0031] As aresult, the drive circuit 20 is configured to
establish, during operation, a series circuit leading from
the first power supply terminal 1 to the second power
supply terminal 2. Said series circuit comprises the
speaker 13 and no more than two electrical valve means
14, 15, 16, 17, that is, no further valve means or tran-
sistors or switching elements. Thus, there occurs no cor-
responding voltage drop comparable to the voltage drop
in the electrical valve means 14, 15, 16, 17, and losses
in the switches or valves are reduced accordingly.
[0032] Inafurther preferred embodiment of the inven-
tion, the drive circuit 20 and the primary function means
7 are arranged on an electronic circuit assembly 4 com-
prising

e afirst set of connectors 21, 21' for powering the pri-
mary function means 7 from the power supply ter-
minals 1, 2 and

* asecond set of connectors 22, 22' for powering the
drive circuit 20 from the power supply terminals 1, 2.

[0033] As a result, resistance of the amplifier circuits
leading from the battery 3 to the electroacoustic conver-
sion means 13 is further reduced. Furthermore, the sup-
ply noise, from a voltage drop caused by the current
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through the speaker and affecting the rectifier circuit 6
and the primary function means 7 can be further re-
duced.

[0034] Figure 3 schematically shows an internal
structure of the transmission gates. Each of the trans-
mission gates 14, 15, 16, 17 comprises a pair of com-
plementary MOS transistors 31, 32. Depending on the
polarity of the MOS transistors, the transmission gates
are labeled as TG-N or TG-P, respectively. The transis-
tors forming a pair are driven by gate signals inverted
with respect to each other by means of an inverter 18.
The well or substrate connections of the transistors are
made to the rectified supply voltages, i.e. to the positive
supply voltage Up (for PMOS transistors) and the neg-
ative supply voltage Un (for NMOS transistors).

[0035] With such transmission gates, the first and
fourth transmission gate 14, 17 are preferably controlled
by the same drive voltage Ud1 = Ud4, and the second
and third transmission gate 15, 16 are preferably con-
trolled by the same drive voltage Ud2 = Ud3, which is
inverted with respect to Ud1 = Ud4 during operation of
the speaker 13. For turning off a current flow through
the speaker 13 and the battery, for example all drive volt-
ages are set to the same value, i.e. Ud1 = Ud2 = Ud3 =
Ud4.

[0036] When the polarity of the battery 3 is inverted,
the signal processing in the primary function means 7
can work as before, without having to be aware of the
polarity of the inserted battery, and the polarity of the
speaker signal is inverted. This corresponds to a 180°
phase shift and is not perceptible to the user. However,
in another embodiment, this is compensated by detect-
ing the polarity and adapting the drive signals accord-
ingly.

[0037] While the invention has been described in
present preferred embodiments of the invention, itis dis-
tinctly understood that the invention is not limited there-
to, but may be otherwise variously embodied and prac-
tised within the scope of the claims.

[0038] Although the features and advantages of the
invention are explained in terms of hearing instruments,
they may be applied in an analogous fashion to arbitrary
other devices in which the objects according to the in-
vention arise.

List of designations
[0039]

first power supply terminal
second power supply terminal
battery
electronic circuit assembly (hybrid)
rectifier circuit
primary function means
amplifier
microphone
0 hearing instrument
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11 negative supply line

12 positive supply line

13 electroacoustic conversion means, speaker

14 first transmission gate

15 second transmission gate

16 third transmission gate

17 fourth transmission gate

18 inverter

20 drive circuit

21,21" first set of connectors

22,22' second set of connectors

31 first transistor

32 second transistor

Un negative supply voltage

Up positive supply voltage

ud drive voltage

Claims

1. An electronic battery-powered hearing instrument
(10) comprising
- afirst power supply terminal (1) and a second

power supply terminal (2) arranged to contact
a battery (3),

- at least one rectifier circuit (6) for providing a
positive supply voltage (Up) and a negative
supply voltage (Un) regardless of a polarity of
the battery (3) relative to the first and second
power supply terminal (2),

- primary function means (7) arranged to provide
at least one drive signal (Ud) to a drive circuit
(20) for driving an electroacoustic conversion
means (13), by controlling electrical valve
means (14, 15, 16, 17),

characterised in that the drive circuit (20) is elec-

trically connected to the first power supply terminal

(1) and to the second power supply terminal (2) and

in that the electrical valve means (14, 15, 16, 17)

are polarity-independent.

2. The hearing instrument (10) according to claim 1,
wherein the drive circuit (20) is configured to estab-
lish, during operation, a series circuit leading from
the first power supply terminal (1) to the second
power supply terminal (2), said series circuit com-
prising the electroacoustic conversion means (13)
and no more than two electrical valve means (14,
15; 16,17).

3. The hearing instrument (10) according to claim 2,

wherein the drive circuit (20) is configured to estab-
lish, in accordance with the drive signal (Ud),

- acurrent path connecting the first power supply
terminal (1) via a first electrical valve means
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(14), the electroacoustic conversion means
(13) and a second electrical valve means (15)
to the second power supply terminal (2),

- oracurrentpath connecting the first power sup-
ply terminal (1) via a third electrical valve
means (16), the electroacoustic conversion
means (13) and a fourth electrical valve means
(17) to the second power supply terminal (2).

The hearing instrument (10) according to claim 3,
wherein the drive circuit (20) is a class D amplifier
and the electrical valve means (14, 15, 16, 17) are
CMOS transmission gates.

The hearing instrument (10) according to claim 4,
wherein the CMOS transmission gates comprise in-
dividual PMOS and NMOS transistors, and the sub-
strate connections of said transistors are connected
to the positive supply voltage (Up) and the negative
supply voltage (Un), respectively.

The hearing instrument (10) according to one of the
preceding claims, wherein each of the polarity-in-
dependent electrical valve means (14, 15, 16, 17)
comprises a pair of complementary transistors (31,
32).

The hearing instrument (10) according to one of the
preceding claims, wherein the drive circuit (20) and
the primary function means (7) are arranged on an
electronic circuit assembly (4) comprising a first set
of connectors (21, 21') for powering the primary
function means (7) from the power supply terminals
(1, 2) and a second set of connectors (22, 22') for
powering the drive circuit (20) from the power sup-
ply terminals (1, 2).

The hearing instrument (10) according to one of the
preceding claims, comprising a first rectifier circuit
configured to power a first section of the primary
function means, and a second rectifier circuit con-
figured to power a second section of the primary
function means.

A method for operating an electronic battery-pow-
ered hearing instrument (10), comprising the steps
of

- providing primary function means (7) with pow-
er from the battery (3) via a first power supply
terminal (1) and a second power supply termi-
nal (2), and via at least one rectifier circuit (6)
for providing a positive supply voltage (Up) and
a negative supply voltage (Un) regardless of
the polarity of the battery (3) relative to the first
and second power supply terminal (2),

- providing, by means of the primary function
means (7), at least one drive signal (Ud) to a
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10.

1.

drive circuit (20) for driving an electroacoustic
conversion means (13) by controlling electrical
valve means (14, 15, 16, 17),

characterised in that the drive circuit (20) is elec-
trically connected to the first power supply terminal
(1) and to the second power supply terminal (2), in
that the electrical valve means (14, 15, 16, 17) are
polarity-independent, and in that the method com-
prises the step of

- driving the electroacoustic conversion means
(13) regardless of the polarity of the battery (3)
relative to the first and second power supply
terminal (2).

The method according to claim 9, comprising the
step of the drive circuit (20) establishing a series
circuit leading from the first power supply terminal
(1) to the second power supply terminal (2), said
series circuit comprising the electroacoustic con-
version means (13) and no more than two electrical
valve means (14, 15; 16,17).

The method according to claim 10, comprising the
step of the drive circuit (20) establishing, in accord-
ance with the drive signal (Ud),

- acurrent path connecting the first power supply
terminal (1) via a first electrical valve means
(14), the electroacoustic conversion means
(13) and a second electrical valve means (15)
to the second power supply terminal (2),

- oracurrentpath connecting the first power sup-
ply terminal (1) via a third electrical valve
means (16), the electroacoustic conversion
means (13) and a fourth electrical valve means
(17) to the second power supply terminal (2).
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Fig. 2
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