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FSK RECEI VER FOR A HEARI NG AID AND A METHOD FOR
PROCESSI NG AN FSK SI GNAL This application relates to

wheawjosmo@i ds. Mre specifically, it rel ates tpchexRicI®00493

aids conprising wireless receivers. Still nore
specifically the invention relates to hearing aids
conprising frequency: shift: keying (FSK) receivers. A
common signal source in a héaring aid is one or nore
m crophones pi cking up acoustic sound signals
occurring in the vicinity of the hearing aid. Another
ESIHMEICESVEREHO?AU{MRING Aga AINTY AaMET HOD BORPREICHISING
receijv Such a receiver is usually enbodied as a
@Nﬁrkiggﬁq%%nflgured to pick up el ectromagneti c base
band (i.e. unnodul ated) audi o frequency S|gnals froma
telecoil transmtter surrounding the hearing aid

Elajmgpplyah@n fefasesy lecheprig aidsiMere: spegifieally: ltarral@teﬁécah?%@g aids
naf# ew#élék@l %&én)gﬁs 56N ffdrd %})e@ﬁ“@ﬁ th@'?ﬁ\%nﬂ&ﬁféla%@eco hearing

source tor advanced functicnalities for the
Pdy pogeisol freqpéncy yphifickeymgibK) wedivgs.and r epr oduci ng
them by virtue of the hearing aid circuitry. Sone
behi nd: t he: ear (BTE) hearing aids have neans for
Acdonaadn fignaﬂ!)sbﬁ‘bdﬂ&'ﬂ a égarinyEdtis boe bhendne aricrophoabd picking up
circuitr FM.recei.vers

Sobtsand sighhil oS ih SECHUBNY of Mt ki SitcAvotsrsomaen

Wr@eﬁh ihedtind aidy i§ Heldaeid FdcbigeraiSach d’\reb’e’:l{"dr@le&uWﬁnbodled
g.. a cable_connection is usually, prOV|d(g
zpw pB% soBreopfigyrh fPitl Upheedioaraengicaae ban &ner éE‘@P gted)

mo bRqtRRpesitd froh Ms8eddil &ulbslmlﬁera@lﬂfo%&m%lthéjafem&said
where a speaker is wearing a mcrophone with a

winpsisgshqreivéinsmitter, and a Bl uetooth(r) receiver
may be used for strean1ng audi o signals froma nobile

t el ephone or the |ike. Some newer hearing aid types
&Iatsc)fahﬂmt ihsuin'gnaiés ael usneleldeg gnedetoedopept snorkithan ofie signal

celver S h [ogee
sdmf;cggftc){ P%em Qup]gt zélétlres fmy fﬁg u%) os¢ ob oIp 1% lrlfyex%\,l\%ondltlonmg and
reproducmg them by virtue of the hearlng a1d circuitry.

Some behind:the:ear (BTE) hearing aids have means for connecting external
equipment to the hearing aid circuitry, such as FM:receivers, Bluetooth® receivers,
cables etc. Such external equipment enables communication with the hearing aid in
various ways; e.g. a cable connection is usually provided for the purpose of
programming the hearing aid, a FM:receiver may be connected for use in public
address situations where a speaker is wearing a microphone with a wireless FM
transmitter, and a Bluetooth® receiver may be used for streaming audio signals from

a mobile telephone or the like.

Some newer hearing aid types also comprise internal wireless receivers. Most of these
wireless receiver types draw their power directly from the hearing aid battery.
Prolonged use of wireless receivers known in the art may lead to rapid depletion of
the hearing aid battery necessitating frequent battery changes and adding to the cost of

operation of the hearing aid. Receiver types having integral power supplies
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Prol onged use of wireless receivers known in the art
may |lead to rapid depletion of the hearing aid battery

wmeweseisv@t i ng frequent battery changes and adeiTDKe@7/000493

the cost of operation of the hearing aid. Receiver
types having integral power suppliesconprising a
separate battery add to the weight, size and
conplexity of the receiver. 2A nore power: efficient
wi rel ess recei ver would thus be of great benefit to
hearing aid users. Power:efficiency my, for exanple,
b@n}ﬁisli’rtgm: spafate agdtycaddgo ttﬂeewd:ig’(tad;izqamﬁrbcronqﬂﬂﬂtu mb ttheomecaver.
t e receiv oul d o
R AL SITERELE s Hior VR vl s S B¢ B bspeilfe besgine aid
tifees.receiver, which would | ead to reduced signal
quality. Provided that signals to be transmtted are
in a digital fornat an FSK transmitter: receiver
P%@ﬂ@ﬂél@t{dyoﬁar 8O eRRMEQN Dy Skeldlidifg th@ tbE power
art, is geherally preferred FSK srgnals nay
aenvwantion efitherreedivas reacuigys Heweysr. thisyghoulsa pﬂé‘ﬂrﬂﬁ@ without
greg iRl narée/@ Bfice %fgr?@reeareswﬁreﬁ vmruvlesa kd YducklRignal
ators tan be subdivided into sever al
gedlieg diroeded IﬂMttS(LgnAM debo thahsatited axgpimsa (dgitpl feimtean FSK
oster: Seel ey an ti L d rQ. .
bRt ers R ef e P, e el R MRS S 7 e e s
guﬁdﬂ@muﬁeﬁdenodulator type well known in the art
conprises a local oscillator and two signal branches
denoted the in:phase branch and the quadrature branch,
Fsﬁpﬁgﬁarsvﬁhy be Sehotllilated ih Rever ciffared WwaygNadchi Wdvingadifferent
phase Lﬁ nponent and a quadrature (Q. conpg
P abigss Emplaeyy HAcIRHE: S AamOUHER SR S o

aseiad r&@t@gcme@a[:w[ &M @nthdhRer AHRT (e“glo rmé}ﬁe FostkSSeeley and
assi gned binary one. As the two si nponent s

Ratdp)JPldr demegulpsors.yZesx erogr%mg/@méumogﬁ ang] Qtwritasltrﬁ defpedulators.

consi sting of ones and zeroes is generated whenever

the transmtter is active. Both branches are connected

Daoe qumwrevd@hmkiubmmwetmil krtoevndie rthel arlt aminprisep radoed oscillator
ri,ses

grﬂecr f»gc? ls%ﬁ%l lgrgrgcglgslp Eigg d \%F}gl eohaslehbranc ?ndp F}}egcr?lgadra?drﬁ branch,
re¥pectively, splitting the received signal into an in:phase (I) component and a
quadrature (Q) component. In the (binary) quadrature signal, one component is
assigned binary zero, and the other component is assigned binary one. As the two
signal components I and Q are mutually exclusive, a digital bitstream consisting of
ones and zeroes is generated whenever the transmitter is active. Both branches are
connected to a CPU, which completes the demodulation process. Generally, each
branch comprises a multiplier, a filter and a decision device. The multiplier in the in:
phase branch is connected directly to the local oscillator, whereas the multiplier in the
quadrature branch is connected to a 90° phase:shifted version of the local oscillator.

The information in the frequency:shift:keyed signal is then decoded and utilized

according to its intended purpose.

Such a FSK demodulator is, for instance, described in US 4 987 374, in the name of

Burke. This demodulator comprises a local oscillator feeding a first and a second
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whe@nobesde connected to a 90 phase:

phase branch is connected directly to the |ocal
oscillator, whereas the nultiplier in the quadrature

the local oscillator. The information in the
frequency: shift: keyed signal is then decoded and
utilized according to its intended purpose. Such a FSK
demodul ator is, for instancé, described in US 4 987
374, in the nane of Burke. This denodul ator conprises
a local oscillator feeding a first and a secondbranch
eyah, bachrbednck eppPlising gy mixariand e dsteetion Hegee&he mixes imie first
T g L - C . e
STASTIES (o e 8] RGN el 1 DTRAN SWiltor, and
the mikérah ahg seaoietl biaschninkes thenincdreingestgmadwish arf¥f plraseeshifted
the i m.n [ [ . wi.th.a 90 phase: shifted version
8?“?%§ﬁg?aﬁ%v%PE§ﬁ$Fﬁ%(?gganosciIIator. FSK receivers
according to the prior art work satisfactorily in a
mul titude of applications. However, .if the avail ah]
B eres e RS ORGI( TG e BRI g R Ty Hude of
dppBclohe HoweRer IfARS BV S18bI PovaNBeonlySsrAl, ¥s HNAE basedM Hearing
reception errors, e.g. due to noise present in the
ajdsg i effastiye wapmisiop rargerig yery hertqend feesptign efrpss, e.g. due to
ﬁ&&ﬁir?@%ﬁ iff {8 fHnal, MU Seve U LRI (AR of the fdcetd Ggndihe
signals for the purpose of iInproving the noise:
imunity of an FSK receiver wi thout a significant
ncr e n_povwer . : : e
VPP RREr B RAT e CAIRAPHLAMfof ek HoHES il g noise:
rinuraty odadiFSK feceitdnevithouen sigaificdm ncrdase ingatwer esnsumption is
ﬁre ented in claim1. By increasing the nunber of
BhUGlfat or branches fromtwo to three, four, five, or
nmore branches, the total bitresolution, i.e. the
nunber of discrete s nPoIs senF per data bhjt, og t he .
fraureless ESlieceye SRt 5¢ He? NeAraR @idp3peprding to the invention
IR MR AbdeY BleYerkddGh @ARR. Utilizing contenporary
m cr oel ectroni ¢ technol ogy, the increased power
consunption resulting fromthe addition of nore

;ﬂgm%iﬁg gf;e J@Lnga%g ggggn@m amupgoﬁlﬁm% %{e@,%a?ﬁ%, or

spite conplexity of the receiver.
moreebrafches; thevtetal ptresolution, i.e. the number of discrete symbols sent per
data bit, of the FSK receiver according to the invention is comparatively increased.
Utilizing contemporary microelectronic technology, the increased power consumption
resulting from the addition of more demodulator branches has been found to be
acceptable in spite of the added complexity of the receiver. A more effective, yet
power:efficient approach to FSK receiver design is thus achieved. Wireless FSK
receivers comprising from five to ten demodulator branches are considered to provide
the most optimum balance between noise:immunity, circuit complexity, and total

receiver power consumption.

The invention, in a second aspect, provides a wireless FSK receiver as recited in claim

7.

The invention, in a third aspect, provides a method as recited in claim 9.

shi fted vePGI/DR2@7/000493
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power: efficient approach to FSK receiver design is
thus achieved. Wreless FSK receivers conprising from

wWo 20pe/062506 en denpdul at or branches are consi der RCT/DE2007/000493

provi de the nost opti mum bal ance between noi se:
i mmunity, circuit conplexity, and total receiver power
consunption. The invention, in a second aspect,
provi des a wirel ess FSK reckiver as recited in claim
7. The invention, in a third aspect, provides a nethod
as recited in cIain19.Further features and advant ages
appear fromthe dependent clains. The invention wll

' spect to the
PR RIS A S ol B M ot P i g
prlor art wreless FSK transmtter, Fig. 2 is a graph
ﬁe‘%\ﬁ&%%f;il gl Ien::?%vg m eos&rllgeg 1n%1uxgher de{aglav{/] mretséeec t?k/JVI erete regvgiélgs,
Witdfe r ecei ver, F|g 4 is a vector dlagran1of t he
signals detected by the prior art wireless FSK
receiver shown in fig. 3, Fig. 5is a block schematic
1k, 188 2 SRR YEHTRALIC Howdngh pridrasiswiFeRiss FeRatmahitagcor di ng
to the invention, Fig. 6 is a timng dlagran1of t he
five branches detectlng a binary "0" prior to the

[ [

R RS  sheefult o gl R RRRNY e Sl h i
Uetectlng a binary "0" fromthe wireless FSK receiver
shown in fig. 5, Fig. 8 is a timng diagramof the
five branches detecting a binary "1" prior to the
Kigi Jipiapgosirag@eless RY¥kerendive) ess FSK recei ver shown in
fig. 5, Fig, 9 is a vector diagramof the signals
detecting a binary "1" fromthe wirel ess FSK

Fig. 4 is a vector diagram of the signals detected by the prior art wireless FSK

receiver shown in fig. 3,

Fig. 5 is a block schematic of an embodiment of a wireless FSK receiver according to

the invention,

Fig. 6 is a timing diagram of the five branches detecting a binary “0” prior to the

clipping stage in the wireless FSK receiver shown in fig. 5,

Fig, 7 is a vector diagram of the signals detecting a binary “0” from the wireless FSK

receiver shown in fig. 5,

Fig. 8 is a timing diagram of the five branches detecting a binary “1” prior to the

clipping stage in the wireless FSK receiver shown in fig. 5,

Fig, 9 is a vector diagram of the signals detecting a binary “1” from the wireless FSK

receiver shown in fig. 5,
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receiver shown in fig. 5 Fig. 10 is a timng di agram
of the five branches detecting a binary "0" posterior

W0 200vi6e25e0 | ppi ng stage in the wrel ess FSK r ecRCT/BK2007/000493

shown in fig. 5, Fig. 11 is a timng diagramof the
five branches detecting a binary "1" posterior to the
clipping stage in the wireless FSK receiver shown in
fig. 5, Fig. 12 is an enbodPment of a wirel ess FSK
recei ver of an analog, differential configuration,
according to the invention, and Fig. 13 is a hearing
Eiigdl(l/\istahirrangviiilagdam tShve wehesedetestivge dinaty 105 ppsterior to the
Nyent . e ( FSK)
%l%pg Ska%? wz;;l%%gsr I'n rec 1Uélfsh0w§?r¥%£%art is shown in
fig. 1. It conprises a serlal b|t stream generator 2,
nverter 3, a first.mxer. or nultiplier 5, a first
Pob g acting dpgfmet B GRS deliettg B bRy T plnenor e
aRppidiase Githe Osreiekd E8IOFecdiverdhSwiTH fig sSpode 8, an out put
stage 9, and a transmtter antenna 10. A data signal
mt) is generated by the serial bit stream generator 2
Bigd 130k izh dfBRIMAR JIT ARGRRSs Fgﬁere%élg&al)f b ahieg ) @i\ﬁl%fentlal
branch is mxed with the signal fromthe secon%l’ | ocal
eonfigumatiens pecprding tottke wEerdied, amdxer 6, and the signal in
the upper branch is inverted by the inverter 3 and
m xed with the signal fromthe first | ocal oscillator
Bigi 13 is hbedringsid witl @ wirsles{Ti¥K tepeiy traicprrding e the afventian.
inverter 3 in the upper branch, only one of the m xers
5, 6 produce an output signal at any tinme. The signals
Arméquteh\@ dhﬁh&éyu@@@'ﬂﬂ)&ta@ﬁrﬁiﬁéx 1 Acevrdinpeo the geior beds sgown in

+A d &>cC - ectiyely..
el S Gormp s et B R G ol GBS (ot Hier or
OEigliét Vra firstlobal DeETNREr 4, §dendSMIR BYMARHEeB6, a second local
resulting in the FSK si gnal s(t), described ass(t)

asfi{llolor 4 UMmiag Rogedh ap PR Sae6 I( frfka ranagyiicy 7nt9wnadﬁ fgata
asml il BhelahR %tﬂ&uger&i CstieafOfenttaidt! £99d split into two
transm SSI on via the transmtter

branches. The signal in the lower branch is mixed with the signal from the second
local oscillator 7 in the second mixer 6, and the signal in the upper branch is inverted
by the inverter 3 and mixed with the signal from the first local oscillator 4 in the first
mixer 5. Due to the presence of the inverter 3 in the upper branch, only one of the

mixers 5, 6 produce an output signal at any time.

The signals from the local oscillators 4, 7 may be described as:

cos((a)C + Aa))- t)
and

cos((w, - Aa))- t)

respectively. The signals from the two output branches of the modulator 1 are

summed in the summing node 8, resulting in the FSK signal s(t), described as
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antenna 10. The FSK transmitter thus outputs one of
two frequencies, determ ned by the | ocal oscillators 4

wa@e@de2stependi ng on whether n(t) is "0" or "I1PCT/PKg07/R00493

shows part of a frequency spectrum of a FSK si gnal
generated by the FSK transmtter in fig. 1. The
signals are located around fc+Df and fc: Df. Spectral
content will be different wbth different nodul ation

i ndex values and different spectral content ofn(t). A
prior art wireless FSK receiver 11, confﬂ}gured to

recei ve ands(decmftjcosi(wet aag- tFSlﬁ(ng;((ai s Aggngr at ed by

the FSK transmtter in fig. 1, is shown in the bl ock
schematic in fig. 3. An input stage of the wireless

\EF?K? e?ﬁxzél}f%g b§7:ltheC erfﬁft s§a%§ 9%Fof %ﬁ@ff_} tp%lsr‘?lﬁglgﬂ e l‘ill% tr{aﬁsgnitter

and i mter tection o
memma\lédT led BfHakransntigerRBis wwmas oY of]ﬂvoaﬁ@loemm, detdrinired by

se, detecti e [ i st cal
tglg qer} ot i)lf‘to “d?t ?%’reg?‘ @'gr m(tglsfl rt qI oW pass
filter 17a, a f| rst I|mter 18a, a second phase
detection stage conprising a sec l.oc osci | | at
higp: shogoeghar i fieghengy 5pe rugbeﬁﬁ%%o%gn a%gger?tm" bthe FSK
t%@mltﬁzr $€68NH The Fh&lk alBBeat@sro@nd B A sHder: @l@os?peé{%l cOhtent

K signal "is picked up by the receivin ant enna
willcbeadifibrient with differenemadyghticn; index1Rlugs and:gﬂﬁ@rem metdal @9ntent
fl"‘L&OJlmter 14. The output of the limter 14 is split
‘two branches and fed to an input of the first
m'xer 16a and an input of the second m xer 16b,

N A e R T
digbl geasaicl Ibgtty F SIS &anshiierrie $igl 1, inghow ipuke Blogisdhsmaticein
%gdtomputs o;theflr | ow. a filter 17a.and the
i 18P TERE © PGﬁY‘f"—IH"éS ’r<s‘€°‘1‘ ggglpp?qstagpceﬁgg aptgnna
fedntamplifiBul S 2R atikiter i14SFor de‘i’@cﬁ@x’i o 8RR redéive@Wigh@ls thd) FSK
the second mixer 16b, the input signal is nmultiplied

rgpaiverd helse depafirssphysmdetyctiohstegrecoserising a|fgtdecal oscillator 15a,
Q??étlr{li%xorm%@xb irst NGw pESU ﬁernwaoutﬂg\t it @03k aag&oﬁ@q&hase

to inputs o e secon ow. pass filter 17b and
detecpon stegepoapsising esedoné laselcwnidfatoohstpasecond ntixar lil’m sgeand

lfos?vd ats oﬁltc%rqyéﬁsatsggondnﬁm’?égfgpanll b @Pbeﬁtegf‘g& 19The out put

An FSK signal is picked up by the receiving antenna 12 and amplified by the
amplifier 13 and conditioned by the limiter 14. The output of the limiter 14 is split
into two branches and fed to an input of the first mixer 16a and an input of the second
mixer 16b, respectively. In the first mixer 16a, the input signal is multiplied with the
output signal from the first local oscillator 15a. The resulting output signals are fed to
inputs of the first low:pass filter 17a and the output signals from the first low:pass

filter 17a are fed to inputs of the first limiter 18a.

Likewise, in the second mixer 16b, the input signal is multiplied with the output
signal from the second local oscillator 15b. The resulting output signals are fed to

inputs of the second low:pass filter 17b and the output signals from the second low:
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first limter 18a and the second limter 18b are fed
to the input of the CPU interface 19 for further

wWee@oees)ing. Fig. 4 is a vector di agram show neCT/RE2007/000493

vectors | (in:phase) and Q (quadrature: phase) of the
signal received by the prior art receiver shown in

fig. 3. The vectors | and are depicted on the unit
circle and have a nutual phase difference of 90. The
phase devi ati on between the abscissa (0) and the

vector | is denoted Dw1 and represents the angul ar
synbivdr 170 s fiad toimpath of the sprond timatet 1§bedbe vvaputlsjgnalsrfrom the
il G BB an I S o] iR RS oG PO iRtARES
fdt Rirthecirbeesdrg.ect abl e phase angl es present in the
transmtted signal, noise and EMC i nterference present
in the received signal may reduce the receiving

g PRI Vecdor Afaghdne sHOWiRY thavct6 S §inYiHase) bnd lcy@mﬁdrstafet Phse)
eventually to the paint where |nfornat|on

fdhaotigna! regpiyechpy e PEPr rbreeivas st @ fig- 3akhg’ W@tors T'and Q are

&egﬁewm IR hrROVRYe Qﬁd? h&RSE Shutdal ShESHERBEARI dfi 0P, The phase
war ds noi se interference incréases. The receptl on

dpuitipn Yetragn the aberivse & antthseveetonl isdapgted fAsp tiand tremesents
¥ afddfer SERO e ih AR Bl S roBNE. decreasing the

the receiver
select|V|ty Increa5|ng the transn1tter power may be

I Nnpossi bl f comp it h ti
tpaR B8 T HE B P bess St h S P B Er e
toehdrriber ddisthdtlyi dwéctable(phaﬁ&ﬂfg&rpﬂésenﬂ iA tke Gansdhitted signal,

pocket: sized renote control. @}hls case, .the
LLSCAMERAY S drfeerepesireseptaip the geaelks sighA (may redijce the receiving

GREVBR SINGE pridd attl rebdvdpenefibmifiént Oe%ﬁﬁlﬁllﬁ té SHEp&nt where
contrdol in a pocket and operate it fromthere.

infpmencaneeis garbleds alisoriedr ors ks cemplFtely- iAs ther ansanitepdt power
@e%x%gggp | 'th%hsd% r&aBHfty t&%rﬂ?%‘oﬁg &Q?fe&gg@ln@féatsé’s Th%nf:éce tion

hus t’he power consunption - ] he receiver circul t ry
quahtsfl rd&r h@iryprOFlrdom sdiarg waysFOK instane¢ b indneaging dheatransmitter
L muni ty.w t hout ni . c

Roﬂ@?@; gvcereehsgno ¢ trans\rl\nésrsmco sst%nrgr%tor 6nﬁ§rogmg the Cel\ll SCl?Cthhé
present i nventi on.

Increasing the transmitter power may be impossible if compatibility with existing
receivers is to be maintained. A more powerful transmitter may also be bulky and
difficult to incorporate in e.g. a pocket:sized remote control. In this case, the
transmission distance may also be a matter of convenience, as it is beneficial to keep a
remote control in a pocket and operate it from there. Improvements in receiver
selectivity is very hard to accomplish without increasing the complexity — and thus the
power consumption — of the receiver circuitry considerably. Providing an FSK
receiver having an improved noise immunity without significantly increasing the

power consumption is an object of the present invention.

A block schematic of a wireless FSK receiver 20 according to an embodiment of the
invention is shown in fig. 5. The wireless FSK receiver 20 is a single ended FSK

receiver. An input stage of the wireless receiver 20 comprises a receiving antenna 12,



10

15

20

25

A bl ock schematic of a wireless FSK receiver 20
according to an enbodi nent of the invention is shown

WO p00Plo6e506. The wirel ess FSK receiver 20 is a BETIDKe007/000493

ended FSK receiver. An input stage of the wrel ess
recei ver 20 conprises a receiving antenna 12, an
anplifier 13, and a limter 14, simlar to the input
stage of the wireless recei¥er 11 of the prior art.

For detection of the received signals, the FSK

recei ver 20 conprises five identical denodul ator

or angiies |3,eadh lima'tm dml sanicberr ththerioput seepef e miretess weeiver 11

&5 ?1' b atcg{ 15§étec% nof er‘ec % % thd XGlei QGE’O rises
6t _ul%raa f Pow: pass 1t ’7 17¢,7 1

ﬁVcE;deﬁﬂ'uil aerlnbdlulitelr brhBehes,1 &ioh db&mduli&d bréh%b comprlsmg a local

respectivel uts.of ~ea of t limters 18
gt Tohtscy saf o B RERr VBT ooatts: L AEE N e
inputs 19, 12d,l19@knd B likiddet €321 81 H 82 8 86,018/ respettiveyei ght s
xi, x2, x3, X, x5, weights yi, y2, y3, y4, y5, a
first sunmmer x and a second summer y, and an Arctan2:
'fll\’en%hﬂfgt@ gfleacﬁa&mtlf%uhﬂ‘i{&sof&t heb, i1 84, t AYds lkgares%&hvely, are
8e of the wireless FSK receiver 20 feeds an
¢qmp@qtedotro mrwés viobleckypttaitie bloolg28 seriprisingsWeightsixntig, ¥aws Xs,

rate sets of I t
SEARUS) 5.0810. 1o RO SHER: 104 BEGABHANL S5 ML e
fuﬂctlcﬁ@,l X4, and X are summed in the first sumTer X,
and the outputs fromthe weights V1, y2 3 " and y are
sunmed in the second sunmer y. The outputs of the

BAURTGRIput ¥f BRdinitedd €84 @8b,tIBct N, i1BOYE the Glirdldye FAKCleadiver 20
function 21, and the output of the Arctan2: function 2

feedstant ipput|ob dhe: lapk-pa kable 2% and iscsplih e Bep %eaartawemswé dpranghpes
‘hidh bian &M ALRR x2%nd )T hr%sp%f:t@\;e?}n Zhef onﬂ)ﬁis'tRﬂn kR vyl_eﬁghts X1, X2,

explalnedlnfurtxh det ai | in the foll ow ng.
XN, an@mmurmn@dm thfaﬁlgemmﬁfuribt andrthaeuwspbits fromithgweights yi,

context is a vari agt f the AL cus ent function
Yer £t A0S Yy FresHimed in i seEepe ey 2y Pie outputyot the Summers

9*‘%&@9@1@ fed %6 CheANrph@ A (the Ardtar®: functfor021,and the Guiput of the
ere < =
Arctan2:function 21 of the look:up table 28 is connected to the input of a

differentiator 22. The Arctan2:function is explained in further detail in the following.

The two:argument arcus tangent function used in this context is a variant of the arcus

tangent function Arctan2(x,y) and is defined as:

[ arctan(p), x>0
7 +arctan(p), x<0

Arctan2(x,y)=< f, x=0, y>0 ,where(o=£

T
-——, x=0, <0
) Yy

It is thus defined in the whole unit circle as opposed to the conventional arcus tangent

function arctan(x,y), which is only defined in the right hand side of the unit circle.
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-yp, Xx=0, y <0 It is thus defined in the whole unit
circle as opposed to the conventional arcus tangent

right hand side of the unit circle. The output of the
differentiator 22 is connected to the input of a

| ow. pass filter 23, the output of the |ow pass filter
23 is connected to the inpuP of a conparator 27, and
the out put of the conparator 27 is connected to the

i nput of a clock data recovery bl ock 24. The cl ock

Tlieet qutpue 0Hthe wjffdnérm'xator 22 is ®nowiedde tlednpuo ofia lnw:pass filBr 23, the

Fupeal o RGpast A 22 dbCiBer TR By PBpLLE@bfarfpr 2715 e
APt piﬂeﬂeadoanuatawrfzfme cafhectdd e thatigpunaf amopk dkta regovery block
transmtted signa n e a i fier anplifies t
o dBp Flosk Shigrafoery H0ds 41 Srbrsise €l il & e Fapline C
4 4 B&ta linB1D. &he Ihtpul BE tHeCiel 86 i LaHhBled So MESHIRGS laGerial
be a frequency: nodul ated, frequency: shift: keyed

peniahesgl iicrfage¥eam The received signal is converted
into a two: level digital bit streamby virtue of the
limter 14. This signal is then presented to the
Thepantenmaf 12 pisks jupsa framsgigeddsignaliand, the @mplifierahd afmiplifips the
denodul.at o branc C h I

IBgelV 51§1%a Bodgie gt?ea/F? ur%ﬁ%h{o Exﬁ)%t Tg tﬁe ﬁn? té)r Jllg\gf'hg%celved
gy dg tassuated to Oed & tfregnency: Iﬁodulatedpdrequ@fcy‘lslmﬁ l@iygch ahalog bit
out t.he Iln]ter 14. . The | ocal,.osci ato

Fisaa e i B freEraktceinsre Rl vESEdg e of

tht Gindter i10! Dhid sipasabaied mwégmad to Heeinputs St tHei fket, sdddad, third,
outputs a direct converted version off i}he, transmtted
P

fonghand fitgh demrdufaterdranchigap dessripq indhe fpHaWingnd t he
signals fromthe outputs of the first filter 17a are

used as the ingut si}gnals for the first limter 18a,
‘Blet firsigdempdulatis braspho hSaq ¢4, d 8a,118a eonents angkcopdisippsn fisppart of

tl}lggi ne?lz)ﬁt u f&dthg'%ﬁute;r myhfwto icﬁhsmr 1s'a34ndltﬁermterﬁlxa8ﬁsa

oglca digital leve I's used as argunent
cfomwertshéxewecpegutcdssngnal inand @asqbascu migeal. iThe ting reirembgasowtputs a

%reft gc%nv;: pre?s\{(lf(ndgf t‘lé? grgljrsprptgeéiss%rﬁgfosr’ é e fu f: ltgen%as f' H{xlclt’ﬂ Oﬁd
the aigakis Iioh, thd thputl Bbthe Bk flenves ars uaenblascthm thiptii 9grmlsafor the
tsfr%tc l?rplgcer 18a, acting as a decision device in the first branch 15a, 16a, 17a, and 18a.
The output of the first limiter 18a is a logical, digital level, which is used as argument
for the weights x; and y;, summed in the summers Z, and Z,, to provide the inputs for

the Arctan2:function 21 of the look:up table 28.

The second demodulator branch 15b, 16b, 17b, 18b converts and conditions a second
part of the signal output by the limiter 14. The output signal from the second local
oscillator 15b is shifted in phase by n/5 when compared to the output signal from the
first local oscillator 15a. The second local oscillator 15b and the second mixer 16b
converts the received signal into a baseband signal. The second mixer 16b outputs a
direct converted version of the transmitted signal for the second low:pass filter 17b,

and the signals from the outputs of the second filter 17b are used as the input signals

which is only defined iPCT/RB2007/000493
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part of the signal output by the I[imter 14. The
out put signal fromthe second | ocal oscillator 15b is

W@ RiP0exs0d n phase by p/5 when conpared to the PCE/PER007/000493

signal fromthe first local oscillator 15a. The second
| ocal oscillator 15b and the second m xer 16b converts
the received signal into a baseband signal. The second
m xer 16b outputs a direct Konverted version of the
transmtted signal for the second | ow pass filter 17b,
and the signals fromthe outputs of the second filter
fof khease @onddiglted S 81, Fvetindngset d@isgmaiesfce in thh@e»ad bratich 15b, 16b,

[ mt 18D, ti
LTt g6 0 Re i 56k SRS e rdliRutooRaes
828 2 drdubi®ht B HBReightsk,|aA81yeaumnttdGh R sirfvieds .= vmuql; to
IS used as argunent for the melghts x2 and y2, summed

pravidp thednpntehos the Axatan3; funciony? loofithielopkiap tabladds for t he
Arctan2: function 2 1 of the |ook: up table 28. The
third denodul ator branch 15c¢, 16c, 17c, 18c converts
ﬁhndthtrd ielinbduwater brancﬂni lri;t b 1 70f18¢ hcmvsfrtgami comd'ttipus a bhyrd part
%th tg? Flgréacl gﬁ{pfél&y %hg llgH fef ﬁ? glthe r?ug)ﬁ sg%na% ?rlglﬁlt gthfl\ﬁqi lﬂcal og)ccl:l?a!tor
CRUTP sHifeH inPhbdeeryPad PWherSdogipatedfid ﬂi@ohfpﬁt §1gﬁa$ fromati@first local
oscillator 15a. The third local oscillator 15c¢ and the

osqillater fiSa. eThel@’érdc'@ﬁ‘%}éiSF'éla‘E)hé5? apdhrethirdi mixar 195, penvarts the
&@a\emaﬂn%ﬂ@basem@ s‘%l}'af q*mmrm&é%%bwssd Fredi Eo%%rted

converted version of e transmtted si for the
vensiomlof thovtrpessytted dignat for The thiash dpve: hess Siltgh lcsarfwbmmgh%és from

£l . [ t
fﬁ%&gpg of hett{ﬁﬁd h{e‘lh Iﬁf}a ik asltzgg@ptes%}aggfaﬁ%g&ma% R e,
a:belog 8$ odedsivn devicenint the thitdi brahcbrlanclécl bk, aﬂc6b8c Tlie outantdof

e.out put of th .18c

%‘F d{'“{ddﬁlfqltg(/ c I%II%% élgléaéaeve w{; n% Hffedf adc,r argﬁmgltci‘ar the

WEILBIE ix$ ad §4) @uf{lﬁxed ShlpEininferd BE asd B8RS Brovidntle YnputsOfor the
provi de t he |nEuts for the Arctan2: function 2 1 of

frsean2 denctiop 21 abthe look:uptalde 2urt h denodul at or branch
15d, 16d, 17d, 18d converts and conditions a fourth

part of the S|gnal output by the limter 14. The
Blgt foutth demadulatpr braneth5& d6d.t17d] ba¢onyerts #ridagopditiosya fayirth

R T S
bsoitiator 0S¢ isIshidiedin pade by 8ln/5 Rvheh oamnpdiedioxkd oulfad signal from the
first local oscillator 15a. The fourth local oscillator 15d and the fourth mixer 16d
converts the received signal into a baseband signal. The fourth mixer 16d outputs a
direct converted version of the transmitted signal for the fourth low:pass filter 17d,
and the signals from the outputs of the fourth filter 17d are used as the input signals
for the fourth limiter 18d, acting as a decision device in the fourth branch 15d, 16d,
17d, and 18d. The output of the fourth limiter 18d is a logical, digital level, which is
used as argument for the weights x4 and ys, summed in the summers X, and Z,, to

provide the inputs for the Arctan2:function 21 of the look:up table 28.

The fifth demodulator branch 15¢, 16e, 17¢, 18e converts and conditions a fifth part of

the signal output by the limiter 14. The output signal from the fifth local oscillator 15¢
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wa20giesoof the transmtted signa

converts the received signal into a baseband signal.
The fourth m xer 16d outputs a direct converted

| ow. pass filter 17d, and the signals fromthe outputs
of the fourth filter 17d are used as the input signals
for the fourth limter 18d, actlng as a deci sion

device in the fourth branchl I15d, 16d, 17d, and 18d.

The out put of the fourth limter 18d is a | ogi cal ,
digital level, which is used as argunent for the
iseshiftetl Sn ghasa byydn/s sulmmredmbared heths Lot sigraldnoin yhe fist local

vide th tsfor. ction 1 of
rtiskcichenu g Dot Booligs € h G B P iffaarfers e
febdlvedlfighal thi®a bdsBBandaiphel The AR neividicticapatsa ditebt donverted

part of the signal output by the limter 14. The
iavipritt P e Crieeh iortha b [SceRss BLer | eagist ha Signas from

Biolitp8H Jf hePTaSEIRY 74 BleQus¥h &I khE HPRALiBshid Rr m%eﬁfﬂluﬁxﬁk@r 18e

signal fromthe first |ocal oscillator_ 15a. The fifth
acgpalas @siesibipadeyice Bethe fifththsanch j1pe.nl 6gi kies andsB3ec SR eptpyt of

&Beﬁf{heﬁ.g &xreiigesggm idal{ floifal RAREDRAMEh $4 A0A! 2 él;g?médtfff)p the

m xer &'drrect converted version t he

WBlngmstahégis,sugnmﬂ i dre tunendrs £t nd Bytp pswidei the érpuls7idr the
omthe oytputs of the fifth filter

%Fﬁ&ar’g Emlﬁ@gg?ggthfll%)kr‘f?ﬁﬁl?l 2%gnal s for the fifth

limter 18e, act| ng as a decision device in the fifth

branch 15e, 17e, and 18e. The out t of the flft
Tlilw\fc&nhfa%cupg 2é thysgeeeayes the Hinmgd. m@f evglsixe g % frree

five ASUHTBR: trfichdshBdWREOE SeviR RNFoitSentsStdTHE A rdtihot ﬂﬁﬁctlon
sumers x and y, to provide the |nputs for the

. élfhanﬁgmtaﬁﬂmtyi)d‘nnczloa 2dfthuhderives khe 1ggatipnd | vectpg O(tr hvghich is
?sgé hle Hllpél\y/e rttheocﬂff2 rer%jnattorl? kS C?llﬁv 51%tr/1|é]lef d(znlt'{m E%eqd ffef*rentlator 22

iarlamq)hasﬁlazmdl msl%lotmpasi; éltel 23, asd eegutppnsigndl drotrhthe low:pass

BlSLA2 Lhunelin 2l The  Chan2( b ¥ degiiOR el 82 B e

dsmddaRitdrNPRY oltpiit fidie tiib Edn@aeiiéd 2t Brusé® as Tipat @UhPWlock data
Si gnal fromthe differentiator 22 is |low pass filtered

fepoveReblpgitdass filter 23, and the output signal from
the low pass filter 23 is passed to the conparator 27,
whi ch acts as a decision device for the denodul ator.
Theecloakt gata re¢averm blpek Honpaetaembeddrd iclock pulgesfeom Hsiserigl glata
gigt?al Blege(ﬁ%eddtgﬁt%y the low:pass filter 23, and presents the recovered clock pulses

to the buffer 25 through the clock line C, and the serial data signals through the data

line D. The embedded clock pulses are used by the serial parallel interface to
resynchronize the buffered data signals. The buffer 25 collects a predetermined
number of received data bits, and presents the data bits to the serial peripheral
interface 26. The serial peripheral interface 26 is configured to fetch the buffered data
before the buffer 25 is full.

The wireless receiver 20 is capable of detecting the phase difference between

individual digital symbols in the received data stream with greater accuracy than FSK

for the fourP€HDK2007/000493
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recovery bl ock 24. The clock data recovery bl ock 24
extracts enbedded cl ock pulses fromthe serial data

WG @pab2spr esented to it by the | ow pass filterP@BPKagwd/000493

presents the recovered clock pulses to the buffer 25
through the clock line C, and the serial data signals
through the data line D. The enbedded cl ock pul ses are
used by the serial parallelldnterface to resynchronize
the buffered data signals. The buffer 25 collects a
predet erm ned nunber of received data bits, and
pp@'semksowmim tdapeioxbart Assuminf ¢has eachalf threfiveploeal @iscillators 15a,
f 6. ser| al interface 26 is
L ?lgcgﬁg(gol% i C%SI‘%I}%?L%%?#I@?Q% & data before the
buffer 25 is fuII The wirel ess receiver 20 is capable
of detecting the phase dlffe ence b tween indi vi dua
digital synbols in {he i& streamw th
greater accuracy than’ SKre ei‘'vers known in the prior
art. Assuming that each of the five |local oscillators
15a, 15b, 15c, 15d, 15e, outputs a signal LO (t) given
ﬁ‘l@n te dthoElQate(i an&l%ﬁj)\"foi‘ tach b'?aﬂcherin tHeer ke PReVErRE (Bsbcording
nal u, ( for each branch /' in the FSK receiver 20
@d mﬁﬂﬁ@nﬂwY¢ﬁée$ﬁb@Hﬁron may be described as: u, (0=
- m0- cos\ Dwt - -- + m0-cos - Dco-f - - where K
is a constant of proportionality Thi's expression does

not take, the bands genena y clfip |ngz|m he
I|mteru@l 8‘§ %&(’”Th_ S‘ioﬁ ﬂ t he
five curves UI , and U5 for receptlo

Wh&E RN %Sco\ﬁé't&{tfbf liﬁf })rtronﬁllt Thes &6drdssion Abésotbt @fke @idCdidebands
curve u, corresponds to t e tine period p/ Dw, and

gangratsd pyclipping HbthEUWé%Mcla&Oraé%whds to the
count ercl ockwi se sequence of the five vectors uj, U2,

u3, u, and U5 representing the five detected S|gnals
Tlpp graph indig. §rshows the five curves uy, uy, us, us, and us for reception instances

where m(t) = 0. The half:period of each curve u; corresponds to the time period
n/A®, and the order of the curves corresponds to the counterclockwise sequence of
the five vectors uy, Uy, Uz, Us, and us representing the five detected signals in the vector
graph shown in fig. 7. The phase deviation is /5 and represents the angular symbol
resolution of the receiver 20 according to the invention. By comparing the vector
diagram in fig. 7 to the vector diagram shown in fig. 4 it should be noted that the
symbol resolution is finer than that obtained by the FSK receiver 11 of the prior art.

The graph in fig. 8 shows the five curves us, u4, us, us, and u; for reception instances
where m(t) = 1. The half:period of each curve u; corresponds to the time period
n/A®, and the order of the curves correspond to the clockwise sequence of the five
vectors us, ug, Us, Uy, and u; representing the five detected signals in the vector graph
shown in fig. 9. Again, it should be noted that the symbol resolution is finer than that

obtained by the FSK receiver 11 of the prior art.
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graph shown in fig. 7. The phase deviation is p/ 5 and
represents the angul ar synbol resolution of the

WO ewelexsp0 20 according to the invention. By cOPGEDKR®7/000493

the vector diagramin fig. 7 to the vector diagram
shown in fig. 4 it should be noted that the synbol
resolution is finer than that obtained by the FSK

recei ver 11 of the prior art3. The graph in fig. 8

shows the five curves Us, u, U3, U2, and ui for
reception instances where m(t) = 1. The half: period
Blﬁuseacprognqsw sequenyer efs fontive detetthd vettars jmethieotiveg brabekes

and h order. pf t u S e
crBBin LB CHEBisE T EEESRSUFERIUL i s
wdatbrd the‘&ﬁ)fed&&xftﬂlemg)rtehm)nﬂs e dbadceedt bgicsli ‘@hdlhss domrespoeds to
vect or

3 Ettere e, Bt souBain dbs SR Depph if T d B 0 s

@dctidnad akYockWae F&KtisreSahyei inlthe @tctbh@alf indig. arwhehhUs; is
a progressive sequence of the five detected vectors in

detstedi ve branches corresponds to a detected, |ogical

O, and a regressive sequence of the five det ect ed
vectors in the five branches corresponds to a

Bl@ft:@mg etice 4goigi t@ &ig. 5 postquiprdo é@ﬂilé@pbméorméd By the limiter stages

Pgbeligcﬂg\% e oft Otl%tld Pege‘?‘%@t%@g aﬁ%gutbllﬁ o%\ﬁggt@ré Zg,rD?PH
&h& | Rllgf? hﬁ@% mlnn hﬁgra\&?&t@g 19r§m(t)mi'agld 19@%9@

ecte I ng onte again'to

mg%arﬁnh ﬁg Ilofot* Hﬁt)el o AR tHRGaRER R M@ d; hy détmed ﬁm tf@l[owed by
stages 18a, 18c, 18d, 18e, of the FSK receiver
40, ut, @, fand ey, OllmmJtellSItljmedc&lethaNﬂle, sigtl vedtdr O(tMBs moving
| ook roughly like the timng diagramin fig. 10, for
etdkwise, and shed al 11k gs tréveived.ninnthe diasgmafigi hl.fingis detedtet first,
nSt) = 0._Inthe case in fig. 10, M is detected
follpwed by &, | Bweid - 8yd U Thiglls theyreceivgsdhayshe sigpal yegter P@) is
the receiver that th i gnal_ vector
BPYERESBEA Haand ot @ (Bl v 3 o gt this
iﬁlf(ﬂmatlé'n fol}"5n(|t)3— dete ?’Q’dﬁ}’f off éé;tampfeo lybRwBEl By gbter dd¥BI in the

, and ML. This tells the receiver that the S|gna
@@@W@% q(t) is noving counterclockw se, and that a '0'
is received. The deduction of this information for
mt) =1, is, by way of exanple, described in greater
et sigals @, , tyhe; and the function Arctan2(y;, x;) are used to determine whether

the rotation of the vector is clockwise, interpreted as a ‘1°, or counterclockwise,

interpreted as a ‘0’. For m(t) = 1, the signals #, may be described by the matrix A:
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followi ng. The signals U,

Arctan2(y,,

WO 209062500 of t he vect or

T,

=1

A Wx U2 U3 U
-111A=1
-11-1-1
111- 1 The
follow ng sys
-126 Ay = wi

Y,, X

i nterpr

, and the function

X1) are used to determ ne whether the
is clockw se,
or countercl ockw se,

i nt er pr ePEHDE2008/000493
For n(t)

eted as a O .

, the signals M may be described by the matrix

yvil111112111111-11111-1
-1-1-11%o0or mt) =11-1-1 _1J
-1-111-1-1-1111-1-11
constants y, and x, are solutions to the

tens of, léd,n@aru,eqguati ons:
th thejangl es - 1621]

-1 1 1 1 1
-1 1 1 1
-1 1 1
-1 1
-1 -1
-1 -1
-1 -1
1 -1 -1

18 :18 -54 -90
162 126

form(t)=1

111 -1

The constants y; and x; are solutions to the following systems of linear equations:

where

sin18° cos18°]
—sinl8° cos18°
—sin 54° cos54°
-1 0
—sin 54° —cos54°
-sin18° |’ Arx= —cos18°
sin18° —cos18°
sin 54° —co0s54°
1 0

sin 54° | | cos54°]

18°
:18°
—54°
-90°
126°
162°
162°
126°
90°
54°

, with the angles -

(o(t) = Arctan 2(A -V, A - x) , Where Arctan 2(y, x) € [— T, n]

The angle values in the linear equations are here indicated in degrees for clarity. A

similar matrix (not shown) describes the signals #, for m(t) = 0. It may also be

formally shown that one unique solution exists for y and x, respectively.
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90 54 where f (i) =Arctan 2(Ay ,AX) , where Arctan
l(y, x) e [- p,p] The angle values in the |inear
wWe@owanexsms are here indicated in degrees for cPEI/DKN07/H00493
simlar matrix (not shown) describes the signals ULfor
mt) = 0. It may also be formally shown that one
uni que solution exists for y and x, respectively.Both
y and x may be scal ed usingl% he sanme constant as they
both are argunments to Arctan2(y;, Xj). One particul ar
solution to the linear equations may be: i ( 2p ( p =
Bath ypnd x2ymayl be-scdedusing the ssne constam&as -the& b5th)ar{ argumerts ® .
p 6 sin - sin
fagfanpos $3Pone bfipBarRgint s ing Eufisns ke o1 ' owi ng
angul ar sequences: f(t) e {18 -18, -54, -90, -126,
-162, 162, 12% 90, 54} forn =1 and f(t)_{54, 90

0. The gpfe£ 3t§8{;gjthe(ég5:;eceligﬁ}ag;n(/)

0 . The S|§na
either a positive or a negatlve sl ope, a positive

sl ope correspon |ng c pm W SE2 # pt at in the
unit circle dia eﬁ?&ge twﬁ@5; binary T
and a negative Iope corre ndln to a
count ercl ockwi se rotation |n the unit circle diagram
and thus representing a binary . Inthis way it is

Ybisk S 2 6Fest‘1ﬁéhq:f9R°Wé‘6é‘P%?r SEEJGPB"Sd et ermi ne whet her
signal is rising

or)ef18, —18, —54°, —90°, —126°, —162°, 162°, 126°, 90°, 54°} form(s)=1
and
olt) e {54°, 90°, 126°, 162°, —162°, —126°, —90°, —54°, —18° 18°} form(f)=0.

The signal presented to the FSK receiver has either a positive or a negative slope, a
positive slope corresponding to a clockwise rotation in the unit circle diagram and
thus representing a binary ‘1°, and a negative slope corresponding to a
counterclockwise rotation in the unit circle diagram and thus representing a binary ‘0’.
In this way it is possible for the FSK receiver 20 to determine whether signal is rising

or falling, i.e. the vector is moving clockwise or counterclockwise in the unit circle

diagram, e.g. by taking the difference between two values of (p(t) during one bit
duration, determine if (o(t) goes positive or negative within that bit duration period

and thus decide if the transmitted symbol is a binary ‘0’ or a binary ‘1°.

The modulation index is defined as:

B= ?)f where Af is the deviation frequency [Hz] and DR is the data : rate [btts/ s]
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or falling, i.e. the vector is noving cl ockw se or
counterclockwi se in the unit circle diagram e.g. by

W@ awvmeesohe di fference between two val ues of fPCI/PK2007/000493

during one bit duration, determine if f (t) goes
positive or negative wthin that bit duration period
and thus decide if the transmtted synbol is a binary
'0'" or a binary T . The nodifl ation index is defined
as: b =--, where Af is the deviation frequency [Hz] ,
and DRis the data : rate [ / ] DRIf the resulting
Meled rosultinyt vet®es rotdtéswitthhe angldraelovey acicty Dw : D w =
2pD/ , then the instantaneous angle value f (t) is:
(t) =At =2pAft. As an exanpl e, suppose that the

modul ation index b = 1, AdenxiAfe data rate DRis 20/
and the bit duration thus: 1 _ 1- . To DR 2D/ 2 where
To is the period of the deviation frequency of the

nodyl ated signal .., This iRplies that the resulting
@8‘6#&‘“5&5‘{2‘%@3 g‘Fé{g'Psﬂ’@ﬁ% the unit circle pr. bit.
In a FSK receiver with nore than two branches the
concept of bit resolution is defined as: bit

resol ution =2N - - =Np{t)=DR/wr4f N i s the number of
branches in the system Mathematically, the bit
resolution represents the nunber of points in the unit

&b EELERRL sipb@ thitlhe ASIIIRRNIMERS = Pf th&H BRARE Faté BR is 24/,
increased, the bit resolution is increased

ardapobit domddnl thusas t he nunber of detectabl e synbol s
representing each bit is increased, and, as a
consequence, the

where T, is the period of the deviation frequency of the modulated signal. This

implies that the resulting vector rotates n radians in the unit circle pr. bit.

In a FSK receiver with more than two branches the concept of bit resolution is defined

as:

bit resolution = 2N—AL =Nj,
DR

where N is the number of branches in the system. Mathematically, the bit resolution
represents the number of points in the unit circle per data bit. As the number of
branches is increased, the bit resolution is increased proportionally as the number of
detectable symbols representing each bit is increased, and, as a consequence, the
detection of each bit is improved. In a pentaphasic system, like the receiver 20 shown

in the embodiment in fig. 5, this gives five distinct angular values for (p(t) pr. bit, as

opposed to just two distinct angular values in the receiver known in the prior art, i.e. a
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detection of each bit is inproved. In a pentaphasic
system |ike the receiver 20 shown in the enbodi nent

f (t) pr. bit, as opposed to just two distinct angul ar
values in the receiver known in the prior art, i.e.

abit resolution of S -b resulting in a higher

det ecti on accuracy and thusl7a better noise inmmunity.
Anot her preferred enbodi nent 30 of a wireless FSK

recei ver according to the invention is shown in fig.
HiPresdibgonofr 81 £ ssultiag @i ¥ @ighaddtstian dedufaey and thak afbSKer noise
receiver. Differential FSK receivers per se are known
HYIHY- art, and t hey have several practical advantages
over S|ngle ended FSK receiver inplenentations. From
an architectural viewpoint, the differentia
Angshernpmafearcd ambodiowent 39 ef gn‘infﬁ?l@FénFSIﬁl e¢adves mseerdimgeto the

g?ef%rn%h”sg h% ﬁqgﬁgl g R %&ie@‘&h%vepﬁ)‘ arhxff?éré}%aﬁ F8K rtddfver.

eren atlon as a ter noilse
H)iffemmnulyFSIm'eeeldcrs persentd kowASK treere andkthey hh@(*bvmdtpraﬂical

the inventian sho 12 i.s d scribed in

SE e B GRSl v RpblEmERRGRs of o SRl
W\Z@ilm aaer?ff?iem 1r3§lemelﬁf@ﬂidlﬁ§ﬁm@ noesigifidangdiffeteatRaove2 the
and an anplifier 13. An inp I.S no necess
ey ped; FRpleEHBREIgR: bifh In PF?é“%Fnﬁ'i‘? f*affgfm PlsRED e 2
BekBr bideiimupicy € i nterface bus to two inputs of each of

five mxers 16a, 16b, 16c¢c, 16d, 16e, respectively.
Five | ocal square: wave OSC|IIators 15a, 15b, 15c,

Fhd 'dlf}égntlaﬁggk Fe%ﬁp&l aﬁbadm?r%fpmksmv%sa ShORR iR Y Uitz is
i s connecte e input o respective one ano
deaso:rdoedmvgleatetrcbt@lgathezfgbowmgc, 29d, 29e, and one out put
is connected directly to an input of a respective one

anong the five mxers 16a, 16b, 16c¢, 16d, 16e. The
Aultigput stagd oft the wWirckss raevieert & &Iﬁ;ﬁ&ﬁs EQJmeivi‘rfg:antéﬂd 12284 an

are, connected ¢ et. anot her i nput. Lve
STt o, A% giput e s 86 nocepyab VP RusishgAlY &mpiter
3 9 Rbhideetel 9fad twoeidd RiteMAVEbRSS ithvb HpatsSof kach oﬂﬂila,mliae 16a,
15d, 15e differ in, phase increnments of p/5.

16b, 16¢, 16d, 16e, respectively. Five local square:wave oscillators 15a, 15b, 15c,
15d, 15¢, each comprise two outputs, where one output is connected to the input of a
respective one among five inverters 29a, 29b, 29c, 29d, 29e, and one output is
connected directly to an input of a respective one among the five mixers 16a, 16b,
16¢, 16d, 16e. The outputs of the five inverters 29a, 29b, 29¢, 29d, 29¢ are connected
to yet another input of the five mixers 16a, 16b, 16c, 16d, 16e, respectively. The
signals from the local square:wave oscillators 15a, 15b, 15¢, 15d, 15e differ in phase

increments of ©/5.

The purpose of the inverters 29a, 29b, 29¢, 29d, 29e is to supply the mixers 16a, 16b,
16¢, 16d, 16e, respectively, with a 180° phase:inverted version of the direct signal
from the local oscillators 15a, 15b, 15¢, 15d, 15e, respectively. The five mixers 16a,
16b, 16¢, 16d, 16e, each thus receives four separate signals for mixing, a real input

signal and a phase:inverted input signal from the input stage 12, 13, a real local

this gives five distinct angul ar vBCTBE2606/000493
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The purpose of the inverters 29a, 29b, 29c, 29d, 29e
is to supply the m xers 16a, 16b, 16c, 16d, 16e,

WO e@pecasivel y, with a 180 phase: inverted ver SPGHDER007/000493

the direct signal fromthe |ocal oscillators 15a, 15b
15c, 15d, 15e, respectively. The five m xers 16a, 16b,
16¢c, 16d, 16e, each thus receives four separate

S|gnals f or m xi ng, a real i8put signal and a phase:
inverted input signal fromthe input stage 12, 13, a
real localoscillator signal fromeach of the | oca
ssqillatoe signslefras ciath af thesloqaﬂsaqualesmvel@ccillamd 15&15éb, 15¢, 15d,

CRERGPEUVE and pecPiiiefics AMAE b Syl RG LRE Y the
AG&ters 2SDETH] VoY y29dT|29e Q‘dinettiveisy gl mt;ﬁu*tcmgrtal“sefrémvtee ‘five
m xers 16 rise fi

R G (08, MO0 B 88 oPiTan DS HeSl gRnbiaarphass gifioience of

$6°BBRlceR@dch sfpRhl fall hNRFhRERSEHANY. The signal pairs
fromthe five nmxers 16a, 16b, 16c, 16d, 16e are

connected to the inputs of five band pass filters 3la,

fﬁkb r%i-ﬁalrs?’frgm R Give rnﬁw@%a vl%bychh@d olustel% Sorecttd® the

pass filters d, 3le, also
mpwtmoﬁgve bgrdabaspﬁltﬂs 31ar3é bcblw‘n él:d éde,t r@snehfevqlm dibe Suputs of

8b, 1
LR PR o 9, A L ERRERENITEs o
ébEiEecwdetoCtthm ngetedf five limitersni@as $8b;)f18a, 1&ipK e, ups;teatb\teéy e
cormori oi At . |
GAS ST 15, 1% In. T camiEle sl o o
Mok:ap ehbRR 8 fomipRididig Weighes X 0Ry, 23, x4, HIEWbightk yl,ly@ )&ﬁj@; 95, a8irst
and the downstream subsequent bl ocks in fi

WA g 28¢) 2isacofd FHRMAF Zsi aﬁsi pRAretang: ﬁ‘é‘ﬁ“%\‘ 21t ﬁé‘emwpe@ele
?89 Gl MR d&%ﬁ@&‘f\@uﬂ)ég%l;éng Elé)gks WPsLr eantd E&m%u%ﬁ il ¥ Shanner

Imters 18a, 18b, 1 , 18e, the signals are
swmil@i td graedf the Wirelessyateaer 2@@mvstmé'mn§f romthe five
limters 18a, 18b, 18c, 18d, 18e, the signals are
considered to be digital. This strategic placenent of
Upstreim iond iheifivelisnite8al 8a,1 Bib, 18Bd 8d,118¢, thd Signalpars tcensidered to

to the mxers 16a, 16 6C d, 16 aids in

ReepioR Dot B e o S PSRy B gt re
donsideras baa@talequisrsaateges;ﬁacpmmroftthaﬁvdihginml18a 18b, 18c,
fwaﬁlgq%gg?rg% tcp Ifl*@gﬁ]féfrzllg ge nl%lbef%cs 111&11 lge atlso alcfs in keeping power
consumption low, as digital switching in the base band requires less power than

digital switching at high frequencies such as the FSK transmission frequencies.

The first demodulator branch 15a, 29a, 16a, 31a, 18a converts and conditions a first
part of the signal output by the preamplifier 13. The first local oscillator 15a converts
the received signal to a baseband signal. The first mixer 16a outputs a direct converted
version of the transmitted signal for the first band:pass filter 31a, and the signals from
the outputs of the first band:pass filter 31a are used as the input signals for the first
limiter 18a, acting as a decision device for the first branch 15a, 29a, 16a, 31a, 18a.

The output of the first limiter 18a is a logical, digital level, which is used as argument
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W@eiope2shy the preanplifier 13. The first

The first denodul ator branch 15a, 29a, 16a, 3la, 18a
converts and conditions a first part of the signa

oscillator 15a converts the received signal to a
baseband signal. The first m xer 16a outputs a direct
converted version of the transmtted signal for the
first band:pass filter 31a,l%nd the signals fromthe
out puts of the first band:pass filter 3la are used as
the input signals for the first limter 18a, acting as
for dieChrahdbss ﬁleaﬂdc)e, §unimddhia thé swhmbs anahd hap pASade th6anputs
3l1a, 18a._ The output o he first limter 18a is a
f%g}ecAéFta“%Hﬁ@ﬁcE‘%ﬂzﬁp%g\}E? 00 Péﬂ’kii&used as argunent f or
the branches X1 and yi, sunmed in the sumers x and vy,
to provide the inputs for the Arctan2: function 2 1 of

Theesacousk damodulinredramh e 2% déhd3 e Bkl apryess apgd senditions a
;E:%g’nd érﬁ‘gof ek gnglﬁg’utg 8&% t|‘1:19 % e%fntpﬁﬁ . g@RdEddng "1§ca§l oscillator

secon art ot ut put the preanplifier
13 conhetssbe enelvédsghal tnsa: pdskekand rSIgwa bosegend bcal lpscillator 15b

GRS P SR o h ey T J5aRI hoela

6RMPdIrerbal Tht hecaidt MiMer SlicH NAltputs anahtelae chhvesibd Iveisédn of the
oscillator 15a. The second m_xer_ 16b out put? a direct
5

EyRdetngios thsiecond bard: past il Xl perddhegianalssigm thyeutputs
SEHE Q&op@ﬂg‘xdﬂj'ﬁsc'ﬁftérl jlﬁrarégas*éd a8l thﬁ s%hﬂ@ #drghd §e‘éHﬂld hl?uter

out puts of the second pass filter are used
1 8te aptinguas asdegﬁmnsdewp f@rhtée Seeonth éralni:}ml e r29’1a8’(§b Akt ilRe “The
cenf:
Qi ST b AEHe 0] 15 MERNTEr ARER 1884 of Bhument
for |tl&glbrﬁlﬁt|h¢s ghi ayidtya) sdmmezi invthé elmmers 05 @dd 2, tarpgcmn@%e firgouts

anches X2 and. y2 su I the sumers x and vy,
Oéehﬁ ﬁaﬂg?‘{'ﬁ%‘”?ﬁp?fttée %08?“311552’ %é,ﬂgt an2: function 2 1 of
the | ook: up tabl e 28. The third denodul at or branch
15c,  29c, 1l6c, 31c, 18c_converts and conditjons

Th third damedidgtoy 'Prénféu Ipeatocolesdd Oy comyert @eﬂﬁﬂnf’ﬂ%? a third
padt of thEsibikl BQtph%Qhe Bl%ﬁﬂnbilﬁ’érqlf% HRCthF@ WEEI IsSillhdE 1 5¢ converts

received sig t'o a baseband signal. The third | ocal
@SGWeIlV&d @rgnals@ 4 Basgbanfltségnal. ﬁ‘hpnblsélqggfl aspillgtot 8¢ is shifted in

Sg??{/ /8 rworfé ng%%g thhth% éygﬁ)]% ‘tglﬁa? (?hg% fﬁ'r sf(lical g&ﬂlator 15a.
Thathird heickr\ 6¢ sutpiits atliredi@otivieated vérsive df the gmslmlift@f sigrfabfor the
third band:pass filter 31c, and the signals from the outputs of the third band:pass filter
31c are used as the input signals for the third limiter 18c, acting as a decision device
for the third branch 15¢, 29¢, 16¢, 31c, 18c. The output of the third limiter 18c is a
logical, digital level which is used as argument for the branches x3; and y3;, summed in
the summers X4 and Zy, to provide the inputs for the Arctan2:function 21 of the look:

up table 28.

The fourth demodulator branch 15d, 29d, 16d, 31d, 18d converts and conditions a
fourth part of the signal output by the preamplifier 13. The fourth local oscillator 15d
converts the received signal to a baseband signal. The fourth local oscillator 15d is

shifted in phase by 3n/5 when compared to the output signal from the first local

| 0caPCT/DK2007/000493
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W@ b@oeRsoe signals for the third limter 18c,

third band: pass filter 31c, and the signals fromthe
outputs of the third band: pass filter 31c are used as

a decision device for the third branch 15c, 29c, 16c,
31c, 18c. The output of the third limter 18c is a

| ogical, digital level which is used as argunent for
the branches X and y3, sunmd in the summers x and v,
to provide the inputs for the Arctan2: function 2 1 of
the | ook: up table 28. The fourth denodul ator branch
dsoillato? 9tba. 1, foBitll,mik&d 16d utputss a adiccc omdziettéd) Iverséon of the

Sty B 5 08 R B B STR S

bRBEiIfeh ingpals fileer 3 1Darchadds HiegApt.sighal foothe tfburthokalter
oscillator 15d is shifted in hase bﬁ%ﬁg $S¥Qey
Eshrastingcrst odeckionodav s tfossthg ﬁ%\tr by bransh P 1d, 18d. The
bap@lopafel il Bhitd38d 15T411%g1c5luﬂ RalNEve@ whikB Gk @8 Bé4rurent for
direct converted version of e transmtted signal for

thi drangbasta abdyd:spagsdfin Itlteequn@ﬁelrsﬁl Aoy, kreproi iga dhesinpyts fher
%@gﬁ& ftgﬁﬁzﬂfﬁ%em&EthtE%@% pass filter 3ld are

npu Si or'the fourth limter 18d,
actlng as a deci si on devi ce for the fourth branch 15d

ﬁftl% %fn? t‘&ral?lrggc&l %F’? Zoﬂ%u o\fl}/ﬁlt: gﬁn"feglsj rﬂt giot“gg fifth

PrOsROEigh buttphﬁb}flhaﬁféﬁﬁ@hﬂ%rarjdn{éﬁftﬁ mmmclnlmtof & converts
sumers x_and provi de the_inputs for
P GRaaitad SR RasSbARIGYEREh e dBih (63 %SB‘I”étOQéSC hhifted in

%ﬂa@é 72/@‘2% bRy ar@& NGl O;ll%gt 51%9.3@ frofPhe fl?’étqocaﬂ-gs%ll%ator 15a.

onvert con |t|ons a of the sign
‘Ot fpfth mipyer ﬂGEOLpplEaarpiréct Favedgl veThen 6ﬁ the hransoutadd signal for the

e P S
3kl dré askdiad thﬂm;set sii)gnakkrfbﬁthwfm loningpaBechcting bhe datidigudevice

ighal_ fromthe first cal i1l ator The. fifih
o S hin b ot 2% Hier S 180 B LR Btgm el
fok RIS Bighthlaeved whthlis 8 at A@uinkttfbr (P8 BELnPIRS X bihd $:€5undh&d in
and the signals fromthe outputs of the fifth

thasempaesst-fangl ferto pravidgrthe inputy fersthe Aectangpfiypction g of gherlgek:
@ﬂﬁbf'?th limter 18e, acting as a decision device for

?' th branch 15e, 29e, 16e, 3 le, 18e. The out put
of the fifth limter 18e is a

Whenever wireless FSK signals are picked up by the receiving antenna 12 of the
differential FSK receiver 30 of the invention, the received signals are amplified by the
input amplifier 13 and presented to the five branches as differential analog signals.
The differential signals are converted, i.e. folded, down in frequency from the
transmission frequency to the base band frequency, in the mixers 16a, 16b, 16¢c, 16d,
16¢e, respectively, by the signals from the local square:wave oscillators 15a, 15b, 15c,
15d, 15e, respectively, and the inverted square:wave signals from the inverters 29a,
29b, 29c¢, 29d, 29e, respectively. The down:converted signals from the mixers 16a,
16b, 16¢, 16d, 16¢, respectively, are band:limited in the band:pass filters 31a, 31b,
31c¢, 31d, 3le, respectively, and the band:limited signals from the band:pass filters
31a, 31b, 31¢, 31d, 3le, respectively, are limited by the five limiters 18a, 18b, 18c,

BCT/DRQ0GH00493
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wo eoopoespde the i nputs for the Arctan2:

| ogical, digital |evel which is used as argunent for
the branches X5 and y5, summed in the sumers x and vy,

the | ook: up table 28. Whenever wreless FSK signals
are picked up by the receiving antenna 12 of the
differential FSK receiver 30 of the invention, the

recei ved signals are anplif?led by the input anplifier
13 and presented to the five branches as differentia
anal og signals. The differential signals are

t8hvider eckpedtively, fapd dbus comwerted rintor @giﬂ:@héfyfefsr pussentpd to the

transm SSl ency to, the base d

P et T ph Ak SRl R L L YR ey "

the signals fromthe local square: wave oscillators

15a, 15b, 15c¢, 15d, 15e, respectively, and the .

The ampragfiog oaie S apd & BicoRih FSITquims %éh? AveRstugctiog2 ! of
&%%@@@% g@@&mé@éﬁ%&y%%dlffmﬁugem tﬁ@w}sgs@ﬂuer

si'gha romthe mxe
Zlastp@dmlmm blocla 2@, thartbck |datai reateiynblodie24b 2hel bpﬁi@s% and the

el SaiuP sty 27 s Lopilar P LERRSAL KNSl 1K n e
Sibodirddh shBircin 3. ISd 3le, respecti veI y, are limted by

the five limters 18a, 18b, 18c, 18d, 18e,
respectively, and thus converted into |logical |evels

B esRidreth tHe bdnefis UWEARYED By REilibihg aXp&ﬁlﬁbh}ism configuration, the
respecti veI%/fhw a the weights_ x respectl

R dimee thswjselert Sk reghtyen 3%?@@@@'\/@% fulher pgraln from
R AriRdtane lmfltlt’rfkcgf e rgceivegfs@ngﬁlsl R FHE trﬁ@n@%a@banﬁh‘?e

subsequent bl ocks, the differentiator 22, the |ow pass
posterier topthe conersiett ptegasrropipgede of he miveer 6 K Obkat6s, 16d, 16e,

Fe@ e%{ﬁ %/ Jlﬁlugctlﬁrt re'iin t}Hafcﬁﬁe&chn twﬁeo§ e' ajlreless FSK

Pntert ace ave a simlar con |gurat| on
mndvérui(btresuttaigl myprals)ngeni bmr)eﬁﬁodvmdmrlr@mmngcd forginuous
I t.S a hleved by utilizing a

B@ﬁﬁtgﬂﬁggﬁ%“@s’ﬁfg ﬁcrcgidm&r}o ﬂf He  Crb6di ment ~ of t he

wirel ess FSK receiver 30 shown in fig. 12 further

benefits from hefac that th Jt mti of the .

Pecds jea RpGnihomatiogt ¢ difng P 0 iR Bath myention. The
RQFhL RIdA) dofhphiR® MOUMKBRS 1| DnShpliesr C) ARVt FOK redeiver 30,
m xers 16a, 16b, 16c, 16d, 16e,

a microphone 51, a telecoil 52, an input selector 53, a hearing aid processor 50, and an
acoustic output transducer 54. The hearing aid processor 50 is configured to process
signals from the microphone 51 and the telecoil 52, and further comprises means (not
shown) to process signals received by the wireless FSK receiver 30 for reproduction
by the acoustic output transducer 54. The wireless FSK receiver 30 is preferably an
integral part of the circuitry of the hearing aid 40, and may even be fully embedded

into the integrated circuit comprising the hearing aid processor 50, and may

beneficially draw its necessary power from the hearing aid battery (not shown).

The hearing aid according to the invention thus incorporates a low:power, efficient
FSK receiver comprising a multiphasic reception scheme. In this way, a hearing aid

user may benefit from a multitude of new applications of the hearing aid according to

f unct i PET/RPK2003000493



respectively. This further reduces the current
consunption of the wireless FSK receiver 30, resulting

WO poopioadsenged battery |life, even during prol onREDK2007/000493
conti nuous operation of the receiver 30 according to
the invention. Fig. 13 is a block schematic of a
hearing aid 40 according to the invention. The hearing
aid 40 conprises an antenna?l2, an anplifier 13, a
wi rel ess FSK receiver 30, a mcrophone 51, a tel ecoi
52, an input selector 53, a hearing aid processor 50,
thadneentiag,ous t witelesstrpmbtet qoattsltiog er plegrarfihmghtbaheargpgadid, or

RreRSmonosat GriBiseef Rl BRI R Foliplig, oM '

conprises neans (not shown) to process signals
received by the wireless FSK receiver 30 for
reproduction by the acoustic output transducer 54. The
wirel ess FSK receiver 30 is preferably an integra

part of the circuitry of the hearing aid 40, and may
even be fully enbedded into the integrated circuit
conprising the hearing aid processor 50, and nay
beneficially draw its necessary power fromthe hearing
aid battery (not shown). The hearing aid according to
the invention thus incorporates a | ow power, efficient
FSK receiver conprising a nultiphasic reception
schene. In this way, a hearing aid user may benefit
froma nmultitude of new applications of the hearing
aid according tothe invention, e.g. wireless renote
controlling or programmng the hearing aid, or

wirel ess reception of digitally encoded audi o signals
in the hearing aid.CLAIM5S 1. A hearing aid conprising
a wreless frequency: shift: keying (FSK) receiver,
said receiver conprising an antenna, a first anplifier
stage, a limter stage, a plurality of parallel phase
detection stages and a | ookup table bl ock, wherein
each phase detection stage conprises a |oca
oscillator, a mxer stage, a filter stage, and a
conpar at or stage, respectively, the outputs of each of
the respective conparator stages being connected to
the input of the | ook: up table block, characterized
in that the nunber of phase detection stages is
greater than two.
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2. The hearing aid according to claim1, characterized
in that the phase angle of the local oscillators are

| ocal oscillators. 3. The hearing aid according to
claim1, characterized in that the nunber of phase
detection stages is five. 4. The hearing aid according
to claim1, characterized i33 that the outputs of the
phase detection stages are fed to inputs of the

| ook: up tabl e bl ock wherein they are conbi ned
ecamsing to weights. 5. The hearing aid according to
claim1, characterized in that the phase detection
stages are adapted to receive analog inputs, to

Pr 0CR f&rinBQid ddRipkiSink A vARsO Breduehey): $Hift-Re@Rg LIBK)Feoedler, said
stage and the filter stage, and to digitize the filter

out PEREEeF (FOMRESIES Afa pREY &t Q@ésampéﬁel‘rﬁ'ég% el inNgfr atage. 2
accqfighig chba&Ju@t Phate d&@&roﬂcstta@g'é& 3682 1150Kkupahble Bk RE&kin

osci'l I at or two outputs, where a first output is
conreadh plapse ldptegrgm siagei aoprisesra logaltgseillpieos peminey stage,@efilter

st 206, 21043 SEERA Qtug& WspbcivEIOTAE GhiBeRs U LRG0k thelBspblifie

respective m xer receiver
use domparatoe atageg being , coma?acd:drtectbﬂ \igput cdrpe |leoknlg) tabld bk,

mplifier . sta tage, .a plural hase
clor e et e piyhécs piish dss ol et naR 98
each phase detection stage conprises a
2.oc dhesebtingsidraccading x@clast dgeharaterizéd ér thgt thgphamrmigk of

e P Bpa e VASGrt SPaE by EeaeaonBonl Shirkad uf Figellor

t he Ib&apudcilRkore | ook: up table, characterized in that
t he nunber of phase detection stages is greater than
%vvo 8. A.wi r(el ess..FSK recel vgr accor. di

han
D TR heAiAAIS peropdis ool Sparaftatgn o il P il bpse

phasRicd@ditfideds fileages is a differential phase
det ecti on stage.

4.  The hearing aid according to claim 1, characterized in that the outputs of the
phase detection stages are fed to inputs of the look:up table block wherein they

are combined according to weights.

5.  The hearing aid according to claim 1, characterized in that the phase detection
stages are adapted to receive analog inputs, to process the inputs in analog form
through the mixer stage and the filter stage, and to digitize the filter outputs in

the comparator stages.

6.  The hearing aid according to claim 1, characterized in that each local oscillator
has two outputs, where a first output is connected through an inverter to the
respective mixer stage and a second output is connected directly to the

respective mixer stage.

7. A wireless FSK receiver for use in a hearing aid, said receiver comprising a first
amplifier stage, a limiter stage, a plurality of phase detection stages, and a

lookup table block, wherein each phase detection stage comprises a local

where n i s the neeiBK2@7/000493
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9. A nethod for processing a wireless FSK signal for
providing a signal for a hearing aid, including the

FSK signal, limting the anplified FSK signal,
splitting the anplified, Iimted FSK signal into a
plurality of signal branches, the nunber of branches
being greater than the nuni®r of distinctly detectable
phase angles to be received, detecting the phase of

the FSK signal in each branch of the plurality of

si gratillitogaahies:, stape) cliltatstage aadlacgimpalatos isgpalrespeaively, the
based on the detected phase of the F K signal in %9ch
of tOHEPUI UFath Ay NG ISR YO MPPLRITEESS ReilrCARCCtado the tnput
si gnah 19RCHPIbleO¢hatdRriBddinahdttte Afmiser 9N phasb BebaidAStages is
deriving |nfornat|on fromthe FSK signal based on the

r es @eatesthaniwosymmat i on, and presenting the derived
information to the hearlng aid. 10. The met hod

acc (iRsd ISK k@titOacciafigab Rlaih g, shaefi@ized Rl tB&ita R@st one
the phase of the FSK signal in each branch of the

pl urcAkhet plueslitysofphate dsteatimvages e differsntiah ghase defection stage.
creating a m xed signal by mxing the FSK signal with

g.he Singnld fof chasshr%cﬁlwn‘é&@é FERt Qgnal b&nﬁovhin@ 4 kigBaltfOf a

m xed si gnal using | ow. pass filter, conparing the

ni x dgaringagid; inpluding élep geRpri] regcving ﬁqns%@éfK pehetng Hying gaid
! eVq?ISK Qgr%l,glﬁﬁlﬁgttﬁéqgn@hﬂegqfﬁ@sl gﬁ tth%st‘ﬁg aﬁ’ﬂhﬁ&? limited

conpari son accor toclaiml
wheFSKnsighe ipthasplustity ef sgnal Ib@nbhﬁ@atheosmblet af bltasclleﬂ being

the plurality of sign Cc
sta %eea?eégl-lzlmn%gtnélms g £ glsp ﬂ%@/ &%ec\t,a%[e %ﬁg& ldr%l%%to be %elved
of siie@ata{g the phasees. thelBSK Flyealnietdaddbasdooftthe gluraite bésignal

11, mhe n the. step of derj V|n |nfo ti.on f

Foic BTG CaoiiiaeabeRY siablecl Btk g gsé oFine
Si gNBIK sigRAridi dagh 0 tke pRELItY bf sfguancbﬂaﬁuhei rmnifg the signal
argunment of the sum of the logical, sig
vect'sstersdifitheplurlitaef vignal ﬁ@nghe@n%qrwmgdﬁ?qnﬁ@t@p%@nftbecFSK

f un%‘%ngln bade@WP S rdsbik t & {HRIsunhtRatfnf a8 §tdeAdiRd the derived

signal, recovering the clock and t he dat a fromthe

| ownpfgggatlon to the hearing aid.

10. The method according to claim 9, wherein the step of detecting the phase of the
FSK signal in each branch of the plurality of signal branches includes the steps
of creating a mixed signal by mixing the FSK signal with the signal from a local
oscillator, band:limiting the mixed signal using a low:pass filter, comparing the

mixed, band:limited signal to a fixed, predetermined level, and generating a

logical value based on the comparison.

11. The method according to claim 10, wherein the phase angle of the local
oscillators in the plurality of signal branches are mutually staggered in steps of

by 180°/n, where n is the number of signal branches.

12. The method according to claim 11, wherein the step of deriving information
from the FSK signal includes the steps of determining the signal according to a

specific function from the argument of the sum of the logical signal vectors,

anpl i fyi nECERK007/000493
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filtered signal, storing the recovered data in a
buf fer based on the restored clock, and retrieve the

wae@peeksamt a fromthe buffer for use by the heR€T/DE2007/000493

aid. 13. The method according to claim11l, wherein the
step of detecting the phase of the FSK signal in each
branch of the plurality of signal branches includes

the steps of splitting the ®ignal into two branches,
creating two m xed signals by mxing the split signals
with a direct and an inverted signal froma | ocal
squadiﬁ”ererwmvieg dhc::isignat drom leen shekifiei fuinct@nt HQthw ﬁitm the

gn g pass ter,
bandteii s B A e PR & o5 TR el e pess
and fyenglrsignal) goding dg@iredver¢diste 1rbﬁ&ffﬂ3r bﬁseﬂ loe the restored clock,
conpar,i sqn. T tho ordin ai. m
whera@f g té%%{%fég dafg o e Dl fPrgapy gﬁﬁﬁiﬂéng
oscillators in each branch of the plurality of S|gna
p3. anpeagetAéadtviditd! loyclsimaply evheekin theSste!}bIDxﬁ~ défecﬁﬁg)ﬂia phase of

ot HouF K HOEEet OEah o Y9, PIRLP RGOSR fefades the
f uncgdp@nrispliBfg MeCdigP inth YRS bkdAbhes, creating two mixed signals by
mixing the split signals with a direct and an inverted signal from a local square:
wave oscillator, band:limiting the two mixed signals using a band:pass filter,
comparing the mixed, band:limited signals to a fixed, predetermined level, and

generating a logical value based on the comparison.

14. The method according to claim 11, wherein the phase angles of the local square:
wave oscillators in each branch of the plurality of signal branches are mutually

staggered in steps of 180°/n, where n is the number of signal branches.

15. The method according to claim 12, wherein the specific function is an Arctan2:

function.



