Modul at or, Denodul at or and Modul at or - Denodul at or Technical Field

[ 0001] Enbodi nents rel ate generally to a nodul ator, a denodul ator and
a nodul at owo 2d&vasghad at or . Background [ 0002] The i ncr easi FCI/Sea0ésat003sH
wi rel ess personal area networks (WPAN) and w rel ess body area

net wor ks (VWBAN) dermands ultra | ow power | ow cost wireless

transcei vers. Although many different wireless transceivers have been
devel oped, there are sone common. features required by these
transceivers in physivéiuldtay, PemotdGiordhaVigadkidedtbauiited L keyi ng
(ASK), frequency shift keying (FSK), Gaussian frequency shift keying
(GFSK) nodul at ors and denodul ators (nodens). [0003]1n order to handl e
t hese common nodul ati on schenes, the conventional wreless

transcei ver eat 1 ndi vi dual nodens for each nodul ati on schene,
and sinply 1%%%@?%*#@@ put theminto one chip. The nodul ati on schenes
for the conventlonal Wi rel ess transceivers are hard swtched, are not
fl exi ble and reconfigurable "Therefore, there is unavoi dable waiting
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and the FSﬁ qggqulator use one control bit to power OV OFF one of
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Background

[0002]  The increasing market of wireless personal area networks (WPAN) and
wireless body area networkslr (WBAN) demands uiltra low power low cost wireless
transceivers. Alt;.hough 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).

[6003] 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



switch the required schene. Hence, there is a waiting tinme for
switching to the desired nodul ati on schenme and initializing the
denodul at owo 0@B44se-ur t her, since the conventional transCESGIE083000360
sinply hard switch individual nodens, the design is not optimzed as
one reconfigurable nulti-scheme nodem the chip area is |arge, and
thus the cost is high. 100051Further, the individual nodul ators and
denodul ators in the conventional transceivers al so consune hi gh power

and hi gh C%&mh'ﬁﬂire@ﬁﬁmt:ﬁemef Bende et Hel WaiiReHmE Rt ﬁﬂféﬁﬁﬁ t%esxred

schenmes, phase | ocked | oop (PLL) based denoduflator, digital based

dermdul at ormodltdtid) sihef€ afM inftfalid¥g R GKSHalifep (DLL) based demodul ator,
and 1/Q frequency discri m nator %ased denodul ator are generally used.
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frequency discriminator 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 normaily 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, high phase accuracy, and dual-channel high channel
efficiency complementary amplitude and frequency shift keying (CAFSK)

communication.



Summary 100081In an enbodi nent, there is provided a nodul ator
including a first internediate signal processing path adapted to
route a fiwstzoiwmmamsaedi ate signal; a second i nterned at ECESGRaH/000360
processing path adapted to route a second internediate signal; a
first anplifier coupled into the first internediate signal processing
path; a second anplifier coupled into the second internedi ate signal
processi ng path; and a chopper circuit coupled into the first

i nternedi atganfhgyal processing path; wherein the chopper circuit is
adapted to process the first internediate signal in dependence on
first baseband data; wherein the first anplifier is adapted to
anplify the first internedi ate signal processed by the chopper
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reference to the follow ng drawi ngs, in which: [0011]Figure | shows a
schemati ¢ 8gram of a nodul at or.

{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.



[0012] Figure 2 shows a schematic di agram of the nodul ator coupled to
a transmtter. [0013] Figure 3a shows an exenplary signal of second
baseband dwa01§@38kd] Fi gure 3b shows an exenpl ary si gnatCTEGRHIFBOI60
baseband data. [0015]Figure 3c shows a first intem ediate signal
processed by a first filter at point Cof a first intermedi 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 internediate
signal processed by a chopper circuit at point E of the first

i nt ér medi atByi S IBaSptinOF BFSHAGviRgt h- [0018] Figure 3f shows the first
I ntermedi ate signal anplifie y a first anplifier at

[0010]  In the drawings, like reference characters generally refer to the same parts

throughout the different views. The drawings art;, not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention. In the

following description, various embﬁdiments 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.



an output termnal of the first anplifier. [0019] Figure 3g shows the
second internediate signal anplified by a second anplifier at an

out put t erworp810/033080 he second anplifier. WO PCT/SG2008/000360
2010/ 033080PCT/ SG2008/ 000360 [ 0020] Fi gure 3h shows t he nodul at ed
signal s(t) under DC-AFSK node (which nay be referred to as AFSK- |
signal), where the first baseband data and the second baseband data
have different values. [0021] Figure 3i shows a nodul ated signal s(t)

under CW AHB60yDdeFigwb Bk Bhowsythdaodidfter siga] §(0) aderIDSHHSKSInedAwhichWhsr e
the first baseband data and the second baseband data have a sanme

val ue. [ 00Z2lrkfeged ® o4 AHSEVE siandy; hawrtithe it Boewd dhtaand H¥ReHna bebind

one enbodi nent .
data have different values.
[0021) Figure 3i shows a modulated signal s{t) under CW-AFSK mode (which may
be referred to as AFSK-I signal), where the first baseband -data and the second baseband
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 Vi and a waveform of an
input voltage Vi,..
[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.



[ 0023] Figure 5 shows a schematic di agram of one enbodi ment of a
rectifier of an anplitude shift keying denodul ati ng unit.

[ 0024] Fi guwe W104i38088 a schenmati c diagram of a first hal PCTEE®0S/000360
transconductance rectifier of the rectifier. [0025]Figure 7a shows a
wavef orm of an input voltage V and a waveform of an input voltage

[ 0026] Fi gure 7b shows a waveforrn of an output voltage \TR= of the
rectifier. [0027] Figure 8 shows a schematic di agram of a

zer o- cr ossi[pg3z)et eRig@e 128 sibwslal WiveRem W aCYichREe ms{aﬁpa&kﬂﬁﬁé ?sﬁ/@ﬁmvs
a schematic diagramof the zero-crossing detector in second

carrier signal.

[0033] Figure 12¢ shows an output puise train of an analog to pulse train converte-r.
{0034) Figure 12d shows an output signal of a pulse-width modulator.

[0035]  Figure 13a illustrates a FSK/GFSK carrier signal processed by a conventional
zero-crossing method.

[0036] Figure 13b shows I/Q FSK/GFSK signals processed by the conventional zero-
crossing method.

[0037] Figure 13c shows a FSK/GFSK carrier signai 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.

[0641] Figure 17 shows a schematic diagram of the demodulator of Figure 4 in the
dual channel amplitude frequency shift keying (DC-AFSK) mode. '

[06042]) Figure 18 shows a schematic diagram of a modulator-demodulator (modem).

Detailed Description




accuracy node. [0029] Figure 10 shows a schematic di agram of an
I nstant phase cal cul ator used by the zero-crossing detector in the

second accwWo2610/0383e .

anal og to pulse train converter used by the zero-crossing detector
t he second accuracy node. [0031)Figure 12a shows a FSK/ GFSK carrier

si gnal .

WD 2010/ 033080PCT/ SG2008/ 000360 [ 0032] Fi gure 12b shows a

waveform of a cal culated instant phase of the FSK/ GFSK carrier

si gnal .

[0043)] Exemplary embodiments of a modulator, a demodulator and a modulator-

[ 0030) Figure 11 shows a schemati cPcii/sgpoesmoedso an

in

demodulator are described in detail below with reference to the accompanying figures. It

will be appreciated that the exemplary embodiments described below can be modified in

various aspects without changing the essence of the invention.

[0044] Figure 1 shows a schematic diagram of a modulator 100. The modulator 100
may be a complementary amplitude and frequency shift keying (CAFSK) modulator. The
modulator 100 may also be a non-continuous phase (NCP) I/Q up-conversion based
modulator.

[0045] The 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



[ 0033] Figure 12c shows an output pulse train of an anal og to pul se
train converter. [0034] Figure 12d shows an out put signal of a

pul se-w dtworeotki3smsoer . [ 0035] Figure 13a illustrates a HEKI/SEZBIS/000360
carrier signal processed by a conventional zero-crossing nethod.

[ 0036] Fi gure 13b shows |/ Q FSK/ GFSK si gnal s processed by the
conventional zero- crossing nethod. [0037] Figure 13c shows a FSK/ GFSK
carrier signal processed by an instant phase zero-crossing nethod in

one enbodi fRtbasdbRRBEIE (! rn%%gfs %ﬁ?% fRoAgiedhhd elidikgag&émt 324.tﬂ1% first

denodul ator of Figure 4 int controll able werght "anplitu

frequency $Bichind®¥d ®S. G653 ko She chopper circuit 114,

[0048] The first amplifier 110 may be adapted to amplify the first intermediate signal
104 processed by the chopper circuit 114 in dependence on second baseband data 118.
The second amplifier 112 may be adapted to amplify the second intermediate signal 108
in dependence on the second baseband data 118. The second baseband data 118 may be
baseband amplitude shift keying data, ma. The second baseband data (e.g. m,) 118 may
be provided to the first amplifier 110 and the second amplifier 112. The second baseband
data (e.g. ma) 118 may control gain A(m,) of the first amplifier 110 and gain A{(m,) of
the second amplifier 112. The gain A(m,) of the first amplifier 110 and the gain A(m,)
of the second amplifier 112 may be represented as:

G,,m,=-1

A(m,) = {

Gg,m, =1

where G > Gg. The values of Ga 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



[0039] Figure 15 shows a schematic di agram of the denodul ator of
Figure 4 in anplitude shift keying (ASK) node. [0040] Figure 16 shows
a schenat i wodowgssose of the denodul ator of Figure 4 in freuseoesposisof t
keying (FSK) node. [0041] Figure 17 shows a schematic di agram of the
dermodul ator of Figure 4 in the dual channel anplitude frequency shift
keyi ng (DC- AFSK) node. [0042] Figure 18 shows a schematic diagram of a
nodul at or - denodul at or (noden). Detail ed Description WO
2010/ 03308G¢: THIp2208/A00428&D output terminal 138 of the frequency divider 132 may be
coupled to an input terminal 140 of the second filter 126. The frequency divider 132 may
be a current mode logic modular-2 frequency divider or a D flip flop frequency divider,
which can provide quadrature complementary (positive and negative) outputs.
[6051]) A signal 142 representing e.g. a reference clock, Ferx may be supplied to the
frequency divider 132. The frequency divider 132 may divide the signal (e.g. Foix) 142,
and may produce the first intermediate signal 104 and the second intermediate signal 108.
An output frequency of the frequency divider 132 may be Fpg, which may be a deviation
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



[ 0043] Exenpl ary enbodi nents of a nodul ator, a denodul ator and a

nmodul at or- denodul ator are described in detail below wth reference
to the accw@ranyisdigofi gures. It will be appreciated tharC/$w2008/000360
exenpl ary enbodi nents descri bed bel ow can be nodified in various
aspects w thout changing the essence of the invention. [0044]Figure 1
shows a schematic di agram of a nodul ator 100. The nodul ator 100 may
be a conplenmentary anplitude and frequency shift keying (CAFSK)
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i ncl ude a fi{hsltozi nt er medi ate signal processing path 102 adapted to

route a fi P&t iAternediate si gnal 104 and a second internedi ate

signal pro i ng Rath 106.ad ed to route cond i nternediate
i gnal 08 100w " P eI AR B 5§ (REEPAY amFerra enel e
a Q signal path d the second . r medi at e, _si gnal ocessi n ath
106 mmy be PRipeteed By 185 SHoRPH EureihA b, AL ot I RO her ey signa
coupled intg the first internediate signal processing path 102. A
second anpllPf may be 1epreseiedys Agabmsdin (Gost F?ga‘s?é‘dﬁﬁﬂt fermiaplniddiof the first

signal processing path 106. The first anplifier 110 and the second
anpl i fi er 2mplifieryl 19ewhere e miabbe agdipris ghephitial phase. (ThGAsdond pBPUTIGrA 12
chopper circuit 114 may be coupled into the first intermnmedi ate signal
pr ocessi ng npyt dmplifiR theAndiffeteptin] sirershiipeel signbB 108. Afne axdpdifipeionsthe Geddnd
114 may be coupled to an input termnal 115 of the first anplifier
110. The choapediat signsl 1108 IfayTby riResentdil T eA@dicas (H)s0a¥ Yp) A amCoihitf t
keyi ng (BPSK) nodul ator. The chopper circuit 114 may be adapted to
process t herhidabi46 JFties seBfd liséranal 104 in dependence on first

baseband data 116. The first baseband data 116 may be baseband

frequency giushf Keyduro20@Rb@s alfcheMAR 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 d;avice 206
and a power amplifier 208,
[0055] The first intermediate signal processing path 102 may include the ﬁrstAscaling
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 ﬁrth
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

10



first baseband data (e.g. nF) 116 nmay be provided to the chopper
circuit 114. The first baseband data (e.g. nF) 116 may control the
chopper ciwWOw010/0B3080 [ 0048] The first anplifier 110 nay BET/sGRapt/@dico
anplify the first internediate signal 104 processed by the chopper
circuit 114 in dependence on second baseband data 118. The second
anplifier 112 may be adapted to anplify the second internediate
signal 108 in dependence on the second baseband data 118. The second
baseband d o] Sl f ' 0 :
The secondq%ﬁ?%%%ﬁgqﬁégﬁ”%gﬁgaﬁgggg@@%hﬁﬁgﬁﬁih%ﬁgi?ﬁ%ﬁﬂg%qﬁig‘??%ﬁﬂD
anplifier-%%@aﬁggmﬁhe second anplifier 112. The second baseband data
(e.g. mh) y control gain A(mA) of the first anplifier 110 and

in A(mMA h f 112. The. gai f the first
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The first filter 120 and the second filter 126 may be the same type
filter wit Mmutpyng H@quq:qnéd{npwdmte 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 (¢t + ¢).

[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(f) at the output terminal 218 of the summing device

206 may be calculated as indicated in the following:

Il



[ 0050] The nodul ator 100 may further include a frequency divider 132.
A first output termnal 134 of the frequency divider 132 may be

coupl ed t owerroiwasmsot ermi nal 136 of the first filter 1ROUSGRe0MEa0
output term nal 138 of the frequency divider 132 may be coupled to an
input termnal 140 of the second filter 126. The frequency divider
132 may be a current node | ogic nodul ar-2 frequency divider or a D
flip flop frequency divider, which can provide quadrature

Caprcoent i R L b S5 BRR AP (B O RibEnay B EH B T 14

frequency divider 132 The f ugncy, divider 132 may divide the
signal (e.g. F Qﬁ?ﬁ%&ﬂ%ﬁ%&@&%‘é@bt he first intermediate signal
104 and the second internmedi ate signal 108. An output frequency of
the frequed®8Poli vidfBr) 133 repggpen shempplitydel st keynen SK) deadulatipmsin ((oct
frequency of the final nodul ated FSK/ CAFSK carrier signals. The val ue
of FDF nmy ‘dittems(ivnd +Hgipmay egreemt thedteiqhdnck ehiftikgyif g GHSK) meadulagon.on

i ndex hE of the nodul ator 100. The first internedi ate signal 104 and
t he second [0060Fr nmehieainedwatgnabo 18y eyadaptedi @i bpdrate OMPHERERAL ahotdes of
(positive and negative) square waves with 90 degree phase difference.

The first nmdekhtiediaidepenignealonllid fimybdscbarll ampleand) arly £Hdoihk aecond
square waves at point A and the second internedi ate signal 108 may be

| conpl enenasebahdddagi {ed. nH0UAB.CTHNAMEEes B nifuRtioBma) R THR Jrithéit of a
filter 120 may filter the Q conplenmentary digital square waves 104.

After filtefdupGondifimgfdfafiplituaé SlitfBdymE FASKY Adlde, LodhuBRY Mt Reyidg (FSK)

differential sine shaped signal at point C of the first intéernediate

si gnal proeds)RetraRbl wdkht al;libmu&eeﬁagndncfﬁ shiffkeyigQCWUFRK) hidle, 20E dhat

conplenmentary digital square waves 108. After ‘filtering, the second

i nt er medi atRanfiélGhMinle SefRYicy MifReyin DI 86K} hale. S| ne shaped si gnal
at point D of thie}@second@iﬁnt)g&?lnedi%tgcemcsi gnaljprocessi ng path 106. The

chopper ci [gpgif 1 3hehfhdmodtildibSi08 bbarddiR ROk htial the H&Vba%&l&%ﬁgﬁéta

(e.g. perform BPSK nodul ation) on the Qdifferential sine shape

si gnal 104(3.%.\2%@1 189454555 AGondthif vfaiue.swhklphﬁnﬁsﬂj#a{)ﬁg%?&%? it BRY

be represen as nrsin (taut + 9) at point E o Irs

| 4048 0ol R s ST O h
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. ma) 118 may have
different valnes 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. mg) 116 having a value of -1 may represent low frequency carrier

signal. The first baseband data (e.g. mr) 116 having a value of 1 may represent high
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processed by the chopper circuit 114. After anplification, the first

i nternedi ate signal 104 may be represented as A(mA)-nmrsin (coDFl + 9)
at an out p&D 20mvoaso8al 144 of the first anplifier 110, VIREWSGADEBN06360
21EFDF, and p is the initial phase. The second anplifier 112 may
anplify the | differential sine shaped signal 108. After
anplification, the second internedi ate signal 108 may be represented
as A(md)cos (rant + op) at an output term nal 146 of the second
anplifier . [0054] Fi.qu 2 sho schemst i c_dj am of the

moaul at or Touasuorad vail Tof shn Bedena 05R acmtd BHLARM Bive Blye oty
be an 1/Q tr itter..,The transmtter may include a first

scal i ng devf ggs%f?wgdé’&%ﬁrﬂ{ @ﬁéﬁﬁ-g{m&‘ﬂéﬁgg‘@“ﬁé&, Vai{‘es%rﬁﬁ“ﬁ{j TPEFPRdO%06
and a power anplifier 208 0055] The fir i nt er nedj ate si gnal
processi ng P& di@?“ﬁrai}g’fahjhﬁcfﬁc"]t“ﬁé’a?ap’?'&féﬁ% ¢ Mgl haxing dovalys f| -4 d
to the output termnal 144 of the first anplifier 110. An input

t er mi nal Z%YG?Pr?Sﬁ‘Eq‘ngaé’Epl’éllfiﬁl"?‘ﬁ@r ‘ce 202 may be coupled to the
output terminal 144 of _the first anplifier 110. The first scaling
devi ce 2024 pe Figyspiathoms aa cxsmplanyesigml ok the secondbarchend ditayfeed mud4
anplified by the first anplifier 110. The first scaling device 202
may be adap%i/%&”hpée@embésebﬁ@ data KB mapt haveadiegueace plymat-1104 1. Figure 3b
mul tiplying the first internmediate signal 104 with an input signal
210 recei v&ipwyan gremplarssignat of the firgtdaseband data (erpremi)i W6t Thechist bageband
device 202 may be a first output of a | ocal quadrature oscillator
(LO . The Haipul6 mayhate Dxeguengy obwrah, 1, -LJ. fiigpnaBe shptws tharfngt intsingediate
210 may be represented as B cos (Cct + 4), where Bis the LO

anpl i t ude, sigealil§4 prosesse by thgquissidilter dt(e4 thesQ Wiféer¢rGal sing shapedigm) . at

[ 0056] The second internedi ate signal processing path 106 may incl ude
t he secondpeinaf iohfhedistiinternx@intacsgnst pucessing [pathdl@ pEigureSdrshoned the 46:00d
the second anplifier 112. An input term nal 205 of the second scaling
devi ce 204intempediate ctampl E28 procasted byuthp second rfitiendR6 (48 thé Itdiereminbride
anplifier 112. The second scaling device 204 nay be adapted to scale
t he secondshaptdesignat)i apeins Dogifahe st0@rdantetmddiatel sipyal phreesénpqrath E6p|Rigurer
112. The second scaling device 204 nay be adapted to scale the second
i nt er redi adeshwwgribd fit0 Sitdymedivte tsigohlyi (dgprodessed dyahe chopper diredit 4¢.e BRSKhal
108 with an input signal 212 received by the second scaling device
204. The smodulgtodda#t ianppiokel bfehe Fidst inrarynebintessignat prodessing path 102, Eigure 3f
guadrature |l ocal oscillator (LO. The input signal 212 may be a Q LO
si gnal . Thehoiwmphe firsi inreahed@4 sighal 1be amphficisignthe dira amplifiem] 10GE the-ouht

[ 0057] The summ ng devi ce 206 may be coupled to an output term nal 214
of the firstminal 144 of the first amplifier 110. Figure 3g shows the second intermediate signal

108 ampliﬁgd by the second amplifier 112 at the output terminal 146 of the second
amplifier 112.

[0064] Figure 3h shows the modulated éignal s(t) 302 under the DC-AFSK mode,
where the first baseband data (e.g. mr) 116 and the second baseband data (e.g. my) 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. ms=1),

high amplitude (i.e. ma=-1), low frequency (i.e. mp=-1), and high frequency (i.e. mg=1).
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scal ing device 202 and an output terminal 216 of the second scaling
devi ce 204. The summ ng device 206 nmay be adapted to conbi ne the
first intewoedioassssi gnal 104 scal ed by the first scal i Por/sEebsmeis?2
and the second internmedi ate signal 108 scal ed by the second scaling
device 204. A conbination of the first intermedi ate signal 104 and

t he second internedi ate signal 108 nmay form a nodul ated signal s(t).
An out put termnal 218 of the sunm ng device 206 nmay be coupled to an
i nput t er mikoalex2fpleofhet szqueposvef tlenpist bawbardiDdata The meWet6 andlthe seeond
208 may be adapted to anplify the nodul ated signal s(t). [0058] The
modul at ed Shasphaikd dafd fe.gama) B fouthe WFSKeH signall sh@dl iroFighine Sh S niinig-1,-1; -
device 206 may be calculated as indicated in the follow ng: s(t)

=[ ACmA) . nr sl | 1(- toyt. TheopyefbBneshswh e Figullh Ba o jﬂrﬁ&nﬁ?ﬁl&ﬁ@iﬁlak dfile B
sin ftoct + 9)] A(md).B.sin [(wet + 9) + Iftr(wFt + 9))

[ 0059] A rrA)mcrm;atdrepm RoaY the Berueiep bf inwsg=sihilf 11, keyi:ng:. ( ASK)
nmodul ation. sin ((coct + + nF(conFt + 9)) nmay represent the frequency

shift keyi ngoesFSK)Figmelal stidwanhe nldd0RRH Higa R e U2t Giderl @ CWMYABSK mode,
adapted to operate in different nodes of nodulation in dependence on

the first haserhasdrdsiabim. dta (@@ mb)L 1 62dd m@@c&ﬁppﬂebahéa%%@g &l@t ﬂs

(e.g. md) 118. The nodes of nodul ation may i ncl ude one or nore of

group consihgd §gard vﬂﬂ@lmfeu&%uﬁ%df §1%T1§F¥ﬂt)n§b2( xﬁ%ﬂhe mRed AFSRAVS The
shift keying (FSK) node, controll wei ght anplitude frequehcy

:E: ]1: E tga %8%1% 8%2 %gﬁse AU CHRDRGH aﬁ,BHéuBE Tal I FAREN e
mp=mp=-1), and/or may use a carrier signal with low amplitude and high frequency (i.e.
mu=mp=1). For example, the sequence of the first baseband data (e.g. ms) 116 and the
second baseband data (e.g. ms} 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(ma,) 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 my 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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[ 0061] When t he nodul ator 100 is operated in the ASK node, the first
baseband data (e.g. nF) 116 nmay have a constant val ue. Wen the

nodul at or W 20pdsatsed in the FSK node, the second basebefmiscbatszoizsng.
mA) 118 may have a constant val ue. When the nodul ator is operated in
the CWAFSK node, the first baseband data (e.g. nF) 116 and the
second baseband data (e.g. mA) 118 may be the sanme or nmay be provided
by one nessage source. The nodul ator 100 in the CWAFSK node nmay

P e ey AR b MG WP BT ' Q] cBRGRAL
second bas?ﬂgﬁ)}%ﬁ@tﬁﬂa%d%ﬁéﬂi %%8 may have different values or may

be provide WG nessage SoUrCes respectively. The nodulator 100 in
st basohMul darbre. 5. e 4 1M AEE Al beteodtisiy A T
| ow 1 r equerotaept dne sppdimorfid w7y b hsduulumriregn Pyl ad ey
Second basaiHE s GAHSK) FEhpdiistrs THagered B 0 e b omable HTrp
ow anpl | T FRBRLaf JerarBHGh AR dFRBUBEDHY Bas S51E s GempyaiDES

havi ng a val ye of - ! represent high anplijtude carrier_ signal.
[ 0063] Fi gurpétlﬂz’é"?s%w/@? éhr @m?r igmahfQd andk a figgnesey: deraodwlating antd 498t a
(e.g. md) 118. The second baseband data 118 may have a sequence of
=-1, -1, aqapted to pqule the saype caprésnsizasl 48%enpl ary signal of the first
baseband dat a (e.gr.h inf.) 116. The first baseband data 116 may have a
sequence ofl04$#E. 1 The dempdulator #OQymey indudehayrode sentrelrunit 408 counled itatap
signal 104 processed b% the first filter 120 éf‘gg the Qdifferenti al
si ne shaped@uigpitaminal 410 o theranpligie dpraodulating pa raad jap totpsi tgneipal 411
processi ng gath 102. Figure 3d shows the second internediate signal
108 pr oces 9Ethediequensy slemodidating|paty 4062 Thq mode caritie] 1miti #$§ maw he addpteditae
shaped signal) at point D of the second internediate signal
pr ocessi ng ceritoh theodiflereptgmedes 3¢ demodwationeThe modesi oft demuduliataremsy ipchide
104 processed by the chopper circuit (e.g. BPSK nodul ator) 114 at
poi nt E of onther rare of a group consitiing ef ainjinmdke shiftdegingi(A§Kpaioe, T8quenty ghift
3f shows the first internediate signal 104 anplified by the first
anmpl i fier kaing(FSK)enawilet pumtrolablariveight aplitele frdgeerfcyyrsbift kayplg (CVEAFSKD.
Figure 3g shows the second internediate signal 108 anplified by the
second anpimofl¢ and duzbchatnel mepldudgfidquerey shiftddeyibd §DCFAFSIE se@ieond
anplifier 112. 100641Fi gure 3h shows the nodul ated signal s(t) 302
under the [HO7HFSKThedenodulator 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 modl-llator 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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where the first baseband data (e.g. nF) 116 and the second baseband
data (e.g. mA) 118 have different val ues. The nodul ated signal s(t)
302 may bewoanBd33mso AFSK- 11 signal. The AFSK-11 signal BO2SGays/8%0
different conbinations of |ow anplitude (i.e. mA=1), high anplitude
(i.e. mA=-1), low frequency (i.e. nF=-1), and high frequency (i.e.
nF=1). For exanple, the sequence of the first baseband data (e.g.
nF) 116 and the second baseband data (e.g. m) 1181for thelAFSK-II
signal sho i Y 0 (T Py M e Ry Ty ey . e .
vvagef or ms ﬁg&% 1%%%&?36}541%5@? oﬂ%‘ﬁmg(r}%ed(]:b r Sélé?o%ncff’ﬁé }3’5 {% ial %J%fwlf%e
nmodul at or V] S ence .0f . n=-1,-1; -1,1; 1,-1; 1,1.

[ 0065] Fi guscgg‘&ﬂn%‘éh%gg%ﬁ‘ée’r%}og‘%uﬁ%‘éﬁ%ld‘msti ghial s(t) 302 under the C\O/IVAFSK
node, wher figst, bagseban ata . 0. 116 apd th econ
baseband d ?%ﬁfe. gﬁewoiﬁgoﬁg%meﬁy?&ﬁﬁp %%.a SJFﬁ%r cﬁ?f@?‘ié‘) &p ghapt
s(t) 302 be FSK- 1 sigpal., AFSK-1 signal 302 y. use a
cngi er srg%gﬁma&mg?%%gi mgq‘?pfci“f"gggméﬁggm s?’:‘ﬁi‘e‘q‘l‘,|1r-f=¢n Y (fivegan E&‘EWFEDQ),
and/ or nm e a carrier,signal with_|ow anplitude and high frequency
(i 6. mAcnielst camssfler, which o rempyedte RGRBeL I foriapyt tpiiog 43 g e st
e.g. nF nd the second baseband data (e.g. mA) 118 for the
,(AFS%- | si) g?‘?i?- éﬂ%ﬁ’ﬁm‘?"l‘% ﬁ?‘i‘%‘tﬂ B“’S?SS?dsatrﬁhilshfﬁg"ﬂf‘gﬂ?Y I“%t, be affqetydd] ameer
mappi ng between the carrier signal and the baseband data can be_
chgﬁged byf‘ieﬂ‘éenﬁﬁi’ﬁsekﬂwm? guds griftingyny| j fi er 110 and the gain
A(mA) of the second argpl_ifi er 112 and the interface between the

nodul at or 1¥§2hnd T &tficieah By offsetcangsiier qfghpsticmril 4rpptbedmplementyd basedbe
a non-continuous phase (NCP) nodul ator. Wien the first baseband data
nF 116 or PRPGEShernsdlstiomicer (R affpst feedback hoppy el tematively) the efficigat DC
signals shown in Figures 3e to 3g may have a phase junp because the
processes 6ffsat sanceHerpper be ipplgmented baged winf dympmicnily betBRSK thngsholdaphhp
114, the first anplifier 110 and the second anplifier 112 may be

per formed alisenpi4 i a mea R ofrendispat signahefithb dicasld. Fhe sliver Hidduaahave a
100 in this enbodi nent because the design can be dedicated for ultra
| ow power weakdletestor (ot showa) angraceallenedaigstdr (LONBRINID) it input eigedsf Bedlicer
area network (WBAN) applications. If a continuous phase nodul ator is
required, albwerbarspiied tosvepkak Jetector 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 Vsx 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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nodul ator with anplitude control |oop can be used to generate the
requi red continuous phase ASK, FSK and AFSK signals. [00681Fi gure 4
shows a scwerato/is3md agr am of a denodul ator 400 in one EIMSEHOGRIVDIGH
The denodul at or 400 may be a conpl enmentary anplitude and frequency
shift keying (CAFSK) denodul ator. The denodul ator 400 nay be operable
in different nodes of denodul ati on. The denodul at or 400 may i ncl ude
an anplitude denodul ati ng path 402 adapted to route a carrier signal

404 and a f Ak th 6 _adapt ed t ute the sa
carrior o deaRe AR dBROCL LD Bivt el B55R Iy RalCHeS B A
control unit ,408 up to out put term.nal 410 of the i e
Genodul ar 1 g sare G E0Ha oy Bt snd HidRibs vattge St (oo Doohey
denmodul at i th.40 The npde,contr ol it 408 y be adapted to
control thg&&af f er@ﬁﬁi‘?‘iﬂﬂ’& dBWOWQﬁﬂ’étﬂag‘t%grfmyrﬁ‘él deseaygncy shif keying
denodul ati gn i ncl yde, _one or nore of a group consjsting of

anpl i tude giﬁ’?’?n;?&f?{lé‘?| Yt %@Slﬁ‘eﬁ%ﬂ@?“cﬁs kv demeduiatiagivey 43RSr3y hede,
control |l abl e Wei)ght nplitude frequency shift keyin CW AFSK) node
and dual cHEAMEF slrfﬁa?%%@evweéq%éﬁwnwwpltwﬁﬂwf FREKy shibideying
[00701The denodul ator 400 may al so include a pul se-w dth nodul at or
412 coupl edempdulatingamit 43d raache eratraties by the sigsat Mrapobi3. The fisanemey shifit h
nodul ator 412 may be a dual - edge pul se-wi dth nodul ator. The

pul se-wi dt keyide dfmedyating anitds2 mmayjcapyesne frequngyyofithg catiriensigad g0¢ into a
circuit or a capacitor charge punp based one shot circuit. The

pul se- wi dt HERBderatestinga yolkgeg YendphtAn auipwstiemiinal 453 efethe frequenesu shifit
term nal 444 of the pul se-wi dth nodul ator 412 once an edge transition
i s present &gving demoduipting w2 mady Wgeoupledithar prgbud input] teimivald423a0hthe
412. The pulse width TON at the output term nal 444 of the

pul se-w dt modeental enit 4082 may be controlled by a signal WN 413 (e.g.
a pul se-width control signal) fromthe node control unit 408.

[0071] The W#dldul dhedreqo@cyraiyiflf keyirtpederiodulatinie usit 32 gpay Hitlde chepprdet-t 0

an out put
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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term nal 416 of the node control unit 408. The slicer 414 may have an
efficient DC offset canceller, which can renove the DC offset at an
i nput ternwoabiodssef the slicer 414. Hence, data deci stars@oaspessed
at the slicer 414 may not be affected by carrier frequency offset and
carrier anmplitude drifting. [0072] The efficient DC offset canceller
of the slicer 414 may be inpl enented based on DC of fset cancell ation
| oop (DC offset feedback loop). Alternatively, the efficient DC
of fset can | e VA i . i sef.tin

OB, PleclnAE HBLESREFLDARED B Yg(?]s‘.*}rﬁgt MEEDL G R

threshold o mean val ue 0 i gnal

ZLi ey ?éi‘&%@? a?no nedé%é‘iwﬁs‘fe 2°%¥§§=3ﬁnh < ?%H?Tert %?Jtlfa%@%‘a"ﬁleéﬁl‘i’;ﬁ%mﬁﬁé )
[ - T

val v o | At SRR e 0 e sYR R MR aver age <i gnal of

(007317 gl B® et irriral oo o e 3ap v G i RERE

shift keyi denodul ati.ng unjit 418. The anplitude shift keyjn
denodul at i 3@2 Jad% gﬁf@“ﬂﬁ@ 18 saeerd @Pﬁnéﬂr‘w‘%"é’:ﬁé% et fhﬁgseac"%f'anIf gyave
signal anplitude envel ope VAsic 419. An output termnal 420 of the
Al 1t ude. SARFRRAeERGEgeaiD Al A Yohiaie Kim mad be pieplissbiodht Bisbapyigerminal
first input termnal 422 of the npde control unit 408. The anplitude
shift keyi Agf &Iéﬁ‘]ﬁcﬁﬂ"t A Ve tfaRscandictrase Brdker; 398 1and dheasepend; inpytaprmine)
and a filter 426. An input termnal 428 of the filter 426 may be
coupl ed t o> khobthegetond dalliwpxe trangorsuctapee segliffer 51@ Thepseconfniapyt demiingl er
424 may be _a full wave rectifier. The filter 426 nmay be a | ow pass
filter. Thé0&eithe fistikalEwpvertrangeapdustpnerciestifiar 307 mgy baceuplerigo theyfirktiomit
hi gh accuracy_ (e. % 6. 7% nodul ation depth), high speed (e.g. 8MHz

i nput f r eqtferEpd S120fdheegend; hauvave Slanggeducinesore¢tifieg 519 AR vollags Vi, may
[0074J The frequency denodul ating path 406 may include a frequency
shift keyi hgysupphesdiglseqond énpyhicrmind 506 Pi ghef fir rveave $iangconduetabergrectifier
denodul at i n‘%& unit 432 may be a frequency to voltage converter. A
frequency @ ansl the st dariug teypinah &1 ofcthe eeropd bhf fnavi sypiseonddetanaukeetifieng
unit 432 nmay be controlled by the signal Wag 413. The frequency shift
keyi ng denddlThe putputieriminal 308 ofthe fisnhadf wave tfansequdintapcorfectifiee 502may be
signal 404 into a signal representing a voltage VESK 433. An out put
term nal 488ipll to Hee butpujuemdyal SHE fof theesdcon] balfredve Gtnsoopductatce4d@ifizany
be coupled to a second input term nal 423 of the node control unit
408. [ 00755 IMhelter Bt dald ywaki thanséopgtiatapee enmifish HOR napduthie t sedB3@d halfy wave

i nclude the pul se- width nodul ator 412. The frequency shift keying
denodul at i mgpsemidict4B2 revtifierf 300 twhithrecomplehedareingnes formrtessttifier d®t.ect or
434. An output term nal 436 of the zero-crossing detector 434 may be
coupl ed t o[00f# i nibhe ovtputrermial 468 obthe thine hplflvaee wiatkcbndwoddcadeatified 562
The frequency shift keying denodul ating unit 432 may al so include a
filter 440andfkhe ohtphtiteinidadG16rafthecednd ulf BASS trhnstérRinctadyd redlifieé 510 may
term nal 442 of the fi-lter 440 may be coupled to the output term nal
444 of t hebguohpiedwiotth® infad udratml 444 2f dld Gltér sTpUSN Y Hhylfiideksdsf Reying
denodul ating unit 432 may have hi gh phase accuracy, and may require
| ow power adshdubmhgast418[ 0076] The rectifier 424 of the anplitude
shift keying denodul ating unit 418 may be

[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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i npl enented in several ways. Figure 5 shows a schematic di agram of
one enbodi nment of the rectifier 424 of the anplitude shift keying
denodul at i w@ 201wi330468. The rectifier 424 may include a fawst20tsao0360
wave transconductance rectifier 502 having a first input term nal
504, a second input term nal 506, and an output term nal 508. The
rectifier 424 may al so include a second half wave transconductance
rectifier 510 having a first input termnal 512, a second input

term nal 51idad eistonsn 30HAPbE coupledtd@bupplGrolth Q0P 8] oFing: bl 4bNAME oulgut
termnal 504 of the first halt wave transconductance rectifier 502

may be coupk@ind 808 BEhs GseBsls vaviikank@nbdtake REARA! 502G BRRAGM: Rahhal

wave transconductance rectifier 510. A voltage \Tin+ nmay be 'supplied

to the firsigionpitsetdidHalfalave ¥n@bndubfnde ﬂéétfﬁdapghé mA9 b€ coupl?ﬂ tosalsfc%l}d

transconductance rectifier 502 and the second I nput”termmn

the second dhakis YEUE]daE ARRER ?gﬁjgﬁdaz{ﬁciﬁplﬁ emidal §76 T 101&181&§990%&§gg&ut

termnal 506 of the first half wave transconductance rectitier
o0, e e 1 SR AR AR
2,205 L A8 08 ek ity L A
T Lt T R T e R A
Cectifior Srpdetttef st Fuepli Mo EiR SRR FRR 900 and
compl enont BV rSSAare PR CRB Ut s Thofr fpsaeriiut ey deve a sae
and 1 he out BTl (R RRTES 6%t TS BRI 900 1t P et g CHBtEe
426, of ¢ he CAWEPRLRRE-CH RIS R A ae BRFLEE B 0 8 fon ppmasoRal
current - soltFoRta e irabiey did e fem o 60 F pelsd o aag TN L0 of
i st an BAFpareris (V) 8F dopyteraah i o s Rgrent sounce (1. 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 (In). 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 (M35), an output terminal 638 of the first current source

(1) and an output terminal 640 of the third current source (Ic). 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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| oad resistor 518 may be coupled to a supply voltage 523 of the
rectifier 424. The output termi nal 508 of the first half wave

t ransconduwoamosseset i fi er 502 and the out put term nal BEdGscEosdoeseo
second half wave transconductance rectifier 510 may be coupled to a
second end 524 of the |load resistor 518 and an input term nal 526 of
the | oad current source 520. An output term nal 528 of the |oad
current source 520 may be coupled to ground 530. [0080] Figure 6

shows a sc t] f Vi anscaonduct anc
oot fher SBaRshSy eg‘?éc B isgs "Yho'fitifan ot QY Bps fRjgilisalifes
transconducta C8io’ £¢ |er clude a st t

transi st or ® z1\%""‘)3 gmf’?l?észg ?gyf gﬂfgbﬁmg&%(@g cf’ﬂrolpgjﬁf eﬂ"ﬂalt%slol_{) he o
pol ari zed C|tor Cl d aresistor (R ., The firs st or
(ML) may hé‘a@ﬂwggfﬂes b (PR R iS50 06 e oLz pcior (Co).
term nal of the firs al f wave transcond ance rectifier 502, a
Sour ce. t er A %WS@&MWJ Ty BV APICR BRAPS GORPPISE 1o AeUBR N pRIage
tranS|stor($N6), Eﬁ g graln term nal 608 coupled to a gate ternlna
610 of t he % fhe fisshaglkPaye ERpsondHcianch TPGHBIGT 9% 2R, PRt temmnab 656 E the
third current source (lc), The_ second transistor may have a gate
terninal 688°08fSREME so0ue dnears WRBHEHAY #O8 o the I S'G"Beﬂbfouﬁ?e(llﬂﬁng
hal f wave transconductance rectifier 502 a source terninal 616

coupl ed t o PAHUTRRYHY et $A0pLthegpiariged ¢apeciton (o heaesissori(Ry may becquplsyl
and a drain termnal 620 of the third transistor (M3), and a drain
term nal 62etwesnhieseureptegnigal 694 of theifis|traggistorM b iqad theidrain terming] §20mf
(M3), a gate termnal 626 of the fourth transistor (M4), an input
term nal 628 third traesistor{(343) and paypledde thecseurcs Agrminph 614 pf thel seqopth ansistar
(MB) may have a source term nal 630 coupled to ground 632, a source
terminal 68¥2bf the fourth transistor (M}, a drain terninal 636 of
the fifth transistor (Mb), an output term nal 638 of the first
current sol®tSa] (| Amidasty, dhe cedopdit halfe wain afang:00dusfant gedtifier $1€ unaye b
source (lc). The fourth transistor (Md) may have a drain term nal 642
oper abl e asmplemensed puthe samevimanner 58 heofirst haf aves tradsedrfductance rectifier 502.
transconductance rectifier 502. The fifth transistor (M) may have a
sour ce t er fhaakecddshadwple drangordugtines retifftmal0 6y okclulben firstith sixth
transistor (M5), an output terminal 648 of the fourth current source
(1D and atrawsigri(¥H tp M6y fist terfour6E0unt coant (l t@aly).zemblarepd ciphdtor (G ) .
The sixth transistor (M) may have a source termnal 652 coupled to a
suppl y vol eedjeredisir @). Thefifst tratsiston (¥ 1 ZWaee hiveanseondniail 602 epératde ad ther
502, an input termnal 656 of the second current source (IB), an

i nput t er nifirsh inpGbGmaihalt 318 of dier debondatfanive srankcomiuclai)e @aifien SPQ S douice
polarity end 660 of the polarized capacitor (Cl). The resistor (R
may be coupdrtihabetiempledite asdrbihaerntigdl 606 alf teDdxthftrdnkietof (WIGY, and a drain
transistor (M) and the drain termnal 620 of the third transistor
(MB) and cempinal 608 coupledsio W gate teemifian810 66l theOfifi BensieR QM) lahd AG Iigfudr
(M2). [0081]Similarly, the second half wave transconductance

rectifier whlinabyi2hsf thefhire BERing Sbukde (1) ETIRBR B NARANG S0P D) iy Hab s h ghal f
wave transconductance rectifier 502. The second hal f wave

t r anscondugdnaieE 614 Gpkifabler asOte $8Bdnd Rpht! d@méhal 1515t oft MeSie¥dd half wave
transistor (ML to M), a first to fourth source current (IAto ID), a

pol ari zed &%&@&i&x@tﬁn&e@é&hf@f@l@a%@%@ teRtnink Y16 &hﬁleé kg 24 oﬁtf)ﬁ’trh?x'nﬁﬁé?rﬁm

(ML) may have a gate term nal 602 operable as t first 1nput

terminal 5&&@&&9@@&9%%@314 ateV & aih L ARSRP B SROGEd 'irFﬁstA r(ﬁf32(5ae]x9

a source term nal 604 couple 0 a drain term nal 606 of e Sl
transistor ,(Me) ter@idl 7 RbRg 4&h Tafdgh ) r !
610 of the f| the trang% stoP ? rEa 3%&%?&#&%&#%5‘%’%@36 iﬂkﬁg
third current source (lc). The second transistor (M2) may have a gate
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second transistor (M) nmay be matched transistors. The third
transistor (M3) and the fourth transistor (M4) may be matched current
mrror. [O0¥83pWSssohe voltage Vin+ and the vol t age Vi necitscesosidoasco
sanme potential, there may not be net current across the resistor
(R). Therefore, no current may flow through the third transistor (M)
and the fourth transistor (M4). Wen the voltage V', + has a higher
vol tage than the voltage Vin., the third transistor (M3) may detect
t he current,fl. owi t LLeS] r.(; t  Lror it
terIrIn?a‘I“@g oIfIHlé) I’Iﬂlplh tI:Ia%s1.?t§§ t%&f_afég%ut_t@%g% tIIetﬂF "By gt clirent

out. The current may be represent e voltage vm

. h I : : I Vi, e ' j
(B) and t Ao iRt AP RiAR P N e Soured B bph o0, GO b ibindey
be fl ow h_the.thi ' . d,the f t
Cr ans st or O “todikLb b Rirp bt M sonf e o i g
(VB) “may o, BN R BniF BRGS0 6 A e Aol g
hal f I f. Via+. . [0084] Fi 7a.sh f !
702 of an' (ABie 66 CABEHT L sroataifey i BRIk o Bt Dt 2

Via.. Figure 7b s‘g%ws a wavef oE]m 706 of an output voltage VRec of the
rectifier AFFINa} ofE5PREERIET PhghhatiPt o tErdal 18, of hihe, &cgnd r bplk i wrye
detector 434 of fhe fre(h enc¥/ 3@ f}%keyi_ng denodul ating unit 432 may
be oper abl &apssonflupiapgepsiier 310. d&e ffth Lpnsigterdd1y) anay haye p spusee tappinl£4¢
node and a second accuracy rmdeg. The first accuracy node may be a
nor mal acc GRS Rddate tireal ofRof e sixthy tegnsiston (Mp) a priguideminal 66% of the

t echni que. The second accuracy node may be a high accuracy node,

whi ch may  deusthcHEent seurphdeland amgeative seleriy ead 68@ of dia peladirpd; caprsitorita).
zero-crossing detector 434 may be operable in the first accuracy node
when t he déhsataE@sisios (Mpbmalhavy 4 squgie texmyipalSR conpled ARSIl 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 (1), the
second current source (Ig) and the third current source (Ic) may have the same current.
Further, the fifth transistor (M5), 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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nodes. The zero-crossing detector 434 may be operable in the second
accuracy node when the denodul ator 400 is operable in FSK node for
smal | noduvax20ovpssusdlex denodul ation. In the FSK node, ther/steavusdunbist or
400 may denodul ate FSK or Gaussi an frequency shift keying (G-SK)
signal with small nodul ation i ndex hF. The small nodul ati on i ndex hF
may have a m ni nrum val ue of 0.2. For conparison, the Bluetooth
standard have a nodul ation i ndex hF of 0.28-0.35. [0086]Figure 8

shows a sc [ ' e ro-crossing detector. 434 i.n_t
irer acoureagt Saibarns by bY St Fed snagoino i BpActSers” Bl ard e
det ect or e a fi r_bank 2, a first conparator 804, a second
conpar atoﬁ%‘ﬁ@ﬁﬁaﬁﬂﬁgé&%ﬁ“ﬁﬁ? .edcrlﬁﬁe'#?lfrfoér bank 802 may be a

t wo- st age phase filter. [0087] The fir conpar at or 804 may have
a first inmﬁ'l or e they g% Vst ﬂ‘t&‘] theyvaltags Vit BaE 5 rme BPPAL Tiye mayt
the filter balgk 802, a second ingut erg%gtal 812 coupled_to a second
out put ter AP DG LHIER ACEpss fhe) Faston, Ry Thegolore, gy cymens payufloy dispginthe
816. The s%é;Iond c_orrpﬁ\r/I t or lgOG may have a first input term pal 818
coupl ed t o tHrd; tAnsigtop, %ﬁ“dt § FRURE rap9goLMh Fben thectoltagmKinghas a higher
second input termnal 822 coupled to a fourth output term nal 824 of
the filter Volask tegothe yalasgnVipythe third ansister) (VB enayTirieckdr qpaent §a@ingny
have a first input term nal 828 coupled to the output term nal 816 of
the first HBeHshrthe sisisgyARympdmasethemdnimaniftout.cFhe enarengBoy deupprestnicd
t he out put terrn"r}aLTVBZG of the second conparator 806. [0088] An i nput
differenti carX.etiSi I - ARY] | fjrst J-nput

t erm nal 8%!21 *G6f the fi Itwglrng %5%%%2@&?9%@#%%?8% é’?nerﬁjgrﬁol[t%ﬁe Y:‘%i’rtﬁfer
signal VIIl_ may be supplied to a second input term nal 834 of the
filter banthifd@@nsistheM3)lahé thelfourth BALsORIMEOANET tuind@ of TG burrent may be
differential carrier signals VirNN. and \TIN_into four output I/Q

di f f erent i flbwing 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 Vigs.

[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 qutput voltage Ve 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
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signals I+, |-, Q+t, Q. Zero-crossing nmay be performed on the output
| differential signals I+ and |- in both | paths between the first
out put t erworzalo/Bi80 of the filter bank 802 and the firSECH/SGRIES/000360
term nal 808 of the first conparator 804 and between the second
output termnal 814 of the filter bank 802 and the second i nput
termnal 812 of the first conparator 804 respectively. Zero-crossing
may be performed on the output Qdifferential signals Q+t and Q@ in

both Q pat tymeen t t hi utput term nal,,820,0f the filter bank
502 and s nngdi STt 085l Sl B md ARS8 s R ap oS aoing
bet ween the fourth output term nal 4. 0 he filter bank 2 and. the
second i nputife Fn'q?g'loc@ﬂtfr d@[)t‘ﬁeo@@ ntf EB medg Jﬁt’r gﬁgl?r%%‘g‘g‘é‘f’i’\}g‘i?.
An output of the first c arato 04 d out put of the second,
conpar at or ‘%5‘8‘1 - “b%‘ @ﬁggki"é‘%et%e g‘??&o‘@@f%%ﬁgﬁmwle@ﬂg“lﬂﬂﬁsgé’(’@a8§@?

[ 0089] Fi gure 9 sho sche ic diagramof the zero-c¢rossin

det ect or 43%apgucy ﬁgﬁ% gﬁ’ﬂﬂ% “5%!%5} sepelimyga small ﬂﬁ’é“lé‘%‘(‘,‘bh‘?feécﬁfu&éié)ﬁma“
node, the zero-crossi ng detector may use an instant phase cal cul ator
902 and an "fdalaten tné%gw Bay hpvg hmpRye alie of AR Epr ogmpaniagn, dha Blyetooth
term nal 906 of the instant phase cal cul ator 902 nmay be coupled to an
i nput t er niSkafard bayegmadylatiopndexybpof 0R80.3%st ant phase cal cul ator 902
may be used to convert the carrier_signal 404 into a phase of the
carrier si ¢80 204igur8 shpvscr sphamptie,diagram wof thezzerq-prossing daiciardd4 htkse
and may convert the digital result into a pulse train. [0090]Fi gure
10 shows a 5% Heswsacycnefleadn e st wdseragyBdatthe Aergeressing detsetor M@ seiged
by the zero-crossing detector 434 in the second accuracy node. The

i nst ant phditer h@k@@g,a% frst oompantgr §04¢ b gerond conparetor BeMkndlOXOR Fhe 836.
filter bank 1002 may be a two-stage poly phase filter. The filter
bank 1002 g filker bapke8G2 hasche diamokstago olypbaketfijtet.he zer o- cr 0ssi ng
detector 434 in the first accuracy node. The instant phase cal cul ator
902 may i H8d&de d'he first compamaisiv duaythave 4 084inpat tewwihal {808 coup(@Go a first
peak detector 1008, a valley detector 1010, a second transconduct or
1012, a sumwipnigtedhanilc® 01¢f1the fites bavki 803, desvdond ifiPkBemrichl 812 coupled to a
transi npedance anplifier (TIA) 1018. [0091] The first transconductor
1004 may hascendaovtput srmimap8it4 dfelentiltva bark®P0, andaploetput ©nmiaalfsil 6. STheaedopd t
termnal 1022 of the filter bank 1002, a second input term nal 1024
coupl ed t ocempeaon@Doomspbigvet efirvi inpht eORGalF18tdoepltd ftd e nhibboakpit Q@ hinabnd
an out put term nal 1028. [0092] The rectifier 1006 may have a first

i nput t er mBGAbf 1E30ltachaak 802f @ sacdukiinphit 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 Vv+ may be supplied to a first input
terminal 832 of the filter bank 802 and an input differential carrier signal V. 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 Ve and V. into four output I/Q differential

23



output termnal 1032 of the filter bank 1002, a second input term nal
1034 coupled to a fourth output termnal 1036 of the filter bank
1002, and wo 20wiopznsot er mi nal 1038. The rectifier 1006 neyr/de2oes/ovb3co
wave transconductance rectifier. The rectifier 1006 may be

i npl enented by the circuits shown in Figures 5 and 6. [0093] The peak
detector 1008 may have a first input termnal 1040 coupled to the
third output termnal 1032 of the filter bank 1002, a second i nput

term nal 1Q4ghaleul, 236 cloSuitidl tHayob¥ Rforth &1 61 #aby R 3QifdrerdtPsignals
filter ban%ﬁ%OOZ aﬁgkgﬁ out put ﬁirdfﬂil 1044. The Jg | ey detector

1010 may havend1fihibein I shtstbetvRemiHacrst it @@Mmapﬁd&twﬁnérmam s@&f&ut

termnal 1032 of the filter bank 1002, a second input term nal

coupl ed to st Ripht RnREbIPsYS Sﬁﬁérhﬂ@kor%pag‘ﬁoPéOi E@ l;ét\!vée?lrtg? g&:%né'gﬁﬁ

and an output term nal 1050. The second transconduct or

a first 'nre&lmﬁawsrmr@mé%%r%aupls@ﬂa},@tﬁmecw&@ AR12 {ﬂa
| nput t er m nal 6 %&m(l)u

t he peak detector 1008, a second

Cer i nal 10BRPBboR e Aty SR B %3 N i t’fu‘tm@
i I‘

1006, a seciui DRI RAE PR doﬁrf#s“bﬁ?emﬂtﬁﬁgﬁtoaﬁ ecaL%%

1056 of the,s ﬁﬁe%qnﬁlg@g%&m%% hitafind 3 A0 3ﬁ§dtefm£§r} R

The summ ng devi ce 0 Co

EB‘EZTefébé'@?ﬁﬁ%%r?@?af?nga%ﬁ. i zmié?ﬂa; RSy %ic@f{idﬁalp@? ¥ ulﬁétf”
2 second | T 825 o6 e?%%gﬁf%%?%'awr%%heesassf%ﬂ_?%‘r AR ok g g
cal i ng dedPREVISBURaH weoumTobe o0t spbmair 8bF fm b Hhekedc v
ik, 1o MU PR Lot o St e e
J&%gc SI) 4t h@#ﬁA 1 %*é* % ‘iﬂ‘"é% ‘gft‘ﬁfifﬂé’ g‘]}?pﬁff"'ffe?sm ectyngd3bin tpe

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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[ 0096] For exanple, if a sine signal VA Silt (04 ) is a signa

supplied to the instant phase cal cul ator 902, an instant phase of the
si ne si gnawocan/asaseal cul ated using the . foll ow ng formEH/SG2008ENES60
sin(aot +v) cot +yo = 2 VA +0.592- VAl cosfrd+yol* The above formul a
may be inplenented by a circuit e.g. as shown in Figure 10. [0097] An
input differential carrier signals VIN+ nay be supplied to a first
input termnal 1074 of the filter bank 1002 and an input differenti al

carrier sighaldevh MrstWhsQmds4P 0@ 2t Lctfied qggé?da b@ﬂcu&etéc%rni la jvgﬁ%
of the filter bank 1002. The filter bank 10 may convert the 1 npu

of the fi € 1002. " "100: t the Fnpu
i 11 or ont SR 10 oS uniiohegR gl afbumih® ALY 1O, BYali i

supplied touﬁggm;;%%&Féﬁgﬁgg??ﬂﬁﬁ&gg?éqg The first transconduct or

1004 may convert t Si g nto a current, which
i Gnars. oy Y g Hanb oo R DOPET b5 oot e PR 1D ot
& st gnal < i D Rl b s RoheR 30 dofiond Bt im0 E el
the vall ey ateRter g lomiu O AREFERRRI%0n anden S Sl Suct or
012, T SRR SRS et S e o S 50 Sl o e
1016° may. 0YFAEeTaoU P B e e e st PP bRPYGTRgAL 10P4 Gropage o
OB N e AP e IR B i i e TR 20
.([j ﬁ\éi fﬁpl]j'? 1g%f:ﬁ 1?1'2}0\63:%%8_66 ql\é\ﬁll \?vgvent?a%sgoﬁggc?a%sg Eecttifrilg'. I"l"lrlleS E-e%{i]%erplr(])%g ?nagfbe
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 cutput 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 m;tput 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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[ 0098] Fi gure 11 shows a schematic diagram of the anal og to pul se
train converter 904 used by the zero-crossing detector 434 in the
second accwoow/assie. The anal og to pul se trai n conver t BCT/SE0308Y360
include a plurality of resistors 1102, a plurality of conparators
1104, a plurality of XOR gates 1106 and an OR gate 1108. The
plurality of resistors 1102 may be connected in series. In this
enbodi nent, the nunber of resistors 1102 nmay be odd. [0099] Each
conparator 1104 of the plyrality of copparatqrs 1104 may have a first
i nput  t er mi I SURIRS 3%% 1044 mavis adagtpch e CmipRg s putee sengh of W rectifier
transi npedance anplifier, (TI Aé 1018 and a second input termnal 1112
coupl ed to QA6 prdAnAuiRYSFiERad ahibe s5cord danseondpdipetdZng t wo adj acent
resistors 1102 of the plurality of resistors 1102, and an out put
terminal 1198351 [ 010w se2livg dxmeé%ltﬁemqnwe@rﬁr@mpwtavranaltlf)ﬁ‘bﬁoux tg shees
1106 may have two input termnals 1118 and one output tenfinal 1120.
The two i nputput Erpinalal 062 of the sepmingdevikOR01 45 4 second putigyminal 1966 pouptedt o
output termnals 1116 of two adjacent conparators 1104. Each i nput
term nal 1IQthephipahteminglai028 ofithe firsbjraseorslyeipt EWP4t mudtaneutput terminal 1068.
termnal 1120 of one of the plurality of XOR gates 1106. [0101] When a
further redhstsselingl devices 16 megt kel adeptednéo gividealant qutpft sigel of ahe firdt02
in series, the nunber of resistors may be even. The anal og to pul se
trai n convémhsprnd@wr iHi4 Hyantdugut sigmal afibe surhminghlevice thigaTlad TIA 1018 4nay
having a first input termnal 1110 coupled to the output term nal
1072 of t héate anmpnipecandel 0d0pbufledeto thd dvilputl GiflinalnD6a of eleosvalingbavice
termnal 1112 coupled to a further connection 1114 connecting the
further redD&s. @m chfid? teanihalbl072df the ARA 10EBmsY be coupRd to M8 ndput @ithinal 908
termnal 1116 of the further conparator 1104 may be coupled to the

i nput ter mofithe APTZO04f the OR gate 1108.

[0096] For example, if a sine signal ¥ sin (wt + @) 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(cut+(a)
V,+0.592-V Jcos(ax + )

arsp="
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 Vpy. 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 Vi and Vi 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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[0102] I n one enbodi ment, the analog to pulse train converter 904 may
have (St+1) nunber of resistors, R to Rs+, 1102. The anal og to pul se
trai n conveot2010/B38080 may have S nunber of threshol ds, VitRGHSGmo0N368.
The resistors, R to R5+, 1102 may set the values of the thresholds
\fah, tolith,s. Atop termnal 1124 of the plurality of resistors,
R to Rs+, 1102 may be set to the highest |evel (VH of the

t ansi npedance anplifier (TIA) output, and a bottomterm nal 1126 of

the plural 's§ e{y%'s gl fled to Re réc?lﬁas{bﬂ? 1%%8%5 E’%S@L %vgll?ﬁ]flc@y\ﬁ%t

| evel (VL) the transi npedance anplifier

Hence, the (?-ugl%aﬁclﬂég]ﬁn sc;ht&g ﬁﬁl@% é +Q\HJI @pl ] Qfs @na%%nverpf EiL éo t?xé pﬁy

be an out pu e transi rrp arice a Ier

%02 by hﬁe'%%%%ﬁ%@h%ﬁ%%”%? b e GPH@E%%’%?EE?%S%@% itef et
I I f 4. Each
01 't hr eshordPUfE 68 %?ﬁ‘exfﬁ%ciﬁé@o e 36 B BBl v T

t | 1112 of th ect ar at or 1104 The .i.nst ant phas
my be. conThF ston fretea S TR Rese d sar i ‘?n FORSRISFIS 7O 3t o

Vti,,s. [0L04]Figure.l2a s arr] naI 1202. The
FSK) GROK. o SPRITEPA Bt szg%“ﬁweb {Gombo e tAae  detiee 1986 st b B
by the ins se .cal cul ator 902 Fi ure 12b shows a waveform_ 1204
of the cal HEH’&(H gﬂ‘e Sﬁ@tﬂ&ﬁ'ﬁ"‘b%g & vy divige Pe thershmgyation g the regtftey
The peak a38t¥alley Luese@J t he calculated I nst ant phase of the
FSK/ GFSK c4P9 entrdti apd dhe gospnd fragseqnductes; 1G18 O\?H?uénﬂ’e\}[anﬁ’@msé@w grapljfier
The S nunber_of thresholds Vtb,1 to Vd,,s may be set b

Vth, s-V, b, §T) NP}f way capvprt diezutrent outppt pshe ggalne-deyice éﬂkﬁ/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
(TIA) 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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2) VH-Vth,5=Vth,i-VL=AV/ 2. These thresholds may ensure that threshold
conparison events are distributed evenly in a phase domain. [0105] The
conpar i sonwpegumsef the i nstant phase of the FSK/ G-SKPCESGA&R000360
signal 1202 with the values of the S nunber of thresholds Vtki to
Vth,S may be converted into a pulse train by the analog to pul se
train converter 904. Figure 12c shows the pulse train 1206. Each
transition edge 1208 of the pulse train 1206 may have a correspondi ng

threshol d_GaRPAESRN RYGbied & DEGRIEANION 167 DUl BRck: BhApd 2l 11BN

be S tines of a frequency of the SK carrier signa

| C106] A <l Bl 1 G0 G o1 RIS IRNEY i MRy 1 29,
i nput ter mo@glle @ﬁ%@nﬁag{}&e%%§§&w l%gt nodul at or 412. The pul sg train

1206 may be suppl é pufse-w dth nodul ator 412. The

| se-wi d I 4 . .the t it 1208 th
pul s 1 rai 10806 B A RRYRTGE 2 5t SFer @ Rupe oS aptiag P02 ™
transition edqge,1208 ows .an ogltogltjgp‘ﬁisegnal 1212 of .t he

pul se-wi dt i§ dtLl}F &naper?{ge%{sﬁ)rsl%gy lsaeh even. The an train converter 904 may

further include a further comparator 1104 having a first input terminal 1110 coupled to
the output terminal 1072 of the transimpedance amplifier (TIA) 1018 and a second input
terminal 1112 coupled to a further connection 1114 connecting the further resistor 1102
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, Ry to Rg4; 1102. The analog to pulse train converter 904 may have S
number of thresholds, Vi1 to Vi s. The resistors, R, to Rg+1 1102 may set the values of
the thresholds Vg, | to Vi s. A top terminal 1124 of the plurality of resistors, R} to Rgy
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 Rs+; 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 Vg to Viys may be supplied to the
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[0107]Figure 13a illustrates a FSIC/ G-SK carrier signal 1302
processed by a conventional zero-crossing nethod. The conventi onal
zer o- cr osswoQornessusa perforns zero-crossi ng detecti on @UIVSG2008/000360
FSI O G-SK carrier signal 1302 directly. The phase accuracy nmay be 180
degrees. [0108]Figure 13b shows I/Q FSIC G-SK signals 1304, 1306
processed by the conventional zero-crossing nethod. The conventi onal
zero-crossing nethod perforns zero-crossing detection on the 1/Q

carrier si geahg inb80drmihdi0A 12of the kdsyectiv Corfitaatér PIOGUTIRCHstR phike nBY be
degrees. [0109] Figure 13c shows a FSK/ GFSK carrier signal 1308

processed kympated #ih didtvaRBasRhI © hembdr 05 Gk RAFlAEVR OB V,{i. One enbodi nent .
Conpari son may be perfornmed on the phase of the carrl er si gnal 1308

i nstead of [0104] CalFigie $2:08 ks BIMK/GRASK dhkitk ipasl lmﬁtmpm%ﬂ@aﬁ%r

may have a | arge and stable sw ng, which may be suitable for

mul ti -t hr esfagld 202 &al k icdehedlintd BB GRtant PRsPBRBR RGSHY ﬁﬁ@é gWIaQ?QOZ

i nproved conpared to the conventional zero-crossing ne

[ 0110] Ref emRiduRg11AHows &a&m &mto@%ed@amw&daﬁ@{aﬁ@gsmtheq:s&tpéﬁﬁ?' e

in different” nodes of denodul ati on, which may 1 nc one or nore

a group copgfist é1%911 q&oz'mime'ﬁeuﬁﬁn@baq gd&eﬁfxg Bﬁﬁfaeﬁapﬁ@,ta?@d% qp%e C e

shift keyi ng (FS node, controllab ncy
il Lo et P B AR A e
frequency ShTeUR “"d*“‘ AR Broge. “When the - o o ATPLITUAE
) VsV ,s_l—Vth s-1-Vins2=... =V -V |=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 Vi g may be converted into a
pulse train by the analog to pulse train converter 904. Figure 12¢ 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.
[06106]) 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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denodul ator 400 is operated in the CWAFSK node, the node contr ol
unit 408 may be adapted to control the pul se-wi dth nodul ator 412 in
dependencewOrR0HMI38N80 put signal, e.g. VAsK 419 of the anpll/3Grdes/000360
denodul ati ng path 402. The node control unit 408 nay be adapted to
couple the output term nal 435 of the frequency shift keying

denodul ating unit 432 to the input termnal 417 of the slicer 414.
The node control unit 408 nay be adapted to provide a scaling device

demoaul at | ig GerE o e o BlfR st 1210 ¥Rl Huksitln LR AR, 150
Signal e ooy EEL b b B e A2 "Bt h 402 Lo & e
Contr ol | oo P e iy A48 GHAGRH JRAVORC ARG Bl o307 lBieedf o
of 't he anploPI O HLABAGT Pk e T OB R i BToRrgneiaobed peorms

signal, e.g. VAsK 419 of. the ' dempdul .at i n ath 402 with a
control si gﬁr&c“"@é‘ﬂg 164 88e&9%%§ggﬁeca§'&%ﬂ siggpl d&\?gc‘éref 2 Therjpaase
scal i ng devi ce 1402 r’rﬁ ge an analog nmultiplier. The frequency shift
keyi ng dendefirasy M3y bg ?’(q Smay generate a signal VAFsK 1406. The
slicer may slice the signal VAEsK 1406 and generate a fi nal

denodul at eé‘ﬁ@hl put 18R églil?g%"."s [Vs&lf§ GFYHa sigopls ARG, (138t pracased dwr ther
signal 404 may be QFSK—I signal, which may have the sane carrier

si gnal 404 SofanieRek g Rrasyeh methoda 1P icpusationshseracaessing method porformad
the frequency denoduyl ating path 406. Through the pul se-w dth

nodul at or 4eF9-CraspBg detention ap eheilQ eamsrsicanls 12% 13 cthy The phase pecuracy
conbi ned into_the denodul ation of the frequency information, e.g.
VFSK 433. & be8AHeanessi on of the anplitude information into the
denodul ation of the frequency information can be an enhanci ng process
and may bel01@Rk ghFiyrenidc hews a HISKAGFHE vrurier 3ignal. 139 processhd by an instant
denodul ation of e.g. an AFSK-1 signal is controllable weight

anpl i t ude PhasgaeaEossing fmethedyin gae eahydiRgK) Comparisoh atay da pedomsd. on the
f0113] Based on this combination, the denodul ator 400 in the CW AFSK
mode can delaselaf theeagier sighel 138K insiegik of e caEBK signali 1308 4 .calthlated ibstemt
nmodul ator 100 can switch the nodul ati on schenes instantly and the
denodul at ophas®d3 I9amaydane o large aadistablesivinga whichimaydw tsuitabtecior mplti-thiklemld
denodul ator 400 in the CWAFSK node can be used for the applications
whi ch havedigitglizatpr: Kengs, tha phase aemurdcy varyiba tiinprosed pegpdredapite conventional
reconnection on the nodul ati on schenme changes or need continuous
connect i onzaterciongngmethddt i on schene changes (e.g. wirel ess personal
nmedi cal devices). [0114] Figure 15 shows a schenmatic di agram of the
denodul at ot014¢J0 i Refetrmgdaph fot Rigiee dhthé tlethedulater 40059y brngerabMiie diffekeat
denodul ator 400 is operated in the ASK node, the node control unit
408 may bemadeptfedeniamintation! ehichenayuinphitle toge norn@bre4&0a Girovph cordisfind bfide
shift keying denodul ating unit 418 to the input termnal 417 of the
sl i cer 414amplitudeoshife &keyihy GASK) medé, rfequaiae shithkdyingk @K gnalRBshtboBiHIN g
unit 432. An output term nal 1502 of the filter 426 may be coupled to
the input ieight melindik freqiercl ehiftlkegiap (GWAAF$ILHhBAd smdt diel Askndragsliniide
carrier signal 404 may be a ASK signal. The carrier signal anmplitude

envel ope VA&fedch@hiteReyh@ (BXLARSK)afoder Om t he carrier signal 404 and
may be supplied fromthe filter 426 to the slicer 414 for data

‘1282“ on. foels! i BghreMy UERETAkhehatit NBgralR "SHd A GRRMRUE0A S Ahe

controllable weight amplitude frequency shift keying (CW-AFSK) mode. When the
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[0116] Figure 16 shows a schematic diagram of the denodul ator 400 in

t he frequency shift keying (FSK) node. Wen the denodul ator 400 is
oper at ed | wot2aw/B8IKO node, the node control unit 408 mayrdwsGeesptoedot o
couple the output term nal 435 of the frequency shift keying

denodul ating unit 432 to the input termnal 417 of the slicer 414 and
to deactivate the anplitude shift keying denodul ating unit 418. The
pul se-wi dth control signal VTON 413 supplied to the pul se-w dth

o) At or oA B0SE bod ek FWARSRADIAHE N UGubl SRSOERAG be,

control unit 408. 1011/1Tn t e carrier sign
FSK i fr. ift i d d i. it
s oo GRARAN e PRI I b SEHAR SRR it Y
i | VF -4 T i | .VE 433 l,i ed f 0t
' Sency - 1 A R R B B 85 e
ata deci sign e sl.icer ut pu . ., €.0. :
G35 of the a0 olt H¥ aulput ERnal 45 e A% BBty il Yavine B onaing
1602. 101181Fi 17 ) h ti.c dj f, th ] t :
20071 't o b AT ot sk SRR DT TR OO TRY b sOHira) SpAl g pe
node. When éhe dermoduyl at or, 4Q0 .i s ggerated in the DC-AFSK nopde, the
denodul at oP9aREd HRKOVIde 8 serling Aevies 1407 fosgreiverthe output sigale e 8o Yk diO pithe

408 may be adapted to. couple t out put tenninal_ 420 of the anplitude
shift keyi ﬁ@ﬁgﬁ%gw%@mg it gﬁ%amtsaalﬁ HBe oRmyt steBplniedalVase #181oft the
slicer 414 and couple the output term nal 435 of the frequency shift
keyi ng denfapf ‘i‘i’lfﬁw atingpash ‘?Q? agd o Fipaky theseated antpytaignabe.g; Neonr4lp eher

slicer 414,
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. Von 413. The scaling
device 1402 may be adapted to scale the output signal, e.g. Vasx 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 Vew 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 Varsk 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. Vasx 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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1011911 n the DC-AFSK node, the carrier signal 404 may be the AFSK- |
signal. The carrier signal 404 rmay be nodul ated in both anplitude and
frequency. wolpe10enspisd t ude nodul ati on signal and the freqrERG2008/000360
nodul ati on signal may be different. The carrier signal anplitude
envel ope VAsK 419 fromthe anplitude shift keying denodul ating unit
418 may be digitalized by the slicer 414. The signal VFSK 433 from
the frequency shift keying denodulating unit 432 may be digitalized

by the fur ted IaRE sdtde deViiE 1867 4 e fdenal . .
anpl i tude h';ek dul g)tctgdscoutgpuet ga?gi?ggsdf%nd %ﬁﬁﬁﬁﬁég a@ﬁ#gie{?f SZ@ZTI 1
may genera f . L a, 1706. ..The
pul se-w dt tﬁg%‘g“%%a?%b”eghgﬁ'gﬁn@*&?ﬁ%%@%g‘? éggh?@t‘% e )pdlﬁnéjg%l%'ﬁetmd‘
nodul at or y et.t0 a,sui.tahl e, constan al ue node
cont r ol unﬁﬁl‘tgg Ef%gﬁﬁ] s Sombivation Heler gﬁaﬁ’ﬁhﬁg %&%&gﬁoﬂ%‘%ﬁ?
provi de dugl-c nel .co L eAat i . doubl.e the c nel _efficiepcy
nd may T e Qe G SR o KRS sl e FGOaEs 108 Fireich
hi gh spectrum efficien wi.th | ow pgwer a | 0 ost. Further, the
empau at o/ EAptHsian gt jgstiety sod e chenaCiatog 40 651 dmadlatcine slandls
communi cati on whi ch needs ul t | 0 ower n tion (e.g. wreless
personal ard3oHTREIRS %ngF’@Pé@E"rb 1 \Aﬁ'@agﬁégﬁl{n cap be used for the
[0121] Figure 18 sho schepati ¢, di agram of a_nodul at or - denodul at or
(noden)  180Rjicatigns Ve (FAPHRMEeRt NyiRtiont GFed Bpil reqgpaection
nodul at or 1802 nag be simlar to the mpdul ator 100 as described
above. The°Ritfefoduaeen,sehems, changes of pRedFanIEOBT cammgetionTdysing apestylatian or
1804 may be sim]ar to the denodul ator, 400 as descri bed above. The
modem 18005d5e sRange-gf Wirclps ersanbmedical dgwicsi)r el ess net works (e. g.
w rel ess personal area networks, wreless body area networks, _
Bl uet oot h, [Bd¢) ) . Fizymothishpvs e schametisi diggian obtheidpmodylaterdd0dnm theamplinden
particularly shown and described with reference to specific
enbodi ment suftikeying 643K wade, Yer sheolsenogylator 49@ isstoerareddn ithe A meade, thhiat
various changes in formand detail may be nmade therein w thout
departi ng meéhsanyel wp 408imayrhe adanigsido gpunlhtheiontpuhteiminal 20 ¢ fhie naglitugle
the appended cl ains. The scope of the invention is thus indicated by
t he append#uftdegngslempdplaing witai§de thhinpht wompald Y hefthe sicardafiang tand
range of equivalency of the clains are therefore intended to be
enbr aced. 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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WO 2010/ 033080PCT/ SG2008/ 000360 [0123] I n one enbodi nent, a nodul at or
may include a first internediate signal processing path adapted to
route a fiwstiwessoedi ate signal; a second internedi at BC1S$ER06d/000360
processing path adapted to route a second internediate signal; a
first anplifier coupled into the first internediate signal processing
path; a second anplifier coupled into the second internedi ate signal
processi ng path; and a chopper circuit coupled into the first

i nt er nedi at i gnal  processi,n at h;, wherein the er . circuit i

Lt od t o BrStdeds RERFEISHRS KBEhY daarr gt 4 YRR pulGeridl R

first baseban ata; . _wherein the fjrst lifier is adapted to .

anplify t hé‘gf’gr o He e RBR A ettﬁg ip{jirsl&'lw“ﬁggg@lé’é@ﬂ Yy ‘Pﬁ’éggﬁﬁfptﬁear suitable

circuit in dependence on second bpaseband data; and wherein the second
bbb e g

anplifier i°ns ¢ squfrob it 8cond i nter medi ate signal in
dependence on_t he _second baseband dat a.b‘g0124] I n one enbodi nent, the

modul at or #87he ARithsSK madeihe parier signakGdrapebs 2 Fokes aSIFSkodgnahtThen
i n dependence on the first baseband data and the second baseband
data. [Ool2deauenenehif eyng demedulating uwisd83 may qepwrat theiftnquengy of ithel eattéer
one or nore of a group consisting of anplitude shift keying (ASK)
mode, freq&i@pdyA04hntort Rég&nnlgisES%)?- Al signal oYk 9P adyeberveupphed from the
anplitude frequency shift keying (CWAFSK) node, and dual channel
anpl i t ude feawsoensyit deying deapiylefingDOItAERKY the diicer 404 @] date devision. The
embodi ment, when the nodul ator is operated in the anplitude shift
keyi ng (ASK)cepthbemay plécefanraytpu sigedlang Gat 433raf/thediler 44¢ onsmenate avfnalie.
demodulated output data 1602.
[0118] Figure 17 shows a schematic diagram of the demodulator 4060 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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[0127] 1 n one enbodi nent, when the nodul ator is operated in the
frequency shift keying (FSK) node, the second baseband data may have
a const antwoab1ee33030\0 2010/ 033080PCT/ SG2008/ 000360 [ 01 28}1/3G20088000360
enbodi ment, when the nodulator is operated in the controll able wei ght
anpl i tude frequency shift keying (CWAFSK) node, the first baseband
data and the second baseband data nay be the sane or may be provided
by one nessage source. [0129]1n one enbodi nent, when the nodul ator is

oper at ed i rMmayhgeneatel a fitvd riregenayrdémadutbeed owpu elatayl 766i The pudseiwidth control
(DC- AFSK) node, the first baseband data and the second baseband data
may have disignel ¥idn 4Hl sipplial tonthy paBepriditsi edhlddyr 410maR $6 agELeSH WhiEdE
respectively. [0130] 1 n one enbodinent, the first baseband data nmay
have a val wensdnt ¥alo¢ by the nfodd Soaohurir®senbodi ment, the second baseband
data may have a value of 1 or -1.
[0120] The demodulator 400 in the DC-AFSK mode may provide dual-channel
communication, may double the channel efficiency and may reduce the power per bit,
The demodulator 400 may achieve high spectrum efficiency with low power and low
cost. Further, the demodulator 400 in the DC-AFSK mode can be used for wireless
communication which needs ultra low power consumption (e.g. wireless personal area
networks, wireless body 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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1013211 n one enbodi ment, the rust baseband data nay be baseband
frequency shift keying data. [0133]1n one enbodi nent, the second
baseband dwoz20rg3d8e baseband anplitude shift keyi ng darGr/SG20ds3Wpicnm
one enbodi nent, the chopper circuit nay be a differential binary
phase shift keying nodul ator. [0135]1n one enbodi nent, the first

I nternmedi ate signal processing path may include a first filter, an
output termnal of the first filter being coupled to an input

term nal ofjizp Cflﬁﬂﬂl%rerﬁdoﬁﬁﬁﬁni amllg’ﬁio}%ﬁnﬁlcmoﬂ'f@%tenﬁ{@té iRl

filter may be a low pass filter. [0137]1n one enbodi ment second

i nter medi ate, 3t atPIRGRS 3 F0dteRfid: fYnediate 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.
[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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include a second filter, an output terminal of the second filter
being coupled to an input termnal of the second anplifier. [0138]1In
one enbodi wermio/esbesosecond filter nay be a | ow pass fi | PEr/SGIER/000360
2010/ 033080PCT1SG20081000360 [0139] I n one enbodi ment, the nodul at or
may further include a frequency divider, a first output tenninal of
the frequency divider being coupled to an input termnal of the first
filter, and a second output term nal of the frequency divider being

coupl ed to [0128] NP Ui o€ ERb& e ] vevﬁéhethéﬁxb&ﬂgoxf is lopﬁﬁted Erptéég%rlt%llgﬂg weight

enbodlnent the frequency divid curtent
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an input signal recejved by the first scaling device. [0143]1In one
enbodi nent , gFﬂ?’?ﬂ?@P*ﬁ%a]ing device may be a first output of a

[0130] In one embodiment, 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 I 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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gquadrature | ocal oscillator. [0144]1n one enbodi nent, the second

I nternmedi ate signal processing path may include a second scaling
devi ce couploediw33mm out put term nal of the second anplpET/sE2008/ 08360
second scal i ng device being adapted to scale the second internediate
signal anplified by the second anplifier. [0145]In one enbodi nent,
the second scaling device may be adapted to scale the second
internmedi ate signal by nultiplying the second internediate signal

with an in i g | ' '
2010/ 033088%4819' sezqglfc)’§§ %%gdef%’g t’gﬁfi %ﬁgﬁ@%%ﬁ}l ir?g%t‘l?g;ﬂr?@ﬁ’é“é’éé}g&“’a
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include a ?#&THHEQ, A% &Eond output terminal of the frequency divider being coupled to an
input terminal of the second filter.
[0140] In one embodiment, the freqﬁency divider may be 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.
[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.

37



coupled to an output termnal of the first scaling device and an
output term nal of the second scaling device, the summ ng device

bei ng adap¥@d0104338bi ne the first internedi ate signal BiEgGdosdopoiche
first scaling device and the second internedi ate signal scaled by the
second scal i ng device. [0148]1n one enbodi nent, a conbi nation of the
first internediate signal and the second internediate signal may form
a modul ated signal. [0149]1n one enbodi ment, an output term nal of

the summ nqogigyi cqn Gﬁé’erﬁﬁodﬁﬁélﬁ’l i sécgn@&ahﬁﬁ)&@vlée%%tf}?% s&g%@oWFat od

anpllfler the power anplifier being adapted to

si gnal . ﬁﬁQLJ&F%QQI&QRQQ ment, a denodul ator may |nclude an

anpl i tude denodul ati ng pat adapted to route a carrier S|gnal a
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P it ode I8 Sff%g‘é’%é%ﬁm%@gaicﬁ Fation, oF e ROt ediste 'fimal 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 2 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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anplitude shift keying denodul ating unit, an output term nal of the
anplitude shift keying denodul ating unit being coupled to an input
term nal owWOZaw/a3gge control unit. [01521In one enbodi NBTWSGAEBN00360
frequency denodul ati ng path may include a frequency shift keying
denodul ating unit, the frequency shift keying denodul ating unit

i ncluding the pul se-wi dth nodul ator. 101531l n one enbodi nent, the
denodul ator may further include a slicer coupled to an out put

term nal of €nfe0 : i '

slicer may [ﬂg\}g gtnlg e?r%i glitn[éérpldtlm%% g ef%g% ﬁéﬁ%?&%@‘r’@@%ﬁ%& fé‘g@%‘? &nd
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i nput sign t | i be, s |ied to t peak det ect.or, and
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et ector anouetanpERaf SEREA TR 0f ey VB 3 ¥s dgmeRisting uni
enbodinent?$£gpn Egggﬁggﬁﬂﬁésﬁﬁngs operated in controll able weight
anpl i tude i (CW AFSK) node, the node control
unit may b ted to proyide cal | device to receive the output
si gnal gf i‘h‘%gﬁﬁp P%Fd%l‘e‘b"é‘HB‘al&l ‘S‘E ?‘ﬂ@" o) ,m%ﬁgé?ﬂ igelpgrea gligeperupladgnal
of the anplitude deno tin ath and to supply the scal ed out put

si gnal oppfﬁggaﬂﬁ?v¥%@§}@%ﬁw@ﬁ oprehity at h topPhg pul se-wi dt h P
nodul at or, the pul se-w df h_of the pul se-wi dth nodul at or bei ng

cont rol | ed [By?k he I eng embestimpris the sheeaimays hayp @n shinient Rfe offestsanselian fg
pat h.

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 oufput 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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WO 2010/ 033080PCT/ SG2008/ 000360 [0156] I n one enbodi nent, the scaling
device may be adapted to scale the output signal of the anplitude
denodul at | W@ 20H¥033480 nul ti pl yi ng the out put signal of tIHE/3GPISLRGE
denodul ating path with a control signal received by the scaling
device. [0157]1n one enbodi nent, the nodes of denodul ati on nmay
further include one or nore of a group consisting of anplitude shift
keyi ng (ASK) node, frequency shift keying (FSK) nbde, and dual

channel anqbisepde Throaguaibeyinh, tie &@Mﬁ&evﬁd@@nﬁ}:ﬁ&admﬂ% O 8d b &ne

enbodi nent, when the denodul ator is operated in control abl e wei ght

anpl i tude fsig@auenae &Bplirﬁd&ﬂéfh&ﬂlé&%/\‘paiﬁsw tiRE8lyink e RGRt GRALI OF the

unit may be adapted to couple an ou term na of t he "frequency
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[0159] I n one errbodl ment , en the denodul ator is opera e

anpl i tude gpis7} keyi.ng e&ﬁ&ﬂneﬁfoﬁ@m&ﬁ? ofﬁgﬁ dﬁ%% ’T?M c%one or

adapted to coupl e the output terninal e arrp | tu eyl ng
Seml ¢ e by LIRSS 00k 8 D00 S e,
enbodi ment (Féﬂ%@d@’&ddt&dgﬁchirme émﬁ‘i%e’h%qg&'&?%h 109 Y8 AFsBYndalc! ude
[0158] 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 couple an output terminal of the frequency shift keying demodulating unit to
an input terminal of the slicer.
[06159] 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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arectifier and a filter, an input termnal of the filter being
coupled to an output termnal of the rectifier. [0161]1n one

enbodi nent WotMB/3380i fi er of the anplitude shift keyi ngPCESGRIOH/ MWOIoNQ
unit may be a full wave rectifier. [0162]1n one enbodi nent, the
rectifier of the anplitude shift keying denodul ator may include a
first half wave transconductance rectifier having a first input
termnal, a second input termnal, and an output termnal; and a

second hal fyHade te BRSHARAMETIR € tHeSGtd HalfOhaviaMhfGnducldnts I'ec{iﬂ&%ay b

termnal, a second input termnal, and an output term nal; wher EIeI’l
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[0163] In one embodiment, the first half wave transconductance rectifier may include
a first to sixth transistor (M1 to M6), a first to fourth current source (I5 to Ip), a polarized
capacitor (C,) and a resistor (R); wherein the first transisto; (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 (M$) 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 (1,); 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 (In) 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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a first to sixth transistor (ML to M6), a first to fourth current
source (IAto ID), a polarized capacitor (Cl) and a resistor (R);
wher ei n t heof201g33u80 ansi stor (M) may include a gate terau/$GEA08/000360
operable as the first input termnal of the first half wave
transconductance rectifier, a source termnal coupled to a drain
termnal of the sixth transistor (M), and a drain term nal coupled
to a gate termnal of the fifth transistor (Mp) and an input term nal
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e firs ranscon e JLeetifier ce .ternina
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d t.hird nd d |
Coupl ed 10 GxPaepdfe it Mﬁ?@ﬂ@‘ﬁf ﬁ}%df@@&ﬁé?%ﬁ% 8 coutleq 2 Sopply

term nal of f nsi st or an ipput term nal of the
first curré&ft a?cﬂflcﬁl }rﬂ Iiﬁlﬁ WW?&%FCI‘?gM%‘“fHeF T%‘h’éﬁ‘?‘étttﬁ‘im”(‘w thegipeond
i nclude a source ter 51 coupled to a source termnal of the
fourth tr aﬁ%ﬁ’%"(‘é?“’fﬁ/m)ﬁ aQ 11pY; tﬁ“‘%‘%?lrﬁfsg\‘f %‘Ftht‘f‘l’é'e?‘i fourret (it pesitive
(Mb), an output terminal of the first current source (I A and an
out put terﬁPﬁEW@#qH@W‘E}i‘@B?‘F'@ﬁf Cig e sbereincthe registor R hmey, ke eqnpledh
transistor (M4) may include a drain terninal operable as the output
terninal oPCcHM§En theseyresierminglof thefirgt {eansistan (M Bsae theglsaip fenainal ofithe third
the fifth transistor (Mb) may include a_ . source termnal coupled to
a gate t er frrpsagtordM3) pad equpled tqthamr@ttmmwef the sgropditransistar €M3). nal  of
the fourth current source (ID) and a negative polarity end of the
b0l ar | zecl EHEHE 1 85 OQEIEbOHTENe HE s93en PR Ve PSS RGIAOHE Fooifig may
include a source term nal coupled to a supply voltage of the first
hal f wave inclidsadhefue sixicieansisior (M1 ég MGdrn finspiotfonrdy evinrent soufeet(hetodsk end
current source (I1B), an input termnal of the fourth current source
(ID) and ap?;lesxe!ilcmacpm (&) ang agesibtar(RY; vdiersinl the fipse tansispra Ml pmay @thude and
wherein the resistor (R) may be coupl ed between the source term nal
of the firsgatet teamiprktaperaplyl jps athd ikt thpal rfenmanali nfl thof secbml thalfi dvave
transi stor (M3) and coupled to the source termnal of the second
t r ansi st or trgnsRynducth@recuitifrer,on eowred tedinimeln tqupledeto s dwind tehainkl vathe sixth
transconductance rectifier may include a first to sixth transistor
(M to M) tramsistir(¥46),tand & duairt tarnginal ceuptledsto wrze® térintnal of th®fifth arapsidtar(Msed
capacitor (Cl) and a resistor (R); wherein the first transistor (M)
may i ncl udendeangapw térerimal nfithe dipek @lokest sasrct (ig); fwhessdin thapetond eamsisaal (M)
t he second half wave transconductance rectifier, a source term nal
coupl ed t omay duchide & eateritermiinabbpdriide aé xichsetominmpst termifdVE)f, thasetoad dildi n
termnal coupled to a gate terminal of the fifth transistor (M) and
an input teavd nalscakluttiee rétifier, aubires tersinal capled)to anhatpat ’enhinel skeond
transistor (M2) may include a gate term nal operable as the second
~input termdoehd afrehheuseqly)dndaldrineyr@idal 6MNGe SHAUCnSRGE (VI8); fahd b Qfain @
source termnal coupled to an output term nal of the second current

source (| Blendindl eouglleditd at@atefenidihalaff thd thiddRirdnsistor AVIS), St ke fel¥Bihal SN @
drain termnal coupled to a gate termnal of the third transistor

(MB), a gafourth @famdidied (M), dntiBput Pimind] bff O Siks b@Fent Mhdoe (BY; wmeiﬁ the third
termnal of the first current source (1A); wherein the th
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source termnal of the fourth transistor drain term nal
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transconductance rectifier; wherein the fifth tranS|stor (Mb) may
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vol tage of the rectifier; wherein the output term nal of the first
hal f wave transconductance rectifier and the output term nal of the
second hal wowawé3sistnsconduct ance rectifier may be couphCASG200682000360
second end of the load resistor and an input term nal of the |oad
current source; wherein an output termnal of the |load current source
may be coupled to ground. [0167]1n one enbodi nent, the out put

termnal of the first half wave transconductance rectifier and the

output term,nal of th econd &ﬁ*f wav ransconduct.ance, rectjfier
may be coutiER e it fFaeer SV may e CORR PSRl e ol
shift keying de lating. unit. W 20101033080PCT/ SG20081000360.
01681 | n” oMb B FoR PR e rc e RRE< Rt P R 1 LB RaRiFor
denodul ating unit mgy, be a low pass filter. [0169]In o ephodi nment ,
when the dOMSYERYERIess a%'feategernflrﬁomléé e éoﬁf%@m?h ¢l B EhFaRssa)
nmode, the node control unit may be adapted to cquple an ouLPut
termnal ofMPhan priphi femyel of p fQurth Syireny serEsRden ke ipmgeasive poleghyiend of hsut
termnal of the slicer, to deactivate the anplitude shift keying
denodul at i Rejanzedicapagiter (Co); adercyn e pisdLtignsistar QEek ey ingludy pouseey i
to the pul se-width nodulator to a suitable constant vaIue.T[017Q]|n
one enbodi reupled tolacupply yabsee\f giei eeond dlf vrpve dipsomducianey rgetifier,ragyinput
further
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) may be 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).
|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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i nclude a zero-crossing detector, an output term nal of the
zero-crossing detector being coupled to an input termnal of the

pul se-w dtworrowazausor . [0171] 1 n one enbodi nent, the zerBzEIGCROEH/A00360
detector of the frequency shift keying denodul ator may be operable in
a first accuracy node and a second accuracy node. [0172]1n one

enbodi ment, in the first accuracy node, the zero-crossing detector
may use a filter bank; a first conparator having a first input

termnal o first c ara upl.ed to.,a fiy.st output r.m nal
of he 1 48 nh Sie SRR T, GGHBE B Arbrfiet shil e Pk R¥bod iAaBi
coupled to a Becggg ou ﬁut termnal of the filter bank, and an out put
termnal ; H2¥@88 Bﬁﬁ§ Fator having a first input termnal of the

second conparat or coupled to a thihg ut termnal ,of the filter
bank. a Sl | ndend eRmdarmeoyhanie Sanblitie dhperarb o dEnecy i
fourth output termnal of the filter bank, and an outqut t enni nal ;
and a XOR g?mg N wrpds: the mode £ upib Ry b8 RAFPERIFP SEHRIG 21 AWPYH: fermital
termnal of the first conparator and a second input term nal coupled
to the out phithetfegansney) shift keving depasilntios ppi e thsy inpytgermynal pf ghe slicer, to
enbodi ment, the filter bank may be a two-stage poly phase filter. WO
2010/ 03308dectyattho @8wivds stoft kgving demodulating waibdnd-ihset 2ipylseadts cewr
accuracy node, the zero-crossing detector may use an instant phase
cal cul at or siawal sunplisdh il thepules-widihsmodulagprto @@W@éh‘-‘éﬁ%taﬂéﬁal@at put term nal
of the instant phase cal cul ator being coupled to an input term nal of
t he anal og[d@0lpul reoneremboedisent dret feqquenjcy sl heying demedibaimiz wai mayi fagher
i nstant phase cal culator may include a filter bank; a

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 tile filter bank, a second input terrninal 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.



first transconductor having a first input termnal coupled to a first
output termnal of the filter bank, a second input term nal coupled
to a secondogutynisusoer mi nal of the filter bank, and an BIW/SEMA08/000360
terminal; arectifier having a first input termnal coupled to a
third output termnal of the filter bank, a second input term nal
coupled to a fourth output termnal of the filter bank, and an out put
termnal; a peak detector having a first input termnal coupled to
the third t ter h ' C ' [ i, hal
‘iﬁ]ﬂ&‘ 1 i dfftbodk e{a f thi Is%cgﬁq ?.{%E}e%q Hhod€, nﬂgg%rh{apogl%é et

coupled to e fourt pu ermnal o ter

out put term X 3 e e Vi n first input term nal

coupl ed torytlﬁé'lls',teh%%r %gt%)llll}t%lﬁ% {%‘r{'ﬁﬁ%ﬁaﬁ%oﬁf‘ a?‘ﬁrggftblptugaslg taﬁhﬁ?nvgmé"e%ﬂ'ﬂpm

i nput term nal. coupl ed t he fourth output.termnal of the filte
bank. and A5 St Peatsdal phete cHSHRbHAE Ribict 51 8h Bt Chubifag F nalos,
input term naI1 couuﬁl ed to the output term nal of the peak detector, a
second i npd? PY& M REPVESUpl ed to the output terminal of the valley

det ect or, n qutput termnal; .a summ ng device havin first
i nput ter m?ﬂlgls co Iogﬁl e?’h"‘i‘ﬂémo@?ﬁﬂﬂa"{ gn‘ﬁ? g%IF‘ﬁBtPr PR iafaﬁI@F ,E’a‘ﬁ‘; a
second inpg,t term’ggl cgu‘FI ed to the output termnal of the second
t r ans condud¥¥ transepducter bayipg 2 first inppptermunal coppled fay2 Hest putputiierning of the
first input,_termnal coupled to Lhe output term nal of the sunm n
devi ce, a Suechisi hisGend Py TRImateAyBled & ¢ Sroppowpit derminabetihmAlterdpnk he
first transconductor, and an Qutput term nal; and a transi npedance
anpl i fier PAdAhEUtEY teRyERL # BchisTdpvise 4 firg dory teminabeaypied te @ third entoust
t he scali n? device. WO 2010/ 033080PCT/ SG2008/ 000360 [0176] I n one
embodi ment fermial of the Sftenhank, agggonddnput fepgginal cayeled & ¢ fowthoutpnt tepraipal of
1017711 n one enbodi ment, the sunm ng device nmay be adapted to conbine
an out put &eghidar kenk; and aneewtpyti tefimaﬁdaaﬁalbd@tpmr Bavinmap fost inpis ternduald
transconductor. [0178]1n one enbodi nent, the scaling device may be
adapt ed t oceHpladde tag-thid opfput temyng jof G fltgebank, & secondipetcertimal opupipd tan
out put signal of the sunmm ng device. [0179]1n one enbodi ment, an
out put t er Henfanrtlp puiphetepmiaplseinthe diterchanknpid 41 ewtpwratpmigpalc » yplleydletestor he
input termnal of the analog to pulse train converter. ,

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‘etector, 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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[0180] I n one enbodi ment, the analog to pul se train converter may
include a plurality of resistors connected in series, wherein the
nunber of weswsrwsEsomay be odd; a plurality of conparat®rssGeeineseo
conparator having a first input termnal coupled to the out put

term nal of the transi npedance anplifier and a second input term nal
coupled to an individual connection connecting two adjacent resistors
of the plurality of resistors, and an output termnal; a plurality of

XCOR gat es, gﬁi XQF at vi ng, t nput termnals an ne Qut put
terminal, WRBIEL n 1BRES tRRdPtotns Blfer bRl waybe Shtrsterelapesedls
coupled to uts of t dj acept conpargtors; a gggga e, each
i nput ter m[ﬁﬁ"?of qﬂéh&@’@?w&n&o‘ﬁw e T‘n"éceo{?f’b?PF tFr‘iS AR COBPING AR
of the plurality gi égR ates. [0181]1n one enbodi nent, when a
further r eé’i‘lg’l“b%g‘? o ﬁﬁ’g@“'é&“‘ﬂ eent sieiplof theyecond transcendyetor.i
series, the analoqnto pul se train converter may further include a
further corlfptBht orln 198G cpgodiment, the scaling device mayabe adspist del divade preoutput
output term nal of the transinpedance anplifier and a second i nput
ternminal c&igppled thedirs! trapscondiictos by aeeutpisizgaalad thasumgingydeviagr t her
resistor and an adjacent resistor. [0182]In one enbodi ment, an out put
ternmi nal ofl0X78k f Jk oheembesipent aaroeutpiyerpinat ofi fledtansiopedaacd ampplifier may
termnal of the OR %gpe. WO 2010/ 033080PCT/ SG2008/ 000360 [0183] I n
one enbodi e reupladiie theriemt termipakofithe anplegitopulshetreimlednatitarg unit  may
further include a filter, an input termnal of the filter being
coupl ed t o[Q488] outhpone enehodinaeat, thef anglog tppulscetraim chinvemayanayandude a plurality
of resistors connected ir_l 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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[0184] I n one enbodinment, the filter may be a | ow pass filter.

[0185] I n one enbodi ment, the pul se-w dth nodul ator may be i npl enent ed
by di gitalwioegiwsaispcuit or capacitor charge punp basedP@risGc2bsui00360
circuit. [0186]1n one enbodi nent, when the denodul ator is operated in
t he dual channel anplitude frequency shift keying (DC AFSK) node, the
node control unit may be adapted to couple the output term nal of the
anplitude shift keying denodulating unit and the output term nal of

the sl ?33?2@?&5“} heif gf%ﬁoiﬂifﬁieﬂ@ﬂibfﬁ‘%%%ﬁﬁ{ I%eafﬁn%ls FRH B e Banee
| se-wi dt L . ' .. 0187]1n .
Brmboai nent RelR g BB SR AL she ST HolEieaH o RY gF el of th

descri bed ébove'dtﬁl&d denodul at or as descri bed above. C ai ns What

i s clai medPpgeW oddlator,

[0184] In one embodiment, the filter may be a low pass filter.

[0185] In one embodiment, the pulse-width modulator may be implemented by
digital logic circuit or capacitor charge pump based one shot circuit.

[0186] In one embodiment, when the demodulator is operated in the dual channel
amplitude frequency shift 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 suitabie constant value., |

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

described above; and a demodulator as described above.

47



1. A denodul ator conprising: an anplitude denodul ati ng pat h adapted
to route a carrier signal; a frequency denodul ating 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 ating path; and a pul se-wi dth

nodul at or coupled into the frequency denodul ati ng pat h; wherein
the node Chivhsol unit is adapted to control different nodes of
denodul ati on; and wherein, when the denodul ator is operated in a

control | abl e wei ght anmplitude frequency shift keying (CWAFSK) node,
t he node control unit is adapted to control the pulse-width of the

pul se-wi noduladLt. i n dependence on an output signal of the
anplitudgwggnndu afﬁhg path. 2. The denodul ator of claim1,

wherein the anplitude denodul ati ng path conprises an anplitude shift
keyi ng denodul ating unit, an output termnal of the anplitude shift

keyi ng dejrodul ati n it being coupled to an input termnal of the
node cont ﬁg | dﬁ fl?l'_l‘lgdulllEHOI‘ compnsgag.

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.
2. The demodulator of claim 1,

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.

3. The demodulator of claims 1 or 2,
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3. The denodul ator of clains 1 or 2, wherein the frequency
denodul ati ng path conprises a frequency shift keying denodul ati ng
unit, the frequency shift keying denodul ating unit conprising the
pul se-w dt h nodul ator. 4. The denodul ator of any one of clains | to
3, further conprising a slicer coupled to an output term nal of the

nmode control unit. 5. The denodul ator of claim4, wherein the
sl i cer has an ‘elidré¢initbatired@nef f datodohativg [paty corappesile fletuentioshifinkeying
val | ey detector; wherein the efficient DC offset canceller is

i npl enent dthddakddg anitDBe dfdyseicy Gatic kéiad Hanodudaimg(BE @hipsiingf thephrek
| oop) or inplenented based on dynamcally setting a threshold of the
slicer towRtH®aduimat.ue of an input signal of the slicer

wherein the input signal of the slicer is supplied to the peak
detector and the valley detector; and wherein the nmean val ue of
the input signal of the slicer is an average signal of an output of

t he peak ﬂeteQﬁEQhﬁﬁguﬂﬁ¥8§%§ﬁ%§9%€%ﬂ§;Yﬁ;iey detector. 6. The

denodul at or of ‘any oné o

further comprising a slicer coupled to an output terminal of the mode control unit.

5. The demodulator of claim 4,

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

wherein the efficient DC offset canceller is 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 is supplied to the peak detector and the
valley detector; and

wherein the mean value of the input signal of the slicer is an average signal of an

output of the peak detector and an output of the valley detector.

6. The demodulator of any one of claims 1 to 5,

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
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wherein, when the denodul ator is operated in controll able weight
anplitude frequency shift keying (CWAFSK) node, the node control
unit is adapted to provide a scaling device to receive the out put
signal of the anplitude denodul ati ng path, to scal e the output signal
of the anplitude denodul ating path and to supply the scal ed out put
signal of the anplitude denodul ating path to the pul se-w dth

nmodul at orsigitahef thelasplimddtdenoiiulatieg path setheipdish-widtiuhedudatot) dierymlse-width
controlled by the scal ed output signal of the anplitude denodul ating
path. 7. gJihehedpiinewidih onodiflatet deigbeontrolled byheHeebdalddhButperki gﬂﬂ geviece
is adapted to scale the output signal of the anplitude denodul ating
pat h by nyﬁﬂlltmeyde&g,dhngng}ggtgut signal of the anplitude denodul ating
path with a control signal received by the scaling device. 8. The
denodul ator of any one of clainms 1 to 7, wherein the nodes of
denodul ation further conprise one or nore of a group consisting of
anplitud Shlf Al e, frequency shift keying (FSK) node,
and dual e%:han %}{magltmfjodgalrmeqﬁency shift keying (DC- AFSK) node. 9.
The denodul at or, of. 0 f .clai l.to wherei n,_. when t
derodul at or 1 SMUSTP ARLEro e Bovite BinaTL e e apt T of MRy
shift keying (CWAFSK) node, the node control unit |s adapted to
coupl e arfedtndplating arth byapulgplyingethe rBEYEHeYy2l o ithe arppkiédererdydnting ity
unit to an input termnal of the slicer. 10. The denodul at or of

cl ai ns 8 with @control signal received by the scaling device.

8. The demodulator of any one of claims 1 to 7,
wherein the modes of demodulation further comprise one or more of a group
consisting of amplitude shift keying (ASK) mode, frequency shift keying (FSK) mode,

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

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

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 frequency shift keying demodulating unit to an input terminal of

the slicer.
10. The demodulator of claims 8 or 9,

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
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wherein, when the denodul ator is operated in the anplitude shift
keyi ng (ASK) node, the node control unit is adapted to couple the
output termnal of the anplitude shift keying denodulating unit to
the input termnal of the slicer and to deactivate the frequency
shift keying denodul ating unit. 11. The denodul ator of claim 10,
wherein the anplitude shift keying denodul ating unit conprises a
rectifi ershifhdegng idemedylating umptet the énprit nedmindl afke flidet end be ewgticae heed
to an output termnal of the rectifier. 12. The denodul ator of claim
11, frovuenai shift beyitgeddmddurkingtinit.he anplitude shift keying

denodul ating unit is a full wave rectifier. 13. The denodul ator of
clainms 11 or 12, wherein the rectifier of the anplitude shift keying
denodul at or conpri ses: a first half wave transconduct ance

rect|f|erlpavung(gn%HﬁE&prag&n1@rn1nal a second input terninal, and
an output term nal

wherem 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.

12, The demodulator of claim 11,
wherein the rectifier of the amplitude shift keying demodulating unit is a full

wave rectifier.

13, The demodulator of claims 11 or 12,

wherein the rectifier of the amplitude shift keying demodulator comprises:

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;

wherein the first input terminal of the first half wave transconductance
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
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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 term nal of
t he second half wave transconductance rectifier; wherein the
second input termnal of the first half wave transconductance
rectifier is coupl edhdreintthe dutpst terminak of gherifivstl half whe secoadlubahfe
wave transconductance rectifier; and wherei n the out put

term nal of thectifiersts haupledave thHeansganditehal eoff @bé i fdcefid | Balf Owped
to the output term nal of the second half wave transconductance
rectifier. 14 fheAannsiteat@mepf claim 13, wherein the first
hal f wave transconductance rectifier conprises a first to sixth
transistor (M to M), a first to fourth current source (IAto In), a
pol ari zed capacitor (Cl) and a resistor (R); wherein the first
transistor, ( C .SES ate,termnal operable as the first input
term nal i(’)4’? 'tl\/lk];l)ehefd:%[r%fihlﬁg)lrf)?%\%%?%’r ansconduct ance rectifier, a source
term nal coupl ed t.o rain termnal of the sixth transisto MB) .,
bnda dr ai -t TSR GO PR Ty e H GBI Ef LIBF CPRB R frst 1 bixth
transistor (Mb) and an input terminal of the third current source
(1c); trangjsior EY1h te P@)s%ﬁam foprly sqrggnd souramila tolmhra nodarizgd gapagitor (C1)
term nal operable as the second input termnal of the first half wave
t r anscondiidagpsdor@dt i fier, a source terminal coupled to an out put
termnal of the second current source (lIs) and a drain term nal of
the third transliesdinithd iB) trapsistoa(Miacompresesrh rpate teomiphlecpetablaagtieefirst
termnal of the third transistor (M3), a gate termnal of the fourth
transi st dnputhvninAnf direist @ waveatanedontii@adck r&tifien) hrseice St cquphd;
wherein the third transistor (M) conprises a source term nal coupled

to groundo AdeRUkARinhEsMMhE xR trahdifod QUEE And haRsh $6Hind Mbhpled (&b alk
termnal of the fifth transistor (Mb), an output term nal of the

first Curtgx)%ﬂhal%@ﬂ{ecfﬁ‘tﬂ trddsisfR VBNt Pibut&ETh 3k R fihit D Gkt SR &HTHENT

source (|

wherein the second transistor (M2) comprises 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 (I4);

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 (Ic);
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wherein the fourth transistor (M4) conprises a drain termna

operable as the output termnal of the first half wave

t ransconduct ance rectifier; wherein the fifth transistor (M)
conprises a source termnal coupled to a gate termnal of the sixth
transistor (M5), an output terminal of the fourth current source (ID)
and a negative polarity end of the polarized capacitor (C);

wher ei n t he siwhdreinrthadogtiotrafsdidyr Qdfpeinymses asdraincterniaalnopeadble asitheed
to a supply voltage of the first half wave transconductance

rectifi erquusu térfidntl of gk Mirstdhlfefave hensseedatnéct®fdr; source (1 D), an
input termnal of the fourth current source (ID) and a positive

polarity end ofhdr&if thokifhi ZRsisAPRG) EQhphided b sorfd tf:nninal MFEE M 2 AR

resistor (R) is coupled between the source termnal of the first

s pon e oraRel skl RloR (85 kg Rherhify bE L ol ORI S (IR

and coupled to the source ter e second transistor

15. The de ul at or | ai 3. qr.14, . rein the second hal f
wave t ran%r@%nn(?g%tfvgﬂ%ieanﬁ%g?ﬁﬂéefp@%ﬁicg%aglt%r qﬁl?ﬁst to sixth transistor
(ML to MB), a fjirst to.fourth current source (IAto.lD), ol ari zed
capaci tor ( C1)"Eian 4 S depspRMO) comprijeres o Fe R g ed A TaBp
(ML) conprises a gate term nal operable as the first input term nal
of the setdiage pbihe Hfghhall varsdrosoudicisnce recifer fandnput dcrgungl o theesepandal
coupled to a drain termnal of the sixth transistor (Ms), and a drain
t erm nal @woEpl sireco(la), gatiaputetenminall ofotbe thertlf chrént tsownes i (&1 omd (avB)sitawed
an input termnal of the third current source (lc); wher ei n

t he seconldritaasd sftbe pélMijedeapgmitbs@S );andat e term nal operable as the
second input termnal of the second half wave transconductance
rectifier, a sther¢ie therrssined (Rouptaglddobaweat tiplisodres firmadal Off thé irst
second current source ('p) and a drain termnal of the third

transi st QfaniMd} (MADGnd tEY afath te@hifaNAF dEOmRb athnkRioR (98Y @ndl @6H 18Rk afe
the third transistor (M3), a gate term nal of the fourth transistor

(M), an d-oﬂﬁUtterhﬁ{a%f‘ﬁlles@ona%lﬁ%%t&i(g\/[%urrent source (IA);

wherein the third transistor ( rises a source termnal coupled
to ground, a source termnal of the fourth transistor (M4), a drain
termnal of the fifth transistor (Mb), an output term nal of the

LLLfEeC?[fEPt’ﬁg%kﬁ%d&ﬁ@goﬁH%H%W3QEHRHt termnal of the third cui Tent

wherein the second 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 second 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

(Io);
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wherein the fourth transistor (M4) conprises a drain term nal

operabl e as the output term nal of the second half wave

t ransconduct ance rectifier; wherein the fifth transistor (M)
conprises a source termnal coupled to a gate termnal of the sixth
transistor (M5), an output terminal of a fourth current source (ID)
and a negative polarity end of the polarized capacitor (Cl);

wherein the siwhdreitrthastemdroguBior (M2roospsise & gatecternigalndpeadble asiphed
to a supply voltage of the second half wave transconductance
rectifiersecanl inpptitterirénaii ofathe ofecérie hsl€cend catst@ductandsr setifidéD)a, s@ice
input termnal of the fourth current source (ID) and a positive

polarity efingf cduptedpl &f bapek RARAEGI bPEhe( Sebdnd alxeent source \URGQE N 8RR
resistor (R) is coupled between the source ternmnal of the first

transi st ofrhilyh) ofeRel thiRPtals At (MS'){QH&?A di@in fehftinbIduflled" 3RS da8d %k%g“%%f

and coupled to the source termnal of the second transistor

rocti f1 er o LGBt ARe BRF il BE IR ek Bokiaor o, wEPSLEIHAES

a | oad restjtﬁtprtand g Ioac{ (3,urrent source. 17. The denodul at or of
cl ai m 16, 0! the st GREGALSARCe o)k st end of the 1 oad resistor is coupl ed
to a supply voltage of the rectifier; ) wherei n t he out put
termnal of tnEhgyipdhe W&Eftr%l%r VI3 oumistet Apies temeipk qoupled det sravad
output term nal of the second hal f wave transconductance rectifier
are coupletPwes rsiabat thenfpuh trapgstrn Q4) exstlginpterningl ahthenfifth transistor
termnal of the | oad current source;

(MS), an output terminal of the first current source (I4) 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 second half wave transconductance rectifier;

wherein the fifth transistor (MS5) comprises a source terminal coupled to a gate
terminal of the sixth transistor (M6), an output terminal of a 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 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).
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wherein an output termnal of the |load current source is coupled to
ground. 18. The denodul ator of claim 17, wherei n the out put
termnal of the first half wave transconductance rectifier and the
output term nal of the second half wave transconductance rectifier
are coupled to the input termnal of the filter of the anplitude
shift keying denodul ating unit. 19. The denodul ator of any one of
clainms 11160 1Be dehedulater pfienyf ¢rietodclaphs t he ldnpl i t ude shift keyi ng
denodul ating unit is a |low pass filter. 20.The denodul ator of any one
of clainms 8 towldein the rectifierwifeliccarmplitudteshift keyie datoduddton fuitlierofaipaisad
in the frequency shift keying (FSK) node, the node control unit is

adapt ed tploa@uRisorand @Waphirbshieal of the frequency shift keying
denodul ating unit to the input termnal of the slicer, to deactivate

the anplitude shift keying denodul ating unit, and to set a
pul se-wi dth control signal supplied to the pul se-width nodul ator to a

fgiégble ﬁpnspﬂggbxthﬁkmg}da$Pﬁidenndulator of any one of clains 3

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;

wherein an output terminal of the load current source is coupled to ground.

18. The demodulator of claim 17,
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 the

input terminal of the filter of the amplitude shift keying demodulating unit.
19.  The demodulator of any one of claims 11 to 18,
wherein the filter of the amplitude shift keying demodulating unit is a low pass

filter.

20.  The demodulator of any one of claims 8 to 19,
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wherein the frequency shift keying denodul ating unit further
conprises a zero-crossing detector, an output term nal of the
zero-crossing detector being coupled to an input termnal of the

pul se-w dt h nodul ator. 22. The denodul ator of claim 21, wherein
the zero-crossing detector of the frequency shift keying denodul at or
is operable in a first accuracy node and a second accuracy node. 23.
The denodul at owhes¢incivhemthz 2lemedalatsirns bperathd irf ihesfrequenayr ity kayioe (F3Ke
zero-crossing detector uses: a filter bank; a first conparator
havi ng a hodes the mgde coheolniniteb addptddie coupls in euappaediicdl of ei¢[ftegderice shift
first output termnal of the filter bank, a second input term nal of

the firstkeyiFp@maidaratiag ulk eslthednputS6a0Rd oW dlicet, @6 BbRaYatdthd Mplitude

filter bank, and an output term nal; a second conpar at or

aving a duif %Eymgraeﬁlﬁaﬁaﬁﬂ%@ht %a%@%@@g@@&h&&%@&@&%& t?g@d %da tuf ﬂgef

third output termnal of the filter bank, a second in m na

th tput t 1 | of th
i or panie wR BRRABOUA BB Ao B0 P SR gare having a

first input termnal coupled to the output term nal of the first
conparator and a second input term nal coupled to the output term nal

of the second .conpar at.or.
21, ﬁlerﬁgmo ulator of any one of claims 3 to 20,

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.

22.  The demodulator of claim 21,
wherein the zero-crossing detector of the frequency shift keying demodulator is

operable in a first accuracy mode and a second accuracy mode.

23.  The demodulator of claim 22,
wherein in the first accuracy mode, the zero-crossing detector uses:
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;
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24. The denodul ator of clains 22 or 23, wherein the filter bank is a
two-stage poly phase filter. 25. The denodul ator of any one of clains
22 to 24, wherein in the second accuracy node, the
zero-crossing detector uses an instant phase cal cul ator and an anal og
to pulse train converter, an output term nal of the instant phase

cal cul ator being coupled to an input termnal of the analog to pul se
train converter. 26 sitvaddermphritat dravofg el frstsinpdt demiial whehei secodde
i nstant phase cal cul ator conprises: a filter bank; a first

t ransconduct orcomuiang dupled $6 aithipdibutper rimkl eDthR! fitttr benkg af detsdd input
output termnal of the filter bank, a second input termnal coupled

to a second outpmhaltogity geeéndcu‘ontﬂa&térldotxﬁéd &a&ttbunﬁr&dtpanteﬁ%@p&fthe filter
term nal ; arectifier having a first input termnal coupled to

athird Outputhggghgﬁbugﬁt&gghéfE&fr bank, a second input term nal
coupled to a fourth output term nal of the f||ter bank, and an out put

terninal ; 2 PORERIBLAGNAL SR DB Ackisleol AR o e gtpu?teng%‘apofed

to the third output ter SECON

t erm nal coupl to the fourth out put ternLn he filter bank
and an out put g Fﬁ?ﬁ%ﬁlparator fad’ Se\?ﬁ‘ﬁ)‘r‘é’?m&@t"é‘&?alcflou Rszfonﬁleéfuﬁ’ﬂ terminghek
termnal coupled to fhe third output termnal of the filter bath, a
second i nput tg CURMAY to the fourth output terminal of t he
filter bank, and an output term nal;

24.  The demodulator of claims 22 or 23,

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

25.  The demodulator of any one of claims 22 to 24,
wherein in the second accuracy mode, the zero-crossing detector uses an instant
phase calculator and an analog to pulse train converter, an output terminal of the instant

phase calculator being coupled to an input terminal of the analog to pulse train converter.

26. The demodulator of claims 24 or 25,
wherein the instant phase calculator comprises:
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;

57



a second transconductor having a first input termnal coupled to the
output term nal of the peak detector, a second input term nal coupled
to the output termnal of the valley detector, and an out put

term nal ; a summ ng device having a first input term nal coupled
to the output termnal of the rectifier, a second input term nal
coupled to the output terminal of the second transconductor, and an
output ternminal; arectfigdavingg et inpet feawinalgcampleitsta thing otitptieterdmimal
coupled to the output term nal of the summ ng device, a second input

term nal couplefthé filterieantayis pecond éipuk Rninaf cdupted torasfoutth auHuo REAUERDST
and an output termnal; and a transi npedance anplifier having an

i nput term nalthe aited ek tad aAQuput REhinkier M nal of the scaling device.
27. The denodul at or of claim 26, wherein the filter bank is a

two-stage poly phasaepgai{!cfe?erctor W8n Ehﬁmgmg%@%ﬂgf C(QIPléH R 8 i Qﬁtpétf?’

wherein the sunm ng device Is ada%ted to'co an ‘out put signa

e L1 < A OH B g0 Bl SR LACPRPRELAN ol
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;

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.

27. The demodulator of claim 26,

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

58



wherein the scaling device is adapted to divide an output signal of
the first transconductor by an output signal of the summ ng device.
30. The denodul at or of any one of clains 26 to 29, wherei n an
output term nal of the transi npedance anplifier is coupled to the
input termnal of the analog to pulse train converter. 31. The
denodul ator of any one of clains 26 to 30, wherein the analog to
pul se train converter conprises: a plurality of resistors connected
in series, wherein the nunber of resistors is odd; a plurality
of conparZ& or sThegizalodulampaf clbimis daori2ig a first i nput term nal coupled
to the output term nal of the transinpedance anplifier and a second

i nput term nalwleseipl thel sumndflg idedicy iisl udhpted M ebaR SOBEGGE isia@all BO the
adj acent resistors of the plurality of resistors, and an out put

term nal ;rectifier and & Sltplitdidnayofthe sCbhdRiReondgae XOR gate having two
input termnals and one output termnal, wherein the two input

termnals of each XOR gate are coupled to outputs of two adj acent
conpar at or s;

29.  The demodulator of any one of claims 26 to 28,
wherein the scaling device is adapted to divide an output signal of the first

transconductor by an output signal of the summing device.

30.  The demodulator of any one of claims 26 to 29,
wherein an output terminal of the transimpedance amplifier is coupled to the input

terminal of the analog to pulse train converter.

31.  The demodulator of any one of claims 26 to 30,
wherein the analog to pulse train converter comprises:
a plurality of resistors connected in series, wherein the number of resistors
is 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;
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an OR gate, each input term nal of which being coupled to the output
term nal of one of the plurality of XOR gates. 32. The denodul at or of
claim 31, wherein, when a further resistor is connected to the
plurality of resistors in series, the analog to pulse train converter
further conprises a further conparator having a first input term nal
coupled to the output term nal of the transinpedance anplifier and a
second i nput tern riaPlurabbpeie¥OReatess each REPR @oterharinigdwo dopnt dermiinads artde
further resistor and an adjacent resistor. 33. The denodul at or of
claim 32, onewdpwi termaimalp wehewin tthe mvodhpuof tetninieals wftdach XORpaata tacer
is coupled to the input termnal of the OR gate. 34. The denodul at or
of any one of whpled®o Guthts 3Btwo adjacentwbipiators;he frequency shift
keyi ng denodul ating unit further conprises a filter, an input

termnal of the fildgepr 'é]geagpmﬁuederhﬂldﬂw\ﬂu&mykiné%ﬁﬁle@m Qe bHYBut
pul se-wi dt h nmodul ator. 35. The denodul ator of claim 34, ~wherein the

filter is a | QU RRASIbhL bhe plurality of XOR gates.

32, The demodulator of ¢laim 31,

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
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.

33. The demodulator of claim 32,
wherein an output terminal of the further comparator is coupled to the input

terminal of the OR gate.
34.  The demodulator of any one of claims 3 to 33,

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.

35. The demodulator of claim 34,
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36. The denodul at or of any one of clains 1 to 35, wherein the
pul se-w dt h nodul ator is inplenmented by digital logic circuit or
capaci tor charge punp based one shot circuit. 37. The denodul ator of
any one of clainms 8 to 36, wherei n, when the denodul ator is
operated in the dual channel anplitude frequency shift keying

(DC- AFSK) node, the node control unit is adapted to couple the output
term nal of t heheaeipltie fiicke isshiofst pdsefiltery denodul ating unit and the
output term nal of the frequency shift keying denodul ating unit to
the input termnal of the slicer, and to set the pulse-width control
signal supplied to the pulse-width nodulator to a suitabl e constant

val ue. 36.  The demodulator of any one of claims 1 to 35,
wherein the pulse-width modulator is implemented by digital logic circuit or

capacitor charge pump based one shot circuit.

37.  The demodulator of any one of claims 8 to 36,

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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