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(57) Abstract: The present invention relates to method for managing operations on at least a portion (3P) of non volatile memory (3)
of a hearing aid (10), the hearing aid (10) comprising at least one electroacoustic transducer (1, 1'); signal processing means (2), con-
figured to receive from the at least an electroacoustic transducer (1) an electrical input signal and/or to provide the at least an elec -
troacoustic transducer (1') with an electrical output signal, the signal processing means (2) cooperating with a non volatile memory
(3) for storing, retrieving and/or erasing data; an internal power storage means (4) configured to provide power to said electroacous -
tic transducer (1, 1") and to said signal processing means (2) when said hearing aid (10) is worn by a user; and means for receiving
power (6) from an external power source (5) comprising detection means for sensing whether said hearing aid (10) is connected to
said external power source (5). The memory managing method comprises the steps of verifying, by the detection means, if the hear -
ing aid (10) is connected to the external power source (5); and, only if it is verified that the hearing aid is connected to the external
power source 5, performing erasure operations on at least a portion 3P of the non volatile memory 3. The present invention also
relates to a hearing aid (10) configured to operate according to the above method and to a hearing aid system (20) comprising such a
hearing aid 10 and an external power source (5).
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Method for managing erasure operations on a non
volatile memory of a hearing aid and hearing aid
operating according to such method.

[ 0001] The present invention relates generally to hearing
aids, particularly to a method for managing operations on a
non volatile memory of a hearing aid and to a hearing aid
operating according to such a method. More specifically, the
method according to the present invention 1is designed to
perform erasure on at least a portion of a non volatile memory
0of a hearing aid only when the hearing aid is connected to an

external, reliable power source.

[ 0002] In the following, the term hearing aid shall be
understood as a device to be worn at the vicinity or directly
within the ear of a person to improve the individual hearing
capacity of this person. Such an improvement may include the
prevention of the receiving of certain acoustic signals in

terms of ear protection.

[ 0003] In relation to their application and user indication,
and according to the corresponding main solutions available on
the market, such hearing devices can be worn, for instance,
behind the ear (BTE), within the ear (ITE) or completely
within the ear (CIC). The latest design developments have made
available hearing devices that are even smaller than
completely within the ear (CIC) devices, aptly named invisible

in the canal (IIC) hearing aids.

[ 0004] It will be recognized that the inventive features of
the present invention are substantially compatible with any
style of hearing aids, including the abovementioned models, as
well as with hearing aids which are eyewear—mounted,

implanted, body-worn, etc.
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[ 0005] Hearing aids normally comprise at least one microphone
as acoustic input element; at least one speaker as acoustic
output element; and an electronic processing element,
connected with said microphone and said speaker, for the
processing and manipulation of electronic signals. This
electronic processing element may comprise analogue or digital
signal processing devices. Said elements are usually arranged

within at least one main case or shell of the hearing device.

[ 0006] Typically, the microphone acts as an electroacoustic
transducer and receives acoustic signals, converts such
signals 1into electrical signals and transmits them to the
abovementioned electronic processing element.

The electronic ©processing element 1is part of a signal
processing circuit which, normally, performs various signal
processing functions. Such signal processing functions can
include amplification, background noise reduction, tone
control, etc..

Normally, the signal processing circuit outputs an electrical
signal to a speaker. The speaker acts as an electroacoustic
transducer and converts the electrical signal from the signal
processing circuit into an acoustic signal which is

transmitted as audio into a user's ear.

[ 0007] The signal processing circuit of current hearing aids
typically comprises a digital signal processor, or DSP, which
can be programmed to execute the functional tasks of dedicated
signal processing algorithms. In today’s hearing aids, the DSP
can operate according to several different algorithms
comprising respective systems of instructions, rules and
parameters for performing specific tasks relative to the
processing of the input signal. Thanks to such algorithms, the
signal can be manipulated to more closely comply with the
acoustic needs of a user and in modern hearing aids not only

amplification, filtering and compression are enabled, but also
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more complex functions are made possible, such as adaptive
directional functions for reducing the sound levels from the
sides and rear, automatic mode switching dependent on the
nature of the input sound or calibration based on measurements

for better fitting to the individual ear.

[ 0008] In order to execute the above signal processing
algorithms, a programmable digital signal processor generally
cooperates 1in operation with a non volatile memory, also
designatable as NVM, for storing and retrieving data. Such
data can comprise setting, measurement or calibration
parameters and characteristics to be taken into account in
executing the step-by-step set of signal processing operations
performed by the DSP, and 1in general the set of rules and
instructions corresponding to the signal processing

algorithms, commonly designated as firmware.

[ 0009] Current hearing aids are therefore faced with the
problem of allocating sufficient memory space to allow the DSP
to effectively carry out all of the increasingly complex
signal processing functions that are meant to optimize the
sound customization to user’s needs, based on aforementioned

data.

[ 00010] Currently, state of the art hearing aids incorporate
a non volatile memory of up to about 2.4 Mbit. The variety of
applications designed for today’s hearing aid models generate
a NVM fill rate of about 90%, when taking into account the

combination of firmware and customer-specific configurations.

[ 00011] 1In consideration of the latest developments in the
field of Flash-type memories, even a non volatile memory as
large as 32 Mbit or even more can be made compatible, in terms

of physical size, with a use in hearing aids
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[ 00012] At any rate, indefinitely packing more memory into
the restricted space of a hearing aid, however miniaturized,
cannot be the sole, viable solution to the ever more demanding
tasks that such devices can be programmed to execute and to
the proportionally increasing storage capacity requirements.

These considerations are similarly valid for all non volatile
memories employable, such as for instance EEPROM memories oOr

Flash memories.

[ 00013] EEPROM memories are a specific type of non volatile
ROM comprising a large number of memory cells that can be
erased and reprogrammed in small blocks, typically one byte at

a time.

[ 00014] Flash memories are an evolution of EEPROM that can be
erased and reprogrammed in larger erase blocks rather than one
byte at a time. Flash memories comprise memory cells that are
grouped 1into sections called “erase blocks”. The cells in an
erase block of a Flash memory are typically erased all at
once, the re—-write operation on a Flash memory thus
necessarily implying first a block erase operation.

Flash memories can be read or programmed a byte, or a word, at
a time in a random access mode, but they can only be erased
one erasure block at a time.

Based on the fact that erasure cycles are anyway slow, the
larger block sizes used in Flash memories contribute to a
significant speed advantage over the non-Flash EEPROM when
writing or erasing of large amounts of data needs to be
carried out. Flash-type non volatile memories are
proportionally less space consuming and faster when compared
to EEPROM memories, representing potentially a good option for

hearing aid applications.

[ 00015] Anyways, for each unit of data to be written to a non

volatile memory, a corresponding amount of data must be erased
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from such non volatile memory 1n respective memory units,
whether in the form of bytes or blocks, depending on the type
of non volatile memory as above explained. The sole employment
0of large-sized memories does not per se solve the issues
inherently 1linked to the management of memory units at the

moment of erasure.

[ 00016] Current hearing aids typically carry out erasure of
data from the incorporated non volatile memories during normal
hearing aid operation. This practice brings about the risk of
overloading the capacity of the batteries of such prior art
devices. Moreover, the complicated power management linked to
the standard practice of erasing data at hearing aid runtime
increases the risk that a not perfectly executed erasure cycle

results into corrupt or invalid data.

[ 00017] Current technologies in the field of hearing aids do
not offer wvalid solutions to the outstanding problem of
managing non volatile memories, particularly large-sized such

memories, in connection with write and erasure operations.

[ 00018] Document US 2006/0256989 Al discloses a hearing
device, comprising an EEPROM non volatile memory, powered by a
rechargeable battery. In the memory of such hearing device,
charging control information is stored associated with
charging of the rechargeable battery. Upon establishing a
releasable connection to an external charger unit, the memory
of the hearing device 1is arranged to communicate charging
control information to the external charger unit by data
communications means. Thus, the data communication means can
be used to update the charging control information stored in
the memory of the hearing device when a new rechargeable

battery is installed in the hearing device.
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[ 00019] US 2006/0256989 Al does not propose a management
method of a non volatile memory which deals with the issues of

writing and/or erasing data therefrom.

[ 00020] Document US 8,265,315 B2 discloses a hearing aid
mounting a volatile memory configured to store the basic data
for its configuration during normal operation of the hearing
aid. A charging station 1s provided that allows battery
recharge when the Thearing aid 1s mounted thereon. A
communication connection between hearing aid and charging
station can be established to allow transfer of Dbasic
configuration data of the hearing aid from the volatile memory
0of the hearing aid to a non volatile memory of the charging
station, when the hearing aid is mounted in the charging

station.

[ 00021] US 8,265,315 B2 purposely adopts a configuration in
which the hearing aid does not comprise any non-volatile
memory, thus making the connected charging station the unit
that drives the transferring of basic configuration data of
the hearing aid, which would remain stored on the charging

unit when the hearing aid is not in operation.

[ 00022] Shifting the primary storage of data that remains
availlable across power cycles from a hearing aid to a charging
station follows an approach opposite to the one adopted in the
present invention. It 1s not desirable to externalize a non
volatile memory for the storage of data that need to remain
available even across different usage sessions and/or runtimes
to an external wunit distinct from the hearing actually
performing the signal processing.

On the contrary, 1t 1s advantageous to keep a non-volatile
memory incorporated 1in a hearing aid, so that also the
management and execution of substantial signal processing

functions are maintained within the hearing aid itself.
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[ 00023] Moreover, US 8,265,315 B2 does not propose a method

of managing data erasure operations on a non volatile memory

of a hearing aid.

[ 00024] Thus, there exists a need for a method for managing

operations on at least a portion of non volatile memory of a

hearing aid which allows:

effectively enabling use of non volatile memories on
hearing aids whose capacity 1s large enough to support
implementation of as many signal processing functions as
desired;

advantageously making the increased power consumption
linked to data erasure operations executed on non volatile
memories of hearing aids compatible with the requirement
that the batteries of a hearing aid in normal operation be
preserved;

carrying out of data erasure operations executed on non
volatile memories of hearing aids in a reliable and
controlled fashion;

safely completing data erasure operations executed on non
volatile memories of hearing aids, avoiding any risk of

data corruption in the process.

[ 00025] Accordingly, a major objective of the ©present

invention is to provide a method for managing operations on at

least a portion of non volatile memory of a hearing aid which

guarantees the possibility of safely and completely carrying

out erasure operations, while increasing the versatility and

flexibility of the hearing aid functions thanks to an improved

ability to deal with larger memory capacities.

[ 00026] At the same time, performing the erasure operations

on the non wvolatile memory of the hearing aid should be

enabled 1in a way that the rechargeable batteries of the
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hearing aid are preserved to be optimally employed at runtime,

or normal operation, of the hearing device.

[ 00027] These problems are solved by a method, a hearing aid
and a hearing aid system according to the independent claims.
Dependent claims further introduce particularly advantageous

embodiments for such a method, device and system.

[ 00028] The inventive solution according to the present
invention basically requires to configure a hearing aid such
that erasure operations are performed on at least a portion of
non volatile memory thereof under verified, controlled
conditions that ensure correct and complete erasure, namely by
letting erasure operations be performed only 1f the hearing

aid 1s connected to an external power source.

[ 00029] 1In fact, configuring a hearing aid in a way that the
non volatile memory therein incorporated carries out erasure
operations only when 1t 1is connected to a reliable energy
source, time-wise decoupled from the battery-supported normal
operation of the hearing device when worn by a user,
advantageously achieves that erasure of data units on the
memory happens correctly, safely and without impacting the

effectiveness of the hearing device during normal usage.

[ 00030] Other objectives, features and advantages of the
present invention will be now described in greater detail with
reference to specific embodiments represented in the attached
drawings, wherein:

- Figure 1 1s a schematic cross-section view of a
Behind-the-FEar (BTE) hearing aid according to the
prior art, wherein erasure actions in a non volatile
memory are performed during normal operation of the

hearing aid;
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- Figures 2-2C are schematic circuit diagrams
respectively exemplifying four embodiments of the
present invention, wherein voltage boost means for
increasing the voltage provided to a non volatile
memory of the hearing aid are represented in
corresponding four possible configurations;

- Figures 3A-3C are a schematic illustration of the
erasure and defragmenting operations which a method
according to the present invention allows to safely
and effectively execute on at least a portion of a

non volatile memory of a hearing aid.

[ 00031] With reference to Figure 1, a Behind-the-Ear (BTE)
hearing aid 11 according to the prior art is a device that
normally comprises a casing which accommodates a multiplicity
of electric components. According to the terminology commonly
employed 1in the present technical field, a casing can
alternatively be designated as a shell.

Such a multiplicity of electric components generally comprises
an internal power storage means 4, such as a Dbattery,
configured to be engageable 1in a respective compartment.
Rechargeable batteries that do not need to be removed from the
hearing aid in order to be recharged represent an option in
today’s hearing devices.

Moreover, a hearing aid 11 such as the one of Figure 1 usually
comprises a first electroacoustic transducer 1, such as a
microphone, for converting sound waves into electrical
signals.

In addition to this, a hearing device 11 according to the
prior art can also comprise a second electroacoustic
transducer 1’, such as a receiver, for converting electrical
signals into sound waves compatible with human hearing and

reception thereof by the hearing aid’s user.
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Electroacoustic transducers 1, 1’ are known in the prior art
that can also operate in both directions, converting sound
waves into electrical signals and vice versa.

A signal processing circuitry 2, typically comprising a
processor, 1is also provided. Such signal processing circuitry
2, normally designated as DSP, 1s configured to receive from
an electroacoustic transducer 1 -functioning as a microphone-
an electrical input signal. Such an electrical input signal
results from the above conversion of input sound waves into
electrical signals.

The signal processing circuitry 2 can be also configured to
provide an electroacoustic transducer 1’ -—-functioning as a
receiver—- with an electric output signal. This way, the
receiver can carry out the above conversion of output
electrical signals into sound waves for a user’s benefit.

In today’s hearing aids, the signal processing means 2 can
cooperate with a memory for storing and retrieving data.
Models of hearing aids are known wherein the DSP 1is configured
to cooperate with a non volatile memory 3.

Internal power storage means 4 are generally configured to
provide power to electric transducers 1, 1’ and to the signal
processing means 2 during the ordinary use of the hearing aid

10, that is whenever the hearing aid is worn by a user.

[ 00032] As explained above, it 1s common practice in prior
art hearing aids 11 to manage operations on an embedded non
volatile memory during normal operation of the hearing aid. It
has already been previously explained how such customary
procedure actually negatively affects the 1lifespan and
functionality of a battery, to the detriment of a reliable and
continued usage of the hearing aid. Further drawbacks of such
prior art reside in the risk of incompletely and ineffectively
carrying out the desired operations on the non volatile memory
in case of insufficient power supply from the battery, whether

it 1s erasing and/or re-writing and/or defragmenting, for
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instance 1in connection with restoring corrupted sections or

updating firmware.

[ 00033] As portrayed in Figures 2-2C, a hearing aid according
10 to the present invention analogously comprises at least an
electroacoustic transducer 1,1’; signal processing circuitry 2
and an internal power storage means 4 which is preferably a
rechargeable battery.

As already pointed out, the at least one electroacoustic
transducer can be a microphone 1; alternatively, it can be a
receiver 1’'. According to one favorite embodiment, the hearing
aid according to the present invention can comprise both a
microphone 1 and a receiver 1’, as represented.

The signal ©processing circuitry 2 typically comprises a
processor or CPU and is configured to receive from the at
least one electroacoustic transducer 1 an electrical input
signal and/or to provide the at 1least one electroacoustic
transducer 1’ with an electric output signal.

As already explained, an electrical input signal is the result
of a conversion of sound waves picked up by a microphone 1
into an electrical signal, to be further elaborated by the
signal processing circuitry 2; whereas an electrical output
signal transmitted from the signal processing circuitry 2 1is
used by a receiver 1’ for conversion into sound waves

optimized for the hearing aid’s user.

[ 00034] The signal processing means 2 of a hearing aid 10
according to the present invention cooperates with a non
volatile memory 3 for storing and retrieving data. Such a
cooperation can also include embodiments wherein the non
volatile memory 3 1is physically connected to a further
component, e.g. a micro-controller, which in turn manages the
operation of the non volatile memory 3 and passes data on

to/from the signal processing means 2.
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In the present context, data stored in the memory 3 can
comprise firmware including setting, measurement or
calibration parameters and/or characteristics to be taken into
account 1n executing a step-by-step set of signal processing
operations performed by the signal processing means 2 or DSP.
In the following, data will be intended in general as the set
of rules and instructions corresponding to the signal

processing algorithms.

[ 00035] Differently from the prior art exemplified in Figure
1, a hearing aid 10 according to the present invention
additionally comprises means for receiving power 6 from an

external power source 5.

[ 00036] An external power source 5 to be coupled to a hearing
aid 10 according to the present invention can take the form of
a charging station or of a network mains or of a charging
device, for instance battery-driven or solar energy-driven. In
the case of external power source 5 incorporated in a charging

device, the charging device can also be hand-held by a user.

[ 00037] Said means for receiving power 6 can be adapted
depending on the technology used for transferring power from
an external power source 5 to the hearing aid 10 in order to
charge its batteries and/or run its signal processing means.
In fact, the means for receiving power 6 can comprise means
for establishing a releasable, wired electrical connection
between the hearing aid 10 and the external power source 5. In
another embodiment, if an electromagnetic field is employed,
means for receiving power 6 can be configured for supporting
wireless charging, for instance by incorporating induction

coils.

[ 00038] Advantageously, the means for receiving power 6

comprises detection means for sensing whether the hearing aid
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10 is connected, be it electrically or wirelessly, to the

external power source 5.

[ 00039] A hearing aid 10 according to the present invention ,
as portrayed in Figure 2-2C, 1is advantageously configured to
erase data from at least a portion 3P of a non volatile memory
3 only under the condition that the above detection means
senses that power is received from the external power source

5.

[ 00040] Accordingly, the present invention relates to a
corresponding method for managing operations on at least a
portion 3P of a non volatile memory 3 of such a hearing aid

10.

[ 00041] The method according to the ©present invention
comprises the steps of:
- verifying, for instance by the above detection means, if
a hearing aid 10 is connected to an external power source
5; and
- only if it is thus verified that said hearing aid 10 1is
connected to the external power source 5, performing
erasure operations on at least a portion 3P of said the

hearing aid’s volatile memory 3.

[ 00042] 1In order to sense and verify whether the hearing aid
10 is connected to the external power source 5, different
types of detection means can be equivalently used. Detection
means can be part of a physical detection circuitry, for
instance including contact or proximity sensors, or can
comprise logic detection means responsive to signals exchanged

between hearing aid 10 and external power source 5.
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[ 00043] Preferably, the means for receiving power 6
comprises such detection means and/or cooperates with such
detection means. Thus, whenever it is detected that a hearing
aid 10 is energetically coupled with an external power source
5, erase operations on the non volatile memory 3 can be
authorized and started. This advantageously allows to benefit
from a reliable and/or unlimited energy source which does not
impact the functionality of rechargeable batteries 4. Locking
the management of the non volatile memory 3 to a state of the
hearing aid 10 wherein power 1is received from an external
power source 5 also guarantees that the memory management
process can also Dbe interrupted in a —controlled way,
preventing any undesired corruption of the memory management
process. Internal power storage means 4, such as rechargeable
batteries, during ordinary runtime of the hearing aid 10 when
worn by a user cannot offer such a safety measure, because

their charge status is generally unknown in normal operation.

[ 00044] As it 1is evident from the representations of Figures
2-2C, a hearing aid 10 according to the present invention,
when connected to an external power source 5, can optionally
use the power received therefrom:

- to energize and recharge the internal power storage means 4;
and, consequently

- to feed power to the signal processing means 2 and to the
non volatile memory 3 associated thereto, as well as to the
electroacoustic transducers 1, 1’, while drawing energy from
the internal power storage means 4 that is concurrently being

recharged.

[ 00045] Conversely, as also represented in Figures 2-2c¢ by
the provision of an additional power feeding line represented
by a dashed 1line, it can additionally be envisaged that the
means for receiving power 6 comprise power control means, such

as a switch, configured to alternatively supply power to
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transducers 1, 1’, signal processing means 2 and, ultimately,
to the non volatile memory 3 directly from said external power
source 5, while by-passing the internal power storage means 4.
According to this optional configuration, when performing
erasure operations on at least a portion 3P of a non volatile
memory 3, power 1s supplied to the non volatile memory 3
directly by way of the external power source 5, whereas the
internal power storage means 4 is by-passed by power control

means such as a switch.

[ 00046] At any rate, power would consistently flow from the
external power source 5 to the components of the hearing aid
10 such as acoustic transducers 1, 1’, signal processing means
2, and, ultimately, to the non volatile memory 3, through a
power feeding path that is characterized by the least internal

resistance.

[ 00047] A hearing aid 10 according to the present invention,
as exemplified in the embodiments of Figures 2-2C, can
comprise a charging circuitry 8 for recharging a battery 4
from an external power source 5. Such a charging circuitry 8
can be designed to handle the power requirements for correctly
and effectively recharging the battery 4 and can include
voltage or current regulating means, for instance for

adjustments responsive to monitored parameters.

[ 00048] Additionally, a power supply circuitry 9 can be
provided designed to specifically handle the power
requirements of the circuitry of the hearing aid 10 downstream
of the output of the internal power storage means, or battery,

4.

[ 00049] Managing operations on a non volatile memory of
portable electronic devices such as hearing aids, and

particularly managing erasure operations thereon, regquires a
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voltage higher than the supply voltage and higher than the
normal operation voltage. In order to effectively erase memory
cells or blocks in a hearing aid 10 according to the present
invention, voltage boost means 7, 7a, 7b, 7c are incorporated
that allow to generate an increased voltage functional to
attaining correct and complete erasure performances. Such
voltage boost means 7, 7a, 7b, 7c increasing the voltage
provided to the non volatile memory 3 to a voltage wvalue
suitable for executing erasure operations can be voltage

multipliers or charge pumps.

[ 00050] The customary operating voltage that 1is battery-
generated when a hearing aid 10 is worn by a user can be
comprised in a range of 0.6-2 Volts.

Activation of voltage boost means 7, 7a, 7b, 7c can multiply
the voltage up to 10-20 Volts, and stably maintain it for the
required amount of time, in connection with performing erasure
operations on the non volatile memory 3. Voltage boosting is

especially relevant in case memory 3 1s a Flash-type memory.

[ 00051] In a preferred embodiment of the Thearing aid
according to the present invention, as exemplified in Figure
2, a voltage boost means 7 is incorporated or encapsulated in

the non volatile memory 3 itself.

[ 00052] Alternatively, the voltage boost means can be placed

on other components of the hearing aid 10.

[ 00053] 1In a further embodiment of a hearing aid 10 according
to the present invention, as exemplified 1in Figure 27, a
voltage boost means 7a is integrated in the charging circuitry

8 for charging the internal power storage means 4.

[ 00054] 1In another embodiment of a hearing aid 10 according

to the present invention, as exemplified 1in Figure 2B, a
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voltage boost means 7b 1s integrated in the power supply
circuitry 9 for power feeding the signal processing means 2,

the acoustic transducers 1, 1’ and, ultimately, the memory 3.

[ 00055] The present invention also relates to a hearing aid
system 20 which comprises a hearing aid 10 as above described
and an external power supply 5, configured to cooperate in a
way that data erasure on the non volatile memory 3 of the
hearing aid 10 is performed only when it is detected that the

hearing aid 10 is connected to the external power source 5.

[ 00056] As illustrated in Figure 2C, a voltage boost means 7c
can alternatively also be integrated in the external power
supply 5 of a hearing aid system 20 according to the present

invention.

[ 00057] Managing erasure operations on at least a portion 3P
of a non volatile memory 3 according to the present invention
can comprise the steps of:
- scanning for corrupt or invalid memory segments and
erasing such corrupted memory segments; and/or
- restoring corrupt or invalid memory segments; and/or
- converting corrupt or invalid memory segments 1into newly
writable memory segments; and/or
- defragmenting; and/or

- updating firmware.

[ 00058] With reference to Figures 3A-3C, a sequence of
erasure-related steps executable on a portion 3P of a non
volatile memory 3 of a hearing aid 10 according to the present
invention is represented, by way of example.

The 1illustration of Figures 3A-3C is specifically adapted to
the structure of a Flash memory 3, each portion 3P of which

comprises a multiplicity of memory segments. In the context of
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Flash memories, memory segments are typically designated as
memory erase blocks.

In this instance, memory management can thus comprise erasing
and/or writing and/or defragmenting at least a part of the
memory erase blocks. It can also comprise mapping at least a
part of the memory erase blocks to track the state thereof.

In Figure 3A, memory erase blocks 3Pv are validly filled with
data, partially or fully. Memory erasure Dblocks 3Pi are
invalid or corrupt; whereas memory erasure blocks 3Pw are
availlable for writing of new data.

In Figure 3B it is shown how invalid or corrupt memory erasure
blocks 3Pi are first erased, thus making them again available
as memory erasure blocks 3Pe to be used and to receive new
data, in a way equivalent to that of memory erasure Dblocks
3Pw.

By executing defragmentation, as shown in Figure 3C, memory
erase blocks 3Pv that are already validly filled with data,
and the whole number of memory erasure blocks 3Pw made
available for storing additional data are advantageously
grouped together into larger regions, respectively made up of
the same kind of memory erasure blocks, for speedier data

access.

[ 00059] By shifting the memory management tasks of a non
volatile memory, and specifically the tasks involving erasure,
to a stage when a reliable external source of power is made
available and is energetically coupled with a hearing aid, the
present invention effectively enables use of non volatile
memories on hearing aids substantially larger than the ones

employed on hearing aids currently on the market.

[ 00060] Consequently, additional and more advanced functions
beneficial to hearing aid users can be effectively added to
the signal processing algorithms used in the DSP of hearing

aids designed according to the present invention, which would
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otherwise require a capacity that memories mounted on current

hearing aids do not provide for.

[ 00061] At the same time, the present solution is power
5 efficient and keeps unaltered the capacities of internal power
storage means, such as Dbatteries and more particularly
rechargeable batteries, which need to be fully available at
runtime of the hearing aids, that 1is when they are worn by

users.

10
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CLAIMS
1. Method for managing operations on at least a portion (3P)
of non volatile memory (3) of a hearing aid (10),
said hearing aid (10) comprising

0o at least one electroacoustic transducer (1, 17);

o signal processing means (2), configured to receive
from said at least an electroacoustic transducer (1)
an electrical input signal and/or to provide said at
least an electroacoustic transducer (1’) with an
electrical output signal,
said signal processing means (2) cooperating with a
non volatile memory (3) for storing, retrieving
and/or erasing data;

0o an internal power storage means (4) configured to
provide power to said electroacoustic transducer (1,
17) and to said signal processing means (2) when
said hearing aid (10) is worn by a user;

o means for receiving power (6) from an external power
source (5) comprising detection means for sensing
whether said hearing aid (10) is connected to said
external power source (5);

comprising the steps of
- verifying, by said detection means, 1f said hearing aid
(10) is connected to said external power source (5) ; and
- only i1if it is verified that said hearing aid is connected
to said external power source (5), performing erasure
operations on at least a portion (3P) of said non

volatile memory (3).

2. The method of claim 1, comprising the step of activating
voltage boost means (7, 7a, 7b, 7c) in order to execute said
erasure operations on said at least a portion (3P) of non

volatile memory (3), thereby increasing the voltage provided
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to said non volatile memory (3) to a voltage wvalue suitable

for executing said erasure operations.

3. The method of claim 1 or 2, comprising the step of

when performing said erasure operations on at least a portion
(3P) of said non volatile memory (3),

supplying power to said non volatile memory (3) by said
external power source (5) while by-passing said internal power

storage means (4).

4, The method of anyone of claims 1 to 3, wherein executing
said erasure operations comprises the steps of:

scanning for corrupt or invalid memory segments (3Pi) and
erasing such corrupted memory segments (3Pi); and/or

restoring corrupt or invalid memory segments (3Pi); and/or
converting corrupt or invalid memory segments (3Pi) into newly
writable memory segments (3Pw); and/or

defragmenting; and/or

updating firmware.

5. The method of anyone of claims 1 to 4, wherein said non
volatile memory (3) is a Flash memory comprising a
multiplicity of memory erase blocks (3Pi, 3Pw, 3Pi, 3Pe),
wherein said memory erase blocks (3Pi, 3Pw, 3Pi, 3Pe) are
managed only 1if it is wverified that said hearing aid (10) is

connected to said external power source (5).

6. Hearing aid (10) comprising:

- at least one electroacoustic transducer (1, 17);

- a signal processing means (2), configured to receive from
said at least an electroacoustic transducer (1) an electrical
input signal and/or to provide said at least an
electroacoustic transducer (1’) with an electrical output

signal,
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said signal processing means (2) cooperating with a non-
volatile memory (3) for storing, retrieving and/or erasing
data;

- an internal power storage means (4) configured to provide
power to said at least one electroacoustic transducer (1, 1)
and said signal processing means (2) when said hearing aid
(10) is worn by a user;

- means for receiving power (6) from an external power
source (5) comprising detection means for sensing whether said
hearing aid (10) receives power from said external power
source (5);

characterized in that

the hearing aid (10) is configured to erase data from at least
a portion (3P) of said non volatile memory (3) only when said
detection means senses that power 1is received from said

external power source (5H).

7. The hearing aid of claim 6, comprising voltage boost means
(7, T7a, 7Tb, 7c) in order to increase the voltage provided to
said non volatile memory (3) to a voltage value suitable for
executing and completing said erasure operations on said non

volatile memory (3).

8. The hearing aid of claim 7, wherein said voltage Dboost
means (7) is encapsulated in said non volatile memory (3) or
salid wvoltage boost means (7a) 1is integrated in a charging
circuitry (8) for said internal power storage means (4) or
salid voltage boost means (7b) is integrated in a power supply
circuitry (9) for power feeding said signal processing means
(2), said electroacoustic transducers (1, 1’) and said non

volatile memory (3).

9. The hearing aid of anyone of claims 6 to 8, wherein said

means for receiving power (6) comprises power control means
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configured to supply power to said non volatile memory (3) by
said external power source (5), whenever said detection means
senses that the hearing aid (10) is connected to said external
power source (5), wherein said power control means are

configured to by-pass said internal power storage means (4).

10. The hearing aid of any of claims 6 to 9, wherein said non
volatile memory (3) comprises an EEPROM memory medium and/or a

Flash memory medium.

11. Hearing aid system (20), comprising

— a hearing aid (10) as defined in any of claims 6 to 10, and

- an external power supply (5),

configured to cooperate in a way that means for data erasure
on said non volatile memory (3) are activated only when a
detection means senses that the hearing aid (10) is connected

to said external power source (5).

12. The hearing aid system of claim 12, wherein said external
power source (5) 1s a charging station or a network mains or a
battery driven charging device or a solar energy driven

charging device.
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