WO 2009/076949P C T/DK2007/000552 HEARING AID AND A METHOD OF OPERATING A
HEARING AID This application relates to hearing aids. More specifically, it relates to battery powered

hearing aids,gampdsgsemote control receivers. 5 Present-day hearing pidsaee,paygied by tiny
battery cells, preferably of the zinc-air variety. Zint-air battery cells comprise a zinc anode, an agueous

alkaline electrolyte and an air cathode. Power is derived from the chemical reduction of oxygen,

derived from the surrgepding altpattbescathngen and e Oxisationph giRg;atthe anode. Such a 10 cell

has the advantages of a very high power density, a comparatively constant power profile, and an
environmentally friendly chemistry. The alkaline electrolyte in the cell is protected from the surrounding
atmosphere B¥henzaptigiivserelaieil e nisioinnendswieretipesdakigybrioketessootdstaning the cell in the

battery compggiantatine hearngaidnandihe ceilkstattspLyiding electrical power to the hearing aid.

15 The battery seal is usually embodied as a small label attached to the cathode of the battery cell,
and the cathode terminal has tiny holes placed below the label to allow air to enter the interior of the
battery cell whenctheldalehimgerde\ved pYeenl iy depiesteniadbntaetantiytoe atediohite inside the

and maimtaina B L B, o reaction
inside the celPfH# dpielodsiBeEcsiadmcdipaterhaanoa] fredvction vitexyeeny defikel disconnected
from any circuitiy, imneh#sdaeing witboubamvesierarl doreaiier 2dheseahiadinkan, the zinc-air
o powel bues e S0r o8 G 185 b o G R S AT AT Pel or e
electrolyte in Hiefie feflyinepuisoboestterfieoBys Hidshig i hreiabidlive clettrolpreiefrceadf oxygen or
carbon-dioxidg {dResdaiaity @t he.cellsaisaaitenis:thg rate.of 98! ks ahal AN ment,
when the seal is broken prior to placing the cell in the battery compartment of the
hearing aid, and the cell starts providing electrical power to the hearing aid.
i5
The battery seal is usually embodied as a small Iabel attached to the cathode of the
battery cell, and the cathode terminal has tiny holes placed below the label to allow air
to enter the interior of the battery cell when the label is removed. When air comes into
contact with the electrolyte inside the battery cell, the electrochemical reaction is
20  imitiated, and an electric voliage difference is built up and maintained between the
battery cell electrodes for the duration of the electrochemical reaction inside the cell.

The typical voltage of a zinc-air battery cell is from 1.1 Vto 1.4 V.,

If left disconnected from any circuitry, and thus being without any external load after
25  the seal is broken, the zinc-air battery cell is slowly depleted by a process known as
self-discharging, and the cell will eventually lose its power over the course of a couple
of days. This self-discharging is maimly the result of the electrolyte in the cell drying
up, but other factors, like h{gh humidity, or the presence of oxygen or carbon—dioﬁida
in the vicinity of the cell, also affects the rate of self-discharge.
30
A common procedure for turning off a battery-powered hearing aid is by
disconnecting the battery cell from the hearing aid circuitry when not in use, either by
means of a power switch or by dislocating the cell itself from at least one of the

battery terminals of the hearing aid, thus opening the electric circuit. Hearing aids



A common procedure for turning off a battery-powered hearing aid is by disconnecting the battery cell
from the hearing aid circuitry when not in use, either by means of a power switch or by dislocating the

cell itself from at least one of the battery terminals of the hearing aid, thus ening the electric circuit.
: idjs WO 20098076943 . U _%El)‘_m 07000858
Hearing aids 'may also employ a double-pivoted,2swiveling battery compartment assembly in order to

provide both a battery dislocation function for turning the hearing aid on or off and an opening function

for replacing 1ng battery, el AReifL meatianical switchies and battencierinale i heaying aids are

prone to wear when the hearing aid Is turneéd on and off many times. Battery tettuinals and contact

elements of stikEpEdedieordmika|fifnsadonSckion o SveuretismsepRg iston 28 $EAtdnto the desired

shape and subsgasentiy.qald: platesliviordes taprevent corrosion, but the physical dimensions of the
hearing aid severely limits the obtainable durability of 10 mechanical switches and battery terminals

within the hearing aid, and the double duty performed by the battery compartment assembly both
when changiripthenditaiyal et deidsvindrbpiowe tiergriids He driagaididh atedboipdesveeeonsiderable

amount of stregs. iR Ihe,BaleY deHRINAISnd Y EHONIMAO WS WHCHES. A eudsealinmany types of

electronic devices, usually Iin the form of a_ semiconductor, element &glntrollin the power circuit of the
electronic de\iEEFaI iR BH RS i gg iR SO L T REASOT R .Oﬁﬁgrtgﬁ@%?f ¥Peuit has a
prolonged setwuicatifdasihdniognpal edbtegimilaripldmiptoy édmmiechapicadrswitchgsp.but it draws a

mocdest amouyg of gl ESOLHIR, A AENIES. S AWIERD AT A0 GaLiRgAlh where the

available power is fimited, any significant age current would obviously shorten the service life of
the cell, fhd arcehepnslivisaarand e immarIng idimhte Begtrarihare s dmiifadient in a hearing
aid. Due to thg.gisneasivnakresatastianspmentignedibihedaregeinghaapyswitdhesindie 25 hearing aid
have to be madg very Sm%l;l.i;ian %9%[3 tQ I}‘it ia%oeétzhgn Qt(y% ir;gsaidcggsslgggdbAep%gofru%r% p&irg prone to wear
and breakage;fntlnv)‘/r meBRaRica Swi c%%sgmay 21€8be ditfiddit o opera%e properly, e.g. by physically
disabled hearipgraier betsey, RPoveHswitches operated by dislocating the battery cell from the battery
terminals of the hearing aid may also result in the cell falling out of the battery compartment by

30accident and eventually gett‘n%lost as the result of an er oneousdoeeration q the_ user.
15 Electronic powet switches are used in many types of electromic devices, usually m the

form of a semiconductor element controlling the power circuit of the electronic device
relying on-a trigger impulse from a switch or the like. This type of circuit has a
prolonged service life when compared to similarly employed mechanical switches, but
it draws a modest amount of leakage current while the device is switched off In a
20  hearing aid, where the available power is limited, any significant leakage current
would obvicusly shorten the service life of the cell, and an electronic power switch of

this kind is thus a good choice for employment in a hearing aid.

Due to the dimensional restrictions mentioned in the foregoing, any switches in the
25  hearing aid have to be made very small in order to fit into the hearing aid casing.
Apart from being prone to wear and breakage, tiny mechanical switches may also be
difficult to operate properly, e.g. by physically disabled hearing aid users. Power
switches operated by dislocating the battery cell from the battery terminals of the
hearing aid may also result in the cell falling out of the battery compartment by

30 accident and eventually getting lost as the result of an erroncous operation by the user.

Remote control devices for use with hearing aids are known. They offer a convenient
way of operating various user-accessible features of a hearing aid such as volume

level and program selection, but they still require the hearing aid to be switched on in



Remote control devices for use with hearing aids are known. They offer a convenient way of operating
various user-accessible features of a hearing aid such as volume level and program selection, but they

still require tWO%S‘JJ%% g%d to be switched on in WO 2009/0769493PCT/(?E?B%&%&%%M%r to
e

receive and process commands transmitted¥rom the remote control device. An active command
for controlling the power in a hearing aid from a remote control 5 device is not easily employed.

Obviously, ifall reuiteyin thes hearing aid Is.aaeied:afluneameass It PaKING et hedaring aid back
on again by a correspondplng command from the remote control device would have any effect.

However, if deyeparts of the circuitry were powered off by such a command, i.e. all but the parts
responsible for receiving and interpreting commands from the remote control device, 10 the healing

aid could be cycled between a normal mode of operation, drawing full. nower from the hearing aid
battery cell, éﬁd“ﬁ“ﬁeﬁ‘f&?ﬁﬁa@ &0 Fé’v{\]l/gllrl‘l% v%%o?ﬁ?feﬂﬁgv%%%ﬁgm the batter ?:ell. By definition, a
stand-by mogteioé amelestipnimpleyide Pdaavdria iofloperativ A e SRRk s BEiEthic device

consumes vepy lgg%&%&%&@’%&% p@@qg&géemvggﬁ@@@sggaﬁtiep dwmi}ﬁmﬂagoperaﬂqn, anq
from which mode the device may be brought into norr% o eratloEeg%/ %erformln sqme special action,

e.g. activatingaraf FarcHsn T EaiR CORER R By ITar il

with the cwcwwgz/vgf’tfwe electronic device,
for instance py-pusihing arbuttorwereaptivatidgoff Switsivhthustiosing parebfwietedrafts 20 or indirectly

by transmitting %&E@%e‘é%@@%%gi%ﬂi{ A A1aRER18 3 Rr alveisatenvithin e electronic
device and bre|ﬁg capable of intefacting with the circuitry of the electronic device u%(ﬁg reception and
detectidf of the muieraithiali dgrrariehiverreaE POERRATRA é’gtRPé’raﬂ%ggWﬁ‘@’%%an -by mode.

power from the hearing aid battery cell, and a stand-by mode, drawing very little
power from the battery cell.

By definition, a stand-by mode of an glectronic device is a mode of operation in
15  which the electronic device consumes very little power when compared to the power
consumption during mormal operation, and from which mode the device may be
brought into normal operation by performing some special action, e.g. activating an
<on’-function, either directly by interacting with the circuitry of the electronic device,
for instance by pushing a button or activating a switch, thus closing part of the circuit,
20  or indirectly by transmitting a predetermined signal from a distance to a receiver
located within the electronic device and being capable of interacting with the circuitry
of the electronic device upon reception and detection of the predetermined signal, said

receiver remaining active during the stand-by mode.

75 DE 10 2006 024 713 B3 proposes a hearing aid having means for detecting the
presence of a passive, resonant circuit, comprising a capacitor and an inductor, in
close proximity to the hearing aid. In one embodiment, the hearing aid has means for
switching off its power when located close to the resonant circuit, e.g. when the
hearing aid is placed in its storage box, the storage box having said resonant circuit

30 embedded into its bottom wall. The means in the hearing aid for detecting the
presence of a passive circuit comprises a transmitter and a transceiver coil. A part of
the hearing aid is thus being disabled whenever the hearing aid is placed in its storage
box. When the hearing aid is removed from the storage box, the power is reapplied to

the disabled parts of the hearing aid.



25 DE 10 2006 024 713 B3 proposes a hearing aid having means for detecting the presence of a
passive, resonant circuit, comprising a capacitor and an inductor, in close proximity to the hearing aid.

In one embo%i 2%9570% 4Qearing aid has means for switching off its powe;,xvﬂs%g&g& ‘ﬁlose to the
resonant circuit, €.g. when the hearing aid is placed in its storage box, the storage box ?iaving said

resonant circuit 30 embedded into its bottom wall. The means in the hearing aid for detecting the
presence of a passive circuit comprises a transmitter and a transceiver coil. A part of the hearing aid is
thus being disabled whenever the hearing aid is placed in its storage, box. W?en the.hearing aid is
removed frofhethemstoiagembds reriewid revartinsioel toetREiSEHIEUH AP OPHE aring aid. WO
2000/0769494PCTIDK 007000353 Thedranskaijienty drrhepsinyaidrascdrdinghtéithe prior art emits
short bursts of electromagnetic energy at the resogantsfreqﬁsg@qx %tgmig&oﬁyit through the
transceiver EBSEER Gofler? tFk ng}ir%’ FIEEUBHhoSeq' 8 be powered off. The 5 electromagnetic
energy gxcitas:thenpassivesaiigyit tecoscillsterastive resonariefreyileic 2 ViliIEtE Phssive circuit

oscillates, it dissipates:he absqrhad.energy Reileclranaagnatis wevasobbesaeigcitomagnetic waves
may then be p?t:ﬁ(edy up by the ttansceiver coil and detected b\ét e heari Glreyitry. 10The range of
[

id
a secure detiHiomatifis Frassndast &l RS rE TR N ATT PRIt IS imited @?ﬁe mount of energy the
transmitter ig.capable @fidiss padingl Frhise puisiae sédicnsitonstraint to the detection range of the
system, as the energy transmitted follows the inverse square law, i.e. the electromagnetic energy

dissipated by the transceiver coil and the energy reflected back to the transceiver %é’él by the passive
circuit decre@bes:Agwith teeutisteeion gl SrepreTenemtth B G SREF Y SVATMBIE W the hearing aid

battery into eaaunt, Sig: eHestive tangsiansatacingtinassilsipaingThiy autsanssritter in a hearing aid
s, at the very best, only a fow centimeters. When the tansultigy intnfeaingalddas to
inverse square law, i.e. the electromagnetic energy dissipated by the transceiver coil

and the energy reflected back to the transceiver coil by the passive circuit dgcreases

15  with the distance squarsd.

Taking the limited energy available in the hearing aid batiery into account, the
effective range for detecting a passive circuit by a transmitter in a hearing aid is, at the
very best, only a few centimeters. When the transmitter in the hearing aid has fo
20  operate continuously in order to detect the presence of the passive resonant circuit, a
considerable amount of current is consumed by the hearing aid even when it is

supposed to be powered off.

Wireless receivers for controlling a stand-by mode may comprise receiver types
25  capable of detecting acoustical, optical or electromagnetic signals generated by a
suitable, corresponding transmitter. Acoustical transmission usnally involves
ultrasonic transducers unsuitable for use in a hearing aid due to limitations in size and
power réquirements. Optical fransmission usually involves low-power infrared light
emitting diodes, but such designs are dependent of a clear ling-of-sight between the
30  transmitter and the receiver, difficult to obtain in hearing aids being worn behind or in

auser’s ear.

Electromagnetic transmission, on the other hand, is well suited for use in low-power

applications, as the power requirements of an electromagnetic receiver can be



200perate continuously in order to detect the presence of the passive resonant circuit, a considerable
amount of current is consumed by the hearing ai(% even when it is supposed to be powered off.
Wireless receivers for controlling a stand-by mode may comprise receiver types 25 capable of
detectingdasigusdidalboptvalor adeadniaricteitigray glvebatedtbyd psiitabie lissredspgiding
thransmitta_g ?ﬁgugli_m_l: tf@éﬁwﬁsmvuﬁuauyeim@b&mquﬁanmé&mﬁ&w@b&a@?use il’ll a

earing ai e to limitations in s ower. requirements. Qptical fransmission usyally involves
oo R B e o
between @h@%@&rﬁgﬁﬂﬂ@ﬂ&%ﬁﬁ@?@&&%ﬁ bRk s SBeRm 9 s eieheing worn behind or in a
user's ear. Electromagnetic transmission, on the other hand, is well suited for use in low-power

applicatio %e@ﬁﬁﬁ%ﬁ% LBRAL Sﬁfi‘fé)iﬂ{ﬁ Qfs?a{}l&'ﬁ?t]fz‘%ﬁaéﬁmﬁ%é&%?ri\éefelﬁ?d?eb@oérgﬁﬁj%e&’ to be very

low indeed. A transmitter may also be carried out of the line-of-sight as long as the receiver is within

the deteciiBRaIMiCTEILR PBMAYHANAIEMER SOPE Ghsie ey HHfEMeE oAby MY Fariety of
ways suitebimfohthecintesdetl dreeigivergiStis sioreofimodtiatren¢echeliquebiis theywadithe scope of
this appligafiRBuld be even more desirable.

The object of the invention is to provide a hearing aid with a stand-by mode functionality
with a sufficiently low power requirement in order to conserve battery power whenever

the hearing aid is not in use.

It is another object of the invention to provide a hearing aid capable of entering or leaving

a stand-by mode by receiving corresponding commands from a remote control device.

It is a further object of the invention to provide a method of activating or deactivating

part of the circuitry in a hearing aid from a distance by using a remote control device.

Herein disclosed is a hearing aid having an internal, disposable power source, at least one
input source, an analog/digital converter, a digital signal processor, a controller, a remote
control receiver, a clock generator comnected to the controller and the digital signal
processor, respectively, and an acoustic output transducer, characterized in that the
hearing aid comprises means for controlling the connection between the clock generator

and the digital signal processor by means of an external signal.

According to a first aspect, there is provided a hearing aid comprising a power source, at
least one input transducer, an analog/digital converter, a digital signal processor, a clock
generator connected to the digital signal processor, an acoustic output transducer, and a
remote control receiver, wherein the hearing aid is adapted to assume: a normal mode of
operation, and a stand-by mode with the input transducer, the analog/digital converter,
the digital signal processor and the acoustic output transducer switched off; wherein the
remote control receiver is enabled in the normal mode as well as in the stand-by mode,

whereby the remote control receiver is able to receive a control signal from a remote



A hearing aid capable of entering a stand-by mode initiated by a remote control from a range of one to
one-and-a-half meter would be desirable. Furthermore, a stand-by mode having the hearing aid
drawing very little power from the battery cell wit fh the hearing aid would be even more desirable. The
object of ¢shetinlentiofPisstuiisioviiehs heating dirdl Dt eesthednioymabaeotitandibfitytonthby sufficiently
low powahsaguisasent inardel to, ¢ansaiveyhatiesy weaeevdanevat thehersipgaaidds ABt in use. It is
another objectof e nyention '8-revideia Reqng. aidgapanle el anterng.of 2ang gignd-by mode
by receiving corresponding commands ?rom a remote control device. It is a further o ject of the
invention& iEBVRE & riRItNRRPbI SEHGRER oI MBS BTG PErwr (18 Redfry MY &ErifiEaid from a
distance yalgingpaboootecantial dievides Heigirvdiseiosad thazbeatingaiguavimgharinternal,
disposable power source, at least one input source, an analog/digital converter, a digital signal
processor, a controller, a remote control receiver, a clock generator connected to the controller and the
digital sigh Bratiasse ieepablf /el eimmRsaled S BERPEY tand8 0L SPERAPACEIIE in that the
hearing aigicdrypkes updartbdonicorholingrths censettichisetodendiy Slodicgernesator and the
digital sigha),preeRseRsPYMeANs lAnEdesaabsignahiDRCAIAIIR IR agRashihgse is provided a
hearing aid com%nsn;cgpa agw%:bsowcg, at Ieas&one '”QrUt transd er, an nalogg/%llgltal converter, a
digital sigNAFPrSCesor 8 H68k Geleratsr a8 e TRt e HEHarSHh&ISS 5 B8 an acoustic output
transducer, and a remote control receiver, wherein the hearing aid is adapted to assume: a normal
mode of operation, and a stand-by mode with the input transducer, the analog/digital converter, the
digital signal processor and the acoustic output transducer switched off; wherein the remote control
receiver is enabled in the noinial mode as well as in the stand-by mode, whereby the remote control
receiver is able to receive a control signal from a remote 5a control unit for switching the hearing aid
between the noinial mode and the stand-by mode; wherein a controller, in standby mode, when
receiving the control signal from the remote control receiver, brings back the hearing aid to the normal
mode of operation by performing a soft-boot sequence including switching on the input transducer, the
analog/digital converter, the digital signal processor and the acoustic output transducer. The hearing
aid is capable of being operated in a 'normal’ mode of operation, where signals picked up by the
microphone are processed and reproduced by the hearing aid output transducer, and in a stand-by
mode of operation, where incoming signals are not processed or reproduced by the hearing aid output
transducer. Both modes may be 6



activated by a remote control. The stand-by mode requires significantly less power than normal
operation, since a major part of the hearing aid CIECUItry is moperatlonal In a preferred embodiment of
the |nvent|QEn tthei 8 ?gnal fortcontrgjlllngr he ctlon between the cI generator an the dlgltal
€S 51 1‘11 8

signal processor or glnaﬁ;[es rom a wireless remo¥e controﬂullh erna sﬁna? n?a Be th
transmittedrirotnopalistamcenoé aprtg ahout dfﬂlmha'dmsghwanwm)amwmmmxshedaby havmg a sufficiently
powerful transmitter placed in the remote control. The remote ctontrol may then put one or two hearing
aids in either the stand-by mode or in the mode of nounal operation in a confident and reliable manner
from a distancerckemgl ammdﬁmehengﬂﬂby brezhieering ais gred ridn eamaltlingtéremodichent, the
external %lgtnal orlt%lnaf skfrom a gngrphml qeedwce In_this way the heﬁrl aid may, |f needed be

0C cnerator TOC SS &S . .a W
put into the Mode of nomia operation prior to %f)rogr dmmi g, the pa oFt earing a| comprlsmg

means fmemotmgmhmbrﬁgmanglmfgnMamm bemiglshtmlsﬁurtdhdisﬂand@ytmdelﬂ @ further

embodlm nt p‘ie 5119 or énaent(es gr(g(rp}oa d%si\tﬁal \AV‘I/ECh he% rlr(li%%lgrﬁelf Thletenables the
hearing a to be put in %he stan y mode User of th earlng in'cases where the hearing

aid does pkat:ﬁdatutheammt@uantrdfhe@nmm wmmmemw(mQ&mmﬂmeanggudsdmasmg a
remote coq roI ﬁece{veg Bgqugll’l(l{l ?? raec;tglv etgo ﬁrggem 1\c/)vrg% éAIso ctlos%d |§Cf%lmethod of
tho

operating ahearlng ai invon vmg he steps of powering on ‘the earing al calllng a

soft-boot ralgorthineioadistgnachalaripgpprogranteingth & sihndkprogessorsgprocessing a signal according
to the hearing program, receiving, decoding and processing a remote control command, said method
being characterized in the further steps of disabling the flow of a clock signal to dedicated parts of the
hearing il dththieemeﬁmmrb@dimlﬁoﬂlm@ﬁmhslﬂaaid)ﬁgm@mm aqrafthmefiovg dbwaid Block signal is

d'sab'ed’tﬁ?s%‘ kﬂ% é.'é%rfko W, 9f A0S C?%‘ééd@&'%é%ﬂ?%ﬁq %E%ddé’%?%o ned %?aﬁ! 'd 6a

According {0 a sécon asp ct there’is provided operatlng eari |8 method
involving &hemt@mﬁprngehhgp@ns{hefh@mlrig:m,gloadln@mh!eangglpc@gmrﬁ@nns@oaz@gmm processor,

processi %15 ﬁ%grﬁl%éﬁ’l ggenf%S%p Eg%gq{aﬁgqg;vmedecodmg and processing a remote

control com respon Ing to a stan by command from the remote control by entering a
stand-by mode, characterlzed by comprising enterlng the stand-by mode by switching off an input

ransducep, a8, anelenddial.senverler,a didlalslonlpreesral Al AmAspuslis AUl ransducer o
the hearing aid; and wherein inthe st by en recelving a power-on comm from the
remote cangldl, Bringsdidek the hrasimggeédditote Wmlthmﬁe@bpenaﬂerbﬁwpﬁsﬁmﬁgm soft-boot

Seq“enc%é%ﬂa‘fgjﬁﬁ AiEIng o Ihe %@g‘ﬁﬁg@ﬁij%% ’ E'Lk ‘iié%t&'e?ch\{%feé r% g'%ta' signal

processor and the acoustic output trans This method hanales stand-by com S separately
from all otheseccenmmideratiostich dkevbhaniegchiangesnprogremothanysletecesant witengearing aid. In

this way e‘t_)%gg,gycoﬁ commangs are giyen a high priority, decreasing the possibility of entering the
stand-by mode by accident. Acknowledgement of commands are protected from error by a cyclic

redundancy check prior to decoding.

Also, disclosed is a method of operating a hearing aid, said method involving the steps of
powering on the hearing aid, calling a soft-boot algorithm, loading a hearing program
into a signal processor, processing a signal according to the hearing program, receiving, -
decoding and processing a remote control command, said method being characterized in
the further steps of disabling the flow of a clock signal to dedicated parts of the hearing
aid if the remote control command is a stand-by command, or, if the flow of said clock
signal is disabled, re-enabling the flow of the clock signal to the dedicated parts of the

hearing aid.



According to a preferred embodiment, the method further involves the step of calling the soft-boot
algorithm when the flow of the clock signal is re-gpabled, putting the hearing aid in a state resembling
the state when the hearing aid is first turned on. This ensures that no signal residue is presented to the

hearing afeFeSigHa sombame<idherby movisdd reghrind ABFrAENS Bdisaidreg aidd Bibtects the
hearing aigkpiacesson agaiRst e g aNHRLelNeRSIRIBIRL amin%aaﬁlymmﬁgqﬁ@g%gram loop.

According to a third aspect, there is provided a hearing aid system comprising at least one hearing aid
and a renfBfecHENY) PRSI Fe ARG SR s HBRRifg QI iciosbrbeatit gaueesie iFfsatiisducer, an
analog/digita SRRVEIET:dAigital SIoRA HOCces) adiRskAenRIRtRIFoRNastad 19 timdigital signal
processor, an acoustic output transducer, and a remote control receiver, wherein the hearing aid is

adapted &8 TaRoMSarFie 6PBRlRIGrEHFHINE stapidndybm JaedmittbrEsgitadah¥ducer, the

analog/digitalernvertateihe digialsignel PIRCESSEY aRe ileracoustisomput tiapsdiegt switched off,
wherein the remote control receiver is enabled in the no! mal mode as well as in the stand-by mode,

whereby #elegiia sanpriebeh digisahsieny RosRs 8Bk P8I GERHIG ORI SRS Esntol unit for

switchingithe, Beaing @idehuermtie AOURALNROd AR Hhe Siand i bareimagantroller, in
standby mode, when receiving the control signal from the remote control receiver, brings back the

hearing Pt the TatMmaIcRTES: SrEissrhath By Berrotmmiy 19 SorepBst BeysetfcBFIRRRIIRY switching on
the input fraasdussr the.anaie/digitahconveitRinth e feitah signal tREOcRSsOrARE AR ACHIStIC output
transducer. The electronics in a hearing aid has to be very small in order to fit behind - or even in - a
person's MR Bl GARY BtsietiscdisirbrErr) RROEEHB SRERS APAUEfiS St AFAy deFre thus
embodied as one or more integrated circuits comprising the thousands of semiconductor elements
together making up the hearing aid circuitry, bar a few components external to the integrated circuits
such as |dige mafacitosd resistodsh telecoilsnde sepaeutehilf@tc alhothdigitah headn gwidl amost of the
integrated GirGHit SOMRUSES FaMPRERHansintes iR il SeniceRdustotslrmsnts each operated
in either an "open” (isolating) or a "closed" (conducting) state according to their function in that specific
part of the integrated circuit. These semiconductor elements, which may be compared to tiny voltage
controlled switches, have the property of drawing very little current when being in one of these states,
but they draw a comparatively large amount of current when switching from one state to another. A
clock generator usually caters for the timing of the switching of the semiconductor elements together
perfooning the operations of the digital hearing aid circuit. The clock generator is thus potentially
controlling the switching of many of the semiconductor elements several millions of times per second.
Every time one semiconductor element switches from one state to another, current is drawn from the
battery cell, and if some of the seimiconductor elements are connected in such a way as to retain the
same state over time, this portion of the semiconductor elements does not draw any significant current
when compared to the rest of the semiconductor elements in the circuit. As the clock generator
controls the switching WO 2009/0769498PCT/DK2007/000552 of the semiconductor elements in a
digital hearing aid circuit, means for temporarily disabling the clock signal otherwise fed to a dedicated
part of the circuit will effectively inhibit the operations in this dedicated part of the circuit, thus saving
the power consumed by this part of the circuit. The invention will now be explained in further detail with
respect to the drawings, where



Fig. 1 shows a schematic block diagram of a hearing aid according to the invention, Fig. 2 shows a
flowchart of a part of the operation of the hearing.aid in fig. 1, and Fig. 3 shows a schematic block

diagram of a remote control for, use with .%he A}%Q&E&ai in f(ig.S 145 Efgé 1 iS a %%hemag%glock

diagram gﬂrc?vr\ﬂng 3 %reea%lﬁana?dhigco 1—l[())rrils?’ﬁg a mlcroﬁho?}g , an oﬂtput Fana ucgrsﬁf a

microelectradtidgirguitidntorpknisintedgeii tconvarterfda sigpaltpeockssor 8rrardontraljetid, a remote
control recgivec{ 6ba %Io enretraa%gg iif;}nd an electrically controlled switch 8. The bearing aid 1 further
compriseléeaugo%leyf Source 13, prefierébly in the form of a battery cell, a mechanically operated
battery switch 13, and a receiver antenna 6a. Also shown in fig. 1 is a remote control transmitter 14

having a K"é‘é‘aﬁ%}%fﬁe{oaé‘tger%?e% aem%%%[i?n”eﬁg,“t%%r‘l%' 10 rﬁ%@'{&%vdo?"é% hjiéls';tt%? 3?’ Do the the
mlcrophone PICKS up acoustic sighals and converts them Into analog electrical signairs. e analog
electrical sifirialst alecvtve ndainto: digitabsigrratddoy thenAl/ [ cersrettexddrtotrinakéh¢Herarangailable for
CO”d'“O”%ﬁg ﬁnds%rt%%:g%%% Qé’%%‘}&a%&ﬂﬁ%ﬂﬁ%ﬁ%ﬁ%ﬁ%&%gr #QQJ%Q C&'T‘FEP%%“G [Escription in
order to alleviate a hearing [0ss. The signal processor 3 outputs amplified e ectrica signals for
conversian isitnacesstic sigratstiiydthe tbatpatirarsd user heimtesstisigrials hansndtteddrom the
remote control.14 via thq transmitter antenna 14a are icked. ¥R t%y the recei.ve{ anfenna 6a and
t tect .

detected %‘fﬁ‘%ﬁ’é""ﬁer‘h‘% & Corttrol fecenver gr?o?co%ergtm%%ﬁké ﬁéar’fﬁgcgpiap 1 Erlgfaﬁ%?el?f.l anfiote control
commanasdetiueiestbiet arennofilimiten conpebghderpuhmagdsopolume adjustments, and the like. WO
2009/0769499PCT/DK2007/000552

According to a third aspect, there is provided a hearing aid system comprising at least one

hearing aid and a remote control, which hearing aid comprising a power source, at least

one input transducer, an analog/digital converter, a digital signal processor, a clock

generator connected to the digital signal processor, an acoustic output transducer, and a

remote control receiver, wherein the hearing aid is adapted to assume: a normal mode of

operation, and a stand-by mode with the input transducer, the analog/digital converté{’,

the digital signal processor and the acoustic output transducer switched off; wherein the

remote control receiver 1s enabled in the normal mode as well as in the stand-by mode,

whereby the remote control receiver is able to receive a control signal from a remote

control unit for switching the hearing aid between the normal mode and the stand-by

mode; wherein a controller, in standby mode, when receiving the control signal from the

remote control receiver, brings back the hearing aid to the normal mode of operation by

performing a soft-boot sequence including switching on the input transducer, the

analog/digital converter, the digital signal processor and the acoustic output transducer.

The electronics in a hearing aid has to be very small in order to fit behind — or evenin —a
person’s ear. The majority of necessary electronic components in a typical hearing aid are
thus embodied as one or more integrated circuits comprising the thousands of
semiconductor elements together making up the hearing aid circuitry, bar a few
components external to the integrated circuits such as large capacitors, resistors, telecoils,

receiver coils etc. In a digital hearing aid, most of the integrated circuit comprises



The power source 12, embodied as a battery cell, is connected to the complete hearing aid circuitry
(only suggested in fig. 1) via the battery switch 13, preferably embodied as a pivoted battery
compartment capable of detaching the power source 12 from the 5 circuitry of the hearing aid 1

wheneveMRSEompBartiiEnt & SHBHETSRBISPRIMAE HFBRERSATHRPEFI4RSAPEERND ARFY

program @H&@aﬁﬂ@ '&?%W@o@é@’ﬂ_{iﬁ)ﬁw 4R a8XIRIDA REOY rﬁﬂﬁﬁiﬂﬁiﬁ%?@p&iﬁ@wumcaﬁng
with the controller 5 of the hearing aid 1. The controller 5 10 receives prescription parameters for
alleviating adeatrggasd <S5 d set of different programs (not shown) from the programming device 11
to be stored in memory (not shown) in the bearing aid 1, and utilizes these prescription parameters to

adjust the performance of the signal processor 3 according to the prescription. 15After finishing the
program g P tHE SRaHAY Rt AN EHE prBidmiiig Revieenarsd disdannaciseefgrntielisdaring aid

circuitry 4.apddhenaontipiensghen pedarmsdhemalardasken! karpingithe Regtingaibdelcoperational,
i.e. receiving commands from the remote control receiver 6, chan%ing between the different, stored

programst&Rerity theyolit A enrRE AR e AR e ame it ggfiarPBEessor 203
etc. The coptrellehsmisodasnleansfakerReralinaiigeleeticalinaantpted SWItthad. of the

semiconductor elements together performing the operations of the digital hearing aid
circuit. The clock generator is thus potentially controlling the switching of many of the

semiconductor elements several millions of times per second.

Every time one semiconductor clement switches from one state to another, current is
drawn from the battery cell, and if some of the semiconductor elements are connected in
such a way as to retain the same state over time, this portion of the semiconductor
elements does not draw any significant current when compared to the rest of the

semiconductor elements in the circuit. As the clock generator controls the switching



which connects the clock generator 7 to the clock input of the A/D converter 9 and the signal processor
3. A stand-by command transmitted by the remote control 14 is 25 received by the remote control
receiver 6 and decoded by the controller 5 into an electrical signal for opepi @g F ically
controlled svvwlt(c)r%qg?/fﬁﬁg’s%epriving the A/D converter 9 and the signal pro?ggsg())r Og gt%gbglock signal.
As this signal is essential for the AID converter 9 and the signal processor 3 to operate, the opening of
the switch 8 effectively halts all signal processing in the A/D.converter apd @Qﬁgﬁi‘éﬂ 30 processor and
renders the Ui eEH ?ﬁ&fﬁmﬁr% |c%§$tﬁré %yv&%ﬁq?sméa% 0 [eé as a semiconductor sv%:tching element
such as a PEfidis | Thransistoreela wheitdssréutily avandsretptedighesersiibitlictor element. The
choice of a sihing eistentatbedesinisiansiisaicfaaliadapteg taheaghnalogy uilized in the
microelectronic circtit 4. WO 2009/07694910PCT/DK2007/000552 As the signal processor 3 is, by
far, the mosPeWFREIBBAH BF the PRLfiRe&Celfcuitry, it may be assumed to consume the highest

percentage of the power available from the power source 12. When the hearing aid 1 is processing

and ampliying,sound i e A% Blalaatimate SHHENIAANSHMALigR Ot aRR@dmALRlY L MA. The
semiconductor elements in a 8igita| circuit mainly requires power for changing their condition
where

Fig. 1 shows a schematic biock diagram of a hearing aid according to the invention,

10
Fig. 2 shows a flowchart of a pat of the operation of the hearing aid in fig. 1, and
Fig. 3 shows a schematic block diagram of a remote control for use with the hearing
aid in fig. 1.

15

Fig. 1 is a schematic block diagram showing a hearing aid 1 comprising a microphone
2, an output transducer 10, a microelectromnic circuit 4 comprising an A/D converter 9,
a signal processor 3, a controller 5, a remote control receiver 6, a clock generator 7,
and an elecirically controlled switch 8. The hearing aid 1 further comprises a power

20 source 12, preferably in the form of a battery cell, & mechanicallypperated battery
switch 13, and a receiver antenna 6a. Also shown in fig. 1 is a remote control
transmitter 14 having a transmitier antenna 14a, and an external programming device
11.

25  When in use, the microphone 2 picks up acoustic signals and converts them into
analog electrical signals. The analog electrical signals are converted into digital
signals by the A/D converter 9 to make them available for conditioning and
amplification by the signal processor 3 according to 2 compensating prescription in
order to alleviate a hearing loss. The signal processor 3 outputs amplified electrical

30  signals for conversion into acoustic signals by the output transducer 10. Wireless
signals transmitted from the yemote control 14 via the transmitter antenna 14a are
picked up by the receiver antenna 6a and detected by the remote control receiver 6 for _
operating the hearing aid 1 remotely. Remote control commands include, but are not

limited to, program changes, volume adjustments, and the like.



_(pa_s_sing a current or blocking a current), and the clock generator 7 controls the rate by which the
individual semiconductor elements of the microelectronic circuit 4 are allowed to change state. 10 If

the clock generator 7.1 4c%isconnected from the parts of the microel i, Circu i
- 27 WO 2009076949 : electroni L9 the
processing ané reprodﬁic ion of sounds, i.e. the AID converter 9 and the s%% %ﬁrsg?g\éd@%%?s in the block

schematic in fig. 1, no semicondl_Jctor element in those parts of the circuit can change its functional
state, and the inert parts of the circuit are 15 therefore essentially left in an undefined state until the

c!ock signal is reapp_lie(_j. AI.I the semiconductor elements in the parts of the circuit deprived of the clock
signal only dravwpaweinsigniitarrdmdahest @H?Féﬁ?%tﬁ&?%?ﬁ?é?‘%ﬁ‘i&hﬁr‘écﬂﬁgﬁf%%?ﬁements of the
ﬁggeon;e(;zrt}z%ﬁ:fqr%%%ﬂ&ﬂﬁﬂ QQ%:QI Eﬁtl)%lﬂgh%Vﬂaﬁﬂ@wmﬁﬂ@tsﬁﬁtﬂiﬂempmwmﬂsm&dby entering this

- node for it to be feasible as a dedicated stand- 20 by m xample, an
estimate badéd B AFP JCLRRY CRTPPGEEIGH yrdtt sletﬁ?a(%c? %hvl\ﬁﬁg% frent gg‘ﬁgg%%?ﬁﬁ%%uns from sections
active insstapgchyrnsiee BAdb o nventesvBOiR A REMHRIICE MRS R BHISRAE ock

generator-20 08 CORIRIEL:IZRA

During programming, the hearing aid 1 is connected to an external programming
device 11 communicating with the controller 5 of the hearing aid 1. The controller 5 -
10 receives prescription parameters for alleviating a hearing loss for a set of different
programs (not shown) from the programming device 11 to be stored in memory (not
shown) in the hearing aid 1, and utilizes these prescription parameters to adjust the

performance of the signal processor 3 according to the prescription.

15 After finishing the programming of the hearing aid 1, the programming device 11 18
disconnected from the hearing aid circuitry 4, and the controiler 5 then performs the
major tasks of keeping the hearing aid 1 operational, i.e. receiving commands from
the remote confrol receiver 6, changing between the different, stored programs,
altering the output volume, adjusting the general performance of the signal processor '

20 3etc.

The controller 5 also has means for operating the elecirically controlled switch 8,
which connects the clock generator 7 to the clock input of the A/D converter 9 and the
signal processor 3. A stand-by command fransmitied by the remote control 14 is
25  received by the remote control receiver 6 and decoded by the controller 5 into an
electrical signal for opening the electrically controlled switch 8, thus depriving the
A/D converter 9 and the signal processor 3 of the clock signal. As this signal is
essential for the A/D converter 9 and the signal processor 3 to operate, the opening of
the switch 8 effectively halts all signal processing in the A/D converter and the signal
30  processor and renders the output silent. In praciice, the switch is embodied as a
semiconductor switching element such as a FET or BIT transistor or a similar, readily
available chip design semiconductor element. The choice of a switching element at
the design stage is preferably adapted to the technology utilized in the microslectronic

circuit 4.



30 Total:-107 pA If the hearing aid in this example consumes 1 mA during ordinary operation, then
about 9/10 of the current consumption, or a little less than 900 RA, may be saved in WO

2009/07694%1&E%;%I;%%OO?/OOOSSZ the stand-by mode when compared,iothg fbisikE&onsumption
during ordinary operation. hi one embodiment (bt shown) the switching element may be a plurality of

switching 5 elements 8 forming part of the clock generator circuit 7 itself. Each part of the hearing aid
circuit 4 requiring a clock signal may thus have its own clock signal branch controllable by the plurality
of switching elements 8. This enables the clock generator 7 to distrjbute the clock signals to the rest of
the hearing Aideirtgielmracrery fdsibe Raha SR COBRIFTARY ‘%{é}i’%{’-ﬁw&ﬁi’é}rc ‘Shsdmption. 10 A
typical zinc-gip batierycelbhas3zapacity fiemssd PR p L ttle peweiry slatisdmufedturer and storage
conditions. If a cell with a reason blhegca acity.of 300 mAh is assumed, fhen,a heating aid consuming
1 imA may SBERERIESAAUOTER FSr 6%15% fielva %fgflgs%llﬁgsuch a ﬂe}?{er%t/ cell. Based on these
assumptionseihe-hiasiod) aitetb accomitigrootherprosimEsHm by s esnifFEHEEE Ut in stand-by
mode and left in stang-by.made for massithanshiesnueekabelariie battesndsibis depleted. The

. elern
self-discharge pﬁenomenon depletes an unconnected and unsealed batter, urlj&g couple of weeks,
but the self-&?ﬁ&&i%ﬁ@é‘ﬁh‘éﬁ@h‘?%ﬁlﬁ?a%ﬁéd’ﬁéé&&e§§??11%5veﬁlgli%or coné:?n I?l %raw}%g a small current

y constantly ¢
from the battgnssTiis fattenis, hewexeldighiedede péridentisfatiechrme effEteriFused, as well as

other faCtorS&iﬂowed to change state.

10
If the clock generator 7 is disconmected from the parts of the microelectronic circuit 4
vital to the processing and reproduction of sounds, i.e. the A/D converter 9 and the
signal processor 3 in the block schematic in fig. 1, no semiconductor element in those
parts of the circuit can change its functional state, and the inert parts of the circuit are

15  therefore essentially left in an undefined state until the clock signal is reapplied. All
the semiconductor elements in the parts of the circuit deprived of the clock signal only
draw an insignificant amount of current in that state, and practical measurements of
the current consumption in an existing circuit bave shown that sufficient power is

saved by entering this non-operational mode for it to be feasible as a dedicated stand-

20 bymode.

As an example, an estimate based on an actual chip design yields the following

current consumption results from sections active in stand-by mode:

25  A/D converter: ~50 nA
Remote control receiver: ~25 pA
Clock generator: ~20 pA
Controller: ~12 uA

30  Total: ~107 pA

If the hearing aid in this example consumes ] mA during ordinary operation, then

about 9/10 of the current consumption, or a little less than 900 pA, may be saved in



Thg hegring Iaid 1 may be put back into the ordinary mode of operation from the stand-by mode either
by issuing a 'soft-boor command from the programming interface 11 while connected to the hearing aid

1, or by tran%t%% fpQyver-on 25 command from the remote control 14 i
: ' . -this command
instructs the con ro?( % in the hearing aid 1 to dlose the electrically contrg ed sw{i]tﬁ(??}ﬁ%%;éain and

execute a 'soft-boot' routine in the hearing aid 1. The closing of the switch 8 allows the clock generator

7 o reapply he clopk signal o fhe AIR GO0YGH1a, AR sl aCesaRE e Softboot

. t 1D

routl_ne al§o eUtS ignal’processor 3'in an Initial state corresponding to turning the power of the
hearllng a|ql dp@nﬁld@us rgstartlng 'Fhe signal processor 3 again. This routine is executed for the purpose
of eliminating possible signal residues present in the AJD converter 9 or the signal processor 3 prior to

WO 2009/07694912PCT/DK2007/000552 . : :
Tn one embodiment (not shown) the switching element may be a plurality of switching
5  elements 8 forming part of the clock generator circuit 7 itself. Each part of the hearing
aid circuit 4 requiring a clock signal may thus have its own clock signal branch
controllable by the plurality of éwitching elements 8. This enables the clock generator
7 to distribute the clock signals to the rest of the hearing aid circuit in 2 very flexibie

manner for optimizing stand-by power consumption.

10 _
A typical zinc-air battery cell has a capacity from 40-600 mAh, depending on
manufacturer and storage conditions. If a cell with a reasonable capacity of 300 mAh
is assumed, then a hearing aid consuming 1 mA may operate continuously for about
twelve days on such a battery cell. Based on these assumptions, the hearing aid
15  according to the invention may thus comfortably be put in stand-by mode and left in
stand-by mode for more than sixteen weeks before the battery cell is depleted. The
self-discharge phenomenon depletes an unconnected and unsealed battery during a
couple of weeks, but the self-discharge phenomenon may be reduced somewhat by
constantly drawing a small current from the battery. This factor is, however, highly

20  dependent of the brand of battery used, as well as other factors.

The hearing aid 1 may be put back into the ordinary mode of operation from the
stand-by mode either by issuing a ‘soft-boot’ command from the programming
interface 11 while connected to the hearing aid 1, or by fransmitting a power-on
75  command from the remote control 14. In both cases, this command instructs the
controller 5 in the hearing aid 1 to close the electrically controlled switch 8 again and
execute a ‘soft-boot’ routine in the hearing aid 1. The closing of the switch & allows
the clock generator 7 to reapply the clock signal to the A/D converter 9 and the signal
processor 3.
30
The ‘soft-boot’ routine also puts the signal processor 3 in an initial state
corresponding to turning the power of the hearing aid 1 on, thus restarting the signal
processor 3 again. This routine is executed for the purpose of eliminating possible

signal residues present in the A/D converter 9 or the signal processor 3 prior to



entering the stand-by mode, thus reducing the risk of unpleasant clicks or pops being present in the
reproduced signal upon leaving the stand-by mode, or the undesirable case of an undefined state

being entere % ri hutdown phase of the stand-by mode. By perfo ;Bil?g a -hogt sequence
when Ieavind%s ;H -b)%g%gde, proper signal 5 processing in the hearing aif) accor |2§gttaog#|e invention

is ensured. Figure 2 shows a flowchart of a power management routine in a hearing aid according to
the invention. The power management routine is sup i - contained process
independentBFiie §§ r‘?éﬁ%?o‘c’é‘%%%’g%ﬁstﬁee %Cé%%'ﬁ% 5%3 .%?%gsrl(%%ﬁl%@g%g%%ﬁ?%g%m with power
being applieprbytlosibg thedsatehpiswitendn sepngchs Treddsverdn Gidl 2098 a soft-boot call
step 203, whigh ity |8agslosa B eRMRC:AikRr agram deaditg siapyR04. ofhrhearing aid load program
step 204 enters a signal pro_cessing st((aig) 205, which In turn le dﬁ~0 an eC g&rgf@}ang testing step 206.
15 The RC BB tECHMTSRIPBUS BrARHES BhtThiE A Fegatve branch connected to the input of
the sound praeessing step Rebingniiancaffimgativies brasslveonmested to a power-down testing step
207. The power-down testing step 207 further branches out into a negative branch connected to a
command processing step 208, and an affirmative branch connected tq a c]&ck sh(gtdown step 209.

The output oFigseSoskerin e Hat a5 PRy ST D BRI LOBLRK i SHEReA0% 18P EGREinued signal
processing, andtheveuiiau! Phihewiockshitcon itz 208 ietibwer bynaimowersali-testing step 210
branching out into a negative step looping. back into the input of the nowarrup, testingestep 210 itself,
and an aﬁirn‘fﬁﬂ@énﬁ‘?fﬁ%%e%én NG lfge]é?c%qcﬁ? tgfﬁ?]%% r%%gsé%%l. The outp%t of the clock turn-on step 211
leads bagk irsterthin istpri20T tishaBswh bries epnlistohy 2 imenbabairny e fiahdthe power-on step
202 in the f'%%hﬁéw-ﬁﬂ-s%emwﬁk%ﬁb%t REWRIIS anpdies! to3heiemrnguaidibyishe user by placing a
o I e e 1 propiars osding ey 557 1HE A0S PR E RS Y GPIRATnert, thereby
signal processing step 205, which in turn Jeads to an RC command testing step 206.

15 The RC command testing step 206 branches out into a negative branch connected to
the input of the sound processing step 205, and an affirmative branch connected to a
power-down testing step 207. The power-down testing step 207 further branches out
into a negative branch comnected to a command processing step 208, and an
affirmative branch comnected to a clock shutdown step 209. The output of the

20  command processing step 208 loops back into step 205 for continued signal
processing, and the output of the clock shutdown step 209 is followed by a power-up
testing step 210 branching out into a negative step looping back into the input of the
power-up testing step 210 itself, and an affirmative branch leading to a clock turn-on
step 211. The output of the clock turn-on step 211 leads back into the input of the

25 soft-boot call step 203.

The starting step 201 and the power-on step 202 in the flowchart in fig. 2 indicates
that power is applied to the hearing aid by the user by placing a battery in the battery
compartment of the heating aid and closing the battery compartment, thereby closing

.30 the electric cireuit.

When power is initially applied, the power management routine calls the soft-boot
subroutine in the soft-boot call step 203. The soft-boot subroutine (not shown)

initializes the hearing aid signal processor, loads a set of starting parameters, and



30the e!ect_ric circuit. When power is initially applied, the power management routine calls the soft-boot
subroutine in the soft-boot call step 203. The soft-boot subroutine (not shown) initializes the hearing

aid signal pr r /J7 s a set of starting parameters, and WO ;
20091076_94?@55@? 8% 007/000552 preparedihe hearing aid processorP %E;/ dKé.z ( mgngiss%ecific
hearing aid program in the program load step 204 When the specific program is loaded, the signal

processor starts to process incoming sou ccardi ¥ ecified by th
signal procé’§§?ﬁ‘§_ssgéf)%6§p% W{?ﬂléa% Sé%ig%él?ﬁ%on e%%é%ﬁgﬁ)égég%%géﬂggé@gfj?éhe powe)r/ °
manageme ptaoatinam aiers 2 indbiy he gofae Presraisiinl {8 PEACRE command has

been receivgd,, This inguiry.lakes Pacgdndhadiie rommeneiasingsiem20ffiadRC command is
received, the power management routine loops back to step 205 and
the signal processing step 205.
5
While the signal processor is busy processing signals, the power management routine
makes an inquiry at regular intervals in order to detect if an RC command has been
received. This inquiry takes place in the RC command testing step 206. If no RC
command is received, the power management routine loops back to step 205 and
10 regular signal processing continues unimerrupted. If, however, an RC command has
been received, the power management routine investigates the nature of the received
command further in the power-down testing step 207. In a preferred embodiment (not
shown), the power management routine may be driven by an interrupt vector or the
like.
15
If the received command is not a power-down command, the power management
routine hands over further decoding to a command processing subroutine in step 208.
This subroutine (not shown) performs the decoding of all other commands received
by the hearing aid, and subsequently hands the power management back to the power
20  management routine, which loops back into step 205 after processing the command,

which may be a volume change, a program change, or similar type of command.

In the case that the received command is indeed a power-down command, the power
management Toutine continues to step 209, where a signal to shut down the clock
25  signal to the signal processor is issued. This, in turn, brings all signal processing to a
halt, thus muting ait sound output by the hearing aid and leaving only the RC receiver,
the power management routine, and a couple of other vital parts if the hearing aid
active, thereby reducing the power consumption considerably. The hearing aid is now
effectively in a stand-by mode.
30
After shutting down the clock signal to the signal processor in step 209, the power
management routine then continues to look for a power-up signal by performing a test
in order to detect whether a power-on signal from either an external programming

device or a command from an RC has been received by the hearing aid. This test is



10 regular signal processing continues uninterrupted. If, however, an RC command has been
received, the power management routine investigates the nature of the received command further in

the power-down testing step 207. In a preferred embodiment (not shown), the power management
routine may Bve(?qzﬁ{\)?é{ﬁ §9an interrupt vector or th&like. 15 If the received %%?T]/Irrri](é"{r]lﬂ ot a

power-down command, the power management routine bands over further decoding to a command

processing suhsigsing i stapA081fThistsHrasting £oqlshewp)speHoimsethegdasgding of all other
commands re{:eivebd lf:y.the. ringfaid, angd subse ¥entl hands the power management back to the
msip et Bl Y AREP 3R ARt EBmmand, which

power 20 management routine, e onépset}gséﬁnln
may be a volukiectsidaligepavprograianaiarigetyod. shmflaw ty penfcorem sndinhcthncas® that the

received comgaanghis iAdegrha RRVRIHONR£a8NMANH e PRVRLIPRIA0ST Rl Qe continues to

step 209, where a signal to shut down the clock 25 signal to the signal processor is issued. This, in
turn, brings alEREPHPHEEERT 5 MAPRER STRfGEMY fI e fdD FBLEBNS ths HeEmegtaid and leaving
only the RC receinginthkpbwer cnasmagespent iostnepandhareby e tdoilesiditedyaarts if the hearing

aid active, thegﬁgé{g %%pgf?l%ﬁ%d%% {%ﬁ?é;%%gagﬁg £o %;dﬁﬁbly. The hearing aid is now effectively in

a stand-by mode. 30 After shutting signal‘'to the signal processor in step 209, the
power

In one embodiment of the invention, the power management routine may beneficially
10  be implemented as a logic sub-circuit of the hearing aid controiler, thus not
necessarily requiring a clock signal itself, but instead relying on a set of logical

conditions determining the state of the power management.

Fig. 3 shows a schematic block diagram of a remote control device 14 for use with the
15 hearing aid 1 according to an embodiment of the invention. The remote control device
14 comprises a central processing unit 21, a memory 22, a keypad 23, a display 24,
and a transmitter 25 having a transmission antenna 14a. The keypad 23 comprises a
left volume up key 31, left volume down key 32, a right volume up key 33, a right
volume down key 34, a program change key 35, and a stand-by key 36.
20
The remote confrol device 14 is adapted for transmitting ;Wire:less commands to at
least one hearing aid 1, said hearing aid comprising a microphone 2, an output
transducer 10, a microelectronic circnit 4 and a reception antenna 6a. The keys 31, 32,
33, 34, 35, and 36 of the keypad 23 offers the user a selection of commands, said
25  commands comprising increment or decrement volume level, program change, and a
stand-by functionality. The keypad may have some of its keys-doubled for the purpose
of operating two hearing aids independently, and functionality may be further
enbanced by enabling a subordinate set of commands to be accessed, e.g. by pressing
a key for more than two or three seconds. In the case of two hearing aids being
30 operated by the remote control device 14, a destination flag is transmitted with some

of the cormmands in order to distinguish between a left and a right hearing aid.

A unique identification code is sent with each command from the remote control

device to the hearing aids in order to identify command to the hearing aids. Only



management routine then continues to look for a power-up signal by performing a test in order to
detect whether a power-on signal from either an external programming device or a command from an

RC has beew&g&}y/ﬁ%ﬁg the hearing aid. This tﬁ%t is performed in step 219.Jfte isekEails, i.e. no

power-up signal is detected, step 210 loops backinto itself, performing the test indefinitely until a
power-up signal has been detected. If a power-up signal is received, the power management routine
continues to stepr2ids anditigrie tharetoddsighalifar thécsignakprodiegsorbackdnofTtie power 5

management auine \nen promply Riagesls 16 SIER 20%ANA5all e sRihngtbieutine, loads the

current program in-step eréby the hearing aid leaves the stand-by mode and resumes regular
operation in Sigsd ficshe perbebidweHtistine sadertbheiisshdimsarerbit Butine may
beneficially 19@@3{@@@@3%@@ ailpgigsukegircuit of the hearing aid controller, thus not necessarily
requiring a clock signal itself, but instead relying on a set of logical conditions determining the state of
the power management. Fig. 3 shows a schematic block diagram of a remote control device 14 for use
with the 15 h&animg el thasooringptoobderivhbblinae eafroiecimyaaidrio Hiebeannsteiddntrol device 14

comprises a GeRital RIQEESING #All iy Ghae: RAAKEYNR ARt disRiay th:A0M a transmitter 25

having a transmission antenna 14a. The pad 23 comprises a left volumeaﬁgﬁ kﬁy 31, left volume
down key 32,58 riRtGBItme SRSy Y8R drtl ok IS @RSy S PR35 O BY AT R%HGe key 35, and a
stand-by key &an 26hildrer ein diencointr sbaelicehi 4nisradapledntbr transputtiigewinstessicommands to at

east ongoheang Alid Spifh R0 AkamPianG £ MiETeRkansacan g ipH Tpasducer 10, a

microelectronic circuit a reception antenna 6a. The keys 31, 32, 33,734, 35, and 36 of the
keypad 23 offéréchecoreradde| deismanisimmaiish safyerts and transmits the command as

a wireless signal via the antenna 14a in a form suitable for reception by the hearing
aid 1. The issuing of commands and the resulting status in the hearing aid 1 may
preferably be reflected by the display 24 of the remote control device 14, allowing the
15 = user to verify that a command was transmitted to the hearing aid 1. Upon reception,
detection and decoding of the issued command, the hearing aid 1 essentially performs
step 208 of the algorithm sketched out in fig. 2, in this case decreasing the volume if

the hearing aid is set up to be a left hearing aid.

20  If the user presses the stand-by key 36 on the keypad 23 of the remote conirol device
14, the corresponding stand-by command is issued to the hearing aid 1. Upon
reception of the stand-by command, the power management routine in the hearing aid
1 executes the power-down routine and disconnects its clock signal to the
predetermined, signal-processing parts of the hearing aid circuitry within the

25  microelectronic circuit 4, and the hearing aid enters the stand-by mode.

When the clock signal in the microelectronic circuit 4 of the hearing aid 1 is
disconnected from the signal-processing parts of the microelectronic circuit 4 upon
detection of a power-down command as described in the foregoing, signal processing
30  in the hearing aid 1 is effectively halted. Only the parts of the microelectronic circuit
4 of the hearing aid 1 responsible for reception of remote control commands remain

active in the hearing aid 1 while the hearing aid 1 is in stand-by mode.



25 commands comprising increment or decrement volume level, program change, and a stand-by
functionality. The keypad may have some of its keys doubled for the purpose of operating two hearing
aids indeper;dgggw9 fg,sfunctionality may be furtger enhanced by enablipg-gsthgtdinate set of
commands to be accessed, e.g. by pressing a kély for more than two or three seconds. In the case of
two hearing aids being 30operated by the remote control device 14, a destination flag is transmitted
with some of ihetbopamaredst inabide iHoidisingiibh betweenddieft@iedmalnghtkearingaid. WO
20091076949k HDKARID anscommanileitaung te salisetddenticallangade coresponding
he hearing rep d. The ide

to the code o aid rocessed, all other commands are ignored. T ntification code
is establishe®FBHRPOSELAReRtcHRITTbA ShiPthsHiiE S HEdRhd bRt Eime of fitting the
hearing aid taviRgeusedeyBUsNGdIRErthe sRIMOtB-cae] Jayicechdhmal dansspinaerpynands to the
hearing aid 1 in the following way:, The user operates the keypad 23, selecting a.desired command,
say, the Key )ﬁn lﬁetgfc'e%{,c\é%ﬁ%l%%{n%aieﬁn. af]ﬁisssbuﬂ)%gaatiggn i%oféccgénﬁ?fgg%)y%er&%%%%ican routine in
the firmware stotediin stretimethoriend, mpcksooirsporditplicd Finarfd seneseseedby the central
processing ugifZhi I ReceRr &l BrocessiRg Snital.therjssiesAg¢ommand to the transmitter 25, which
converts and transmits the command as a wireless signal via the antenna 14a in a form suitable for
reception by the hearing aid 1. The issuing of commands and the resulting status in the hearing aid 1
may preferably he skdlestedriy dhecdis{plolysBdvorf) the: revmbie edintrobdievice 1k mifewing the 15 user to
verify tha a cammand,was fransmiyied.in hieheaung Alld.HRonireaptiondeiagign and decoding of

the issued command, the hearing ald 1 esséntially performs step 208 of the algorithm sketched out in
fig. 2, in this G58EnEctfe MM ORBIFALH e PREBIRFEFTe SRS BerPiReh@a iy aid. 20 If the
user presses phgeatansrbykeydtantiakiypast@s of theremateveaniahdayiarcd,ihe corresponding
stand-by command is issued to the hearing.aid.1. Upon re ion.of the stand-by command, the power
managementSrl%%lﬁ{s|Ir11Fia(_)|“‘:}€1St§1eecEu’g%Fsl1 ga};u% %iggﬁtgg?%é%cl)%v%ggé%av{/lﬁgrgﬁine and disconnects its clock
signal to the predetermined, signal-processing parts of the hearing aid circuitry within the
25microelectronic circuit 4, and the hearing aid enters the stand-by mode.



When the clock signal in the microelectronic circuit 4 of the hearing aid 1 is disconnected from the
signal-processing parts of the microelectronic circuft 4 upon detection of a power-down command as
described in the foregoing, signal processing 30 in the hearing aid 1 is effectively halted. Only the
parts of the microelectronic circuit 4 of the hearing aid 1 responsible for reception of remote control
commands fmdM3ctive in the hearing aid 1 while the hearing aid 1 is in stand-by mode. WO
2009/07694916PCT/DK2007/000552 For the purpose of making the hearing aid 1 leave stand-by
mode and re-enter regular operation, a power-up command may be issued to the hearing aid 1 by the
user by pressinly tHe Re36 il tREKBYHEE 2 PP HeSRTTEte2EFitbIoas iR ArapiRcerhatwireless

receiver of the heaﬂ{a@ogiqi%imerbm@@,s the gemmanghandygspands Ry sidekningdhasiock signal
back on and issuing a soft-boot command to the hearing aid controller, starting the signal processor up
in a controlled state*ARECEELLRY FBGTRAS BB MBRCHYSIEHoRIeENE SHBPLBATSHNGE pBIfet-up
command. In an alfgrpate-emabosdimant:(not shown), the hearing aid according to the invention 10 may
be put into a stand-by mode by means of a dedicated switch embedded into the hearing aid case and

operated by the he%hgigiaithe Besrinpath st uBpEih§SWIRe presence of a remote control unit in order

to enter or leave a siapgrv@dsrby saubingeff the clock signal to the signal processor in the hearing

aid. 17
a stand-by mode with the input transducer, the analog/digital converter, the

digital signal processor and the acoustic output transducer switched off}
wherein the remote control receiver is enabled in the normal mode as well as
in the stand-by mode, whereby the remote control receiver is able to receive a
control signal from a remote control unit for switching the hearing aid between
the normal mode and the stand-by mode;

wherein a controller, in standby mode, when receiving the control signal from
the remote control receiver, brings back the hearing aid to the normal mode of
operation by performing a soft-boot sequence including switching on the input
transducer, the analog/digital converter, the digital signal processor and the

acoustic output transducer.



CLAIMS 1. A hearing aid comprising a power source, at least one input transducer, an analog/digital
converter, a digital signal processor, a clock gener&tor connected to the digital signal processor, an
acoustic output transducer, and a remote control receiver, wherein the hearing aid is adapted to
assume: a normal mode of operation, and a stand-by mode with the input transducer, the

analog/digital conveteehesigngigichiasenidin deeskbPand tharasistigad sttt uhRstiteh dvitched off;
wherein the remotg, £ite! seReNET iscerbled i dhesromaatiaodieing Wk as ifuthgssians-by mode,
whereby the remote control receiver is able to receive a control signal from a remote control unit for
switching the hearfegEediBetihe sie thegsrhial thiod gaharassseRind-by mode: wherein a controller, in
standby mode, when receiving the control signal from the remote control receiver, brings back the
hearing aid to the nonnal mode of operation by performing a soft-boot sequence including switching on

the input transducéhahesina i digitafihinertain e digfital Ligrhip Db LS AR $FREEBUStic output
transducer. 18 2. Jhg hRating,aieAEFORINELOSHIBIN thafBRsaciRsiZRA D Shalciersiuichsis arranged

between the clock generator and the digital signal processor for controlling the clock sigibnal to the

signal processor. P TREHerifeF AR S HIGIs ISR st ala Adis R thatiencRicki§enerator

comprises a pluralityofi clpslesignal PEaRshasa shecsitnali sRcasEen Ravibg:R MyEaliy absections, each
branch connected to a respective section of the signal processor and comprising a controllable switch

for controlling the €l8BRI dfyHSI I RRE NSSIFEERVe section. 4. A method of operating a hearing aid, said
method involving the steps of powering on the hearing aid, loading a hearing program into a signal
processor, processing a sé%nal according to the hearing program, receiving, decoding and, processing

a remote contrét commReK SHARERBHEIAPE AN A oMY S TS rdih siERSAtrol by

entering a stand-by Redg claragteneadhy srINNEsmgeateingitae sianddbyimede kyesulitching off an
input transducer, an analog/digital converter, a digital signal processor and an acoustic, output

transducer of the HEAFF§RIPIRAES R it St &SRIABY MGl AHRA REC&HHY HEoVRE:on
command from theyrepaete GeRtrplobiiBes Rackntbe-heating alshimanaoimal regsteeingperation by

performing a soft-boot sequence including switchin%qon the inB[ut transducer, the analog/digital

converter, the digitdPafyhél $BEesbinem the SEB0MICHRIBLOYaRgtieg 2 stand-by mode,

characterized by comprising entering the stand-by mode by switching off an
input transducer, an analog/digital converter, a digital signal processor and an
acoustic output transducer of the hearing aid; and wherein in the stand-by
mode, when receiving a power-on command from the remote control, brings
back the hearing aid to a normal mode of operation by performing a soft-boot
sequence including switching on the input transducer, the analog/digital

converter, the digital signal processor and the acoustic output transducer.

5. A hearing aid system comprising at least one hearing aid and a remote control,
which hearing aid comprising a power source, at least one input transducer,
an analog/digital converter, a digital signal processor, a clock generator
connected to the digital signal processor, an acoustic output transducer, and a

remote control receiver,



5. A hearing aid system comprising at least one hearing aid and a remote control, which hearing aid
comprising a power source, at least one input transducer, an analog/digital converter, a digital signal
processor, a clock generator connected to the digital signal processor, an acoustic output transducer,
and a remote control receiver, 19 wherein the hearing aid is adapted to assume: a normal mode of
operation, and a stand-by mode with the input transducer, the analog/digital converter, the digital

signal processor a&ﬂé}&%@ﬁ@@ﬁ@&%‘ﬁ&%ﬁ%&%&%‘éﬂﬁ@?d off; wherein the remote control receiver

is enabled in the nonnal mode as well as in the stand-by mode, whereby the remote control receiver is
able to receive a confrishaignedsroharereinbténsbntrol unit for switching the hearing aid between the

normal mode and the stangd- By modsmvierin.a cantaller, instapdby meda. wheafgcepdng the

control signal from the remote control receiver, brings back the hearing aid to the noimal mode of

operation by perfofigiit) 8 Stit-Proseseraah deciprtusivyyibmé Mngsdrethaevnishedrafsducer, the
analog/digital convegter; the digital:signatarecessar anddbRase Rl auiRHEsapsducen & The hearing

aid system according to claim 5, characterized in that the remote control is adapted for issuing a code
with every commadthsrstiiduaiyadntifjipg thdsesmaictansplvisieiveid cofiasecvatended. 7. The

hearing aid system aaeording.i&:61a1T-EnchAEaRIRIIZRE: RARRL IBGeANg 2id dsRdaRipefor decoding
commands from the remote control if the code corresponds to the code of the hearing aid.

the normal mode and the stand-by mode;

wherein a controller, in standby mode, when receiving the control signal from

the remote control receiver, brings back the hearing aid to the normal mode of

operation by performing a soft-boot sequence including switching on the input

transducer, the analog/digital converter, the digital signal processor and the

acoustic output transducer.

6. The hearing aid system according to claim 5, characterized in that the remote
control is adapted for issuing a code with every command for uniquely

identifying the hearing aid for which the command is intended.

7. The hearing aid system according to claim 6, characterized in that the hearing
aid is adapted for decoding commands from the remote control if the code

corresponds to the code of the hearing aid.



