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(67)  The present disclosure relates to an integrated
circuit for a hearing device, wherein the integrated circuit
comprises a ground rail, a first power rail adapted to carry
a first voltage (V4), and a second power rail adapted to
carry a second voltage (V,), the integrated circuit com-
prising a number of pads for connecting the integrated
circuit to other components, the number of pads including
atleastone output padincluding afirst output pad, where-
in the integrated circuit comprises at least one output cell
including afirst output cell having a ground pin connected

Integrated circuit with configurable output cell

to the ground rail, a first power supply pin connected to
the first power rail, a second power supply pin connected
to the second power rail, a data pin, at least one voltage
select pin and an output pin wired to the first output pad.
The first output cell is adapted to operate according to a
first mode wherein the voltage on the first output pin has
afirstamplitude, and according to a second mode where-
in the voltage on the first output pin has a second ampli-
tude larger than the firstamplitude depending on a control
signal applied to the at least one voltage select pin.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an integrated
circuit (IC) with a configurable output cell, in particular to
anICforahearing device or adapted for a hearing device.

BACKGROUND

[0002] Integrated circuits (ICs) or chips withembedded
digital signal processors are widely used in the hearing
aid industry to provide a compact and small hearing aid.
The ICs used in hearing aids are small and the number
of Input/Output ports or pads is limited. Typically, ICs are
designed to interface specific components of the hearing
aid.

SUMMARY

[0003] There is a need for increasing the design flexi-
bility when designing and constructing hearing aids to be
able to use different components or be able to use the
same component in a number of different hearing device
models. Further, there is a need for providing ICs with
low power consumption due to the limited power supply
capacity of a hearing device.

[0004] Accordingly, anintegrated circuit (IC) for a hear-
ing device is provided, wherein the integrated circuit com-
prises a ground rail, a first power rail adapted to carry a
first voltage, and a second power rail adapted to carry a
second voltage, the integrated circuit comprising a
number of pads for connecting the integrated circuit to
other components, the number of pads including at least
one output pad including afirst output pad. The integrated
circuit comprises at least one output cell including a first
output cell having a ground pin connected to the ground
rail, a first power supply pin connected to the first power
rail, a second power supply pin connected to the second
power rail, a data pin, at least one voltage select pin and
an output pin wired to the first output pad. The first output
cellis adapted to operate according to a firstmode where-
in the voltage on the first output pin has a first amplitude,
and according to a second mode wherein the voltage on
the first output pin has a second amplitude larger than
the first amplitude depending on a control signal applied
to the at least one voltage select pin.

[0005] Also disclosed is a method for manufacture of
an integrated circuit. The method comprises providing at
least one output cell having an output pin and at least
two drive transistors each having a first terminal connect-
ed to a respective first and a second power supply pin of
the output cell, a second terminal, a third terminal con-
nected to the output pin and a fourth terminal, wherein
the fourth terminal of the two drive transistors are wired
such that the voltage difference between the third and
fourth terminal of the respective drive transistors is less
than the diode threshold voltage between the third and
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fourth terminal. The method may comprise wiring the
fourth terminals to the power supply pin adapted to carry
the largest supply voltage, e.g. the second power supply
pin.

[0006] Itis an advantage of the present invention that
the voltage amplitude of the first output pad may be easily
adjusted by adjusting a register setting during configura-
tion or even during use, thereby increasing the design
flexibility for hearing aid constructors without increasing
the number of pads on the IC, and at the same time main-
taining a low power consumption by avoiding undesired
current paths in the IC.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above and other features and advantages
of the present invention will become readily apparent to
those skilled in the art by the following detailed descrip-
tion of exemplary embodiments thereof with reference to
the attached drawings, in which:

Fig. 1 schematically illustrates a hearing device,

Fig. 2 schematically illustrates an exemplary inte-
grated circuit, and

Fig. 3 schematically illustrates an exemplary output
cell.

DETAILED DESCRIPTION

[0008] The figures are schematic and simplified for
clarity, and they merely show details which are essential
to the understanding of the invention, while other details
have been left out. Throughout, the same reference nu-
merals are used for identical or corresponding parts.
[0009] The at least one output cell, e.g. the first output
cell, may be configured to form a part of or be embedded
in an input/output (10) cell if bidirectional communication
is desired.

[0010] The integrated circuit optionally comprises a
processing core e.g. for digital signal processing of digital
audio signal in order to compensate for hearing impair-
ment of a user. The processing core is connected to a
number of communication cells or peripheral units for
communication with other units or components, e.g. an
AD converter unit, user interface, memory unit and/or
radio unit of a hearing device. Accordingly, the IC com-
prises at least one communication cell, including at least
a first communication cell embedding one or more output
cells as described herein. The IC may comprise a second
and/or a third communication cell.

[0011] A communication cell may be adapted to com-
municate according to one or more standard protocols.
Exemplary protocols may include but are not limited to
Serial Peripheral Interface Bus (SPI), Inter-Integrated
Circuit (IIC or 12C) with master and/or slave, Integrated
Interchip Sound (IS, 12S), and protocols for wireless
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communication, etc.

[0012] A communication cell or unit may comprise one
or more output cells, e.g. a first output cell and/or a sec-
ond output cell, depending on the functionality of the com-
munication cell. Acommunication cell may comprise one
or more input cells. A communication cell may comprise
one or more input/output (IO) cells, i.e. cells that are
adapted for bidirectional communication.

[0013] The integrated circuit comprises a number of
pads for connecting the IC or communication cells of the
IC to other components such as memory units, radio
units, user interfaces, power supplies such as a battery
or others. The number of pads includes a first pad for
connection to ground or other reference voltage, a sec-
ond pad for connection to a power supply, such as a
battery, and a number of communication pads including
a first communication pad adapted for operating as an
output pad for connecting the IC to other components.
[0014] The first power rail may be adapted to carry a
first voltage V4, such as V461, and the second power
rail may be adapted to carry a second voltage V,. The
second voltage V, may be larger than the first voltage
V. In one or more embodiments, V, = 2*Vbaﬂery.
[0015] An output cell, e.g. a first output cell and/or a
second output cell, may comprise a first transistor, a sec-
ond transistor and a third transistor, where each transis-
tor has afirst terminal, a second terminal, a third terminal,
and a fourth terminal.

[0016] The firsttransistor may be an N-MOS transistor
where the first terminal is the source, the second terminal
is the gate, the third terminal is the drain and the fourth
terminal is the body. The first transistor may be config-
ured to pull the voltage on the output pin towards ground
or other reference voltage applied to the ground rail. Ac-
cordingly, the first transistor may be denoted a ground
transistor.

[0017] The second, third and/or a fourth transistor may
be P-MOS transistors where the first terminal is the
source, the second terminal is the gate, the third terminal
is the drain and the fourth terminal is the body. The sec-
ond, third and/or a fourth transistor may be configured to
pull or drive the voltage on the output pin towards the
voltage applied to the respective power supply pins via
power rails available in the IC. Accordingly, the second,
third and/or fourth transistors may be denoted drive tran-
sistors. The IC may comprise a plurality of drive transis-
tors, each connected between the output pin and a re-
spective power supply pin. The fourth terminal of at least
two drive transistors may be connected to a common
terminal with a voltage level equal to or larger than the
voltage level on the third terminals of the at least two
drive transistors.

[0018] In one or more output cells, the first terminal of
the first transistor may be wired to the ground pin and
the third terminal of the first transistor may be wired to
the output pin. The fourth terminal of the first transistor
may be wired to the first terminal.

[0019] The second terminal of the first transistor may
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be wired to the data pin or connected to the ouput of a
first level shifter adapting a data signal on the data pin
to correct signal amplitudes.

[0020] In one or more output cells, the first terminal of
the second transistor may be wired to the first power sup-
ply pin and the third terminal of the second transistor may
be wired to the output pin.

[0021] In one or more output cells, the first terminal of
the third transistor may be wired to the second power
supply pin and the third terminal of the third transistor
may be wired to the output pin.

[0022] In one or more output cells, the fourth terminals
of the drive transistors may be wired such that a voltage
difference Vdif = Vthird terminal © Vfourth terminal between the
third terminals and the fourth terminals of the respective
drive transistors is less than the diode threshold voltage
Vinres fOr the parasitic diode between the third and fourth
terminal. The voltage difference V 4 may be less than 0.4
V. For one or more drive transistors, the voltage differ-
ence Vg may be less than 0.4 V, such as less than 0.3
V, less than 0.2 V. In one or more embodiments, the
voltage difference V4 may be less than or equal to 0 V.
In an embodiment, where the fourth terminals are wired
to the largest power supply voltage, it is ensured that V y;
is less than or equal to 0V irrespective of the mode of
operation.

[0023] In one or more output cells, e.g. the first output
cell, the fourth terminal of the second transistor and the
fourth terminal of the third transistor may be wired to the
power supply pin carrying the largest voltage. The fourth
terminal of the second transistor and the fourth terminal
of the third transistor may be wired to a common terminal.
The first terminal of the third transistor may be the com-
mon terminal. Thereby undesired leakage currents may
be avoided when the output cells operate in the mode
with the smallest voltage amplitude on the output pin.
[0024] The second terminals of the second transistor
and the third transistor may be connected to the output
of a logical circuit of the first output cell for selecting be-
tween a first mode (second transistor active) and a sec-
ond mode (third transistor active) of operation.

[0025] One or more output cells of the integrated circuit
may thus be adapted to be able to operate in a first mode
wherein the voltage signal on the output pin switches
between Vgyp and V4", and in a second mode wherein
the voltage signal on the output pin switches between
Vgnp @nd V', depending on a control signal applied to
the at least one voltage select pin.

[0026] The integrated circuitmay comprise a third pow-
er rail adapted to carry a third voltage V3, and the first
output cell may comprises a fourth transistor connected
between the output pin and a third power supply pin con-
nected to the third power rail.

[0027] The fourth transistor has a first terminal, a sec-
ond terminal, a third terminal and a fourth terminal. The
fourth terminal may be wired to the common terminal.
The first output cell may be adapted to operate according
to a third mode wherein the voltage on the first output pin
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has a third amplitude depending on a control signal ap-
plied to the at least one voltage select pin. The first ter-
minal of the fourth transistor may be wired to the third
power supply pin, and the third terminal of the fourth tran-
sistor may be wired to the output pin. The second terminal
of the fourth transistor may be wired to a logical circuit
to enable activation of the fourth transistor in a third mode
of operation, wherein the voltage signal on the output pin
switches between Vg\p*and V3*, depending on a control
signal applied to the at least one voltage select pin.
[0028] One ormore outputcells of the integrated circuit
may comprise a logical circuit having input connected to
the at least one voltage select pin and the data pin, and
output connected to the second terminals of the drive
transistors (second, third and fourth transistor if present)
for selecting between the modes by selectively activating
the second, third and fourth transistor.

[0029] Theintegrated circuitmay comprise atleastone
level shifter including a first level shifter between the data
pin and the second terminals of the first, second and third
transistor for adapting a data signal to correct signal am-
plitudes. The first level shifter may be arranged between
the data pin and the logical circuit and/or between the
logical circuit and the second terminals of the drive tran-
sistors.

[0030] The atleastone level shifter may include a sec-
ond level shifter between the at least one voltage select
pin and the logical circuit for adapting a voltage select
signal to correct signal amplitudes for the logical circuit.
[0031] Theintegrated circuit may comprise a core con-
nected to the first output cell, wherein the core is adapted
to perform signal processing for a hearing device.
[0032] Fig. 1 shows a hearing device 2. The hearing
device 2 comprises an audio input interface 4 for receiv-
ing audio signal(s) in electronic and/or acoustic form. The
audio input interface 4 may comprise one or more micro-
phones, e.g. a first microphone and/or a second micro-
phone, and/or a telecoil. The audio input interface 4 may
comprise an audio connector or audio input boot for cou-
pling external audiosources to the hearing device 2. The
audio input interface 4 is connected to an AD converter
unit 6 which is connected to a signal processing unit or
integrated circuit 8. The AD converter unit 6 converts or
transforms audio signals from the audio input interface
4 and send the digital audio signal(s) to the signal
processing unit 8 for processing, e.g. in order to com-
pensate for hearing loss or other hearing impairment.
The signal processing unit 8 may send control signals to
the AD converter unit 6 to configure and control operation
of the AD converter unit 6. The signal processing unit 8
may be connected to a user interface 10 in order to allow
a user, a computer or another hearing device to commu-
nicate with the hearing device, e.g. during configuration
and/or during use of the hearing aid. The user interface
10 may comprise a push button and/or a connector for a
data cable in order to couple the hearing device to e.g.
a computer during configuration or another hearing de-
vice. The hearing device 2 may comprise a memory unit
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12 connected to the signal processing unit 8 for storing
data or hearing aid parameters, and the hearing device
2 may optionally comprise a radio unit 14 connected to
the signal processing unit 8 and adapted for receiving
and/or transmitting radio signals, e.g. in order to enable
the hearing device 2 to communicate wirelessly with an-
other device, such as a hearing device and/or a wireless
interface. The AD converter unit 6 may be embedded in
the signal processing unit or integrated circuit 8. The
hearing device 2 may comprise a receiver orloudspeaker
16 connected to the signal processing unit 8 for emitting
audio signals to a user.

[0033] Fig. 2 shows an exemplary signal processing
unit or integrated circuit 8 according to the present inven-
tion. The integrated circuit 8 comprises a processing core
18 e.g. for digital signal processing of digital audio signals
from an AD converter 6. The processing core 18 is con-
nected to a number of communication cells or peripheral
units for communication with other units of the hearing
device, e.g. the AD converter unit 6, user interface 10,
memory unit 12 and/or radio unit 14.

[0034] The integrated circuit 8 comprises a number of
communication cells 20, 28, 30, 32, 34, 36, 38 forming
interfaces to the processing core 18. A communication
cell may be configured to implement different communi-
cation protocols depending on the unit to be connected
thereto. A first and/or second output cell or 10 cell may
be implemented in each or one or more of the commu-
nication cells 20, 28, 30, 32, 34, 36, 38. Further, the in-
tegrated circuit may comprise a clock management cell
22 optionally comprising one or more output cells or 1O
cells as described herein.

[0035] Fig. 3 illustrates an exemplary output cell ac-
cordingtothe invention, e.g. afirstand/or a second output
cell which for example may be implemented in one or
more of the communication cells of the integrated circuit
in Fig. 2. The output cell 106 has a ground pin 108 con-
nected to a ground rail 50 of the integrated circuit, a first
power supply pin 110 connected to a first power rail 52
of the integrated circuit adapted to carry a first voltage
V4, asecond power supply pin 112 connected to a second
power rail 54 of the integrated circuit adapted to carry a
second voltage V,, a data pin 114, at least one voltage
select pin 116 and an output pin 118 wired to the first
output pad 104. The output cell 106 further comprises a
core power supply pin 120 connected to the core power
rail 56. The first output pad 104 may be embedded in the
output cell 106 as illustrated or be arranged outside the
output cell in the integrated circuit.

[0036] The output cell 106, i.e. the first output cell, is
adapted to operate according to a first mode wherein the
voltage on the output pin 118 has a first amplitude V4",
and according to a second mode wherein the voltage on
the first output pin has a second amplitude V,", larger
than the first amplitude depending on a control signal
applied to the at least one voltage select pin 116. The
output cell 106 comprises a first transistor 122, a second
transistor 124 and a third transistor 126 having respective



7 EP 2 587 484 A1

firstterminals 128A, 128B, 128C, second terminals 130A,
130B, 130C, third terminals 132A, 132B, 132C, and
fourth terminals 134A, 134B, 134C. A logical circuit 136
is arranged between the at least one voltage select pin
116 and the second terminals 130B and 130C to selec-
tively activate the second transistor and the third transis-
tor depending on desired mode of operation. The output
cell comprises a first level shifter 138 coupled between
the data pin 114 and the second terminals 130B and
130C to adjust data signal level. Further, a second level
shifter 140 is coupled between the at least one voltage
select pin 116 and the second terminals 130B and 130C
to adjust voltage select signal level. The level shifters
138, 140 are connected to the second power power sup-
ply pin 112 and the core power supply pin 120. The at
least one voltage select pin 116 may comprise a first
voltage select pin and a second voltage selectpinin order
to select between more than two different operating
modes of the output cell. Each transistor has an intrinsic
parasitic diode between the third terminal and the fourth
terminal which is also illustrated in Fig. 3. The coupling
of fourth terminals eliminate or reduce parasitic currents
between fourth and third terminals of the drive transistors.

LIST OF REFERENCES

[0037]

2 hearing device

4 audio input interface

6 analog-digital (AD) converter unit

8 signal processing unit

10 user interface

12 memory unit

14 radio unit

16 loudspeaker/receiver

18 core

20 communication cell (Master inter-
face)

22 clock management unit

24 audio input/output

26 H-bridge

28 communication cell (Wireless
controller)
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52

54

56

104

106

108

110

112

114

116

118

120

122

124

126

128A, 128B, 128C

130A, 130B, 130C

132A, 132B, 132C

134A, 134B, 134C

136

138

140

communication cell (IIC Master)
communication cell (11S interface)
communication cell (SPI Master)

communication cell (Com inter-
face)

communication cell (IIC slave)
ground rail

first power rail

second power rail

core power rail

first output pad

output cell

ground pin

first power supply pin
second power supply pin
data pin

voltage select pin(s)
output pin or output node
core power supply pin
first transistor

second transistor

third transistor

first terminal

second terminal

third terminal

fourth terminal

logical circuit

first level shifter

second level shifter



9 EP 2 587 484 A1 10

Claims

An integrated circuit for a hearing device, wherein
the integrated circuit comprises a ground rail, a first
power rail adapted to carry a first voltage (V,), and
a second power rail adapted to carry a second volt-
age (V,), the integrated circuit comprising a number
of pads for connecting the integrated circuit to other
components, the number of pads including at least
one output pad including a first output pad, wherein
the integrated circuit comprises at least one output
cell including a first output cell having a ground pin
connected to the ground rail, a first power supply pin
connected to the first power rail, a second power
supply pin connected to the second power rail, a data
pin, at least one voltage select pin and an output pin
wired to the first output pad, wherein the first output
cell is adapted to operate according to a first mode
wherein the voltage on the first output pin has a first
amplitude, and according to a second mode wherein
the voltage on the first output pin has a second am-
plitude larger than the first amplitude depending on
a control signal applied to the at least one voltage
select pin.

An integrated circuit according to claim 1, wherein
the first output cell comprises at least three transis-
tors including a first transistor, a second transistor,
and a third transistor, each transistor having a first
terminal, a second terminal, a third terminal and a
fourth terminal.

An integrated circuit according to claim 2, wherein
the fourth terminal of the second transistor and the
fourth terminal of the third transistor is wired to the
power supply pin carrying the largest voltage.

An integrated circuit according to any of claims 2-3,
wherein the fourth terminal of the second transistor
and the fourth terminal of the third transistor are wired
to a common terminal.

An integrated circuit according to claim 4, wherein
the first terminal of the third transistor is wired to the
second power supply pin and wherein the first ter-
minal of the third transistor is the common terminal.

An integrated circuit according to any of claims 2-5,
wherein the first terminal of the second transistor is
wired to the first power supply pin.

An integrated circuit according to any of claims 2-6,
wherein the first terminal of the first transistor is wired
to the ground pin, the second terminal of the first
transistor is connected to the data pin, optionally via
alevel shifter, the third terminal is wired to the output
pin, and the fourth terminal is wired to the first termi-
nal.
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10.

1.

12.

13.

14.

15.

An integrated circuit according to any of claims 2-7,
wherein the third terminal of the second transistor
and the third transistor are wired to the output pin.

An integrated circuit according to any of the claims
2-8, wherein the integrated circuit comprises a third
power rail adapted to carry a third voltage (V3), and
wherein the first output cell comprises a fourth tran-
sistor connected between the output pin and a third
power supply pin, the third power supply pin being
connected to the third power rail.

An integrated circuit according to claim 9, wherein
the fourth transistor has a first terminal, a second
terminal, a third terminal and a fourth terminal,
wherein the fourth terminal is wired to the common
terminal, and wherein the first output cell is adapted
to operate according to a third mode wherein the
voltage on the first output pin has a third amplitude
depending on a control signal applied to the at least
one voltage select pin.

An integrated circuit according to claim 10, wherein
the first terminal of the fourth transistor is wired to
the third power supply pin and the third terminal of
the fourth transistor is wired to the output pin.

An integrated circuit according to any of the claims
2-11, wherein the first output cell comprises a logical
circuithaving input connected to the atleast one volt-
age selectpin and the data pin, and output connected
to the second terminals of the second, third and
fourth transistor if present, for selecting between the
modes by selectively activating the second, third and
fourth transistor, respectively.

An integrated circuit according to any of the preced-
ing claims, wherein the integrated circuit comprises
a core connected to the first output cell, wherein the
core is adapted to perform signal processing for a
hearing device.

A hearing device comprising an integrated circuit ac-
cording to any of the preceding claims.

A method for manufacture of an integrated circuit,
comprising

- providing at least one output cell having an
output pin and at least two drive transistors each
having a first terminal connected to a respective
firstand a second power supply pin of the output
cell, a second terminal, a third terminal connect-
ed to the output pin and a fourth terminal, where-
in the fourth terminal of the two drive transistors
are wired such that the voltage difference be-
tween the third and fourth terminal of the respec-
tive drive transistors is less than the diode
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threshold voltage between the third and fourth
terminal.
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