Modul at or, Denodul at or and Mdul at or - Denodul at or Techni cal Field [0001]
Enbodi nents rel ate generally to a nodul ator, a denodul ator and a

modul at orwlermouizadsor . Background [0002] The increasi ng warkseomsfoosics el ess
personal area networks (WPAN) and wirel ess body area networks (VBAN)
demands ultra | ow power |ow cost wireless transceivers. Al though many
different wireless transcei vers have been devel oped, there are sone common
features required by these transceivers in physical |ayer, such as the
anplitude shift keyi ASK) .. frequenc ift keyin FSK), Gaussi an
frequency shift keyllﬂgd'él e%ﬁ'ﬁ?&l’&%éﬁﬁ%‘“ﬁ@ﬁﬂ&fﬂ%‘s‘ﬂ?@( modens). [0003]
In order to handle these common nodul ati on schenes, the conventi onal

wi rel ess transceivers inplenment individual nodens for each nodul ation
schenme, and sinply physically put theminto one chip. The nodul ation
schenes f diechiiealdfieldent i onal wirel ess transceivers are hard switched, are
not flexible and reconfigurable. Therefore, there is unavoi dable waiting
time for switching the nodul ati on schenmes. For exanple, sonme conventiona
data |ink nodul es, which have both the ASK denodul ator and the FSK

denodul at ge0o1pse Eiiodiaits flatd gének0lyne waioditd-ir domneduditot 4l HaoddatbAat or s
toswitch the required schene. Hence, there is a waiting tinme for sw tching
to the degimgdiisedul ati on schene and initializing the denodul ator. [0004]
Furt her, since the conventional transceivers sinply hard sw tch individua
nodens, the design is not optim zed as one reconf gurable multi-schene
nodem the chip area is large, and thus the cost is high

Background

[0002] The increasing market of wireless personal area networks (WPAN) and
wireless body area networks (WBAN) demands ultra low power low cost wireless
transceivers. Alfhough many different wireless transceivers have been developed, there
are some common features required by these transceivers in physical layer, such as the
amplitude shift keying (ASK), frequency shift keying (FSK), Gaussian frequency shift
keying (GFSK) modulators and demodulators (modems).

[0003] In order to handle these common modulation schemes, the conventional
wireless transceivers implement individual modems for each modulation scheme, and
simply physically put them into one chip. The modulation schemes for the conventional
wireless transceivers are hard switched, are not flexible and reconfigurable. Therefore,
there is unavoidable waiting time for switching the modulation schemes. For example,
some conventional data link modules, which have both the ASK demodulator and the

FSK demodulator, use one control bit to power ON/OFF one of the demodulators to



[ 0005] Further, the individual nodul ators and denodul ators in the
conventional transceivers also consune high power and high cost. For

exanpl e, worotons3mndel y used FSK and/ or GFSK schenes, plresschaskeassd oop
(PLL) based denodul ator, digital based denodul ator, delay |line or delay

| ocked | oop (DLL) based denodul ator, and |I/Q frequency discrim nator based
denodul ator are generally used. However, these denodul ators consune high
power and take up a large chip area. Therefore, these denodul ators are not

suitabl e for new generation WPAN and VBAN |4 catiqgns. 00p]. Furt her,
the conve nsﬁl%}rl\ g‘? © {eﬂ‘élﬁ%igseﬁﬁsxél?'sﬁ%fa’c CI58 APERIng gﬁ% r foéﬁ%%q}% lt,l({ g’tei ‘%%ﬁ"esdg heme
normal Iy have only one channel .co ni cati on. They do not perform
nulti-chaﬁﬂ%ﬁmﬁﬂﬁﬁﬂﬁpgﬁPF&ﬁnﬁﬂHg fge %bﬂﬁﬁulation scheme. The channe
efficiency and spectrumefficiency are not high. [0007] Therefore, it is
desi r abl e P804} oviythen sigrguthgtonyensiond ensreiv s siaply ahard switgh dpdiyialdul at or
whi ch can achi eve zero delay tinme nodul ati on scheme switching, nulti-schene
reconf gurmedsemspthgudeaighon ndenpitinized ias i9nel geconfiguriable | rovitisoheme omdsugitei on,
smal |l chip area, high phase accuracy, and dual - channel hi gh channel

ef fi ci encyhipoargd @ ibarpd, and thaspeicostdehghd frequency shift keyi ng ( CAFSK)
communi cation. Sunmary [0008] In an enbodinent, there is provided a

nodul at or [0605] udi Rgthar, f the Sihdividugl FRduRtdEs Shd NAmdIaRERS ShNGe PanRerdidagt ed to
route a first intermediate signal; a second internedi ate signal processing

pat h adaptifdsdefrerCtiPedhsHRE A d,we@ A8 Wi Cost! Kb @hkample! fdrthe MRy hidr

coupled into the first internedi ate signal processing path; a second

anpl i fier @QUplest GRge schemes, phase locked loop (PLL) based demodulator, digital based
demodulator, delay line or delay locked loop (DLL) based demodulator, and I/Q
frequency discriminatér based demodulator are generally used. However, these
demodulators consume high power and take up a large chip area. Therefore, these
demodulators are not suitable for the new generation WPAN and WBAN applications.
[0006] Further, the conventional transceivers which use FSK and/or GFSK
modulation scheme normally have only one channel communication. They do not
perform multi-channel communication like the QAM modulation scheme. The channel
efficiency and spectrum efficiency are not high.
[0007] Therefore, it is desirable to provide a modulator, a demodulator and a
modulator-demodulator which can achieve zero delay time modulation scheme switching,
multi-scheme reconfigurable modulation demodulation data link, low power
consumption, small chip area, hig:h phase accuracy, and dual-channel high channel

efficiency complementary amplitude and frequency shift keying (CAFSK)

communication.



the second internedi ate signal processing path; and a chopper circuit
coupled into the first internedi ate signal processing path; wherein the
chopper owoeuito3smoadapt ed to process the first internedcalse2aisgnassoi n
dependence on first baseband data; wherein the first anplifier is adapted
to anplify the first internedi ate signal processed by the chopper circuit

i n dependence on second baseband data; and wherein the second anplifier is
adapted to anplify the second internediate signal in dependence on the
second ba§%g%%%ckua“ [ 0009] In another enbodinent, there is provided a
denndulator-rwv#ﬂding an anplitude denodul ati ng path adapted to route a
carrier signal; a frequency denodul ati ng path adapted to route the sane
carrier signal; a node control unit coupled to an output term nal of the
anpl i tude denodul ating path and an output term nal of the_frequency

denmodul at (HY8hat Hn agsEbadimient dhess toro modlatepinsluding pfixst inframediziguency
denodul ati ng path; wherein the node control unit is adapted to contro

di f f er ent sigpalegoesssing patldantediv, rouisck semtsmedipteasignalics steomstiinteamediate s
operated in a controllable weight anplitude frequency shift keying

( CW AFSK) sigoaleprotdssingpdth adaptedab routeta sesomd aperatkdiave signalr al fishamplifiese- wi dt h
of the pul se-w dth nodul ator in dependence on an output signal of the

anpl i t ude cegirabiutoatht figst paédmeBlateadigia protésing Patoh stdvad RhpisogcoupR@lad I n the

drawi ngs, like reference characters generally refer to the same parts
t hr oughouthet f8orli fnﬁ&ﬁﬁ&tatevsi%m protBRird gath:NGR AERoppef ch&fesapldd! it @escal e,
enphasi s instead generally being placed upon illustrating the principles of

e e 4Bl S8R R 0T R T3
process the first intermediate signal in dependence on first baseband data; wherein the
first amplifier is adapted to amplify the first intermediate signal processed by the chopper
circuit in dependence on second baseband data; and wherein the second amplifier is
adapted to amplify the second intermediate signal in dependence on the second baseband
data.

[0009] In another embodiment, there is provided a demodulator including an
amplitude demodulating path adapted to route a carrier signal; a frequency demodulating
path adapted to route the same carrier signal; a mode control unit coupled to an output
terminal of the amplitude demodulating path and an output terminal of the frequency
demodulating path; and a pulse-width modulator coupled into the frequency
demodulating path; wherein the mode control unit is adapted to control different modes
of demodulation; and wherein, when the demodulator is operated in a controllable weight
amplitude frequency shift keying (CW-AFSK) mode, the mode control unit is adapted to

control the pulse-width of the pulse-width modulator in dependence on an output signal

of the amplitude demodulating path.



to the follow ng drawings, in which: [0011] Figure 1 shows a schematic

di agram of a nodul ator. [0012] Figure 2 shows a schenmatic diagram of the
nodul at orwoeuplssosho a transmitter. [0013] Figure 3a sheoes/sanomsoessshary
signal of second baseband data. [0014] Figure 3b shows an exenplary signa
of first baseband data. [0015] Figure 3c shows a first internedi ate signa
processed by a first filter at point Cof a first internedi ate signal
processing path. [0016] Figure 3d shows a second internedi ate signal
processed by a second filter at point D of a second internedi ate signal
processing path. [0017] Figure 3e shows the first internedi ate signa

processed cho eri%'r uit.at point E of the first intermedi ate signal
processin Scl Mg shows the first internmediate signal
anplified by a first anplifier at an output termnal of the first
anplifier. [0019] Figure 3g shows the second internediate signal anplified
by a second anplifier at an output term nal of the second anplifier.[0020]
Fi gure 3h [8H®hs tIncthedayringse diksirgiesance chragiprsegenpyallarelir todee samd partsnay be
referred to as AFSK-11 signal), where the first baseband data and the
second badsbaglut gteadififarent diefrfser €t dveatingss are[ 00 Akteskirjurte s8ales hmplasts
nodul at ed signal s(t) under CWAFSK node (which nay be referred to as
AFSK- | si gnsdall, genkralle bting pldced upba slakanthgddit primoipldshed the Gordtikasabard dat a
have a sane value. [0022] Figure 4 shows a schematic diagramof a
denodul at @§lldwing® AescApIRAL b ifRdHs embodiments of the invention are described with reference

to the following drawings, in which:

[0011] Figure 1 shows a schematic diagram of a modulator.

[0012] Figure 2 shows a schematic diagram of the modulator coupled to a transmitter.

[0013] Figure 3a shows an exemplary signal of second baseband data.

[0014] Figure 3b shows an exemplary signal of first baseband data.

[0015] Figure 3c shows a first intermediate signal processed by a first filter at point C

of a first intermediate signal processing path.

[0016] Figure 3d shows a second intermediate signal processed by a second filter at

point D of a second intermediate signal processing path.

[0017] Figure 3e shows the first intermediate signal processed by a chopper circuit at

point E of the first intermediate signal processing path.

[0018] Figure 3f shows the first intermediate signal amplified by a first amplifier at

an output terminal of the first amplifier.

[0019] Figure 3g shows the second intermediate signal amplified by a second

amplifier at an output terminal of the second amplifier.



[ 0023] Figure 5 shows a schematic diagram of one enbodi nent of a rectifier
of an anplitude shift keying denodul ating unit. [0024] Figure 6 shows a
schenat i cwoOizagvasosof a first half wave transconduct ancepcesG2iis®nossd t he
rectifier. [0025] Figure 7a shows a waveform of an input voltage V n+ and a
wavef orm of an input voltage V n-. [0026] Figure 7b shows a waveform of an
out put voltage VRec of the rectifier. [0027] Figure 8 shows a schematic

di agram of a zero-crossing detector in a first accuracy node. [0028] Figure

9 shows a mat ¢ di f I O- ' r i S nd
accur acy. HOTAR T ok BRLAL B ARUAE Sebl RERLNS: B SESE ndd? BRRRRRDL
phase cal cul at or , used lp%lﬂ e zeroscrossing, detector i he second, accuracy
Tode. | 00F8 ot e AR OlRe s St Bgpigrain Bt i U Se5e Poepitee
train converter u; §d by the zero-crossing detector in the second accuracy
mode. [ 0088 heyve dittsrepd ¥aldgSows a FSK/ GFSK carrier signal.[0032] Figure 12b
shows a waveform of a calcul ated instant phase of the FSK/ GFSK carrier
signal . [d0802] Filgews 31 3kowhawmedulated pignal s@uinser CVEAFSI mede dwbicberayo pul se
train converter. [0034] Figure 12d shows an output signal of a pulse-w dth
modul at or be[rée88d tamasgAF $K-1 3ggnhl),| wisdre dtedgrstabas@ian@idatd anerthé sacond basaband
processed by a conventional zero-crossing nethod.

data have a same value.

[0022] Figure 4 shows a schematic diagram of a demodulator in one embodiment.

[0023] Figure 5 shows a schematic diagram of one embodiment of a rectifier of an

amplitude shift keying demodulating unit.

[0024] Figure 6 shows a schematic diagram of a first half wave transconductance

rectifier of the rectifier.

[0025] Figure 7a shows a waveform of an input voltage Viy+ and a waveform of an

input voltage Viy..

[0026] Figure 7b shows a waveform of an output voltage Vg of the rectifier.

[0027] Figure 8 shows a schematic diagram of a zero-crossing detector in a first

accuracy mode.

[0028] Figure 9 shows a schematic diagram of the zero-crossing detector in a second

accuracy mode.

[0029] Figure 10 shows a schematic diagram of an instant phase calculator used by

the zero-crossing detector in the second accuracy mode.

[0030] Figure 11 shows a schematic diagram of an analog to pulse train converter

used by the zero-crossing detector in the second accuracy mode.

[0031) Figure 12a shows a FSK/GFSK carrier signal.



[ 0036] Figure 13b shows I/ Q FSK/ GFSK signal s processed by the conventi onal
zerocrossi ng nethod. [0037] Figure 13c shows a FSK/ GFSK carrier signal

pr ocessedwbyorm3aesst ant phase zero-crossi ng net hod i n oreTsGho3i00®Es60 .

[ 0038] Figure 14 shows a schematic diagram of the denodul ator of Figure 4

in the controll abl e wei ght anplitude frequency shift keying (CWAFSK) node.
[ 0039] Figure 15 shows a schematic di agram of the denodul ator of Figure 4

in anmplitude shift keying (ASK) node. [0040] Figure 16 shows a schematic

di agr am of depndul.at.of _of  Fi e 4.in frequen siftﬁg' é: K)
mde. 100429 PR 3bbalt o Veiibit o S UG TR Bl oL BTSSR
Figure 4 in the d%{al channel anplitude frequency shift keying (DC- AFSK)
mode. [O0042T"EF'§lite 18 shows a schematic diagram of a nodul at or - denodul at or
(moden). Detail ed Description[0043] Exenplary enbodi nents of a nodul ator, a
denodul at dP033hd Figwgdrashaveamndtnuapplse Beig ofes andleste NulsedBimFVBEtTow Wi t h
reference to the acconpanying figures. It will be appreciated that the
exenpl ary [8034bdi néeurs 1d¢ shawdracoutpit signalad aipelsayddthimetulatovar i ous aspect s
wi t hout changi ng the essence of the invention. [0044] Figure 1 shows a
schemat i c [803§r anfigired 3antstratoa FSROGFSK eamied sigadl prockedad vg\a dv@ventional
conpl enentary anplitude and frequency shift keying (CAFSK) nodul ator. The
modul at or z¢RQcro@ihgahdhod)e a non-conti nuous phase (NCP) 1/ Q up-conversion
based nodul at or.

[0036] Figure 13b shows 1/Q FSK/GFSK signals processed by the conventional zero-

crossing method.

[0037] Figure 13c shows a FSK/GFSK carrier signal processed by an instant phase

zero-crossing method in one embodiment.

[0038] Figure 14 shows a schematic diagram of the demodulator of Figure 4 in the

controllable weight amplitude frequency shift keying (CW-AFSK) mode.

[0039] Figure 15 shows a schematic diagram of the demodulator of Figure 4 in

amplitude shift keying (ASK) mode.

[0040] Figure 16 shows a schematic diagram of the demodulator of Figure 4 in

frequency shift keying (FSK) mode.

[0041] Figure 17 shows a schematic diagram of the demodulator of Figure 4 in the

dual channel amplitude frequency shift keying (DC-AFSK) mode.

[0042] Figure 18 shows a schematic diagram of a modulator-demodulator (modem).

Detailed Description




[ 0045] The nodul ator 100 may include a first internmedi ate signal processing
path 102 adapted to route a first internedi ate signal 104 and a second

i nt er rediwoeonigBmb processing path 106 adapted to rout @eCa/S&ee3mdo360
internedi ate signal 108. The first internedi ate signal processing path 102
may be a Q signal path and the second internediate signal processing path
106 may be an | signal path. [0046] A first anplifier 110 may be coupl ed
into the first internedi ate signal processing path 102. A second anplifier

112 may b pl into th econd fnter iate .si |. processin ath 106.
The 111t TGENPs PErerpidy oibeRRESI ob A Rafifoe € aoh8 el i 5o R iafis) o
gain anplifier PGAs). [0047] A chopper ciprcuit 114 may be cqupl ed_into
Dot v ot dETORACEFE LNl dsshbRSE g TBLrSRCR i AR RS CBo ) | 113
of the chopper circuit 114 may be coupled to an jnput termnal 115 of the
first anmplWiflibeaparegiateqthat thesxgmplagy prbediments dﬁwbsg below; ap beaprdifigd iBi nary
phase shift keying (BPSK) nodul ator. The chopper circuit 114 nay be adapted
t 0 procesyanous aspactstwithoubehanging e essapaepf the anventiompendence on first
baseband data 116. The first baseband data 116 nay be baseband frequency
shift keyi[oi#4flat Figurk.1 shoes iarsshentacatidgrain ddtaangdulgor RF). Thi Gnadajatdrel 0pr ovi ded
to the chopper circuit 114. The first baseband data (e.g. np) 116 may

control theytieppeaipldhdntdty amplithde htDAE]ued&iesHift ke¥in@ (OAFSK pmoddlBofEhe bE
adapted to anplify the first internediate signal 104 processed by the

chopper  cinfdaMiator 1i$ Ay GRREHH & NEoR-RRtNERS PhaQABREAN U AP RodeBsion! Besedecond
anplifier 112 may be adapted to anplify the second internedi ate signal 108

in dependgnggiafyy. the second baseband data 118. The second baseband data 118
may be baseband anplitude shift keying data, PIA The second baseband data

(e.g. PI A)[0014%i3 T8he modulator 100 may include a first intermediate signal processing path
102 adapted to route a first intermediate signal 104 and a second intermediate signal
processing path 106 adapted to route a second intermediate signal 108. The first
intermediate signal processing path 102 may be a Q signal path and the second
intermediate signal processing path 106 may be an I signal path.

[0046] A first amplifier 110 may be coupled into the first intermediate signal
processing path 102. A second amplifier 112 may be coupled into the second
intermediate signal processing path 106. The first amplifier 110 and the second amplifier
112 may be programmable gain amplifiers (PGAs).

[0047] A chopper circuit 114 may be coupled into the first intermediate signal
processing path 102. An output terminal 113 of the chopper circuit 114 may be coupled
to an input terminal 115 of the first amplifier 110. The chopper circuit 114 may be a
differential binary phase shift keying (BPSK) modulator. The chopper circuit 114 may be
adapted to process the first intermediate signal 104 in dependence on first baseband data

116. The first baseband data 116 may be baseband frequency shift keying data, mg. The



be provided to the first anplifier 110 and the second anplifier 112. The
second baseband data (e.g. QA) 118 may control gain A(PIA) of the first
anpl i fi erwd2010am3808gai n A(Pl A) of the second anplifier 1p21/SGhasgacisoA( ni A)
of the first anplifier 110 and the gain A(PIA) of the second anplifier 112
may be represented as: where GA > Gb. The values of GA and GB nay determ ne
the anplitude shift keying (ASK) nodul ati on depth hA of the nodul ator 100.
[ 0049] The first internediate signal processing path 102 may have a first
filter t term na t he |ter 120 oupl ed
to an i npdtBrhinB s S§EoReL s By Brarontet i e phoprersidnt JT TREMES: P15
may be a | ow, pa fllter e second .i nternedj ate si gnal processing path
106 may hé?@%ebé“cg‘i"é‘b?ﬁﬁ =) tB{] ?JZBOnt’Rﬂﬂ&fﬁ‘BEHerF’é?‘}ﬁ h4 128 of the second
filter 126 may be coupled to an input terminal 130 of the second amnplifier
112. The $¥MS$hd fThetfapt appdifieny ! GHmay bp adanprkte amplifiethe firpfdntermediate signdr 120
and the second filter 126 may be the sane type filter wth sane

speci fi catlDéproceSeédy thh ehapperudiaugrl 1206 depgndeneet dresecond bastbaral datzdi®ncy
divider 132. A first output termnal 134 of the frequency divider 132 may
be coupl edht cecdnd iamplifiett EI2ninabe dBiptedito ahiplify Bt skédnddntedédiaté\sighgiang out put
termnal 138 of the frequency divider 132 may be coupled to an input

term nal Ift@efehdénae ofi@kePRdord bdseband 2ta MR ThE SEHRA GiseBhnd 8RS 118AayBY be a
current node | ogic nodul ar-2 frequency divider or a Dflip flop frequency

di vi der, wmesmldcﬁﬂpmﬁ&vghﬁek%uegaﬂt%g mtme&aﬁdma%g Mﬁ)qwnﬁ at' ve)

outputs. [0051] A signal 1427 reépresenting e.g. a referenc I"ock,

be suppl i Bg gf‘onl&qu(( tlfeqﬁr&ﬁa%fgﬁ ijdjﬁ{d tglg gecot[(!i] rgm Eflﬁ&%qgg'yl?éjse\éprg g‘l?‘a%d rm‘y

di vide the Signa Irs ‘termedi at e
si gnal 1Oﬁat%rzg.g.t rrrllf’\‘) ?IESpI%Q}g cpnr}ro?rgarlrl%dA&nS o?l lgenfa rst ampllﬁer 110 and gain A(mj,) of

the second amplifier 112. The gain A(m,) of the first amplifier 110 and the gain A(mj,)

of the second amplifier 112 may be represented as:

G,,m,=-1

i ={ e
where G4 > Gg. The values of G, and Gg may determine the amplitu-de shift keying
(ASK) modulation depth h, of the modulator 100.

[0049] The first intermediate signal processing path 102 may have a first filter 120.
An output terminal 122 of the first filter 120 may be coupled to an input terminal 124 of
the chopper circuit 114. The first filter 120 may be a low pass filter. The second
intermediate signal processing path 106 may have a second filter 126. An output terminal
128 of the second filter 126 may be coupled to an input terminal 130 of the second
amplifier 112. The second filter 126 may be a low pass filter. The first filter 120 and the
second filter 126 may be the same type filter with same specification.

[0050] The modulator 100 may further include a frequency divider 132. A first output

terminal 134 of the frequency divider 132 may be coupled to an input terminal 136 of the



An out put frequency of the frequency divider 132 may be F F, which may be a
devi ati on frequency of the final nodul ated FSK/ CAFSK carrier signals. The
val ue of WDRommp3@et ermi ne t he frequency shift keying (P8K)scrmguwhaisoon

i ndex F of the nodul ator 100. The first internediate signal 104 and the
second internedi ate signal 108 may be digital conplenentary (positive and
negative) square waves wth 90 degree phase difference. The first

i nternedi ate signal 104 may be Q conplenentary digital square waves at

oint A ang.t S ' r ' .S1hg | 5. nt ar
gi gital sgﬁgr gﬁ?/\r/a%)gr}gts‘g%tglﬂn@ta[?%ﬂaalrﬁggﬁ?er gt%é{?el%?}/ gﬁﬁg%i%a&ﬁ%er t he
Q conplenentary. digital squar es 104.. Af iltering,,the first

"t e SPUREY ity e 0 ST R Ges oA AR 16 T e SeRRd S, o
Cof the first internedi ate signal processing path 102. The secaond filter
126 may fiPeATUreRemPde 98 MAGHET {rediegey dividshehad flin/Hep troguenay disider,
filtering, the second internediate signal 108 may be an | differential sine
shaped si grias¢h ean ppeyide qupdesture gemplemenidry (e Avetiidaegativey autpuisr ocessi ng pat h
106. The chopper circuit 114 (e.g. differential BPSK nodul ator) nay process
(e.g. per flo05H BPSK signalul Kt ieprejenting elge a @fdichéecleck, iFalk miapde shgped tsilgnal

104. After processing, the first internmedi ate signal 104 nay berepresented
as nF-si n fleg¥ricy HiviiderdB2 phhenfrednendy dikided 132Sinay divideheisiingl @igdFalk) pancessi ng
path 102. [0053] The first anplifier 110 may anplify the Q differenti al

si ne shapegd &iagpaddudOthe FirQGRSSRMiAWY sibid 1040 2RPAE s6d0ha hibrrdeltate &bA42108.
anplification, the first internediate signal 104 nay be represented as A(m

A) ni F-si . i | fi ifier 110,
there coon Ob ftalencilof B RUNEy BERE NTma e B, WASH thiyPbe EFRGIR®) |5

frequency of the final modulated FSK/CAFSK carrier signals. The value of Fpr may

determine the frequency shift keying (FSK) modulation index hr of the modulator 100.
The first intermediate signal 104 and the second intermediate signal 108 may be digital
complementary (positive and negative) square waves with 90 degree phase difference.
The first intermediate signal 104 may be Q complementary digital square waves at point
A and the second intermediate signal 108 may be I complementary digital square waves
at point B.

[0052] The first filter 120 may filter the Q complementary digital square waves 104.
After filtering, the first intermediate signal 104 may be a Q differential sine shaped signal
at point C of the first intermediate signal processing path 102. The second filter 126 may
filter the I complementary digital square waves 108. After filtering, the second
intermediate signal 108 may be an I differential sine shaped signal at point D of the
second intermediate signal processing path 106. The chopper circuit 114 (e.g. differential
BPSK modulator) may process (e.g. perform BPSK modulation) on the Q differential

sine shaped signal 104. After processing, the first intermediate signal 104 may be



may anplify the | differential sine shaped signal 108. After anplification,
the second internedi ate signal 108 nay be represented as A (PIA) -COS (wWDFt
+ f) at awocotomssosper mi nal 146 of the second anplifier PCZISGRABBA)366i gure 2
shows a schematic di agram of the nodul ator 100 coupled to a transmtter

200. The transmtter 200 may be an VQ transmitter. The transmtter 200 may
include a first scaling device 202, a second scaling device 204, a summ ng
device 206 and a power anplifier 208. [0055] The first intermedi ate signal
processin ath 102 may include the first.scaling device 202 coupled to the
Ut bt oA 45 e SR HBoR T 90 hppit £ o the st iFrmAiGE SBhPrERTE3 of
the first scaling device 202 nay be coupled to the output term nal 144 of
the first paWPIO2fier 110. The first scaling device 202 may be adapted to
scale the first internediate signal 104 anplified by the first anplifier
110. The fl00581 scHiei firgt abeplifice 120 thaywynpbify dea) defereroiab siat shapeé sfgnalsto4
internmediate signal 104 by multiplying the first internedi ate signal 104

Wi th an i ppotesssd @yahe 2hébper cduite tll DA ftdreaniplifichticas; ahd fifht Gheteringediatd dignalhe
first scaling device 202 may be a first output of a |ocal quadrature

osci | | at o104 kfdy-be TfedeRitd s ggﬂﬂﬂnp‘gi:ho(n%&g-{- Q?_aﬁ&h du Sthigh 144 E]J-hﬁxfig?ﬁm

t
signal 210 may be represented asB cos f), ere Bis the

The. second P HOuMIFE @rgndria ib8ar A i Phtse M FhE] anted econd
scal ing device 204 coupled to the output termnal 146 of the second
anpl i fi er mey2mply jthe, | diffesential, sine shapedssignag 188 cAfer amplifiGajomethe secopds may
be coupled to the output term nal 146 of the second anplifier 112. The
second scmtemgdta@Jisi(ggalzuIB may bre repdesphted as A(ma)-cos (wprt + @) at an output
terminal 146 of the second amplifier 112.
[0054] Figure 2 shows a schematic diagram of the modulator 100 coupled to a
transmitter 200. The transmitter 200 may be an I/Q transmitter. The transmitter 200 may
include a first scaling device 202, a second scaling device 204, a summing dévice 206
and a power amplifier 208.
[0055] The first intermediate signal processing path 102 may include the first scaling
device 202 coupled to the output terminal 144 of the first amplifier 110. An input
terminal 203 of the first scaling device 202 may be coupled to the output terminal 144 of
the first amplifier 110. The first scaling device 202 may be adapted to scale the first
intermediate signal 104 amplified by the first amplifier 110. The first scaling device 202
may be adapted to scale the first intermediate signal 104 by multiplying the first
intermediate signal 104 with an input signal 210 received by the first scaling device 202.

The first scaling device 202 may be a first output of a local quadrature oscillator (LO).

The input signal 210 may be an I LO signal. The input signal 210 may be represented as
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to scale the second internedi ate signal 108 anplified by the second
anplifier 112. The second scaling device 204 may be adapted to scale the
second i nvernmdizadse signal 108 by nultiplying the seconecisGeomsmdiad e
signal 108 with an input signal 212 received by the second scaling device
204. The second scaling device 204 may be a second out put of a quadrature

| ocal oscillator (LO. The input signal 212 may be a Q LO signal. The input
signal 212 may be represented as B sin (wt + f). [0057] The summ ng device

206 may be, coupl ed to an qutpyt termnal 214 gf t first scalin Vi ce
209 and arP U8 GT H @y iRt ke P ARG, Bh ds Biedio Rpauirvicdrion e

summ ng device 206 nay be adapted to conbine the first internediate signa
104 scal edniggl Rhage.- f i rst scal i ng device 202 and the second intermediate
signal 108 scal ed by the second scaling device 204. A conbination of the
first intd00fslli atEhessegorzd intirhedintd signel prcessihgi patled 6@ diaytioclsdgthal sed@®d may
forma nodul ated signal s(t). An output termnal 218 of the sunm ng device
206 nmay becaimgpleeite 204 aouplagtd thHearurpun adrmid) 146 of hike poved amplifief 1@ AA08. The
power anplifier 208 may be adapted to anplify the nodul ated signal s(t).

[ 0058] ThenpwderndhAD 05 gNdle sdcbnd atalinBedeiee204 HRAY B BbupldS P thel HRpHUNMI NQY

device 206 may be calculated as indicated in the followng:s(t) = [A(m
A) -ni F si Redihdrti 46 of the Be&ond a(n;fiﬁﬁer"'l i) The" ch@lgcmd%)iﬁ% Qévi&ﬁaf(g: thay be acﬁp@dn (a>ct
+ f)] = A(mA)-B-sin ((wt + 1) + n(cooFt + f)) TO0059] A(m™A) may

A)
5 Coept LS AL 00 O g Bl I ) 7,
[0060] Th%ecr(r)gg lélclza?itng rde\:!'lgg 20P Xla)t? b aga%?e%ttggcatlg th%%géoaﬁtdeintiepmgdi;t]; ?fgﬁﬁtmg‘%ges of

multiplying the second intermediate signal 108 with an input signal 212 received by the

second scaling device 204. The second scaling device 204 may be a second output of a

quadrature local oscillator (LO). The input signal 212 may be a Q LO signal. The input

signal 212 may be represented as B sin (oct + ¢).

[0057] The summing device 206 may be coupled to an output terminal 214 of the first

scaling device 202 and an output terminal 216 of the second scaling device 204. The

summing device 206 may be adapted to combine the first intermediate signal 104 scaled

by the first scaling device 202 and the second intermediate signal 108 scaled by the

second scaling device 204. A combination of the first intermediate signal 104 and the

second intermediate signal 108 may form a modulated signal s(t). An output terminal 218

of the summing device 206 may be coupled to an input terminal 220 of the power

amplifier 208. The power amplifier 208 may be adapted to amplify'the modulated signal

s(t).

[0058] The modulated signal s(t) at the output terminal 218 of the summing device

206 may be calculated as indicated in the following:
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nmodul ati on in dependence on the first baseband data (e.g. PIF) 116 and the
second baseband data (e.g. md) 118. The nobdes of nodul ation may i ncl ude one
or nore oloaogvmsgoconsi sting of anplitude shift keyi ng PCASKRoISMIES0
frequency shift keying (FSK) node, controllable weight anplitude frequency
shift keying (CWAFSK) node, and dual channel anplitude frequency shift

keyi ng (DC- AFSK) node. [0061] Wen the nodul ator 100 is operated in the ASK
node, the first baseband data (e.g. np) 116 nay have a constant val ue When

t he nodul a or perat d |n e FSK no t he second ba band dat (e.g.
116 i) REbER T iont T hPUeS (Ovide 1iEARBAHCA(OPr g ERACEH PR ¢ he
CW AFSK node, the fi rst baseband data (e.g. PIF) 116 and the second
baseband dataA(mapB sm{jod 18h)raprpert-he))same or nmay be provided by one
message source. The nodul ator 100 in the CWAFSK node may perform ASK, FSK

and CAFSK[gos9y! at A@,) n¥ieepiebsit BRUmpltade dh$ft RBARATASK) Hloﬂlﬁlﬁtuﬁpsm:@ﬂ?tmde,
the first baseband dfata (epg np) 11}5&:)l and theé))ge%gnd )baseband data (e.g

) e R PR P AR50 S
f I F) 116
28 FS TRl B (]I, b SRR e e By e T

of - 1 may represent |ow frequency carrier signal. The first baseband data
(e.g. PI F}nm@tlﬁavn rigpendgngeyan dhe firstaRaseband cdain (e-&i ik f &¢ e cthe saeander
signal. The second baseband data (e.g. PIQ 118 may have a value of 1 or
-1. The séeasshehddatefaadmahi B (TélegnOdﬁA)of uleion myayaing hide @nefor marepf a
represent |ow anplitude carrier signal. The second baseband data (e.g. PIA)
118 havi ngraupvainsietingf of aniplitede shafp rkegiap t(AISK] madep frequetiey chifir ke@ﬂngs(r@m(a)l :

mode, controllable weight amplitude frequency shift keying (CW-AFSK) mode, and dual
channel amplitude frequency shift keying (DC-AFSK) mode.

[0061] When the modulator 100 is operated in the ASK mode, the first baseband data
(e.g. mp) 116 may have a constant value. When the modulator is operated in the FSK
mode, the second baseband data (e.g. m,) 118 may have a constant value. When the
modulator is operated in the CW-AFSK mode, the first baseband data (e.g. mg) 116 and
the second baseband data (e.g. ma) 118 may be the same or may be provided by one
message source. The modulator 100 in the CW-AFSK mode may perform ASK, FSK and
CAFSK modulation. When the modulator is operated in the DC-AFSK mode, the first
baseband data (e.g. mp) 116 and the second baseband data (e.g. ms) 118 may have
different values or may be provided by two message sources respectively. The modulator
100 in the DC-AFSK mode may perform both ASK and FSK modulation.

[0062] The first baseband data (e.g. mg) 116 may have a value of 1 or -1. The first
baseband data (e.g. mr) 116 having a value of -1 may represent low frequency carrier

signal. The first baseband data (e.g. mg) 116 having a value of 1 may represent high

12



[ 0063] Figure 3a shows an exenplary signal of the second baseband data
(e.g. m) 118. The second baseband data 118 may have a sequence of PIA =
-1, -1, Iwoloioksgusne 3b shows an exenpl ary signal of thechiscatoswasstand
data (e.g. rnp) 116. The first baseband data 116 nmay have a sequence of
PIF=-1, 1, -1, 1. Figure 3c shows the first internediate signal 104
processed by the first filter 120 (e.g. the Qdifferential sine shaped
signal) at point C of the first internediate signal processing path 102.

Fi gure 3d shows the second internediate signal 108 processed by the second
filter 12dreguengy cammier sigugls The waenddbasehand daladpedms) dh&maydavpaivalue pf df t he
second internedi ate signal processing path 106. Figure 3e shows the first

i nt er redi art el.sihgretontiOdasghrand alse@.gom A) Hé 8 dlavinger valie ofiil tmdyeregresBRIpw

nmodul ator) 114 at point E of the first internediate signal processing path
102. Fi guampBfuds kantier kighalf Thés kedond dasebatidada $¢.gnmly) 108! havipg afvak@ dfy 1t he
first anplifier 110 at the output termnal 144 of the first anplifier 110.

Fi gure 39 nfajQ¥sredchEhiER eRAPRublOtLH ina. e signal 108 anplified by the second
anplifier 112 at the output termnal 146 of the second anplifier 112.

[0064] Fi W@]n,Bh ﬁm@@atsngwy‘&ﬁ%éﬁ;ﬁéj??ggﬂ%f ﬁ{ets)ec(ﬁ%z%dgfaﬂazla (faﬂeﬁgcgaﬁ SK

node, where the first baseband data m) 116 an seco eband
data (e.g,,&l i Tf eregt et at £d, si .S 302
may b namkd e sk kbl R IR BB, ol W3, LI O it o1, 21
conbi nati gns of | ow litude. (i .e. . mAzl hi gh anpl i (l.e. =-1), low
frequency S{3W%" ?ﬁ?@ﬂ%}@ S'agﬂgl ‘?‘ﬁ%ﬁ ﬁﬁ'té’affgﬁ@/d?tfl%%g' %LHGUE@P flérﬁtgl??ﬁ{”gg,“dt he
sequence qf the first baseband data_ (e.g.. PI.F) 116 and the second baseband
data (©. gSaPIIAS maydiavep SeaensrehanrT L. ghal- FESRACISHOYS Bigr istaRiegediate

mA, ni F=-1,-1; -

signal 104 processed by the first filter 120 (e.g. the Q differential sine shaped signal) at
point C of the first intermediate signal processing path 102. Figure 3d shows the second
intermediate signal 108 processed by the second filter 126 (e.g. the I differential sine
shaped signal) at point D of the second intermediate signal processing path 106. Figure
3e shows the first intermediate sign.al 104 processed by the chopper circuit (e.g. BPSK
modulator) 114 at point E of the first intermediate signal processing path 102. Figure 3f
shows the first intermediate signal 104 amplified by the first amplifier 110 at the output
terminal 144 of the first amplifier 110. Figure 3g shows the second intermediate signal
108 amplified by the second amplifier 112 at the output terminal 146 of the second
amplifier 112.

[0064] Figure 3h shows the modulated signal s(t) 302 under the DC-AFSK mode,
where the first baseband data (e.g. mr) 116 and the second baseband data (e.g. ma) 118
have different values. The modulated signal s(t) 302 may be named as AFSK-II signal.
The AFSK-II signal 302 may use different combinations of low amplitude (i.e. ma=1),

high amplitude (i.e. ma=-1), low frequency (i.e. mg=-1), and high frequency (i.e. mg=1).
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1,1; 1,-1; 1,1. The waveforns shown in Figures 3a to 3g are corresponding
signals of the nodul ator 100 having the sequence of mA niF=-1,-1; -1,1,

1,-1; 1, wWoO[2008Bp08Fi gure 3i shows the nodul ated signal ®(CT)SG3QB/000der the
CW AFSK node, where the first baseband data (e.g. np) 116 and the second
baseband data (e.g. PIA) 118 have a sane val ue. The nodul ated signal s(t)
302 may be nanmed AFSK-1 signal. The AFSK-I signal 302 may use a carrier

signal with high anplitude and | ow frequency (i.e. mA=n¥=-1), and/or nmay

use a car rHogrexamgRathersdgercevofaitipl firstiBgseBatdl Batghelel @UYENGYarld thR- sebdiaH F=1) .
For exanple, the sequence of the first baseband data (e.g. nip) 116 and the

second baaﬁpe%aﬁid Hﬁ& €e g %,9 1[1 E’g&)thélil\%skorl sigh81 MEWHiA FRuB 8 isShouwp=/1n K gure

3i is mA=nF 1, 66] The mappl ng between the carrier Si gnal and

the b b dat lifier
110 and ¢ ﬂngla?nf‘A-“@PfA? tdgﬁ%ﬁﬁnnﬁf@%eg?h?. o & ?ﬂg%@f@g&?ﬁg;‘%ﬁfs: :E‘Pe -
bet th 1 t nsmitter e nodul at or
ngymﬁ:na ngn({rgag%rtlfbhg‘gﬁlgg easg%ue(“ rg’B}TT atOr1 F&hé‘n[(t?he first baseband data

116 t db d data vaI ue, the signal s
Shown i n HE ee e %B%mmﬁi‘é‘teé il Hamghedzadbe (i 8 of
the chopper circuit (e.g. differential BPSK nodul ator) 114, the first
anpl i fi er Wheee ‘é‘ﬁdirﬁtiﬁs@é%ﬁﬁaé%l mfj g6 @ﬂzhwoaébwbmmﬁéa(%mmw The

NCP nodul ator may be used as the nodulator 100 in this enbodi nent because
the desi ghazan she deliiccibemoflulated| signal FEW3Gbway bei nagiedsAFPiérIsigral. Breea
networ k (WPAN) and wirel ess body area network (WBAN) applications. If a
cont i NUOUAKIKaE eignadd BOR aayruse @ cagripwisigaal, wish hizhedngiithdeldnd Haw dittqhStérgiel at or
with anplitude control | oop can be used to generate the required continuous

ma=mg=-1), and/or may use a carrier signal with low amplitude and high frequency (i.e.

ma=mg=1). For example, the sequence of the first baseband data (e.g. mg) 116 and the

second baseband data (e.g. mu) 118 for the AFSK-I signal shown in Figure 3i is

ma=mg=-1, 1, -1, 1.

[0066] The mapping between the carrier signal and the baseband data can be changed

by the gain A(m,) of the first amplifier 110 and the gain A(m,) of the second amplifier

112 and the interface between the modulator 100 and the transmitter 200.

[0067] The modulator 100 may be a non-continuous phase (NCP) modulator. When

the first baseband data mr 116 or the second baseband data m, 118 changes its value, the

signals shown in Figures 3e to 3g may have a phase jump because the processes of the

chopper circuit (e.g. differential BPSK modulator) 114, the first amplifier 110 and the

second amplifier 112 may be performed abruptly. The NCP modulator may be used as

the modulator 100 in this embodiment because the design can be dedicated for ultra low

power wireless personal area network (WPAN) and wireless body area network (WBAN)

applications. If a continuous phase modulator is required, a baseband PLL based FSK
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phase ASK, FSK and AFSK signals. [0068] Figure 4 shows a schematic diagram
of a denodul ator 400 in one enbodi nent. The denodul at or 400 may be a

conpl enenwveryi10a3pisnt ude and frequency shift keying ( CAF8SEX/sdeomsduésab or. The
denodul ator 400 nay be operable in different nodes of denodul ati on. The
denodul ator 400 may i nclude an anplitude denodul ating path 402 adapted to
route a carrier signal 404 and a frequency denodul ating path 406 adapted to
route the sanme carrier signal 404. [0069] The denodul ator 400 may include a
node control unit 408 cgupled tQ an output term nal 410 of the anplitude
denmodul at iTRAukEArVitly smphiyde gorstal Jerp ¢aB ke wesd to genesate theregpise eanéipuous

denodul ating path 406. The node control unit 408 may be adapted to control

t he di f f erpbase AEdSKotndidRdisigaelson. The nodes of denodul ati on may incl ude
one or nore of a group consisting of anplitude shift keying (ASK) node,
frequency [608]t Kégumeg4( BHBKYs rodehemnuint diagtaablf weidghdodwdarpt 1400dén fanequency
shift keying (CWAFSK) node and dual channel anplitude frequency shift

keyi ng ( Dembb&iKjentiOiiR. denfddéR}or A6 rd@rmduloaﬁ@lené&féhrpr&méﬁhﬁie anf fteqdenca

pul se-w dt h nodul ator 412 coupled into the frequency denodul ati ng path 406.
The pul Se'sl-ﬁ'ftdﬁé?idmﬁlfgélﬁ)rdeﬂio%uﬁﬁ)\f. Pre derfbiRlar&080D REY $6-opbdble iR ator - The

pul se-w dt h nodul at or 2 may be inplenented by a digital logic circuit or

2 sapaci! Qlogef BEmBHIRIAITRE dBRENING 460 fuillidicrudth BHbRGNE BlilodiRAb 2t OF

412 may generate a positive pulse at an output term na

pul se-wi dth ul L4122 0nc n.ed ransition is presented I nput
Porminal - 238 R 40%) o MR Er R sBaRC S 005 weliirel REEARAGEP PR, ' (e
output ternin 444 of thepul se-w dth nodul ator 412 nmay be controlled by a
ot ghal v abegeo it e s Puihrigha 40s.

[0069] The demodulator 400 may include a mode control unit 408 coupled to an

output terminal 410 of the amplitude demodulating path 402 and an output terminal 411
of the frequency demodulating path 406. The mode control unit 408 may be adapted to
control the different modes of demodulation. The modes of demodulation may include
one or more of a group cqnsisting of amplitude shift keying (ASK) mode, frequency shift
keying (FSK) mode, controllable weight amplitude frequency shift keying (CW-AFSK)
mode and dual channel amplitude frequency shift keying (DC-AFSK) mode.

[0070] The demodulator 400 may also include a pulse-width modulator 412 coupled
into the frequency demodulating path 406. The pulse-width modulator 412 may be a
dual-edge pulse-width modulator. The pulse-width modﬁlator 412 may be implemented
by a digital logic circuit or a capacitor charge pump based one shot circuit. The pulse-
width modulator 412 may generate a positive pulse at an.output terminal 444 of the
pulse-width modulator 412 once an edge transition is presented at an input terminal 438

of the pulse-width modulator 412. The pulse width Toy at the output terminal 444 of the
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control signal) fromthe node control unit 408. [0071] The denodul ator 400
may further include a slicer 414 coupled to an output term nal 416 of the
mode contwol201mizsosd08. The slicer 414 may have an ef fi ciremtscRdsobismet
cancel |l er, which can renove the DC offset at an input term nal 417 of the
slicer 414. Hence, data decision processed at the slicer 414 may not be
affected by carrier frequency offset and carrier anplitude drifting. [0072]
The efficient DC offset canceller of the slicer 414 nay be inpl enented
based on DC of fset cancellation |oop (DC offset feedback | oop).

: ( :
Al t er nat i Pals§-Wigthamedulater 41 mpyebg cpatgqlled hycepigaal Yieop Hé (ergpr owisstvadthhased
on dynam cally setting a threshold of the slicer 414 to a nmean val ue of an
i nput si geantredfsignal fropi the mode gontmhenik¥P%er 414 nay have a peak detector
(not shown) and a valley detector (not shown). The input signal of the
slicer 41400y beTllsuggmhddetitdratO0hmayp fathed stcbelear slwad4theonpddd wyardedtpatt or .
The nmean val ue of input signal of the slicer 414 may be an average signal

of an out pernimdll 41befpkaknodetcdairslr urdN o MHeudlREt 4 D4 niafehavalahesfficiediencor .
[0073] The anplitude denodul ati ng path 402 may include an anplitude shift

keyi ng degpedt! ahédher, Whith dabSrembie dRBU dfEdeas il fnbukéﬁ%]ﬂxgl genpdyleatithg unit

418 may provide a signal representing a carrier signal anplitude envel ope

VAsk 419. 4pp gyﬁo@yam},gﬁa}dg@}?rﬁ@e@s@ att e AR 4 taug: yingyb% fa'ﬁt%g#g@g,gg&mul ating

unit 418 may be coup Irst I nput termna e contro
i 355, T AT gl o 70 ot 10 ol 50 Tl
T?C/t Ib]? i gfftﬁiﬁp rr;gl‘ haénefgcl{grRLBC E)ﬁ'gertﬁcgr?élellgrso t e]:c slgcgre 4{f r%talyfble ?Iglpl%rznéhte;[ tl])gsed
on DC offset cancellation loop (DC offset feedback loop). Alternatively, the efficient DC
offset canceller may be implemented based on dynamically setting a threshold of the
slicer 414 to a mean value of an input signal of the slicer 414. The slicer 414 may have a
peak detector (not shown) and a valley detector (not shown). The input signal of the slicer
414 may be supplied to the peak detector and the valley detector. The mean value of
input signal of the slicer 414 may be an average signal of an output of the peak detector
and an output of the valley detector.
[0073] The amplitude demodulating path 402 may include an amplitude shift keying
demodulating unit 418. The amplitude shift keying demodulating unit 418 may provide a
signal representing a carrier signal amplitude envelope Vasg 419. An output terminal 420
of the amplitude shift' keying demodulating unit 418 may be coupled to a first input
terminal 422 of the mode control unit 408. The amplitude shift keying demodulating unit
418 may also include a rectifier 424 and a filter 426. An input terminal 428 of the filter

426 may be coupled to an output terminal 430 of the rectifier 424. The rectifier 424 may

be a full wave rectifier. The filter 426 may be a low pass filter. The amplitude shift
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be a full wave rectifier. The filter 426 may be a |l ow pass filter. The

anpl i tude shiftkeying denodul ating unit 418 may have hi gh accuracy (e.qg.

6. 7% nmoduwvet2omm3g@pt h) , hi gh speed (e.g. 8MHz input freguencg)osoassdow de

i nput voltage range (e.g. 0.3V- 1.5V). [0074] The frequency denodul ati ng
path 406 may include a frequency shift keying denodul ating unit 432. The
frequency shift keying denodul ating unit 432 may be a frequency to voltage
converter. A frequency to voltage gain of the frequency shift keying
denodul ating unit 432 may be controlled by the signal VTON 413. The

f r equency keying idepedulating ump B Mmavnkpvarhigh agargeny(edo Hvids tmedufation sy of t he
carrier signal 404 into a signal representing a voltage VFSK 433. An out put
term nal 4Asgh speed (eeg. BMEtpinpus\freghéricy), ked/vidy inprtodithget rangy (aizi 0.3¥3R5Why be
coupled to a second input term nal 423 of the node control unit 408. [0075]
The frequdqdig] shiThe frapiensy denmbiiatiagipath 406 hay ditludeya freqledcle shiftekepinigsew dt h
nodul at or 412. The frequency shift keying denodul ating unit 432 may further

i ncl ude a démbauletinps thin @3B ETRE frefuehdy shift k&g dbmb&NMMidhnift A82 Ghayt BE a
zero-crossing detector 434 nmay be coupled to the input term nal 438 of the

pul se- w _ beof dai ' g,géﬁg aty uni t
432 may a?ssegu‘giﬁggruug(gﬁge ?%ﬁegglh%4%§q%‘qi'@fs *Ptﬁggref%léll%gynﬂgegrg a ?gl\lllxllﬁpug %gfi | ter.

i, P ATAg 07, oo WG ABENHR TR0 SOUPARS HR MR Bl
RN E /8 TR AR R T T THE A
ggg‘e)?r;![ Iat(‘.: Isﬁggégé%f%#gg ggy%ﬁgg%wﬁéw gbinegutlplr}t tseg\réief\l;ﬁléliiglvao}(?ﬁe gclquulérrl(?y sShif’?hOWS a

keying demodulating unit 432 may be coupled to a second input terminal 423 of the

mode control unit 408.

[0075] The frequency shift keying demodulating unit 432 may include the pulse-

width modulator 412. The frequency shift keying demodulating unit 432 may further

include a zero-crossing detector 434. An output terminal 436 of the zero-crossing

detector 434 may be coupled to the input terminal 438 of the pulse-width modulator 412.

The frequency shift keying demodulating unit 432 may also include a filter 440. The

filter 440 may be a low pass filter. An input terminal 442 of the filter 440 may be coupled

to the output terminal 444 of the pulse-width modulator 412. The frequency shift keying

demodulating unit 432 may have high phase accuracy, and may require low power and

low cost.

[0076] The rectifier 424 of the amplitude shift keying demodulating unit 418 may be

implemented in several ways. Figure 5 shows a schematic diagram of one embodiment of

the rectifier 424 of the amplitude shift keying demodulating unit 418. The rectifier 424

may include a first half wave transconductance rectifier 502 having a first input terminal
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the rectifier 424 of the anplitude shift keying denodul ating unit 418. The
rectifier 424 may include a first half wave transconductance rectifier 502
havi ng a wonsto/d3s@ut termnm nal 504, a second input term nacTs0800sanessan
output term nal 508. The rectifier 424 may al so include a second hal f wave
transconductance rectifier 510 having a first input term nal 512, a second
i nput termnal 514, and an output term nal 516. [0077] The first input
term nal 504 of the first half wave transconductance rectifier 502 nay be
coupled tao the second i nput termnal 514 of the second half wave

t r anscondy@f-ahtesondiapyt tegping) 1396, and an quipps teyminal 38 e reeiHisr 4t may alge £ r st
input termnal 504 of the first half wave transconductance rectifier 502
and the sdechids 4 prsond half wame tragseandictanpe regtifien 81 hhavingva st inpyistemridalct ance
rectifier 510. The second input termnal 506 of the first half wave

t r anscond¢? aaseeondaoputft¢rarindd 6 4, rmag ab eutpoupinéidalt 546t he first i nput term nal
512 of the second half wave transconductance rectifier 510. A voltage Vin-
may be sup@l7A7pd tThesfasoingui RAtInal S04HNhE H6GhaOf whitetrinstsidub@ahde watifer
transconductance rectifier 502 and the first input termnal 512 of the
second halsh2 Waxe te adtpcan e Ghe@RERnl b t@hmiml 0514TBE tRYItsBdndt BAIF WAk 508 of
the first half wave transconductance rectifier 502 may be coupled to the

out put t ex dghariBeOlectife SICRNIAA 1, A4S bk ARARE Wl ABCHptGERlid1er 510
haﬁr& g @@%1% anH-Fe fﬂgpsg

The first wave transconductance rectifier t con al f wave

Lranscondush 3pGe AEEARE Lale PR UABOTRLERENG dod ARULS ORI LR ERC 1 e

424. [QO? e output termna . a wave ansconduct ance
et 11 er P2 B oML B LRk Sl Sl e corend Rl e
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terminal 512 of the second half wave transconductance rectifier 510. A voltage Vj,. may

be supplied to second input terminal 506 of the first half wave transconductaﬁce rectifier

502 and the first input terminal 512 of the second half wave transconductance rectifier

510. The output terminal 508 of the first half wave transconductance rectifier 502 may be

coupled to the output terminal 516 of the second half wave transconductance rectifier

510. The first half wave transconductance rectifier 502 and the second half wave

transconductance rectifier 510 with complementary inputs form the rectifier 424.

[0078] The output terminal 508 of the first half wave transconductance rectifier 502

and the output terminal 516 of the second half wave transconductance rectifier 510 may

be coupled to thé input terminal 428 of the filter 426 of the amplitude shift keying

demodulating unit 418.

[0079] The rectifier 424 may further include a load resistor 518 and a load current

source 520. The load resistor 518 may be used to convert an output current into voltage.

The load current source may be used to adjust an output DC level. A first end 522 of the
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[0079] The rectifier 424 may further include a |load resistor 518 and a | oad
current source 520. The load resistor 518 may be used to convert an out put
current iwoaowalss@ge. The | oad current source may be usedTisc2e@joussko an
output DC level. A first end 522 of theload resistor 518 may be coupled to
a supply voltage 523 of the rectifier 424. The output term nal 508 of the
first half wave transconductance rectifier 502 and the output term nal 516
of the second half wave transconductance rectifier 510 may be coupled to a

second en I i i f t he

| oad curr gn%%%ggggpggr%?ﬁ%gcgﬁﬁ é%)?arstugéﬁi‘%gggeg% {;ﬁé&’ﬁoa curt gn “sour ce
520 may be_cou 530.. [ 008 Fi gure schemati.c dlagram
of the fi r%% ! Isﬁ g\%gg’gg‘irft;&ﬁgfc%%vﬁdi#%%g‘lq%? ir?‘i%gf’r é(ggar@f tﬁ? RUPPLIERPingler 404,
The first | f ve t conductance rectifier 502 may include a first to
sixth tr arﬁgé)f e Wﬂi ﬁaquve R R T %Bay%yeg%mqp&ﬁitm(ai %eend 1 D)
a polarized capacitor (C) and a resistor (R). The first transistor (M)
may have &ngagdofthe Mqﬁlapsmgle ISoad a8 liepud serminal $26 of the dendtcurrentrioneek 5804 of
the first half wave transconductance rectifier 502, a source term nal 604
coupl ed t dAmeoufiputiterminal A2 af the adshrrelisowcx 620 maphbe iceupdcd toByuyndeh3d. a drain
termnal 608 coupled to a gate termnal 610 of the fifth transistor (M)

and an i njoaso] er niiipade Gdidwafa dchembtiv didgraty sfothe fBaUfabewveCiransddidusiesend
transi stor (M2) may have a gate term nal 614 operable as the second input

term nal S&fifief SOhef the redtifRakd4. i irbt ANSE ARARMsHARCthRE! fef i R 5DP Zayd
source termnal 616 coupled to an output term nal 618 of the second current

source (| Blchath ﬁsfifoaglﬂhttﬁhmteam@?@m 4 fiRt Ttd”'fo%ﬂhtsBé‘xQé 'c§1trﬂ{t dM3)y), and a
drain termnal 622 coupled to a gate térm nal 624 of ird transistor

(1), 2, s o, e Lo S O A, A A 7

source t erterpm?naall g(ﬁo operable as the first input terminal 504 of the first half wave
transconductance rectifier 502, a source terminal 604 coupled to a drain terminal 606 of
the sixth transistor (M6), and a drain terminal 608 coupled to a gate terminal 610 of the
fifth transistor (MS) and an input terminal 612 of the third current source (Ic). The second
transistor (M2) may have a gate terminal 614 operable as the second input terminal 506
of the first half wave transconductance rectifier 502, a source terminal 616 coupled to an
output terminal 618 of the second current source (Ig) and a drain terminal 620 of the third
transistor (M3), and a drain terminal 622 coupled to a gate terminal 624 of the third
transistor (M3), a gate terminal 626 of the fourth transistor (M4), an input terminal 628 of
the first current source (I). The third transistor (M3) may have a source terminal 630
coupled to ground 632, a source terminal 634 of the fourth transistor (M4), a drain
terminal 636 of the fifth transistor (MS5), an output terminal 638 of the first current source

(I) and an output terminal 640 of the third current source (I¢). The fourth transistor (M4)

may have a drain terminal 642 operable as the output terminal 508 of the first half wave
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coupled to ground 632, a source termnal 634 of the fourth transistor (M),
a drain termnal 636 of the fifth transistor (Mb), an output term nal 638
of the fiwetomuwssmnt source (I A) and an output term nal pé4BGabosionesesd hi r d
current source (lc). The fourth transistor (M4) may have a drain term nal
642 operable as the output termnal 508 of the first half

wavet ransconductance rectifier 502. The fifth transistor (Mb) may have a
source term nal 644 coupl ed to a gate termnal 646 of the sixth transistor
(MB), an output termnal 648 of the fourth current source (ID) and a
negative pEnsFopdyctay r@@é%m H‘ Be fifth4ransister S hery Yave Eigurcerigemigal §44
transistor (M) may have a source term nal 652 coupled to a supply voltage
654 of theoppledto pgate texaninal f4apkibie skt transistor (MED| 40 eytpBgerming 648 9fithe

term nal 656 of the second current source (I1B), an input term nal 658 of

t he fourt Howtlr cuerent sonved(dp) (ah®p nagative potesity ende6.‘¢bcbfahe pylagzd Gparitof (€he

pol ari zed capacitor (Cl) . The resistor (R may be coupl ed between the
sour ce t ermhbersidth Gdsistbr (V6) iy hihvd & 30Scs tedtinal6p2 @avapledie 8rsapply tveltigenal 620
of the third transistor (M3) and coupled to the source term nal 616 of the

second tr BFictiRe fitsMBhlf Ve Ghhsconhdtaick Yectifie 582CANFhplhatekmaY 856 of the
transconduct ance rectifier 510 may be i npl enent ed in the sane manner as the

first hal f é’(‘m{%ufrExﬂ@%ﬁxQE‘éH?tﬁriﬁﬁgrt%ﬁxh{l' rgozqg? folif RREAGuRR!{

transcondictance rectitier 510 inclu rst to sixth trar25| stor (M

t o MB), a fOISlEl‘§é g(%l ?eﬁji %Qq_ﬁp %r Sg%{d’r :[}Exm{ol )OK);%DI)ems%r E@Vr%arlylf gee 9 gw?e%am tor

(G) and resi ar'sYy e-a ga term nal

{r ansbonadEraRt g*e?s%e{c%?ﬁ?rtgvm@%i é‘fﬂéﬁ“ﬁ%‘a@n?%tﬁﬁﬁm a@oﬁeﬁ%?rﬁseﬁrﬁfn%bg%r ai n

term nal 606 of the SIXth transi st or and a dra| term 608 coupl ed
to a gat e hethi feepsiglon(Mg) andecoppled o fhfawgr@ttetrm(lm dhegpep mnmtor

(M2).

[0081] Similarly, the second half wave transconductance rectifier 510 may be

implemented in the same manner as the first half wave transconductance rectifier 502.
The second half wave transconductance rectifier 510 may include a first to sixth
transistor (M1 to M6), a first to fourth source current (I to Ip), a polarized capacitor (C;)
and a resistér (R). The first transistor (M1) may have a gate terminal 602 operable as the
first input terminal 512 of the second half wave transconductance rectifier 510, a source
terminal 604 coupled to a drain terminal 606 of the sixth transistor (M6), and a drain
terminal 608 coupled to a gate terminal 610 of the fifth transistor (MS5) and an input
terminal 612 of the third current source (I¢). The second transistor (M2) may have a gate
terminal 614 operable as the second input terminal 514 of the second half wave
transconductance rectifier 510, a source terminal 616 coupled to an output terminal 618
of the second current source (Iz) and a drain terminal 620 of the third transistor (M3), and

a drain terminal 622 coupled to a gate terminal 624 of the third transistor (M3), a gate
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termnal 612 of the third current source (lc). The second transistor (M)

may have a gate termnal 614 operable as the second input termnal 514 of

t he secomohaidospmue transconductance rectifier 510, a powsceods@niBenal 616
coupled to an output term nal 618 of the second current source (I1B) and a

drain termnal 620 of the third transistor (M3), and a drain term nal 622

coupled to a gate termnal 624 of the third transistor (M3), a gateterm na
626 of the fourth transistor (M4), an input term nal 628 of the first

current source (JA) . The third transistor (M) nay have a source termna
630 coupl égmiRal $28 LﬂfthBBfQ‘,‘rﬂh bRiT Rl Yk R PUG DRl DR of Shf FFS CHERRS st or

(M4), adrain termnal 636 of the fifth transistor (M), an output term nal
638 of theoyrce &n). dibe third transistardM3) Mjaydade asowge pruminad pp9 peiplaiso gsfundhe
third current source (Ic). The fourth transistor (M4) may have a drain
term nal 632, operEitming GAof the foutth trensstora(M4 18 dofin temaimsk 63 the ffifthwav e
transconductance rectifier 510. The fifth transistor (Mb) may have a source
term nal Gédsistoti(NV8)Y] dnooap\gatenihalr 688néf the AarsoOturidie seurce 1) raad Lnséwput( Mb)

an output term nal 648 of the fourth current source (1D and a negative

polarity edshikkdP84®bs tlhB‘i‘hiﬂpélﬁfeh?-ﬁﬁr&f([@qﬁeoﬂbuﬁﬁjn)ansigibﬁ?&h%@ hdvdnsdrahor (Mo)

may have a source term nal 652 coupled to a supply voltage 654 of the

second halfm\ayeels afReMiuL! A Codifift tdnlal 53 @mh@p%&%ogr@ﬂﬂ%%vé% of

the second current source (IB), an input termnal 658 o ourth current

cous e 1 DS LG 0 10 RGP MIFORY MBS FRRITUAS

e 075 L e G 0 5B PSR Bt B e

f, ;2? ;s:c ;StGSrf@t(ggz %lﬁ'alxt? q%grzc]g ég)grﬁﬂr?gtgpga}tlgee pI)lIaxr'i?yt en 6}S|5f0 0 tl\lleepglgr?zrc]eg %gpag:il{grt (aCrll)(?e
The sixth transistor (M6) may have a source terminal 652 coupled to a supply voltage
654 of the second half wave transconductance rectifier 510, an input terminal 656 of the
second current source (Ig), an input terminal 658 of the fourth current source (Ip) and a
positive polarity end 660 of the polarized capacitor (C;). The resistor (R) may be coupled
between the source terminal 604 of the first transistor (M1) and the drain terminal 620 of
the third transistor (M3) and coupled to the source terminal 616 of the second transistor
(M2).
[0082] For both the first half wave transconductance rectifier 502 and the second half
wave transconductance rectifier 510 of the rectifier 424, the first current source (I,), the
second current source (Ig) and the third current source (Ic) may have the same current.
Further, the fifth transistor (MS5), the sixth transistor (M6) and the fourth current source

(Ip) may form a flipped voltage follower. The sixth transistor (M6) may provide dynamic

current to the first transistor (M1) and the resistor (R). The first transistor (M1) and the
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wave transconductance rectifier 510 of the rectifier 424, the first current
source (I A), the second current source (IB) and the third current source
(1c) may weweiddsswssane current. Further, the fifth tranecstsorodgb)ssot he
sixth transistor (M6) and the fourth current source (ID) may forma flipped
voltage follower. The sixth transistor (Ms) may provide dynam c current to
the first transistor (M) and the resistor (R). The first transistor (M)
and thesecond transistor (M2) may be natched transi stors. The third
transistor (M3) and the fourth transistor & may be matched current
mrror. [©6¢98] tarsstor M2y mayhpemyichad Hﬁ@ﬁl&twé be ttlagbtrwwom@@ endetheane
potential, there may not be net current across the resistor (R). Therefore,
no curr entfomyraﬁlbiew {M#Abmghbe¢ matchéd quirent mirsarst or (M3) and the fourth
transistor (M4). Wen the voltage Vjn+ has a higher voltage than the

vol t age V[0083] t héWhdri thd vbltagesV stand thdviByltagey Okiveche sdnte waséntial)tthdré aayng
through the resistor (R), and may then mrror it out. The current may be

represent gék B net\ur@nSadreds thé Tesistdte(RY). Tharefotd, tidd@iréhi thab) %v@ﬂh@ﬁ%f th¢ol t age
than the voltage V n-, the Rthird transistor (MB) and the four

transi st ofpifdMidnsi¥RY Néps)fam RfROroRHl tramst&umanmwhb%lug@w afs*arlﬁgm the

third transistor and the fourth transi'stor (M4) since the fi
2§¥ ? 22&. S%ﬁza%@ tf’fk”*‘f rhabe ¥ géﬁ%@ﬂfﬂ"%ﬁs&fs‘t‘f‘r ?’ﬂé ol &é@é t@%‘rvﬁg%%* 8 ng
Four e 7attsfiihBE stalfaf f0h b S hen, SFRE i ot o S Boap b Senshrv grm 704

of an input voltage V n-. Figure 7b shows a waveform 706 of an out put
vol tage VReE, Oj —’EIIRGV— When the voltage Vi« has a lower voltage than the voltage Vi, the

third transistor (M3) and the fourth transistor (M4) may be turned off. No current may be
flowing through the third transistor (M3) and the fourth transistor (M4) since the first
current source (I5) and the second current source (Ig) have the same current. Thus, the
third transistor (M3) may only have current flowing through it during the positive half
cycle of the voltage V..

[0084] Figure 7a shows a waveform 702 of an input voltage Vi,+ and a waveform 704
of an input voltage Vi,.. Figure 7b shows a waveform 706 of an output voltage Vge. of the
rectifier 424.

[0085] Referring back to Figure 4, the zero-crossing detector 434 of the frequency
shift keying demodulating unit 432 may be operable in a plurality of accuracy modes
(e.g. a first accuracy mode and a second accuracy mode). The first accuracy mode may be
a normal accuracy mode, which may use I/Q zero-crossing detection technique. The
second accuracy mode may be a high accuracy mode, which may use instant phase zero-
crossing detection technique. The zero-crossing detector 434 may be operable in the first

accuracy mode when the demodulator is operable in FSK, CW-AFSK and DC-AFSK

22



rectifier 424. [0085] Referring back to Figure 4, the zero-crossing
detector 434 of the frequency shift keying denodul ating unit 432 may be
oper abl e wo 2a10n3808al i ty of accuracy nodes (e.g. a first paccereswossade and a
second accuracy node). The first accuracy node nay be a normal accuracy
node, which may use I/ Q zero-crossing detection techni que. The second
accuracy node may be a high accuracy node, which nay use instant phase
zerocrossing detection technique. The zero-crossing detector 434 may be
operable in the first acquracy node when the denpdul ator is operable in
FSK, Cw Ammidesnbhepeerowcrogsing dstectph d34 aray.- ke erasatle) inl heotocond agaragyymesie
operable in the second accuracy node when the denodul ator 400 is operable

i n FSK nodehehothe s¢pmddulatarut@ iioepemabllexindEfKdulodei fon. small niedulatien nodbs, t he
denodul at or 400 may denodul ate FSK or CGaussian frequency shift keying
(GFSK) si glemldulatidn. $urthel FSKDohad & ttheodenicaltiaxor|40D. mahdensodaldte FSK ok Saussiani ndex
PF may have a m ni num val ue of 0.2. For conparison, the Bl uetooth standard
have a modigadncorshifdeying @FSK)2Sighal3%ith [ A6 Inddufitios Bd&h AW TRe Sehagmati c
di agram of the zero-crossing detector 434 in the first accuracy node hi the

first accycmartR #iiex HnALhRe o ASShig VRSO, FiotpEridn! tHelBiheBomk 802,
a first conparator 804, a’ second conparator 806 and a XOR gate 836. The

filter bank %ﬁahEﬁ%ﬂggmﬂmﬁﬁﬂh&&ﬁﬂ%fB%@YQQ995e filter. [0087] The first
may [

conpar at or 8 ave a rst 1rnput termnal 808 coupled to a first
out put teranal 0 of, the filter bapk 802 second input termnal, 812
coupl ed t (!ﬁﬂasr&zecgﬁéu 88t Stpl)lﬁfvs et h%'ﬂ%c (gi%fa%fdfttﬁeez?’ﬁcf%s?mﬁéﬁ%mg@Q?A Tht'an
out put terJrinal 816. The secaqnd conparatqr 806 nay have a first input
Cor i nal - S8 COUBPRHORD 18 BRI BUEBA TGP e crossng delector may w6

filter bank 802, a first comparator 804, a second comparator 806 and a XOR gate 836.

The filter bank 802 may be a two-stage poly phase filter.

[0087] The first comparator 804 may have a first input terminal 808 coupled to a first
output terminal 810 of the filter bank 802, a second input terminal 812 coupled to a
second output terminal 814 of the filter bank 802, and an output terminal 816. The second
comparator 806 may have a first input terminal 818 coupled to a third output terminal
820 of the filter bank 802, a second input terminal 822 coupled to a fourth output
terminal 824 of the filter bank 802, and an output terminal 826. The XOR gate 836 may
have a first input terminal 828 coupled to the output terminal 816 of the first comparator
804 and a second input terminal 830 coupled to the output terminal 826 of the second
comparator 806.

[0088] An input differential carrier signals Vin+ may be supplied to a first input
terminal 832 of the filter bank 802 and an input differential carrier signal Vn. may be
supplied to a second input terminal 834 of the filter bank 802. The filter bank 802 may

convert the input differential carrier signals Vin+ and V. into four output I/Q differential
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820 of the filter bank 802, a second input term nal 822 coupled to a fourth
output termnal 824 of the filter bank 802, and an output term nal 826. The
XOR gat e W8@ormes3dsave a first input term nal 828 coupl egCrscins/oowssput
term nal 816 of the first conparator 804 and a second input term nal 830
coupled to the output term nal 826 of the second conparator 806. [0088] An
input differential carrier signals VIN+ nay be supplied to a first input
termnal 832 of the filter bank 802 and an input differential carrier

signal V1 S | Hed ' ' . idter
bank 802. %ﬁ%‘gﬁ ﬁbf ’e@y’gghEg%o%&r?g‘ﬁshg%nﬂv%’re{rﬂ?ﬂéd {’ﬁ%{&@“f ? g‘?feeg‘{“.“% i a‘{‘Hi er
signal s VIN+ d. Vvl into, four output |/ 0O differentialsignal £ 1-, Qt
o "ot o- daf 4udip ok ! BED beePE B8 B el B0 af PhednfiRBedl 8 i s 1%
and 1- in poth | paths between the first output termnal 810 of the filter
bank 802 éﬁﬂhf%nw f%lf?ﬂﬁﬁvﬁg of dhenfinst Formesatar S0, an PFISHeeR HifpshicaRbPUBEA and
bet ween the second output term nal 814 of the filter bank 802 and the
second i nperminarlidnaf ther filterr banke892 pnd the serendt iputg@amingk §d2 taf\the yiirst
Zero-crossing nmay be perfornmed on the output Qdifferential signals Qt and
Q i n bot ko@ppratons 8Qetrespectiiehe Zérorodossmgputayt be nperform8® Qorofthe haitfhiit] Qer bank
802 and the first input term nal 818 of the second conparator 806 and

bet ween t liefférential kigaalt R arideQninrtsdth 8Pgath bétiveer thettkird batplt BARiInalNgR 0t dte
second input term nal 822 of the second comparator 806 respectively. An

out put of didBitéd bk SVREHArBE First GRht achind) S18t Flhe Qbcdnb Lofifpamidt sosn@Ar at or
806 may be supplied to and conbined by the XOR gate 836. [0089] Figure 9

shows a sqbgRhithe doit BEpR tehfifial 859 F RS HHIRP bdRl 865 Und4RE skdbnlingpmecond
accuracy node. In the second accuracy node, the zero-crossing detector may

use terminal 822 of the second comparator 806 respectively. An output of the first

comparator 804 and an output of the second comparator 806 may be supplied to and
combined by the XOR gate 836.

[0089] Figure 9 shows a schematic diagram of the zero-crossing detector 434 in the
second accuracy mode. In the second accuracy mode, the zero-crossing detector may use
an instant phase calculator 902 and an analog-to-pulse train converter (APTC) 904. An
output terminal 906 of the instant phase calculator 902 may be coupled to an input
terminal 908 of the APTC 904. The instant phase calculator 902 may be used to convert
the carrier signal 404 into a phase of the carrier signal 404. The APTC 904 may digitalize
the calculated phase and may convert the digital result into a pulse train.

[0090] Figure 10 shows a schematic diagram of the instant phase calculator 902 used
by the zero-crossing detector 434 in the second accuracy mode. The instant phase
calculator 902 may include a filter bank 1002. The filter bank 1002 may be a two-stage
poly phase filter. The filter bank 1002 may be the filter bank 802 used by the zero-

crossing detector 434 in the first accuracy mode. The instant phase calculator 902 may
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an instant phase cal cul ator 902 and an anal og-to-pul se train converter
(APTC) 904. An output term nal 906 of the instant phase cal cul ator 902 may
be coupl esot2e10en33isnput term nal 908 of the APTC 904. ThecCirsskenstioogsaase

cal cul ator 902 may be used to convert the carrier signal 404 into a phase
of the carrier signal 404. The APTC 904 may digitalize the cal cul ated phase
and may convert the digital result into a pulse train. [0090] Figure 10
shows a schematic di agram of the instant phase cal cul ator 902 used by the

Zer o- Cr ossi detector 434 ipn t second a acy e. The instan hase
cal cul at ormgg‘f’ f"rﬂ@sﬁ ﬁﬁ‘?sﬁﬂréduﬁpqlri 1@&“5&%&‘%8@5& ¥ WQLE?%FF@I‘” ﬁghg’ ﬁd@lieﬁray be
a two-stage poly phase filter. The filter bank 1002 rra% be the filter bank
802 used HAFICIRE 1929’030?66% Hapsqerdeien 013 2 summipg deyice (Vb @ scabng dede The
i nstant phase cal cul ator 902 mayi nclude a first transconductor 1004, a
rectifier Wdbend trprsamrpetianecamplifico(HA) 404&1 | ey detector 1010, a second
transconductor 1012, a summi ng device 1014, a scaling device 1016 and a
t ransi nped0i¢ anPhe fiisetrarsdoninctd0 1804 haBevie aTirst nputsterminalnk)20 roudédio 1004
may have a first input termnal 1020 coupled to a first output term nal

1022 of t hefirkd dutit tdamindal 10220f the Siterchadk i1002)ta seednd inpht tdidddal qORPL&PIddO a
second output termnal 1026 of the filter bank 1002, and an output term nal

1028. [009gh sdddid bl teikinalliAR6 ofBi¥ iy Bank 1002 SdndialRuiput REAINAR] 028030
coupled to a third output termnal 1032 of the filter bank 1002, a second

i nput term 1 t i filter
bank 1002,%%%:]:1 agﬁ%u{%gﬁ?&?g)rdr?‘lp{ﬁg)( B%%gsfﬁr'#ﬁ%ﬂ#eﬁ@? ?Pepﬁfoéog‘é%ggb%ﬁ%df ul |

e | S QEULP Lot L A bac L SE P8, FRRESRYC,

have a Tirst l 0out LELTh 36108 FRUPhET 1602 184 an output terminal 1038. The
rectifier 1006 may be a full wave transconductance rectifier. The rectifier 1006 may be
implemented by the circuits shown in Figures 5 and 6.
[0093] The peak detector 1008 may have a first input terminal 1040 coupled to the
third output terminal 1032 of the filter bank 1002, a second input terminal 1042 coupled
to the fourth output terminal 1036 of the filter bank 1002, and an oﬁtput terminal 1044.
The valley detector 1010 may have a first input terminal 1046 coupled to the third output
terminal 1032 of the filter bank 1002, a second input terminal 1048 coupled to the fourth
output terminal 1036 of the filter bank 1002, and an output terminal 1050. The second
transconductor 1012 may have a first input terminal 1052 coupled to the output terminal
1044 of the peak detector 1008, a second input terminal 1054 coupled to the output
terminal 1050 of the valley detector 1010, and an output terminal 1056.
[0094] »The summing device 1014 may have a first input terminal 1058 coupled to the
output terminal 1038 of the rectifier 1006, a second input terminal 1060 coupled to the

output terminal 1056 of the second transconductor 1012, and an output terminal 1062.
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third output termnal 1032 of the filter bank 1002, a second input term nal
1042 coupled to the fourth output termnal 1036 of the filter bank 1002,
and an ouwvpubiwmssssonal 1044. The valley detector 1010 neygThazesaodics st
input termnal 1046 coupled to the third output term nal 1032 of the filter
bank 1002, a second input term nal 1048 coupled to the fourth out put
termnal 1036 of the filter bank 1002, and an output term nal 1050. The
second transconductor 1012 nay have a first input term nal 1052 coupled to
the output term nal 1044 of the peak detector 1008, a second input term nal
1054 couplTe sumniihg devitp 1@14t mayrbaallapt@b® afmbihe av abipey sigedl efttoe retifi@, and
an output term nal 1056. [0094] The summ ng device 1014 may have a first

i nput t er Moo@hndl4ib&uite WiEnaich il debendattingedndu@onioial 1038 of the rectifier
1006, a second.input term nal 1060 coupled to the output term nal 1056 of

the seconiloﬁsrﬂnsmredééﬁﬁﬂg debikk21018 ek yARhve W i inl g:@”&hﬁﬁhl lo¥acohprRd 34/ M N9

devi ce 1014 nay be adapted to conbine an output signal of the rectifier
scali ng dures e’ adﬁé@%“é'@?m?m?ﬂéﬁ{@?%?%ﬁg e S plea 02
1066 coupl® e&%aduw"ﬁ%ﬂaﬁ tOZﬁhﬁrg pitt R And i Byl el 0BBF 100,
Gi'vi do. an 136 et jﬁﬁgtw ﬁ% BTG APoPuaBoNEB) ah BUTPTh

si gnal of the sunnlng deV|ce 1014 The TIA 1018 may have an |nput term nal
1070 couplteascendyctes 1504 Byien pwpH signel qﬁ}bes‘&mwéieywlpht TheiIAd 018 18y An

output termnal 1072 of the TIA 1018 may be coupled to the input term nal
908 of t hdaypaCinpoy terngeb&970Fenupledaarihe ouippt terminak 1648plathe\soalyigndevige + )
is a signal supplied to the instant

1016. An output terminal 1072 of the TIA 1018 may be coupled to the input terminal 908

of the APTC 904.
[0096] For example, if a sine signal V4 sin (ot + @) is a signal supplied to the instant
phase calculator 902, an instant phase of the sine signal can be calculated using the

following formula:

v, sin(axt +¢)
V,+0.592-¥,|codar + )

a+p="
(/)2

The above formula may be implemented by a circuit e.g. as shown in Figure 10.

[0097] An input differential carrier signals Vin+ may be supplied to a first input
terminal 1074 of the filter bank 1002 and an input differential carrier signal Vin. may be
supplied to a second input terminal 1076 of the filter bank 1002. The filter bank 1002
may convert the input differential carrier signals Vpy and V. into four output I/Q
differential signals I+, I-, Q+, Q-. The I+ and I- signals may be supplied to the first
transconductor 1004. The first transconductor 1004 may convert the I+ and I- signals into

a current, which represents a numerator of the scaling device 1016. The Q+ and Q-
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phase cal cul ator 902, an instant phase of the sine signal can be cal cul ated
using the followi ng fornmula: The above formula may be inplenented by a
circuit ewg.20m®3si30wWn in Figure 10. [0097] An input differsctimloossrier
signals VINt may be supplied to a first input termnal 1074 of the filter
bank 1002 and an input differential carrier signal VIN may be supplied to
a second input termnal 1076 of the filter bank 1002. The filter bank 1002
may convert the input differential carrier signals VIN+ and VIN- into four

output I/Qdifferential sjgnals |+, |- , Q. The 1+ and |- signals may
be suppl i SEPPS 7Y er%upgkeifgaﬁ%@aﬂ%ﬂépeﬁ TRyrachiesd 09§ oy coRciss L or 1004

may convert the 1+ and |- signals into a current, which represents a

nuner at or Qf signads BN 4?@016@\/5?‘@@101301]63. QTisad @ wisqamgh%wwpﬁg@/mﬁbe Bedbpl i ed
to the rectifier 1006. The rectifier 1006 may convert the Q+ and Q signals
into an aldswttar €008 ansk the rvallefhdet@toraifd0.An shpntbEthemgabdetsetppl 008chnd ant he
peak detector 1008 and the valley detector 1010. An output of the peak

det ect or bOpEt afitheanllewdptettonl 0 1thmay at Iseyplidétte clicosechnd Granyndietes UPpPL.i ed t o
t he second transconductor 1012. The second transconductor 1012 nay generate

a const antrh¥AeconB it@lisdoBMIRSEIN S ny denérhteth ERBAA VAL WhicRfreprbRn& Gaktiord devi ce
1016. The scaling device 1016 nay be a current divider. The scaling device

1016 may dbNdrfiRatbD®r GHY 564Hng evicBel03UNTRE is0lingf ddvie 161 tfal, e alQQﬁfl?“t put

and the second transconductor 1012 output. The transi npedance anp ier

(TIA) 101\%{@% ﬁ%%‘é?l‘iﬁ&&é%?ce%'iﬁg{}% dRHEPHE cQredt %gftﬁ{ﬁléﬁxﬁnbogfé’fitﬁeere&?é& into

vol t age, h may represent t nstant phase carrrer signa
20 000 LML ST L e A RERE HPHECS,
accuracy ?:PI(%S'IO ?gla?;rc]:grll\?e tE‘lg current output of the scaling device 1016 into voltage, which
may represent the instant phase of the input carrier signal 404.
[0098] Figure 11 shows a schematic diagram of the analog to pulse train converter
904 used by the zero-crossing detector 434 in the second accuracy mode. The analog to
pulse train converter 904 may include a plurality of resistors 1102, a plurality of
comparators 1104, a plurality of XOR gates 1106 and an OR gate 1108. The plurality of
resistors 1102 may be connected in series. In this embodiment, the number of resistors
1102 may be odd.
[0099] Each comparator 1104 of the plurality of comparators 1104 may have a first
input terminal 1110 coupled to the output terminal 1072 of the transimpedance amplifier
(TTA) 1018 and a second input terminal 1112 coupled to an individual connection 1114
connecting two adjacent resistors 1102 of the plurality of resistors 1102, and an output
terminal 1116.
[0100] Each XOR gate 1106 of the plurality of XOR gates 1106 may have two input

terminals 1118 and one output terminal 1120. The two input terminals 1118 of each XOR
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pul se train converter 904 may include a plurality of resistors 1102, a
plurality of conparators 1104, a plurality of XOR gates 1106 and an OR gate
1108. Thewpl2oroad3sdsy of resistors 1102 may be connected ipoTSeRBR00360 t hi s
enbodi ment, the nunber of resistors 1102 may be odd. [0099J Each conparat or
1104 of the plurality of conparators 1104 nmay have a first input term nal
1110 coupled to the output term nal 1072 of the transinpedance anplifier
(TIA) 1018 and a second input termnal 1112 coupled to an individual

connection 1 4 connecting two adjacent resistors . 1102 of the plurality
of T osi st P AT hicoHRI o AP Ser | hiB e AP 1100
of the plurality of X ates 1106 nmay have two input termnals 1118 and

oR
one out putBack mWht&PniMIZU.%zPlﬁén ORozats b8 mast b soapled 1a the aypus ieemimabRYS: e 1106

may be coupled to output termnals 1116 of two adjacent conparators 1104.
Each i nputofoee of theplutal2pobXORrgaGR 1d66-e 1108 nay be coupled to the out put
termnal 1120 of one of the plurality of XOR gates 1106. [0101] Wen a
further rdq610dfor WheRaifertheomnesestdred 02 ds ¢dmaeqéditoathe plurality € sésistars $ 10212 i n
series, the nunmber of resistors may be even. The analog to pulse train

converter sgk, fRubnbel baesisto mislebeviel ! TR alu@th PuRE Sainlddddertd V0BG i1 st
input termnal 1110 coupled to the output termnal 1072 of the

transi npedgmes il 4 ifthed ddniPardOr 81 hveheS L GRR Snpul Btnida® 1 Tl 6 Bbuplekil®d

coupled to a further connection 1114 connecting the further resistor 1102

and an adjgc utrté‘l%hxz&l%ﬁéf’tgxg th Osi{?ﬁwd&e Bﬁﬁﬁﬁé}ﬁﬁlé{l@f%‘dgafh&%‘%gi@%at e

conparator 1104 may be coup e lnput"termn

%;82 ( [Sfl)-llgez ixllarl] l?ffcc?ur]’r)*l)e%qio raei%'%thert c%%neacrt]l%ln 99 IIl (c):orgl%lct%?g {hre%xtt.lhe(%qgs\{s cr>rt f31r02904 ey
and an adjacent resistor 1102. An output terminal 1116 of the further compafator 1104
may be coupled to the input terminal 1122 of the OR gate 1108.
[0102] In one embodiment, the analog to pulse train converter 904 may have (S+1)
number of resistors, R; to Rg+; 1102. The analog to pulse train converter 904 may have S
number of thresholds, V1 to Vi s. The resistors, R; to Rgy; 1102 may set the values of
the thresholds Vg, to Vi s. A top terminal 1124 of the plurality of resistors, R; to Rgq;
1102 may be set to the highest level (VH) of the transimpedance amplifier (TIA) output,
and a bottom terminal 1126 of the plurality of resistors, R; to Rg:; 1102 may be set to the
lowest level (VL) of the transimpedance amplifier (TIA) 1018 output 1072. Hence, the
full scale of the analog to pulse train converter 904 may be an output swing of the
transimpedance amplifier (TIA) 1018.
[0103] The instant phase calculated by the instant phase calculator 902 may be

supplied to the first input terminal 1110 of each of the plurality of the comparators 1104.

Each of the values of the S number of thresholds V; to Vi,s may be supplied to the
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nunber of resistors, RL to Rs+i 1102. The analog to pulse train converter
904 may have S nunber of thresholds, Vth,i to Vth,s- The resistors, R to
Rs+i 1102womyieassoshhe val ues of the thresholds Vi to Vee1/s82003mod3se m nal
1124 of the plurality of resistors, R to Rs+i 1102 may be set to the

hi ghest | evel (VH) of the transi npedance anplifier (TIA) output, and a
bottomtermnal 1126 of the plurality of resistors, R to Rs+i 1102 may be
set to the | owest level (VL) of the transinpedance anplifier (TIA) 1018

out put  10%geontfeiifi teriifil 113 oSG0 Rp&fivd PEmARRGP9100 THl:Afurk @q-ﬁ}sg)n%%g:\fer ter

904 may be an output sw ng of ransi npedance anp 8.

[0103] TheohBst VnPAfu &2l hth ¥ bigpiAS AN, Bhase oal oul ator, 902 my

be supplie he firs ermna each~of the plurality of

t he conpar S 04. [Each of t es of the unher eshol ds
A 2 T s R R et s R el S e
respective conparator, 1104. The instant phase may_ be conpared with the

val ues of Sighel 1303 mayche eomvertgdaiatodthe enstang phase Hy\hé, instant phase Falmplaior 80224
shows a FSK/ GFSK carrier signal 1202. The FSK/ GFSK carrier signal 1202 may
be conver Figure hly shayes @ h‘@ﬁ’é‘%ﬂndﬁﬁé of the edleulatad inptant phasseofctht FSKAGBSK 902,
Figure 12b shows a waveform 1204 of the cal cul ated instant phase of the
FSK/ GFSK carier eignai iP02] The P2ak dikevallegkvahmres of ahd eslcwlaleddsstaft phhe: efatheul at ed
i nstant phase of the FSK/ G-SK carrier signal 1202 may be set to VH and VL

respect i vESK/GHIC chrietisipeal 1002 ifay esRed td VIV add ML MébpechveTRyTHES G@hbdsf 1) Mt
-Vfl .,=V lh 1-Vth 2=...=V 1h M h,,=DV; and 2) VH-Vth =\th, 1-VL=DV/ 2. These

t hr eshol dehreghyldeVgYrte Wyf\ahay by 6kl d conparison events are distributed
evenly in a
1) Vs Vins1=Vins-1-Vins2=- . .=V 2-Vin 1=AV; and
2) VH-Vy, =V 1-VL=AV/2.
These thresholds may ensure that threshold comparison events are distributed evenly in a
phase domain.
[0105] The comparison results of the instant phase of the FSK/GFSK carrier signal
1202 with the values of the S number of thresholds Vi, ; to Vg s may be converted into a
pulse train by the analog to pulse train converter 904. Figure 12c¢ shows the pulse train
1206. Each transition edge 1208 of the pulse train 1206 may have a corresponding
threshold comparison event. A frequency of the pulse train 1206 may be S times of a
frequency of the FSK/GFSK carrier signal 1202.
[0106] As shown in Figure 4 and as described above, the output terminal 436 of the
zero-crossing detector 434 may be coupled to the input terminal 438 of the pulse-width

modulator 412. The pulse train 1206 may be supplied to the pulse-width modulator 412.

The pulse-width modulator 412 may detect the transition edges 1208 of the pulse train
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phase domain. [0105] The conparison results of the instant phase of the
FSK/ GFSK carrier signal 1202 with the values of the S nunber of threshol ds
Vth,i to wWo=ome3ise converted into a pul se train by thepransiGagstooo3eul se
train converter 904. Figure 12c shows the pulse train 1206. Each transition
edge 1208 of the pulse train 1206 nay have a correspondi ng threshold
conparison event. A frequency of the pulse train 1206 may be S tines of a
frequency of the FSK/ GFSK carrier signal 1202. [0106] As shown in Figure 4

and as descrjbed above, the output termnal 436 of the zerg-crossin

det ect or 4%@‘5’@3 TBEY CBRBI @PoHHVE RBls? ﬁam af g3ch; trapsitipeedge 12HR %ﬁ?@el-z%vw dth
nodul at or 412. The pul se train 1206 may be supplied to the pul se- width
nodul at or shavps aneupus sigsal 122 of thepytsaivatbmeopidaterdi2det ect the transiti on
edges 1208 of the pul se trainl206, and may out put a positive pulse 1210 at
each trandd107bn ddgee 1PB8illusirges @ F3H/GFSKscaamerosigpalt 1302gpadcessed byt t he
pul se-w dt h nodul ator 412. [0107] Figure 13a illustrates a FSK/ GFSK carri er
si gnal 13@anyenteet vem-drgssinge arihed! Thaabnvaitiondlr sscrgsin@ tthhbd pagorms
conventional zero-crossing nethod perforns zero-crossing detection on the

FSK/ GFSK' gerordréssingi @étedtioh 36k thd ITSKYGYSK TEArioh3%Aalag ol AbctipyTRE phe
degrees. [0108] Figure 13b shows 1/ Q FSK/ G-FSK signals 1304, 1306 processed

by the copyeRidy PR beZiR0Uetlc®ssi Ng method. The conventional zero-crossing
met hod perforns zéro-crosSing detection on the I/Q carrier signals 1304,

£200.91 o[ PDoES SRS PO SSRRS. ellipaess, IO LY ud>
conventional zero-crossing method. The conventional zero-crossing method performs
zero-crossing detection on the I/Q carrier signals 1304, 1306 directly. The phase accuracy
may be 90 degrees.
[0109] Figure 13c shows a FSK/GFSK carrier signal 1308 processed by an instant
phase zero-crossing method in one embodiment. Comparison may be performed on the
phase of the carrier signal 1308 instead of the carrier signal 1308. A calculated instant
phase 1310 may have a large and stable swing, which may be suitable for multi-threshold
digitalization. Hence, the phase accuracy may be improved compared to the conventional
zero-crossing method.
[0110] Referring back to Figure 4, the demodulator 400 may be operable in different
modes of demodulation, which may include one or more of a group consisting of
amplitude shift keying (ASK) mode, frequency shift keying (FSK) mode, controllable
weight amplitude frequency shift keying (CW-AFSK) mode and dual channel amplitude
frequency shift keying (DC-AFSK) mode.

[0111] Figure 14 shows a schematic diagram of the demodulator 400 in the

controllable weight amplitude frequency shift keying (CW-AFSK) mode. When the
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phase zero-crossing nethod in one enbodi nent. Conparison may be perforned
on the phase of the carrier signal 1308 instead of the carrier signal 1308.
A cal cul avedoionssmnt phase 1310 nmay have a | arge and st abirscavisngessovhi ch
may be suitable for nulti-threshold digitalization. Hence, the phase
accuracy may be inproved conpared to the conventional zero-crossing nethod.
[0110] Referring back to Figure 4, the denodul ator 400 may be operable in
di fferent nodes of denodul ati on, which may include one or nore of a group

consi sting of l'i tude shift keying (ASK) e, frequency shift keying

( FSK) rmdg?m @ﬁ%?roﬁoaﬁ|°@ewdﬂ@%9ﬁﬁ?§§@?$¥§meéﬂ %cmfﬂ()fuwéf}%gw(?ew AFSK)
node and dual channel anplitude frequency shift keying (DC AFSK) node.
[0111] Fi gdaptedita contirlghepwlewidth m@d&p@gﬂ odeperdenge A R PBIPBY SIgBb S8 t he
control | abl e wei ght anplitude frequency shift keying (CWAFSK) node. Wen
t hedenoduMNatioft 1% 0D thesampligudst deanddplatihg p@W/4RSKhermatele dohrolnode4@omay bk uni t
408 may be adapted to control the pulse- width nodul ator 412 in dependence
on an out pddptesli gn@hpleethg oulpSkerdhial d85 o eheafrpduchtiy ehiftckeyihy ddmotiylapiagh 402.
The node control unit 408 may be adapted to couple the output term nal 435

of the fraguaszyo fliihputkeing 400 wpehsd Aickng14Mhe Mot dodtrbhéhii 08Hnay 86 M nal
417 of the slicer 414. The node control unit 408 nmay be adapted to provide

a scaling i AR 4 J i : t he
Aol 1t ude Threde i 4 SalRFGKR TMOPOEEN, e olRR st g R B B s 1

02,
o (e ST E GRTRAL RO 8 1o 8300 i3 BB LeV52M0 e
Pl o bk a5kl T i g TR i o o

the amplitude demodulating path 402 to the pulse-width modulator 412. The pulse-width

modulator 412 may be controlled by the scaled output signal, e.g. Vron 413. The scaling
device 1402 may be adapted to scale the output signal, e.g. Vask 419 of the amplitude
demodulating path 402 by multiplying the output signal, e.g. Vask 419 of the amplitude
demodulating path 402 with a control signal Vg 1404 received by the scaling device
1402. The scaling device 1402 may be an analog multiplier. The frequency shift keying
demodulating unit 432 may generate a signal V zpsk 1406. The slicer may slice the signal
Varsk 1406 and generate a final demodulated output data 1408.

[0112] In the CW-AFSK mode, the carrier signal 404 may be AFSK-I signal, wﬁich
may have the same carrier signal 404 modulated in both the amplitude demodulating path
402 and the frequency demodulating path 406. Through the pulse-width modulator 412,
the amplitude information, e.g. Vask 419, may be combined into the demodulation of the
frequency information, e.g. Vrsk 433. The combination of the amplitude information into

the demodulation of the frequency information can be an enhancing process and may be
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device 1402 may be adapted to scale the output signal, e.g. VAsk 419 of the
anpl i tude denodul ati ng path 402 by nultiplying the output signal, e.g. VASK
419 of thwoanpldzsesde denodul ating path 402 with a contrecTsicgomlooddsori 1404
received by the scaling device 1402. The scaling device 1402 may be an
analog multiplier. The frequency shift keying denodul ating unit 432 may
generate a signal VAFSK 1406. The slicer may slice the signal VAFSK 1406
and generate a final denodul ated output dat a 1408 [0112] In the CW AFSK

node, the carrl K- |ch have fhe sane
carrier sig dﬁ@hiﬁgﬁﬁpﬁﬁgﬂC? ﬁ?‘%ﬁ%ﬂg 8%0 ngggﬁél iﬁ 402
and t he fre uenc denndulatlng_path 406. Throua‘h’é t he pulse wi dt h nodul at or
412, the S99 ltala avqightt amplitude Frequengy shyiigrying 6C WAy SKe demadilation methed. t he

dernodul ati on of the frequency information, e.g. VFSK 433. The conbi nation
of the amililBlide Basebomiitis combination the d¢meduilatoa 408 1n dfe EWeAFSKguadeooan

i nformati on can be an enhanci ng process and may bewei ghted by the scaling
devi ce l4d@modiiats alltthe ASKBEKI antli AFSIOA signals. BusAHBKnbdidatgn B0 ¢am switch
control | abl e wei ght anplitude frequency shift keying (CWAFSK) denodul ation

met hod. [ thkl@bdiBasa0schéméinStafi®Tnd el ddhodufator MBOAH| daidduAR0thé Righble
CW AFSK node can denodul ate all the ASK, FSK and AFSK-1 signals. Thus, the

modul at or w1fBuCARnp IR dR% R A0 AN CHRMRESKNSHAL thy bénﬂe& tﬁ% the

denodul at or 400 can denodul ate the signals w thout |nterrupt

dermdu! at ll%gtq’oﬂs “wﬁl&? h&od A’ﬁ@&&?ﬂg eﬁ@l?oxgx?enllj gxqat onk, 8 lréc%%éc?gﬁ whi ch

have w de |ng envi ronnment vari dtions, need rapi rec nect|on on the
nDduIatlon ng FP nges need conti,nuous connecti.on durin nggula
ulat chie dujafi

scheme chgmgesm(o WY efné”s(:haﬁ%erss(gn%fledr%a %uquscf&}?ecgg? duripg gbre 15

shows a schenatjc d| gram of the deno uqu %00 in the anplitude
scheme ¢ anges (€.g. wireless personal me ical devices

[0114] Figure 15 shows a schematic diagram of the demodulator 400 in the amplitude
shift keying (ASK) mode. When the demodulator 400 is operated in the ASK mode, the
mode control unit 408 may be adapted to couple the output terminal 420 of the amplitude
shift keying demodulating unit 418 to the input terminal 417 of the slicer 414 and to
.deactivate the frequency shift keying demodulating unit 432. An output terminal 1502 of
the filter 426 may be coupled to the input terminal 417 of the slicer 414.

[0115] In the ASK mode, the carrier signal 404 may be a ASK signal. The carrier
signal amplitude envelope Vask 419 may be extracted from the carrier signal 404 and
may be supplied from the filter 426 to the slicer 414 for data decision. The slicer may
generate a final demodulated output data 1504.

[0116] Figure 16 shows a schematic diagram of the demodulator 400 in the frequency
shift keying (FSK) mode. When the demodulator 400 is operated in the FSK mode, the
mode control unit 408 may be adapted to couple the output terminal 435 of the frequency

shift keying demodulating unit 432 to the input terminal 417 of the slicer 414 and to
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shift keying (ASK) node. Wen the denodul ator 400 is operated in the ASK
node, the node control unit 408 may be adapted to coupl e the out put

t ermi nal W@Qomnfossdse anplitude shift keyi ng denodul ati ngpamisG2diB®0d3s0 t he
input termnal 417 of the slicer 414 and to deactivate the frequency shift
keyi ng denodul ating unit 432. An output termnal 1502 of the filter 426 may
be coupled to the input termnal 417 of the slicer 414. [0115] In the ASK
node, the carrier signal 404 may be a ASK signal. The carrier signal
anpl i tude envel ope VAsk 419 may be extracted fromthe carrier signal 404
and may bdeactipae|the) ampltyde shift iémvw derpedulainghenit #i § eFheqpulsq-width gpatrol
decision. The slicer may generate a final denodul ated out put data 1504.
[0116] Fi gignal YeonsthiBrsupplisd e et palsatividih amodofatorhél Herayche st do ad9itabla t he
frequency shift keying (FSK) node. When the denodul ator 400 is operated in
t he FSK nookestant hdudrbylthe exodercohtrelnunit 4088 may be adapted to coupl e the out put
termnal 435 of the frequency shift keying denodul ating unit 432 to the

input terangl 4Id oef FSKencdkitheeanddrdighara0408enst b &Kol HGFSRMiddal d@eshi f t
keyi ng denodul ating unit 418. The pul se-width control signal VJON 413

suppl i ed tQqidagy mm&-ﬁﬂgﬁa&mfmhghﬁ% 433 20 dPPdonErt H frEﬁJggcéf ?flﬁéw&ie‘} onst ant

val ue by the node con unit 408. [0117] "In the FSK “the carrier
SLanel SO, G S e 0B TOE, HAOHEDSK Db BNLAG, oo,
EEERUCE I I S T e
Rk R A ORI TR R RS R U

demodulated output data 1602.

[0118] Figure 17 shows a schematic diagram of the demodulator 400 in the dual

channel amplitude frequency shift keying (DC-AFSK) mode. When the demodulator 400

is operated in the DC-AFSK mode, the demodulator 400 may use a further slicer 414.

The mode control unit 408 may be adapted to couple the output terminal 420 of the

amplitude shift keying demodulating unit 418 to the input terminal 417 of the slicer 414

and couple the output terminal 435 of the frequency shift keying demodulating unit 432

to an input terminal 1702 of the further slicer 414.

[0119] In the DC-AFSK mode, the carrier signal 404 may be the AFSK-II signal. The

carrier signal 404 may be modulated in both amplitude and frequency. The amplitude

modulation signal and the frequency modulation signal may be different. The carrier

signal amplitude envelope Vask 419 from the amplitude shift keying demodulating unit

418 may be digitalized by the slicer 414. The signal Vgsk 433 from the frequency shift

keying demodulating unit 432 may be digitalized by the further slicer 414. The slicer 414

may generate a final amplitude demodulated output data 1704 and the further slicer 414
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[0118] Figure 17 shows a schematic di agram of the denodul ator 400 in the
dual channel anplitude frequency shift keying (DC AFSK) node. Wen the
denodul atwo 240038@00per ated i n t he DC- AFSK node, the demrou$iGacisooeds0 nay
use a further slicer 414. The node control unit 408 may be adapted to
couple the output termnal 420 of the anplitude shift keying denodul ating
unit 418 to the input termnal 417 of the slicer 414 and coupl e the output
term nal 435 of the frequency shift keying denodul ating unit 432 to an

i nput t er mh4lagentid?a Ghalt hequbhdyt dedodslatdaesutdiddatd AL IThe Pulsbsvilfr-HRSK mode,
the carrier signal 404 may be the AFSK-11 signal. The carrier signal 404

may be nog ng& m?@aﬁmzmbitnygﬁlsaaﬂdthr,ﬁganlgas 41731 métttu%ﬁsmﬂw ation

signal and the frequency nodul ation signa y be different. e carrier

signal anpl | RE fq@m the anplitude shift keying
denodul a%ﬁg&%ﬁ??ﬁg}gltmyo%é§§fr%}%gl{0§éd by the slicer 414. The signal VFSK

433fromt§ regpen S(?;-‘ilft i.n deﬁrﬁrﬁ& ing,unit 432 ma Fe
digitalizd ﬁé’ﬁ/ e dfmediagy ?@%H“%&ﬁ. & i Ty I?Fﬁi’r‘d@e‘ﬁ@ -chagng] ¢ nal
anpl i tude denodul at ed out p%ieeda&gl 1724 and the further slicer 414may
gener at e ZOFITHRICaRoR: JERhESPO e S FitrRReE alisignsyand dray redbes theowstPeebifi dt h
control sié[%‘r;al VTON 413 supplied to the pul se-wi dth nodul ator 412 may be
set to a difetdgploduleton 08 rmay, aghivetyjgh precrpaiecifioene Withnlow moBr 4nd1o@] The
denodul ator 400 in the DC- AFSK node nay provi de dual -channel conmuni cati on,
may doubl eosth&udhean thel depiddubitanddp anthenB(- AR grodeheanpbevasedofor WirtlessThe
denodul at or 400 nmay achi eve hi gh spectrumefficiency with | ow power and | ow
cost. Fur thamunicagord eivtiudeadsonltrd A6wi povieh eohXimiticK (epdevicRes bersorgdrehor
wi rel ess communi cati on which needs ultra | ow power consunption (e.g.
W rel ess pefwopkivirdleSdbody area network etc.).

[0121] Figure 18 shows a schematic diagram of a modulator-demodulator (modem)

1800. The modem 1800 may include a modulator 1802. The modulator 1802 may be

similar to the modulator 100 as described above. The modem 1800 may include a

demodulator 1804. The demodulator 1804 may be similar to the demodulator 400 as

described above. The modem 1800 can be used for most short range wireless networks

(e.g. wireless personal area networks, wireless body area networks, Bluetooth, etc.).

[0122] While embodiments of the invention have been particularly shown and

described with reference to specific embodiments, it should be understood by those

skilled in the art that various changes in form and detail may be made therein without

departing from the spirit and scope of the invention as defined by the appended claims.

The scope of the invention is thus indicated by the appended claims and all changes

which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.
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networks, w reless body area network etc.). [0121] Figure 18 shows a
schemati ¢ di agram of a nodul at or - denodul ator (noden) 1800. The nodem 1800
may i ncl uwe 2a1o0m3geshat or 1802. The nodul at or 1802 nay be peirrsiGens/obased he
nodul at or 100 as descri bed above. The nbdem 1800 may i nclude a denodul at or
1804. The denodul ator 1804 may be simlar to the denodul ator 400 as

descri bed above. The nodem 1800 can be used for nost short range wrel ess
networks (e.g. wirel ess personal area networks, wrel ess body area

net wor ks, toqth, etc,), [0122 il e enbodi nents.of .the inventiqgn have
been_par t MRS 'y Cinstrbimets i Momtlets aipor GO e ol g Sighal

enbodi nents, it should be understood by those skilled in the art that
various cRESEERE Rath adapieda ree aifirstripigmdisie signaly a sesond iptererdiateigigealt i ng
fromthe spirit and scope of the invention as defined by the appended

cl ai ns. Teocsssuigepagt addpeed ioviontei osecond intamediaigi sgnabide Byst amplifippeondled cl ai ns
and all changes which cone within the neaning and range of equival ency of

t he cl ai nmintantke first nettonaliadte tseneeplotasibg pathh rmascednd @mpBiier coupied iatwbthedi ment |
a nodul ator may include a first internediate signal processing path adapted
to route gedohd $hternitideitdTBigh#ltRoGkGMNApathfamies oisppen tigduiteiupled ifiloome ffirst
processi ng path adapted to route a second internediate signal; a first

anmpl i fier gouRlifae diglad ptdessidapath; WheRITBE RS fHeP LROR isRUARES R fr6ceRPthb; @
second anplifier coupled into the second internedi ate signal processing
pat h; and 0 I I i i o § tnal
processingﬁ%§?ﬁ9R£E%f%%ﬁﬂkig&%ﬂ%%%g?h?%?g&%?m?g&géag?gﬁhﬁgggégég@g&?he
first interpedjagte signal, | epnendence .on . fir st eband dat a;. wherein the
first ampf ity il ot Bot SREMeADRSHEN ibfsedty 87 MR hoPBl-Suglitih

pr Ocessedda}gnagn%e %ﬁo&ggrll‘d Base al'rllldt daltar;] and wherein the second amplifier is adapted to

amplify the second intermediate signal in dependence on the second baseband data.
[0124] In one embodiment, the modulator may be adapted to operate in different
modes of modulation in dependence on the first baseband data and the second baseband
data.

[0125] In one embodiment, the modes of modulation may include one or more of a
group consisting of amplitude shift keying (ASK) mode, frequency shift keying (FSK)
mode, controllable weight amplitude frequency shift keying (CW-AFSK) mode, and dual
channel amplitude frequency shift keying (DC-AFSK) mode.

[0126] | In one embodiment, when the modulator is operated in the amplitude shift
keying (ASK) mode, the first baseband data may have a constant value.

[0127] | In one embodiment, when the modulator is operated in the frequency shift

keying (FSK) mode, the second baseband data may have a constant value.
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dependence on second baseband data; and wherein the second anplifier is
adapted to anplify the second internedi ate signal in dependence on the
second basehanghzs@ba. [0124] In one enbodi nent, the nodetatserossnyoioe
adapted to operate in different nodes of nodul ation in dependence on the
first baseband data and the second baseband data. [0125] In one enbodi nent,
t he nodes of nodul ati on may i nclude one or nore of a group consisting of
anplitude shift keying (ASK) node, frequency shift keying (FSK) node,

troll de f hift keyi CW AF d d
Gual  chandbi28li Piopf EPp i e Dol opBeieATRE SHOBS bDEDEH i one
enbodi nent, when the nodul ator erated in the anplitude shift keying
( ASK) nodélmpﬂlﬂélefﬁr?%lﬁn%%dﬁwna@ﬁ Kawpede, the fistahaschand data pud i)

one enbodi nent, when the nodul ator is operated in the frequency shift

keyi ng ( FSRjondhaebanddatzmey heithssembantiayae arovededthapae meswgs sewnce.

val ue.[0128] I n one enbodi nent, when the nodulator is operated in the

cont rol | alf0BE2%Nwei glnt orwmhbcbdirﬂentf vagu ethe ymaduldtor iseypearated GvVthe- iyl olaael t he
first baseband data and the second baseband data may be the sanme or may be

provi ded hynplindlenfespags sofikeging[ @I2AFSKI) Mok, el Gekt 'RasdbandRn sdiEthe
nodul ator is operated in the dual channel anplitude frequency shift keying

(DG AFSK) somsig. baﬁélﬁn(i Hﬁtﬁtmgaﬁﬁléadlﬁeféﬁ{ aalﬁébdmI hay $eGROAaLRBFRADdndRIR MY

have different val ues or be provided by two nessage sources
respecti vgliced 19430 one enbodlnent the first baseband data nay have a
val ue of 1 5?6 %% \6%é1] hi one enbodlnent t he second baseband data may

have a Val[bﬁOPf ]In% ne em%odlment, the first baseband data may have a value of 1 or -1.
[0131] In one embodiment, the second baseband data may have a value of 1 or -1.
[0132] In one embodiment, the first baseband data may be baseband frequency shift
keying data.
[0133] In one embodiment, the second baseband data may be baseband amplitude
shift keying data.
[0134] In one embodiment, the chopper circuit may be a differential binary phase
shift keying modulator.
[0135] In one embodiment, the first intermediate signal processing path may include
a first filter, an output terminal of the first filter being coupled to an input terminal of the
chopper circuit.
[0136] In one embodiment, the first filter may be a low pass filter.
[0137] In one embodiment, the second intermediate signal processing path may
include a second filter, an output terminal of the second filter being coupled to an input
terminal of the second amplifier.

[0138] In one embodiment, the second filter may be a low pass filter.
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[0132] hi one enbodinent, the first baseband data may be baseband frequency
shift keying data. [0133] hi one enbodi nent, the second baseband data may
be basebawmo 2aruisdisude shift keying data. [0134] hi one echsdzomnbossch he
chopper circuit may be a differential binary phase shift keying nodul ator.
[0135] In one enbodinent, the first intermedi ate signal processing path may
include a first filter, an output termnal of the first filter being
coupled to an input terminal of the chopper circuit. [0136] hi one

enbodi nen e first filt.er be | ow pasg filter. [0137 i..one

enbodi ment?13Phe JaBh gmbhdiEien despacdsiyrn? Bidies ity o Aeherm ST Ade
second filter, an output termnal of the second filter being coupled to an
i nput t er A Qmtnyt termnak g Hiedregupncys digider banggpupled e EpEbETREAL of thee
second filter may be a |ow pass filter.[0139] In one enbodi nment, the

modul at or fisiyfillenrander sicaed gupubteimmguenthy fa¢auenest dividef being aoupleditto mer i nal
of the frequency divider being coupled to an input termnal of the first
filter, anguatessmahaf theiteportd fikerm nal of the frequency divider being coupled
to an input termnal of the second filter. [0140] In one enbodi nent, the

f requency [61i49] dern ey ERbaliMerit) et froqudacy dividernddyl B a ZuimegO HRAE Mogt vi der
or aDflip flop frequency divider, the current node | ogic nodul ar-2

frequency nffigulafle fredherchetitaéd érPa D! @ip f_[o?%&@ﬁ%r dividefl@he bEE nifiRAGHE 1O
provi de quadrature conpl enentary (positive and negative) outputs.
modular-2 frequency divider or the D flip flop frequency divider being adapted to
provide quadrature complementary (positive and negative) outputs.
[0141] In one embodiment, the first intermediate signal processing path may include
a first scaling device coupled to an output terminal of the first amplifier, the first scaling
device being adapted to scale the first intermediate signal amplified by the first amplifier.
[0142] In one embodiment, the first scaling device may be adapted to scale the first
intermediate signal by multiplying the first intermediate signal with an input signal
received by the first scaling device.
[0143] In one embodiment, the first scaling device may be a first output of a
quadrature local oscillator.
[0144] In one embodiment, the second intermediate signal processing path may
include a second scaling device coupled to an output terminal of the second amplifier, the
second scaling device being adapted to scale the second intermediate signal amplified by
the second amplifier.
[0145] In one embodiment, the second scaling device may be adapted to scale the

second intermediate signal by multiplying the second intermediate signal with an input

signal received by the second scaling device.
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[0141] In one enbodinent, the first intermedi ate signal processing path may
include a first scaling device coupled to an output termnal of the first
anpl i fi erwot2bm/d3e6s8t scal i ng devi ce bei ng adapted to scace/schesfonessd
intermedi ate signal anplified by the first anplifier. [0142] In one

enbodi nment, the first scaling device may be adapted to scale the first
internmediate signal by multiplying the first internediate signal with an

i nput signal received by the first scaling device. [0143] In one

enbodi ment, the first scaling device pay be a first_ output of a quadrature
| ocal oscil¥14¥ or .In[OGME’F’Oﬁhﬁleahéhee?Pﬁ%{T?aFéH{‘g, deviee wax B a seorndramRIt 8F Bicsi gnal
processing path may include a second scaling device coupled to an out put
term nal @padrpfaredecabperildater. i fi er, the second scaling device being adapted
to scale the second internmedi ate signal anplified by the second anplifier.

[ 0145] | n[@4d] enlodingeambodithentstheonadduatat may fughercmchiEy dbsunadangt daviceo scal e
the second internediate signal by multiplying the second internediate

si gnal W tbupded tongubutpugeshinalecfeihe ditstycalinpe dsacomndl &catipugtetainatef {H8146] | n
one enbodi nent, the second scaling device may be a second out put of the

quadr at ur gedofid adcaRSE idevREOlthe [sQrhfhilg | dbvRBEDERP O&liapRAL to tBMbIRAMARE MBY
further include a sunm ng device coupled to an output termnal of the first

scal i ng deyiGRqaRds Ak QUliRUby iR iR \QhligS déﬁlﬂ& a%lactﬁ@gec%ﬁaliﬁtggnéa@a\fé ﬁgyﬁ%} he

sumi ng devi ce being adapted to conbine the first internedi ate si

scal ed byS{allqheZlggjthggegggﬂ({alﬂgégﬁxgepe and the second internedi ate signal

scal ed by econd sca evl ce.

[0148] In one embodiment, a combination of the first intermediate signal and the
second intermediate signal may form a modulated signal.

[0149] In one embodiment, an output terminal of the summing device may be
coupled to an input terminal of a power amplifier, the power amplifier being adapted to
amplify the modulated signal.

[0150] In one embodiment, a demodulator may include an amplitude demodulating
path adapted to route a carrier signal; a frequency demodulating path adapted to route the
same carrier signal; a mode control unit coupled to an output terminal of the amplitude
demodulating path and an output terminal of the frequency demodulating path; and a
pulse-width modulator coupled into the frequency demodulating path; wherein the mode
control unit may be adapted to control different modes of demodulation; and wherein,
when the demodulator is operated in a controllable weight amplitude frequency shift
keying (CW-AFSK) mode, the mode control unit may be adapted to control the pulse-
width of the pulse-width modulator in dependence on an output signal of the amplitude

demodulating path.
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[0148] In one enbodi nent, a conbination of the first internediate signal
and the second internediate signal may forma nodul ated signal. [0149] In
one enbodwoento/o3amsoout put term nal of the sunm ng devi ceCmss208/00a3pl ed t o
an input termnal of a power anplifier, the power anplifier being adapted
to anplify the nodul ated signal. [0150] In one enbodi nent, a denodul at or
may i nclude an anplitude denodul ating path adapted to route a carrier
signal; a frequency denodul ati ng path adapted to route the same carrier
signal; a caontrol unit. coupled to.an output term nal of the anplitude
denodul at i[%qgat afitf af"r‘?‘q’(?ﬂ‘t"b‘ﬁ‘g {he, ﬁ?’ﬁgﬁugﬁféjﬁ'%éullaﬁlgéu%ﬂ@ymﬁ%dﬁ H@%E‘?‘ng
pat h; and a pul se-_'gten nodul at or, coupled into the frequency denodul ating
pat h; V\hetaé’ipﬂm@ﬁesh\}%) Y1gg rflerodulating upiy ap ouiph Seaungl gofc Bist aapliteds shaftent
modes of denodul ation; and wherein, when the denodul ator is operated in a
cont r ol | alsedngde¢rperdulaiing|unitihgingicown]edivcan ispititernkies}t iofthemawespargl ursde, t he
node control unit nay be adapted to control the pul sew dth of the

pul se-wi df®153bdullat one i emisddpeentie tiee frquentyodepodul atingn plthofmayhénchndel at ude
denodul ati ng path.[0151] In one enbodi nent, the anplitude denodul ati ng path
may i ncl udequencarhilfi kKeyitg ddniddulakey unig de fregudnay ishift keiidg daodaldtipgtuniter m nal
of the anplitude shift keying denodul ating unit being coupled to an input

term nal @fclidig; B PaIs&MMdth Modutdr: [0152] In one enbodiment, the frequency
denodul ati ng path may i nclude a frequency shift keying denodul ati ng unit,

the fr equmfsghshiILtonk%mbe&n@ﬁmﬁélhaﬁm%t%%if\nﬁepﬁicﬂgn;aetyah@c&u@?rew gth

nodul at or . 53] hi one enbodi nent, the denbdul at or urt I ncl ude a
sheer cou QJI 89tp£tqexminal of the mode control unit.

[0154] In one embodiment, the slicer may have an efficient DC offset canceller, a
peak detector and a valley detector; wherein the efficient DC offset canceller may be
implemented based on DC offset cancellation loop (DC offset feedback loop) or
implemented based on dynamically setting a threshold of the slicer to a mean value of an
input signal of the slicer; wherein the input signal of the slicer may be supplied to the
peak detector and the valley detector; and wherein the mean value of the input signal of
the slicer may be an average signal of an output of the peak detector and an output of the
valley detector.

[0155] In one embodiment, when the demodulator is operated in controllable weight
amplitude frequency shift keying (CW-AFSK) mode, the mode control unit may be
adapted to provide a scaling device to receive the output signal of the amplitude
demodulating path, to scale the output signal of the amplitude demodulating path and to
supply the scaled output signal of the amplitude demodulating path to the pulse-width
modulator, the pulse-width of the pulse-width modulator being controlled by the scaled

output signal of the amplitude demodulating path.
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an output termnal of the node control unit. [0154] In one enbodi nent, the
sheer may have an efficient DC offset canceller, a peak detector and a
val | ey deweabmvo33esherein the efficient DC of fset cancel PET/SGagosm»e0360

i npl enent ed based on DC of fset cancellation | oop (DC of fset feedback | oop)
or inplenented based on dynam cally setting a threshold of the slicer to a
nmean val ue of an input signal of the slicer; wherein the input signal of
the slicer nay be supplied to the peak detector and the val | ey detector;

and wher e|[61 € nﬁagneoeq?%%%rgél}t {1]1]% scgﬁ)n de e‘[%nl%lfl%r eé tI C?a{le R ?19{)

aver age signal of an GRS

val | ey detect 0155 ne enbod , e denodul at or. | perated
in control® }%JBIF 8&&‘7 QWPL%I ¢ Q'élatu?%éfg&‘nhiﬁ “\é\ﬂflf’]ty“}geﬂen&u?ﬁ/\f‘% fs Hsde, the
node control unjt naX be adapted to provide a.scaling device to receive the
out put si gHRIINGE deme ‘H?’Fﬁtgiﬁaﬂh\e“’étéﬁ%‘ﬁtﬂl gigpplgesritad bytthe salipg devies. out put

signal of the anplitude denmpdul ating path and to supply the scal ed output

si gnal of [#HE] anphiangdenbydinany| the imngep af Hemedulstwnpmpay duritied itelydsdeneatror , t he
pul se-wi dth of the pul se-wi dth nodul ator being controlled by the scal ed

out put si gmat obHd giohp canspiting flemplénddshifakeyigg (E3K) NOAS Gleqhency nkiftehepingi ment ,
the scaling device may be adapted to scale the output signal of the

anpl i t ude (BsKPEodeg tind@uad alidinElyaniplinideftegua@ytshigt layigUDCGAFSED) et he
anpl i tude denodul ating path with .a control signal received by the scaling

device. [Qdfs8] | NnQRAE cABBHGIHE When tEd RSt s @Fémeullﬁttsbﬂfbmné Wwéigicher
i ncl ude one or nore of a group consisting of anplitude shift keying (ASK)

node, fre e 1 |
mode. o ¢ calptie Sobinds QR ke (BEHCWDEARK)ARBAL Bl AERNOHicR Thlr i 6

adapted to couple an output terminal of the frequency shift keying demodulating unit to
an input terminal of the slicer.

[0159] In one embodiment, when the demodulator is operated in the amplitude shift
keying (ASK) mode, the mode control unit may be adapted to couple the output terminal
of the amplitude shift keying demodulating unit to the input terminal of the slicer and to
deactivate the frequency shift keying demodulating unit.

[0160] In one embodiment, the amplitude shift keying demodulating unit may include
a rectifier and a filter, an input terminal of the filter being coupled to an output terminal
of the rectifier.

[0161] In one embodiment, the rectifier of the amplitude shift keying demodulating
unit may be a full wave rectifier.

[0162] In one embodiment, the rectifier of the amplitude shift keying demodulator
may include a first half wave transconductance rectifier having a first input terminal, a
second input terminal, and an output terminal; and a second half wave transconductance

rectifier having a first input terminal, a second input terminal, and an output terminal;
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[0158] In one enbodi nent, when the denodul ator is operated in controllable
wei ght anplitude frequency shift keying (CWAFSK) node, the nbde control
unit may we 2athaps®@d t o coupl e an output term nal of thepCrasgaesmyoshi ft
keyi ng denodul ating unit to an input termnal of the slicer. [0159] In one
enbodi nent, when the denodul ator is operated in the anplitude shift keying
(ASK) node, the node control unit nay be adapted to coupl e the output

term nal of the anplitude shift keying denodul ating unit to the input

termnal of the slicer and to tivate the fre ue shift Kkeyin
Hombtur at pstan e SO B CRah S Bh 5 Ml e HESShAS r geiF Way

dempdul ating unit may include a rectifier and a filter, an input ternlnal

of the filcparledis thy seeond iarpt igmina! ofi ths recandrhaifupvedransepndpetanqerrpetifien 0161]
I'n one enbodinent, the rectifier of the anplitude shift keying denodul ating
unit may éeeeid thielsesqad npus trinfriabef thi 6itss half Wave nanseonsludianesutectifidrenaydet i fi er
of the anplitude shift keying denodul ator may include a first half wave

t ransconduct@eat® thebitst inpet tehainahof the $dcosd halfipute trarsoomiattané reeiftantandnput
termnal, and an output termnal; and a second half wave transconductance

rectifier whamimgheloitpliStermiialiof ey Aisddlalf WwaveetatGoridupdhed ?Hcﬁﬁ&ah],a%r aed an
output termnal;wherein the first input termnal of the first half wave

transcondusﬁ;ﬁw@ th€6dtpiht EmiRESf BR s@«%ﬁ@'h‘ﬁﬁv&a@e%ﬁsc@ﬁ‘m%cé PRHFed €7 m nal  of
the second hal f wave transconductance rectifier; wherein the second input

term nal ?616% € Thioak e&%bélﬁ@ﬂff,’ ﬁletﬁéﬂ?a‘?ﬂ{)%)é a?x%l%ﬁdﬁc‘?ﬁc%fréc‘?ﬁhe}‘g%% BRnfauP! ed

to the fi nput ternlna the secon ve transco tance

rectlfler re n. t t n f the first ha
transcon duc sralg% Xy ecz%nS}s ?Mql{ R%gg ﬁrsmo f%urtl? current source EIA to h)) a polanzed

capacitor (C,;) and a resistor (R);. wherein the first transistor (M1) may include a gate
terminal operable as the first input terminal of the first half wave transconductance
rectifier, a source terminal coupled to a drain terminal of the sixth transistor (M6), and a
drain terminal coupled to a gate terminal of the fifth transistor (M5) and an input terminal
of the third current source (Ic); wherein the second» transistor (M2) may include a gate
terminal operable as the second input terminal of the first half wave transconductance
rectifier, a source terminal coupled to an output terminal of the second current source (Ig)
| and a drain terminal of the third transistor (M3), and a drain terminal coupled to a gate
terminal of the third transistor (M3), a gate terminal of the fourth transistor (M4), an
input terminal of the first current source (In); wherein the third transistor (M3) may
include a source terminal coupled to ground, a source terminal of the fourth transistor
(M4), a drain terminal of the fifth transistor (M5), an output terminal of the first current
source (Ia) and an output terminal of the third current source (Ic); wherein the fourth
transistor (M4) may include a drain terminal operable as the output terminal of the first

half wave transconductance rectifier; wherein the fifth transistor (M5) may include a
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coupled to the output terminal of the second half wave transconductance
rectifier. [0163] In one enbodi nent, the first half wave transconductance
rectifi erwomyioossdsude a first to sixth transistor (M tecWBGom/obizwet to
fourth current source (IAto ID), a polarized capacitor (C]) and a resistor
(R); wherein the first transistor (M) may include a gate term nal operable
as the first input termnal of the first half wave transconductance
rectifier, a source termnal coupled to a drain term nal of the sixth
tranS|stor (MB), and a drain termnal coupled to a gate term nal of the
fifth trafeies rmmobsoupied taa gate eamipd Pﬁi‘r?aﬂl"tbfﬁaﬂﬁ@% AMI6)elan putpatiernaiggl ce
(lIc); wherein the second transistor (M) may include a gate term nal

oper abl e &§ thenfougthcwrrdnt soprse (Iroramdreahegefive pelafifyrend ofathe pakaviged capacitor
transconductance rectifier, a source termnal coupled to an output term nal
of the sefOpdwbercinahe sixmxraneis(ok BY16 amdy énctirdaiarsotiee mermidal odupilédetotasupply
transistor (M3), and a drain termnal coupled to a gate term nal of the

third tranrsitsdest thd/Byst half gave rheycthditaned rdctified anlidpat tenansi 5t e seddhd, an
input termnal of the first current source (1A ; wherein the third

transi st oty fdfR)sollRY (I)C bt Gipuf tHRIME Of RS ol clrRAPL&Hcd PRy 'ldpos?tlv%our ce
termnal of the fourt tranS|stor (M4), a drain termnal of the fi

t t and an
oot cr A U AP LA L ST TS e

t t may 1.0 de. a.dr r s th

erm nal SRoLRs e Puet i B b A seBS Rt BB FRai e A A e, e
fiftht t I d t | .coupled to a gate
FENE e et e pie il
current source (1 D) and a negative polarity end of the polarized capacitor
(Cl) ; whéM&th tHe ajiey erabadingpng &eofece%)ha}#a\yaventﬂrwa@ld&ctém Eestifigh mapa|

coupled to a supply voltage of the first half wave transconductance
rectifi er incldejanfiygt tot sexthitnangistef (Mhéo Még.onfirst to fourth current source (I to Ip), a

polarized capacitor (C,) and a resistor (R); wherein the first transistor (M1) may include a
gate terminal operable as the first input terminal of the secénd half wave
transconductance rectifier, a source terminal coupled to a drain terminal of the sixth
transistor (M6), and a drain terminal coupled to a gate terminal of the fifth transistor (M5)
and an input terminal of the third current source (I¢); wherein the second transistor (M2)
may include a gate terminal operable as the second input terminal of the second half
wave transconductance rectifier, a source terminal coupled to an output terminal of the
second current source (Ig) and a drain terminal of the third transistor (M3), and a drain
terminal coupled to a gate terminal of the third transistor (M3), a gate terminal of the
fourth transistor (M4), an input terminal of the first current source (I); wherein the third
transistor (M3) may include a source terminal coupled to ground, a source terminal of the
fourth transistor (M4), a drain terminal of the fifth transistor (MS5), an output terminal of

the first current source (In) and an output terminal of the third current source (I¢);
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current source (I1B), an input termnal of the fourth current source (ID)
and a positive polarity end of the polarized capacitor (C); and wherein

t he resi sworo{oRB3088y be coupl ed between the source ter mpoaisGaosioneseh i r st
transistor (M) and the drain termnal of the third transistor (M3) and
coupled to the source term nal of the second transistor (M2). [0164] In one
enbodi nent, the second half wave transconductance rectifier may include a
first to sixth transistor (M to M6), a first to fourth current source (IA
to ID), a polarized capacitor (G ) and a resistor (Rz; wherein the first
transi st owheivin theefpuitin tlansgion(M4x may énclridezd drapeteabingl aperattle as itheseutpyiput
term nal of the second half wave transconductance rectifier, a source
term nal complabdf the secerdhalf wevenrastomiictiive wcudidr; wheresi gie difth viisistaand a
drain term nal coupled to a gate termnal of the fifth transistor (M) and

an input (eBY R inflhdé Aeohiite reénfindl rdiples @bl aCeatd keminaMog s ixibhease@nd
transistor (M2) may include a gate term nal operable as the second i nput

term nal o6} BR ARHPRANGE] bf MOUAN LhREH SOREY! Ca i@tV pShrity3nd OPHEE
term nal gglu?o’l ec? {t%g an out put term nal of tﬁ%ﬁi}gcon éurl? enﬁtl ysgur ce (1B)

and a drai QlaI‘i?Jdm;aB?éito?EC Q?\%h#r@iinrtﬁie gl%@?%h?&t%f’ gﬁd%’f)n’ay %(ﬁ agsrogl-i‘c@ téx‘?r[imlnal

coupledtgagate ermn of the t transi stor ate term nal of
the fourth transistor %a ap.,i nput .tersnal _of taefirst rrent source
() ¢ Bt BESRDHF s AL e CErong Bl WaF eRescpde s Btk ek
coupled to gro ng a soyrce term n% of the fourth trapsistor (Mi), a drain
t er mi nal Eﬁ’mﬂ‘?go fhespcqnd ghereRt gpTee },ana‘HP‘HJFIBUPaltOthﬁ‘? ﬁ)élrt SN SOPIF st
current source (1A) and an output term nal of the third current source
(1¢c); wher éiphancha pPetive Rolprrradf dhe polarjzedeppaciter (fe: apddwherainethe Resisiar
operable as the output termnal of the second half wave transconductance
rectifier (Riwnay b¢ poupled Hetwedn the sqwsiesemringl v therhsst fransistard VH ) god theddraiar i nal
coupled to a gate terminal of the sixth transistor

terminal of the third transistor (M3) and coupled to the source terminal of the second

transistor (M2).

[0165] In one embodiment, the rectifier of the amplitude shift keying demodulator

may further include a load resistor and a load current source.

[0166] In one embodiment, a first end of the load resistor may be coupled to a supply

voltage of the rectifier; wherein the output terminal of the first half wave

transconductance rectifier and the output terminal of the second half wave

transconductance rectifier may be coupled to a second end of the load resistor and an

input terminal of the load current source; wherein an output terminal of the load current

source may be coupled to ground.

[0167] In one embodiment, the output terminal of the first half wave

transconductance rectifier and the output terminal of the second half wave

transconductance rectifier may be coupled to the input terminal of the filter of the

amplitude shift keying demodulating unit.
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(M), an output termnal of a fourth current source (ID) and a negative
polarity end of the polarized capacitor (G ); wherein the sixth transistor
(M) may wocbidss@mosource term nal coupled to a supply vortsagersebozshne
second half wave transconductance rectifier, an input term nal of the
second current source (IB), an input termnal of the fourth current source
(ID) and a positive polarity end of the polarized capacitor (Cl) ; and
wherein the resistor (R) may be coupl ed between the source term nal of the
first transistor (M) and the drain termnal_ of the third transjstor (M)
and coupl &68b t He ose embedimentathedfiltes of theampliswlecshifi kgyingsdamodulwing und165) " | n
one enbodi nent, the rectifier of the anplitude shift keying denodul ator may
further i nalybdalewlpessdilreesi stor and a | oad current source. [0166] In one
enbodi ment, a first end of the | oad resistor nay be coupled to a supply

vol t age ofo1i6BE r dfitoné iefibpdindear, @ihen tiledandduldtort ie roperael infthd freqiencysshifial f
wave transconductance rectifier and the output term nal of the second half

vwave trangeand HIaNaedd, @l hbdefoniBy ulie nfag bela8sbtePtoicoupleamdowtpl temindle | oad
resistor and an input termnal of the |oad current source; wherein an

out put t ﬁ%g}cﬂ%an%% fendy ik G@YinG WehftdhlaBifY ru]flﬁ T8Ne Bpuf %‘ﬂlhx?fi of Shd5IRAdo [ 0167]

In one e tthe output termnal "of the first ha wave

eSO 08 S Lol P SR S, By d peoSaapdiyf vave

t ranscond rectirier may coupl e e | nput rmna

erbodi menéiEndapRie e reg e pad S R ECaR A EFHE! tfodul ac i ng unit may
be a | ow pass filter. ) . : . .

0170 In one embodiment, the frequency shift keying demodulating unit may further
include a zero-crossing detector, an output terminal of the zero-crossing detector being
coupled to an input terminal of the pulse-width modulator.

[0171] In one embodiment, the zero-crossing detector of the frequency shift keying
demodulator may be operable in a first accuracy mode and a second accuracy mode.

[0172] In one embodiment, in the first accuracy mode, the zero-crossing detector may
use a filter bank; a first comparator having a first input terminal of the first comparator
coupled to a first output terminal of tﬁe filter bank, a second input terminal of the first
comparator coupled to a second output terminal of the filter bank, and an output terminal;
a second comparator having a first input terminal of the second comparator coupled to a
third output terminal of the filter bank, a second input terminal of the second comparator
coupled to a fourth output terminal of the filter bank, and an output terminal; and a XOR
gate having a first input terminal coupled to the output terminal of the first comparator

and a second input terminal coupled to the output terminal of the second comparator.

[0173] In one embodiment, the filter bank may be a two-stage poly phase filter.
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[0169] In one enbodi nent, when the denodul ator is operated in the frequency
shift keying (FSK) node, the node control unit nmay be adapted to couple an
out put t ewoi2nel038f80t he frequency shift keyi ng denodul at iPRE/SGROUS/0DEB60 he
input termnal of the sheer, to deactivate the anplitude shift keying
denodul ating unit, and to set a pulse-width control signal supplied to the
pul se-wi dt h nodul ator to a suitable constant value. [0170] In one

enbodi ment, the frequency shift keying denodulating unit may further

i ncl ude a -crpossing . detectar, an oufput term pal of the zero-crossing
det ect or déﬁ#@ c p‘?"&F%Ptl?%H‘PF‘ﬁt’rde}t‘e TEEPRH ARCHTAGY TRAfS: IS LSE- GoRTe At or
[0171] In one enbodi nent, the zero-crossing detector of the frequency shift
keyi ng der#AYulsst By ingigpt Bhasg salculgios apg, ap aﬂla%gttoaz}éwr ) ceBYRsteRMAR QUIBMC ond
accuracy node. [0172] In one enbodinent, in the first accuracy node, the
zer o- cr os $¢rmgnal of dut wstanfephasssalculdtor heang trapled ta ahiinwit tgonpad o theranalegi ng a
first input termnal of the first conparator coupled to a first output

term nal o ptlbetriinlcbmvertoank, a second i nput termnal of the first
conpar at or coupled to a second output termnal of the filter bank, and an

out put tenei?gl ; A ¢iRGMYddLRRahéidtanh plvis® Galdullator Shay NEMle b €1t Balk; af the
second conparator coupled to a third output termnal of the filter bank, a

second i Nt aREdFhBR o Havidie SRERAPE &Hﬁiﬁﬂr&hﬁfed%umrﬂq}ufgﬁn Ferm@l bPRUT put
termnal of the filter bank, and an output term nal; and a XOR gate having

a first il laahagz,r T503hd &%upleﬁﬂmspc&hﬁg? ok 9%}6:1& Sﬁtgh{‘%léni%lt&ggﬁe fildr Phnk

conpar at or an second rnput ter coupled t t termndl of

e second Gl Bt 3/ Shis 50 SRS A bl MR TRN °° °

T 8y D B b oS0 S bk 558 o
the filter bank, and an output terminal; a peak detector having a first input terminal
coupled to the third output terminal of the filter bank, a second input terminal coupled to
the fourth output terminal of the filter bank, and an output terminal; a valley detector
having a first input terminal coupled to the third output terminal of the filter bank, a
second input terminal coupled to the fourth output terminal of the filter bank, and an
output terminal; a second transconductor having a first input terminal coupled to the
output terminal of the peak d;atector, a second input terminal coupled to the output
terminal of the valley detector, and an output terminal; a summing device having a first
input terminal coupled to the output terminal of the rectifier, a second input terminal
coupled to the output terminal of the second transconductor, and an output terminal; a
scaling device having a first input terminal coupled to the output terminal of the summing
device, a second input terminal coupled to the output terminal of the first transconductor,
and an output terminal; and a transimpedance amplifier having an input terminal coupled

to the output terminal of the scaling device.
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term nal of the instant phase cal cul ator being coupled to an input term nal
of the analog to pulse train converter. [0175] In one enbodi nent, the

i nstant pheeiwmsbasal at or may include a filter bank; a fiPCcsisGRomms@snduct or
having a first input termnal coupled to a first output term nal of the
filter bank, a second input termnal coupled to a second output term nal of
the filter bank, and an output termnal; a rectifier having a first input
terminal coupled to a third output termnal of the filter bank, a second
input termnal coupled to a fourth output termnal of the filter bank, and
an out put [@¥Ei6ki nalin;ong epbedimgat, getfdter hank may be 4 twosstagaunly phasediltanl coupl ed
to the third output termnal of the filter bank, a second input term nal
coupl ed t 0¥ f dorerie embglimentetid sahmafg dévaced nlayele bdapked Bndombinewnput
termnal; a valley detector having a first input term nal coupled to the

t hi rd out putput sigil 6athe @éctifieearid dntutpud sighal of tisaosid tianpetindtaomi nal coupl ed
to the fourth output termnal of the filter bank, and an output termnal; a
second t rmﬁndqﬁt&fe didbodiferd, the s8ilidg N tcet BEyTbO Alagti@H R 8ideCarl Hgtp@Ut put
term nal of the peak detector, a second input term nal coupled to the

out put  t el Bile Y fifst¥an¥@rldEo ﬁﬁxﬁﬁut sﬁ#gl ﬁﬂh@%l{x}xgl-ﬂgétd%&i%”a'i a summ ng

device having a first input ter coupled to tput termnal of the
fEChIbRer ’01879iecolgdonle %&%%gi%%ﬂ‘a’xl%!um% Yol Gk to? _tﬁeht?an%hl{l;peldgné LA, Lol the
second transcbnductor, and an’output termnal; a scaling GeViice hav ng a
first input termnal coupled to.the output term nal of the sunm ng device,
a second ﬁﬁﬁﬂ\tpl‘%geﬁwapmémvaé&% PREE SUPWET TPBFRYFRF of the first
transconductor, and an gu{%put term nal ; and a transi npedance anplifier

havi ng an[9%9Lt tlB8oRs FRPOLBSE: E apslog fRPYih iR covvererpy Hrcludge plyalityng

device.[0176] In one enbodinent, the filter bank may be a two-stage poly
phase fi | PEfesistors connected in series, wherein the number of resistors may be odd; a plurality

of comparators, each comparator having a first input terminal coupled to the output
terminal of the transimpedance amplifier and a second input terminal coupled to an
individual connection connecting two adjacent resistors of the plurality of resistors, and
an output terminal; a plurality of XOR gates, each XOR gate having two input terminals
and one output terminal, wherein the two input terminals of each XOR gate are coupled
to outputs of two adjacent comparators; an OR gate, each input terminal of which being
coupled to the output terminal of one of the plurality of XOR gates.

[0181] In one embodiment, when a further resistor is connected to the plurality of
resistors in series, the analog to pulse train converter may further include a further
comparator having a first input terminal coupled to the output terminal of the
transimpedance amplifier and a second input terminal coupled to a further connection
connecting the further resistor and an adjacent resistor.

[0182] In one embodiment, an output terminal of the further comparator may be

coupled to the input terminal of the OR gate.
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[0177] In one enbodi nent, the sunm ng device may be adapted to conbi ne an
out put signal of the rectifier and an output signal of the second

t r anscondwot2010/03p3878] 1 n one enbodi nent, the scaling decrse20myodsso adapt ed
to divide an output signal of the first transconductor by an output signal
of the summ ng device. [0179] In one enbodi nent, an output term nal of the
transi npedance anplifier may be coupled to the input term nal of the anal og
to pulse train converter. [0180] In one enbodiment, the analog to pul se
train converter may include a plurality of resistors connected in series,
wher ei n t {83Lnbdn on¢ embedinent; therfrppuency shidt keying damgdulajing fini¢ oy dbghesr s

each conparator having a first input termnal coupled to the output

term nal ofcludea filteami inpetdemdeal affjthe filtezbenugdoaplsd tothe outymtitermarahbfithe
coupled to an individual connection connecting two adjacent resistors of

t he pl ur apulsetwidth idlubite@r s, and an output terminal; a plurality of XOR
gates, each XOR gate having two input term nals and one output term nal,

wherein t [ash\o inBH erh%crnn@@tl the HiteLRGPbEPRDWHLS fillef coupl ed to outputs of
two adj acent conparators; OR gate, each input ternlnal of which being

coupl ed t ﬁ?ﬁg%%e%ﬁggqmﬁt e BOReHiathoBhidoR hiy vef 325331&,@{ egy [0181]

In one e urther esistor IS connecte ity of

resistors i he an ain nverter may further
i ncl ude adligf} lt %‘F Clrcm% %rr°§ at ﬁg}\’ﬁr eg&m}?bease{ o1 Sho?mfcur“m nal coupled to the

coupl od ¢ IR0 3%eﬁxg%ahw@ﬂ%%ngpeda”ﬁsﬁ?ﬁau@#i% GPrmEe Shaet v hinR oy

adj acent resjstor. [0182] .In one enbodi nent, an output term nal of the
furt her C%‘ﬁﬁléﬁ‘lg? (gyequb@lft keying (DC-AFSK) mode, the mode control unit may be

adapted to couple the output terminal of the amplitude shift keying demodulating unit and
the output terminal of the frequency shift keying demodulating unit to the input terminal
of the slicer, and to set the pulse-width control signal supplied to the pulse-width
modulator to a suitable constant value. |

[0187] In one embodiment, a modulator-demodulator may include a modulator as

described above; and a demodulator as described above.
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coupled to the input termnal of the OR gate.[0183] In one enbodi nent, the
frequency shift keying denodul ating unit may further include a filter, an

i nput t erwonalo/@Bosbhe filter being coupled to the outpurcrscriosaboed the
pul se-wi dt h nodul ator. [0184] In one enbodinent, the filter nay be a | ow
pass filter. [0185] In one enbodi ment, the pul se-w dth nodul ator may be

i npl emented by digital logic circuit or capacitor charge punp based one
shot circuit. [0186] In one enbodi nent, when the denodul ator is operated in
t he dual channel anplitude frequency shift keying (DC- AFSK) node, the node
control uﬁwﬂﬂﬁay be adapted to couple the output termnal of the anplitude
shift keying denodul ating unit and the output term nal of the frequency
shift keying denodulating unit to the input terminal of the slicer, and to
set the pulse-width control signal supplied to the pul se-wi dth nodulator to
a suitabl dVicomsdlamedvsal ue. [ 0187] I n one enbodi nent, a

nodul at or - denpodul at or may i ncl ude a nodul ator as descri bed above; and a
denodul at or as descri bed above.C ains What is clainmed is: 1. A nodul ator
conprising: a first internedi ate signal processing path adapted to route a
first internmediaghSadit@mprRingecond internedi ate signal processing path
adapted to route a second internediate signal; a first anplifier coupled

into the first,intenppdiake @ngpﬁ'}ocpgsﬁx%eﬁa?ﬂ ggap?&f B route a first intermediate

signal,;

a second intermediate signal processing path adapted to route a second
intermediate signal;

a first amplifier coupled into the first intermediate signal processing path;

a second amplifier coupled into the second intermediate signal processing path;
and

a chopper circuit coupled into the first intermediate signal processing path;

wherein the chopper circuit is adapted to process the first intermediate signal in
dependence on first baseband data;

wherein the first amplifier is adapted to amplify the ﬁrst intermediate signal
processed by the chopper circuit in dependence on second baseband data; and

wherein the second amplifier is adapted to amplify the second intermediate signal

in dependence on the second baseband data.
2. The modulator of claim 1,

wherein the modulator is adapted to operate in different modes of modulation in

dependence on the first baseband data and the second baseband data.
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a second anplifier coupled into the second internedi ate signal processing
path; and a chopper circuit coupled into the first internedi ate signal
processi ngopatam33osher ei n the chopper circuit is adaptedPCo/SERas®86360 he
first intermedi ate signal in dependence on first baseband data; wherein the
first anplifier is adapted to anplify the first internediate signa
processed by the chopper circuit in dependence on second baseband data; and
wherein the second anplifier is adapted to anplify the second internediate
signal in dependence on the second baseband data. 2. The nodul ator of claim
1, wherein the nodulator is adapted to operate in different nodes of

nndulatioa in gﬁgen e g& gq %ﬂ? first baseband data and the second baseband
data. 3. THe nodlf IOSFHaEY L8 +2, wherein the nodes of nodul ati on conprise

one or nore of grouyp consi sting of anplitude shift keying (ASK) npde,
frequency shif W%R@V} ﬁl@ neqf%k))? Weegl,atl%?ﬂmmspm &r farg At 2 gryPiccnd¥ e dquency
shift keying (CWAFSK) node, and dual channel anplitude frequency shift
keyi ng (Dampimgy shlseying (APE) medel Heavener shiftdeming, (FRKe megds, conteadlablge
nodul ator is operated in the anplitude shift keying (ASK) node, the first
baseband daight raplimde fregueany shifilkeping <CWFAESKD dnddas ovd difal caanetmnpliordes,
wherei n, when the nodulator is operated in the frequency shift keying (FSK)
frequency shift keying (DC-AFSK) mode.

4. The modulator of claim 3,
wherein, when the modulator is operated in the amplitude shift keying (ASK)

mode, the first baseband data has a constant value.

5. The modulator of claims 3 or 4,
wherein, when the modulator is operated in the frequency shift keying (FSK)

mode, the second baseband data has a constant value.
6. The modulator of any one of claims 3 to 5,

wherein, when the modulator is operated in the controllable weight amplitude
frequency shift keying (CW-AFSK) mode, the first baseband data and the second

baseband data are the same or are provided by one message source.

7. The modulator of any one of claims 3 to 6,
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node, the second baseband data has a constant value. 6. The nodul ator of
any one of clains 3 to 5, wherein, when the nodul ator is operated in the
cont rol | alwbeowai3gisd anpl it ude frequency shift keying (CACRSESR)0SwoEe) t he
first baseband data and the second baseband data are the sane or are

provi ded by one nessage source. 7. The nodul ator of any one of clains 3 to
6, wherei n, when the nodulator is operated in the dual channel anplitude
frequency shift keying (DC AFSK) node, the first baseband data and the

second baseband ,data have, different val ues or rovi de WO nessage
sources respectYRFER, When t%‘é‘oﬂﬁﬁ'ﬂf BiwFra gq% lﬁrﬁlgﬁ ‘g‘ﬁg g aé?‘ﬂ‘ﬁ“‘% f’%‘?51“?“"3’\/\,her ein
the first baseband data has a _val ue of 1 or he nodul at or of any one

of cl ai s Shift keyang &RGrPeESrK)tlﬁed%é%ﬁastw&g@B%éa@a%né ths§e@neiabaa@>aa¢ datagy ~ . 1,

10. The nodul ator of any one of clainms 1 to 9, wherein the first baseband
data i s bdgebdifigrent eadursroe pregipyideddesyiwpgmergage sonrres fEgechveld! at or of any one
of clains 1 to 10, wherein the second baseband data is baseband anplitude
shift keying data. 12. The nodul ator of any one of clains 1 to 11, wherein
t he chopper circuit is a differential binary phase shift keying nodul ator.

13. The nmgdul atThe nlduBiy ofaey &fe oflcRim®1 10 1,0 12, wherein the first
i nternmedi ate signal processing path conprises a first filter, an out put

term nal of thevhueﬁrsﬁxefﬂrétwgebmimaﬁéatwaﬁfwfq @DLinput terminal of the
chopper circuit.14. The nodul ator of claim 13,

9. The modulator of any one of claims 1 to 8,

wherein the second baseband data has a value of 1 or -1.

10. The modulator of any one of claims 1 to 9,

wherein the first baseband data is baseband frequency shift keying data.

11. The modulator of any one of claims 1 t010,

wherein the second baseband data is baseband amplitude shift keying data.

12. The modulator of any one of claims 1 to 11,

wherein the chopper circuit is a differential binary phase shift keying modulator.
13.  The modulator of any one of claims 1 to 12,

wherein the first intermediate signal processing path comprises a first filter, an

output terminal of the first filter being coupled to an input terminal of the chopper circuit.
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wherein the first filter is a low pass filter. 15. The nodul ator of any one
of clains 1 to 14, wherein the second internedi ate signal processing path
conpri seswe 2maaB@of i | ter, an output term nal of the seeowmdchodsioessstei ng
coupled to an input terminal of the second anplifier. 16. The nodul ator of
claim 15, wherein the second filter is a low pass filter. 17. The nodul at or
of any one of clains 13 to 16, further conprising a frequency divider, a
first output term nal of the frequency divider being coupled to an input
termnal of the first filéerd nd a second output term nal of the frequency
di vi der bdfng dbeaprodnlaias obfaimhbit terminal of the second filter. 18. The
nmodul ator of claim 17, wherein the fre?uency divider is a current node

| ogi ¢ nodul ar - ¥hevegyihe fiess filtevis gdow passdilerf 1 i p fl op frequency divider, the
current node | ogic nodul ar-2 frequency divider or the Dflip flop frequency
di vider being adapted to provide quadrature conplenentary (positive and
negative) outputs. 19. The nodul ator of any one of clains 1 to 18, wherein

t he first 16nt eThediodhlatosiofasy onerofclaisd h pt h i ncludes a first scaling
device coupled to an output termnal of the first anplifier, the first

scal i ng devi ce wherelthe d8dn@ dntbrinedfadd fgridl rdceishig path Esmprikesh Qedond Tier,
anplified by the first anplifier. 20. The nodulator of claim19, wherein

L Ce First o8 oolpuM@ndfMl 6€the SeaABMIRA blifg L6@18d td'8n (dphblenhMbrbMhEis8lsnds! gnal

amplifier.

16. The modulator of claim 15,

wherein the second filter is a low pass filter.

17.  The modulator of any one of claims 13 to 16,
further comprising a frequency divider, a first output terminal of the frequency
divider being coupled to an input terminal of the first filter, and a second output terminal

of the frequency divider being coupled to an input terminal of the second filter.

18. The modulator of claim 17,

wherein the frequency divider is a current mode logic modular-2 frequency
divider or a D flip flop frequency divider, the current mode logic modular-2 frequency
divider or the D flip flop frequency divider being adapted to provide quadrature

complementary (positive and negative) outputs.

19.  The modulator of any one of claims 1 to 18,
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mul tiplying the first internediate signal with an input signal received by
the first scaling device. 21. The nodul ator of clainms 19 or 20, wherein the
first scavongiomssissce is a first output of a quadrature lpozaiGasmodisat or .

22. The nodul ator of any one of clains 1 to 21, wherein the second

i nternedi ate signal processing path includes a second scaling device
coupled to an output term nal of the second anplifier, the second scaling
devi ce being adapted to scale the second internediate signal anplified by
the second anplifier. 23. The nodul ator of claim 22, wherein the second
scal i ng devi cewhsreadalpt st tintesuediate tshgnak eransssing) pethnimdludese asfigh stalimg

mul tiplying the second internediate signal with an input signal received by
t he secondedcatoupipdde\ancmtpu? dermirad ofrdtufirat ampliffer,cthaififs sedingrde2ize Wwempei n t he
second scaling device is a second out put of the quadrature |ocal

osci | | at oadapt&l to 5bde fRRAUtah@mdiatesignd Athplfie® baineHirdAniphifidd, further
conprising a sunmm ng device coupled to an output termnal of the first

scal ing device and an output term nal of the second scaling device, the
summi ng devi ce being adapted to.conbine the first internediate signa

scal ed by,khe ce and the second internedi ate signa
scal ed by 2?he ggi%% Eéggkpaaﬂgg%lce 26. The nodul ator of claim25, wherein

a conblnatlon of the, fi

Whereth the first sca{lfrlltgei\irermdl al t%:(li gonsaclaleatﬂd LGS & nta?li)madl ate

vice 1s adap first intermediate sign.
multiplying the first intermediate signal with an input signal received by the first scaling

device.

21. The modulator of claims 19 or 20,

wherein the first scaling device is a first output of a quadrature local oscillator.

22.  The modulator of any one of claims 1 to 21,
wherein the second intermediate signal processing path includes a second scaling
device coupled to an output terminal of the second amplifier, the second scaling device

being adapted to scale the second intermediate signal amplified by the second amplifier.

23. The modulator of claim 22,
wherein the second scaling device is adapted to scale the second intermediate
signal by multiplying the second intermediate signal with an input signal received by the

second scaling device.

24. The modulator of claims 22 or 23,
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signal fornms a nodul ated signal. 27. The nodul ator of clains 25 or 26,
wherein an output term nal of the sunm ng device is coupled to an input
term nal wb 201003980 anplifier, the power anplifier bei ngcadapbmabodzso anplify
t he nodul ated signal. 28. A denodul ator conprising: an anplitude

denodul ati ng path adapted to route a carrier signal; a frequency

denodul ati ng path adapted to route the sane carrier signal; a node control
unit coupled to an output term nal of the anplitude denodul ati ng path and
an out put term nal of the frequency denodul ati ng path; and a pul se-wi dth
modul at or coupmdbdreimthe sdsend sedjog rdeyicd asrmdstcend ogtpph oh theh quasiratutehlocalode
control unit is adapted to control different nodes of denodul ation; and
wher ei n, ‘ohdiatbhe denodul ator is operated in a controll able wei ght
anplitude frequency shift keying (CWAFSK) node, the node control unit is
adapted to control the pulse-width of the pul se-width nodulator in
dependence on an out put signal of the anplitude denodul ating path. 29. The

denmodul at g5 of THL #loBuRRr oM Giledf ERfn@[PHoiqude denpdul ating path conprises
an anplitude shift keying denmodul ating unit, an output term nal of the

anplitude shif Lo cQu er m nal
of the node coh@grc P?ﬁﬂgg%@h{ g%génug%fuf&? wagtgf&c&tﬁ?{mé%gﬁ dtﬂtﬁ‘ytﬁ\f\%er ein
the Trequengy, deRdul fhl DooRALILSA TS 82 08a SLBHY FOGYe S LimiEY Mice

being adapted to combine the first intermediate signal scaled by the first scaling device

and the second intermediate signal scaled by the second scaling device.

26. The modulator of claim 25,
wherein a combination of the first intermediate signal and the second intermediate

signal forms a modulated signal.

27. The modulator of claims 25 or 26,
wherein an output terminal of the summing device is coupled to an input terminal

of a power amplifier, the power amplifier being adapted to amplify the modulated signal.

28. A demodulator comprising:

an amplitude demodulating path adapted to route a carrier signal;

a frequency demodulating path adapted to route the same carrier signal;

a mode control unit coupled to an output terminal of the amplitude demodulating
path and an output terminal of the frequency demodulating path; and

a pulse-width modulator coupled into the frequency demodulating path;
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denodul ating unit, the frequency shift keying denodul ating unit conprising
the pul sewi dth nodul ator. 31. The denodul ator of any one of clains 28 to
30, furth&o2200om38i88i ng a sheer coupled to an out put ter RCESIG2a08/00¢360 Node
control unit. 32. The denodul ator of claim 31, wherein the slicer has an
efficient DC offset canceller, a peak detector and a valley detector;
wherein the efficient DC offset canceller is inplenented based on DC of fset
cancel l ation | oop (DC of fset feedback | oop) or inplenmented based on

dynam cally setting a threshold of the slicer to a nean _value of an input
signal of the dyhersdn :thgnmpds ropkiel upKuts adapied tof cantrel oJifferspt jmodesfl i ed t o
the peak detector and the valley detector; and wherein the nean val ue of

t he i nput dsmgdelptiast ande slicer is an average signal of an output of the
peak detector and an output of the valley detector. 33. The denodul at or of
any one of cl awlered8 wien3®¢ detmedeliator isvoperatethen cecroainollalile rwdight yperlinided i n
control | abl e wei ght anplitude frequency shift keying (CWAFSK) node, the
mode cont feuetidy shifiskesthg T ARSKY ntvde e thode bty udR Y4 &Rpied t6 esiftioY thet he

out put signal of the anplitude denodul ating path, to scaFe t he out put

si gnal of phize-vadmh! bt HdepdRIRRIN %ddﬂutd@aihhde?eﬁhehee 4PR] Yulphe szaal Ut put
signal of the anplitude denodul ating path to the pul se-w dt h nodul ator, the

pul se-wi dt.h af.qdt REmBalISG WM h modul ator being controlled by the scal ed
out put signgp o% ?ﬁe angﬁﬁ%hde denodul ati ng path.
29. The demodulator of claim 28,
wherein the amplitude demodulating path comprises an amplitude shift keying
demodulating unit, an output terminal of the amplitude shift keying demodulating unit

being coupled to an input terminal of the mode control unit.

30. The demodulator of claims 28 or 29,
wherein the frequency demodulating path comprises a frequency shift keying
demodulating unit, the frequency shift keying demodulating unit comprising the pulse-

width modulator.

31.  The demodulator of any one of claims 28 to 30,

further comprising a slicer coupled to an output terminal of the mode control unit.
32. The demodulator of claim 31,

wherein the slicer has an efficient DC offset canceller, a peak detector and a

valley detector;
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34. The denodul ator of claim 33, wherein the scaling device is adapted to
scal e the output signal of the anplitude denodul ati ng path by nultiplying

t he out puwogmabosof the anplitude denodul ati ng path w PtoTaceasionesso si gnal
recei ved by the scaling device. 35. The denodul at or of any one of clains 28
to 34,wherein the nodes of denodul ation further conprise one or nore of a
group consisting of anplitude shift keying (ASK) node, frequency shift
keyi ng (FSK) node, and dual channel anplitude frequency shift keying

(DC- AFSK) node. 36. The denodul ator of any one of clainms 28 to 35, wherein,
when the denodifthstest theselfigiont Dy offpet apgallsT i pnplementgd tbasadoen R @fBetequency
shift keying (CWAFSK) node, the node control unit is adapted to couple an
out put t ecanoglatiasf laope(DC edfsein fapdackf loole pi nyppléarented| based pnudymantieallyn i nput
term nal of the sheer. 37. The denodul ator of clains 35 or 36, wherein,
when t he dermglaklatshold of thpdicat od meantviabieafiph itpud€gsdliof thelsbydirng ( ASK) node,
the node control unit is adapted to couple the output termnal of the

anpl i tude shifwhke 0@ ApEOSphaAtfNBe Bidet i§ QuipheditoRkd ptas Bdtedadr aid thae
slicer and to deactivate the frequency shift keying denodul ating unit. 38.
The denmpdyhidyQetforCdr@d M 37, wherein the anplitude shift keying

denodul ating unit conprises a rectifier and a filter, an input term nal of

the filter bel geeaual atbohQaRl of obur' sl dithe Acet Noaf A&l Rhal it The

denodul at or of
output of the peak detector and an output of the valley detector.

33. The demodulator of any one of claims 28 to 32,

wherein, when the demodulator is operated in controllable weight amplitude
frequency shift keying (CW-AFSK) mode, the mode control unit is adapted to provide a
scaling device to receive the output signal of the amplitude demodulating path, to scale
the output signal of the amplitude demodulating path and to supply the scaled output
signal of the amplitude demodulating path to the pulse-width modulator, the pulse-width
of the pulse-width modulator being controlled by the scaled output signal of the

amplitude demodulating path.
34. The demodulator of claim 33,
wherein the scaling device is adapted to scale the output signal of the amplitude

demodulating path by multiplying the output signal of the amplitude demodulating path

with a control signal received by the scaling device.

35.  The demodulator of any one of claims 28 to 34,
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wherein the rectifier of the anplitude shift keying denodul ating unit is a
full wave rectifier.40. The denodul ator of clainms 38 or 39, wherein the
rectifi erwofotons3@mopl i t ude shift keyi ng denodul at or conprirse008@06360 st hal f
wave transconductance rectifier having a first input termnal, a second
input termnal, and an output term nal; and a second half wave
transconductance rectifier having a first input termnal, a second input
termnal, and an output termnal; wherein the first input termnal of the

first half wave .,transconductance rectifier.is coupled to the second input
terminal of ¢ ne SRR R GEdembdulsion Hbher samm e e ¢ P G { he
second input .termnal of the ftirst | ve, transcqngduyct.anc ectifier is
coupled § GOBHRIEOf Sl L iRk (ASK) PHECSBRBREST SR ka8 (FSKS fod,
transconductance rectifier; and wherein the output termnal of the first

hal f wave 2nf gwal chanmskamplitads equengyeshuft keying (HEAFSK) madeout put termi nal of

t he second hal f wave transconductance rectifier. 41. The denodul at or of
claim40, wherein the first half wave transconductance rectifier conprises
a first to sixth transistor (M to Ms), a first to fourth current source (
to 1 D), a?3pol alhzdemaedpator dfcany (oot pf daichs@8nted8dstor (R); wherein the first
transistor (M) conprises a gate termnal operable as the first
wherein, when the demodulator is operated in controllable weight amplitude
frequency shift keying (CW-AFSK) mode, the mode control unit is adapted to couple an
output terminal of the fréquency shift keying demodulating unit to an input terminal of

the slicer.

37. The demodulator of claims 35 or 36,

wherein, when the demodulator is operated in the amplitude shift keying (ASK)
mode, the mode control unit is adapted to couple the output terminal of the amplitude
shift keying demodulating unit to the input terminal of the slicer and to deactivate the

frequency shift keying demodulating unit.

38. The demodulator of claim 37,
wherein the amplitude shift keying demodulating unit comprises a rectifier and a

filter, an input terminal of the filter being coupled to an output terminal of the rectifier.
39, The demodulator of claim 38,

wherein the rectifier of the amplitude shift keying demodulating unit is a full

wave rectifier.
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input termnal of the first half wave transconductance rectifier, a source
termnal coupledto a drain termnal of the sixth transistor (Ms), and a
drai n terwonalo/zsuspl ed to a gate termnal of the fifth tcassetsomnosdb) and
an input terminal of the third current source (Ic); wherein the second
transi stor (M2) conprises a gate term nal operable as the second i nput
termnal of the first half wave transconductance rectifier, a source

term nal coupled to an output term nal of the second current source (IB)
and a drain termnal of the third transistor (M3), and a drain term nal
coupled to a gate termnal of the third transistor (M3), a gate term nal of
the fourth transistor (Md), an input termnal of the first current source
(1A ; whdbei n Thhdemhdulatot oariains 38or B4B) conpri ses a source term nal
coupled to ground, a source termnal of the fourth transistor (M4), a drain
term nal of thevhetdit thetretifiet 61 theé afpitade sHift keyipg demeduthtoptondirisedie fir st
current source (1A and an output termnal of the third current source

(I'c); wherein the fQqufrkthalffaieitahfondddance EBRESBaviRg & fifh Mhpul{einfial, a
operable as the output termnal of the first half wave transconductance

rectifier; V\’hergdoﬂdtug)%t f%&@%%ﬁﬁﬁ?bnﬁé&ﬁe%&l fQAnprises a source term nal
e Si

coupl ed to a gate t th transistor (M), an output term nal

of the fourth current so atiyv olarlt end
pol ari zed capacitor (sfﬁoflgﬁ’mé’{ag? r{a?sﬁ (@l‘:{; %”tecté\teerll?l &yigga )mpc“ég%f”i"%a s a
source term nal couBIed to a g&ﬁ voIt%?lH qf t he flrst hal f wave

t r ansconduct an@&SFORE (AUt frming ﬁ‘ﬁ?utf"é“ 8% of the second current source
(IB), an input terminal of the fourth current source (ID) and a positive
polarity end of the“heteHy fheelrst ipu ferminal of yhe HrRAK evs transcondyrtancsr (R

i s coupled between the source termnal of the first
rectifier is coupled to the second input terminal of the second half wave

transconductance rectifier;

wherein the second input terminal of the first half wave transconductance
rectifier is coupled to the first input terminal of the second half wave
transconductance rectifier; and

wherein the output terminal of the first half wave transconductance
rectifier is coupled to the output terminal of the second half wave

transconductance rectifier.

41. The demodulator of claim 40,

wherein the first half wave transconductance rectifier comprises a first to sixth
transistor (M1 to M6), a first to fourth current source (I to Ip), a polarized capacitor (C,)
and a resistor (R);

wherein the first transistor (M1) comprises a gate terminal operable as the first

input terminal of the first half wave transconductance rectifier, a source terminal coupled
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transistor (M) and the drain termnal of the third transistor (M3) and
coupled to the source termnal of the second transistor (M2). 42. The
denodul atwo 20fo/sb@ons 40 or 41, wherein the second hal f Pea®€&2008/000360
transconductance rectifier conprises a first to sixth transistor (M to
M6), a first to fourth current source (IAto ID), a polarized capacitor
(Cl) and a resistor (R); wherein the first transistor (M) conprises a gate
term nal operable as the first input term nal of the second half wave
transconductance rectifier, a source termnal coupled to a drain term nal
of the sixeh drmartmmdrof(th@)mﬂatrmsasmr(éﬁi ant aridrean teronmsl edupled 40 gaatE
termnal of the fifth transistor (Mb) and an input termnal of the third
current soermieal Of the fifthtteaneistor {M6) adcnnopuit tamiiad b Hihe (R) cuoenpsdusegI@; gat e
term nal operable as the second input termnal of the second half wave

t ransconduct angtefefit thef se2bnd rafisisto MR R Edthprides GOgdIk @€ndifal adpeibleptl tHeer mi nal
of the second current source (IB) and a drain termnal of the third

transi st okedolyBlinpu Rmhall bAHR firSt HElMRAveCRitB RidudiencR r8diRr [ LédtrdALmEhalt NE
third tranS|stor (M3), a gate termnal of the fourth transistor (M4, an

i nput ter %%c& t% totﬁfpuft 'te'iﬁﬁna? Yf h€ Ycond Uﬁl‘?ﬁﬁ\t g(&lﬁ‘ée IB 'El%' d}alhl?&'gﬁltgl ogthe

t ransi st or | SesS a source term coup roun source

R A g o
cutpt Sy e 18 e towes el b e o th,
source (14);
wherein the third transistor (M3) comprises a source terminal coupled to ground,
a source terminal of the fourth transistor (M4), a drain terminal of the fifth transistor
(MS5), an output terminal of the first current source (I5) and an output terminal of the third
current source (I¢);
wherein the fourth transistor (M4) comprises a drain terminal operable as the
output terminal of the first half wave transconductance rectifier;
wherein' the fifth transistor (M5) comprises a source terminal coupled to a gate
terminal of the sixth transistor (M6), an output terminal of the fourth current source (Ip)
and a negative polarity end of the polarized capacitor (C));
wherein the sixth transistor (M6) comprises a source terminal coupled to a supply
voltage of the first half wave transconductance rectifier, an input terminal of the second
current source (Ig), an input terminal of the fourth current source (Ip) and a positive

polarity end of the polarized capacitor (C;); and
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output termnal of the second half wave transconductance rectifier; wherein
the fifth transistor (M) conprises a source termnal coupled to a gate

t erm nal wb 20hw3sisgt h transi stor (Ms), an output ternm nacTsik2esiooessd h
current source (1Q and a negative polarity end of the polarized capacitor
(Cl) ; wherein the sixth transistor (M) conprises a source termna
coupled to a supply voltage of the second half wave transconductance
rectifier, an input term nal of the second current source (I1B), an input

t erm nal of the fourth current source (ID) and a positive polarity end of
the pol arized odise oy resotor; (Rang coveledi betwpen thes sayresr terminal of cthe diretd

bet ween the source termnal of the first transistor (M) and the drain

t erm nal dfansikter (Mil)y dnd thendraimt ermipMBYf thedthd uphsistot MBhend cowpded tethei nal  of
the second transistor (M2). 43. The denodul ator of any one of clains 38 to
42, wher eisburchenfial off thesecohd trixgiseorgM2y.ude shift keyi ng denodul ator further
conprises a load resistor and a |oad current source. 44. The denodul at or of
claim43, wherein a first end of the load resistor is coupled to a supply
voltage of the rectifier; wherein the output termnal of the first half

wave tranqgondq@lggaﬁgdmg&tétfdla%lsg@grgfle output term nal of the second half
wave transconductance rectifier are coupled to a second end of the |oad

resi stor and agvlﬂegﬂij{he SSJO% Iﬂgilf v&%t/e Eljggscogd?}l%ta?x% I:et%{}her C%H‘[ﬁ)%ﬁes\’\{_'? Fs?_konsu?tﬂ out put

termnal of th oad current source iI's

demodul at ?rrzmsqgtorc Jl\?l o 161%), a first to fourth current source (I4 to Ip), a polarized capacitor (C,)

and a resistor (R);

wherein the first transistor (M1) comprises a gate terminal operable as the first
input terminal of the second half wave transconductance rectifier, a source terminal
coupled to a drain terminal of the sixth transistor (M6), and a drain terminal coupled fo a
gate terminal of the fifth transistor (MS5) and an input terminal of the third current source
(Io);

wherein the second transistor (M2) comprises a gate terminal operable as the
second input terminal of the second half wave transconductance rectifier, a source
terminal coupled to an output terminal of the second curfent source (Ig) and a drain
terminal of the third transistor (M3), and a drain terminal coupled to a gate terminal of
the third transistor (M3), a gate terminal of the fourth transistor (M4), an input terminal
of the first current source (I14);

wherein the third transistor (M3) comprises a source terminal coupled to ground,
a source terminal of the fourth transistor (M4), a drain terminal of the fifth transistor
(MS5), an output terminal of the first current source (I4) and an output terminal of the third

current source (I¢);
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wherein the output termnal of the first half wave transconductance
rectifier and the output termnal of the second half wave transconductance
rectifierweneiss@bed to the input term nal of the filtecTsGodeoasspl itude
shift keying denodul ating unit. 46. The denodul ator of any one of clains 38
to 45, wherein the filter of the anplitude shift keying denodul ati ng unit
is alowpass filter. 47. The denodul ator of any one of clains 35 to 46,
wherein, when the denodul ator is operated in the frequency shift keying

(FSK) node, the node control unjt i dapted to caoupl e .an output term nal
of the frequendSPeE fie E‘Eﬁ?’nﬁmﬁﬁﬁc@fﬁﬁo O§FS f YD HEIPHpRReT g‘?ﬁ‘?ﬁﬁ of
the sheer, to deactivate the_ anplitude shift keying denodul ating unit, and
to set a pyirsbteppmehofthasgcand Balhwaye wanssanduefancs re¢tliebul se- wi dt h nodul at or
to a suitable constant value. 48. The denodul ator of any one of clainms 30
to 47, wher ei nwheeeid theghith gpnsigior (M Kegonmmyisde avduica ttérmgnal soupled te heate
conprises a zerocrossing detector, an output term nal of the zero-crossing

det ect or heimgpl ofuled sidtht wargistar (s, dneourputabmahalt dfea fonirthecundedt source (Ip)
nodul at or. 49. The denodul ator of claim48, wherein the zero-crossing

det ect or @hd & hegdtive puRfieyersltfiic gotitize@cgasisyCag or is operable in a first
accuracy node and a second accuracy node. 50. The denodul at or of claim 49,

}Nihﬂ glr nbggkf he Wefeht tHRGHUE B5YsiIRTN6) LBBpARE Y HLRE SirRind S &AL Pl 48psly 2
voltage of the second half wave transconductance rectifier, an input terminal of the
second current source (Ig), an input terminal of the fourth current source (Ip) and a
positive polarity end of the polarized capacitor (C,); and
wherein the resistor (R) is coupled between the source terminal of the first

transistor (M1) and the drain terminal of the third transistor (M3) and coupled to the

source terminal of the second transistor (M2).

43. The demodulator of any one of claims 38 to 42,
wherein the rectifier of the amplitude shift keying demodulator further comprises

a load resistor and a load current source.

44, The demodulator of claim 43,

wherein a first end of the load resistor is coupled to a supply voltage of the
rectifier;

wherein the output terminal of the first half wave transconductance rectifier and
the output terminal of the second half wave transconductance rectifier are coupled to a

second end of the load resistor and an input terminal of the load current source;
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a first conparator having a first input termnal of the first conparator
coupled to a first output termnal of the filter bank, a second i nput

t erm nal wb 20hm3Bisnst conparator coupled to a second outrpwisGhemsmoesah of the
filter bank, and an output termi nal; a second conparator having a first
input termnal of the second conparator coupled to a third output term nal
of the filter bank, a second input term nal of the second conparator
coupled to a fourth output termnal of the filter bank, and an out put
termnal; and a_ XOR gate having . a _first input term nal coupled to the

out put ter ni nalVhsrein feoytpytderminglohtherdead cymgntsource stiepupleg e stwpdi nal coupl ed
to the output termnal of the second conparator. 51. The denobdul at or of
clains 49 or 50, wherein the filter bank is a two-stage poly phase filter.
52. The denodul ator of any one of clainms 49 to 51,wherein in the second
accuracy rbde, Thhdemedudator dfsddimgtdget ect or uses an i nstant phase cal cul ator
and an analog to pulse train converter, an output termnal of the instant
phase cal cul at ohekéi thg ouguup kedthiiad ofichel figuhalf @ave ralscoiductacareatifig dnd pul se
train converter. 53. The denodul ator of clainms 51 or 52, wherein the

instant phigssutmaltéitindl OF tHeQRBSHdSIRSE wavel ttdnk@ndRaitce réctffief afe dohpled ¢@iHduct or
having a first input termnal coupled to a first output termnal of the

filter bagl: &ri&GGPOdh ARM YRS M RhdSAHPkEfnd RenfbdRREAR Anftlt PUL

46. The demodulator of any one of claims 38 to 45,
wherein the filter of the amplitude shift keying demodulating unit is a low pass

filter.

47. The demodulator of any one of claims 35 to 46,

wherein, when the demodulator is operated in the frequency shift keying (FSK)
mode, the mode control unit is adapted to couple an output terminal of the frequency shift
keying demodulating unit to the input terminal of the slicer, to deactivate the amplitude
shift keying demodulating unit, and to set a pulse-width control signal supplied to the

pulse-width modulator to a suitable constant value.

48.  The demodulator of any one of claims 30 to 47,
wherein the frequency shift keying demodulating unit further comprises a zero-
crossing detector, an output terminal of the zero-crossing detector being coupled to an

input terminal of the pulse-width modulator.
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termnal of the filter bank, and an output termnal; a rectifier having a
first input termnal coupled to a third output termnal of the filter bank,
a second woputo/dsgesmi nal coupled to a fourth output termpoalisGabostonesedi |t er
bank, and an output term nal; a peak detector having a first input term nal
coupled to the third output termnal of the filter bank, a second input
termnal coupled to the fourth output termnal of the filter bank, and an
output termnal; a valley detector having a first input termnal coupled to
the third 3utp term al %{ t.he filter bank, a second input term nal

coupl ed t &t he ISIF’PH l3im48 nal of the filter bank, and an out put
termnal; a second transconductor having a first input term nal coupled to
the out put ter NHSEAIN gfc ZeHeCiossne deteaet @f? the fraguengyshifh feiving éfnﬁpﬁaﬁtoewm ed
to the output term nal of the valley detector, and an output termnal;

summi ng depereblenneifing agcuricysnoderapdia sccwndiaqairaoo'autpﬂeed to the output term‘ nal
of the rectifier, a second input term nal coupled to the output term nal of
t he second transconductor, and an output termnal; a scaling device having
a first input termnal coupled to the output term nal of the summ ng

devi ce, a59eCoTleidobduliter 6 dkdm ®oupl ed to the output term nal of the first
transconductor, and an output termnal; and a transinpedance anplifier

o 10 0, el gl s dy o e ol e sl 1

a filter bank;

a first comparator having a first input terminal of the first comparator
coupled to a first output terminal of the filter bank, a second input terminal of the
first comparator coupled to a second output terminal of the filter bank, and an
output terminal;

a second comparator having a first input terminal of the second
comparator coupled to a third output terminal of the filter bank, a second input
terminal of the second comparator coupled to a fourth output terminal of the filter
bank, and an output terminal; and

a XOR gate having a first input terminal coupled to the output terminal of

the first comparator and a second input terminal coupled to the output terminal of

the second comparator.

51. The demodulator of claims 49 or 50,

wherein the filter bank is a two-stage poly phase filter.

52. The demodulator of any one of claims 49 to 51,
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wherein the filter bank is a two-stage poly phase filter. 55. The

denodul ator of clains 53 or 54, wherein the sunm ng device is adapted to
conbi ne amocutomssossi gnal of the rectifier and an out put pergcabosebozstine
second transconductor. 56. The denodul ator of any one of clainms 53 to 55,
wherein the scaling device is adapted to divide an output signal of the
first transconductor by an output signal of the sunm ng device. 57. The
denodul ator of any one of clains 53 to 56, wherein an output term nal of

t he transi npedance anplifier is coupled to the input term nal of the anal og
to pul se train ESrIeR be sseondpgeiracyiads. dhorerarerossine setector usgsAnygstant o 57,
wherein the analog to pulse train converter conprises: a plurality of
resistors Pb@%?ﬁé@g@riaﬁd%rapé@g to\pepeirain cHBY asgRiRaroudput terglingl of he igstarid: a
plurality of conparators, each conparator having a first input term nal
coupl ed t phasesalgulapubeingcoupled togh i termaras oHibe doalog toggmddei tfairecoramdera second
i nput term nal coupled to an individual connection connecting two adjacent
resistors of the plurality of resistors, and an output termnal; a
plurality of XOR gates, each XOR gate having two input term nals and one

out put t ersnl nalthe WhiRbRIlAtof dTI4iMG 51 B8PS, term nal s of each XOR gate are
coupled to outputs of two adjacent conparators; an OR gate, each input

termnal of WhighBreRfihB thebAVPAARE cAiulhthEcoMPrREd: -

a filter bank;

a first transconductor having a first input terminal coupled to a first output
terminal of the filter bank, a second input terminal coupled to a second output
terminal of the filter bank, and an output terminal;

a rectifier having a first input terminal coupled to a third output terminal
of the filter bank, a second input terminal coupled to a fourth output terminal of
the filter bank, and an output terminal;

a peak detector having a first input terminal coupled to the third output
terminal of the filter bank, a second input terminal coupled to the fourth output
terminal of the filter bank, and an output terminal;

a valley detector having a first input terminal coupled to the third output
terminal of the filter bank, a second input terminal coupled to the fourth output
terminal of the filter bank, and an output terminal,

a second transconductor having a first input terminal coupled to the output
terminal of the peak detector, a second input terminal coupled to the output

terminal of the valley detector, and an output terminal;
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term nal of one of the plurality of XOR gates. 59. The denodul ator of claim
58, wherein, when a further resistor is connected to the plurality of

resi st or swornosei3sms, the anal og to pul se train convert eprchsGRomrooesenpri ses
a further conparator having a first input term nal coupled to the output
term nal of the transinpedance anplifier and a second input term nal

coupled to a further connection connecting the further resistor and an

adj acent resistor. 60. The denodul ator of cl ai m59, wherein an out put

termnal of the further conparator s ¢ led to the, inpyt,termnal of the
OR gate. 6 1. The d@nsou&m%ltgo%vbﬁﬁolgr‘ﬁ/ngoﬁce}ﬂgtf mg}l%t?eﬁ@mfb c?'gpq%‘b,to e PBPH ¢ he
frequency shift keying denodul ating pnit further conprises a filter,_an

i nput term nal t‘c‘}?mgﬂé’gf‘ﬁ rF‘ét%P%eq ?‘F@g‘?fg’tﬁ‘ﬁ?tetﬂn?‘ﬂa tCI‘?BPIS{!ITP‘b@F W&“H%fna{)?f t he

pul se-wi dt h nodul ator, 62. The denpdul ator of claim61, wherein the filter
is a | ow pass fthe tespnd gansconductgb dadian autByt tmisaly one of claims 28 to 62,
wherein the pul se-width nodulator is inplenented by digital logic circuit
or capacitor char ge apsraping alseide drwinghatlirsi inpyl ttermédal diupledetenthel autpnt of any
one of clains 35 to 63, wherein, when the denodul ator is operated in the
dual channel angitaldé the sgmaingydesitef & skeyndnapytEnAR8kKoupledao thdreutpode
control unit is adapted to couple the

terminal of the first transconductor, and an output terminal; and

a transimpedance amplifier having an input terminal coupled to the output

terminal of the scaling device.

54. The demodulator of claim 53,

wherein the filter bank is a two-stage poly phase filter.

55.  The demodulator of claims 53 or 54,
wherein the summing device is adapted to combine an output signal of the

rectifier and an output signal of the second transconductor.

56.  The demodulator of any one of claims 53 to 55,
wherein the scaling device is adapted to divide an output signal of the first

transconductor by an output signal of the summing device.
57.  The demodulator of any one of claims 53 to 56,

wherein an output terminal of the transimpedance amplifier is coupled to the input

terminal of the analog to pulse train converter.
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output termnal of the anplitude shift keying denodul ating unit and the
output termnal of the frequency shift keying denodulating unit to the

i nput t erworealo/sosbhe sheer, and to set the pul se-w dt hPcosiGeais/osisgnal
supplied to the pul se-wi dth nodul ator to a suitable constant value.5. A
nodul at or - denodul at or conprising: a nodul ator as clained in any one of
clainms 1 to 27; and a denodul ator as clained in any one of clains 28 to 62.

58. The demodulator of any one of claims 53 to 57,
wherein the analog to pulse train converter comprises:

a plurality of resistors connected in series, wherein the number of resistors
1s odd;

a plurality of comparators, each comparator having a first input terminal
coupled to the output terminal of the transimpedance amplifier and a second input
termipal coupled to an individual connection connecting two adjacent resistors of
the plurality of resistors, and an output terminal;

a plurality of XOR gates, each XOR gate having two input terminals and
one output terminal, wherein the two input terminals of each XOR gate are
coupled to outputs of two adjacent comparators;

an OR gate, each input terminal of which being coupled to the output

terminal of one of the plurality of XOR gates.

59. The demodtﬂator of claim 58,

wherein, when a further resistor is connected to the plurality of resistors in series,
the analog to pulse train converter further comprises a further comparator having a first
inpﬁt terminal coupled to the output terminal of the transimpedance amplifier and a
second input terminal coupled to a further connection connecting the further resistor and

an adjacent resistor.

60. The demodulator of claim 59,
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wherein an output terminal of the further comparator is coupled to the input

terminal of the OR gate.

61.  The demodulator of any one of claims 30 to 60,
wherein the frequency shift keying demodulating unit further comprises a filter,
an input terminal of the filter being coupled to the output terminal of the pulse-width

modulator.

62. The demodulator of claim 61,

wherein the filter is a low pass filter.

63. The demodulator of any one of claims 28 to 62,
wherein the pulse-width modulator is implemented by digital logic circuit or

capacitor charge pump based one shot circuit.

64.  The demodulator of any one of claims 35 to 63,

wherein, when the demodulator is operated in the dual channel amplitude
frequency shift keying (DC-AFSK) mode, the mode control unit is adapted to couple the
output terminal of the amplitude shift keying demodulating unit and the output terminal
of the frequency shift keying demodulating unit to the input terminal of the slicer, and to
set the pulse-width control signal supplied to the pulse-width modulator to a suitable

constant value.
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65. A modulator-demodulator comprising:
a modulator as claimed in any one of claims 1 to 27; and

a demodulator as claimed in any one of claims 28 to 62.
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