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performance close to the theoretical performance |limt. However, this
requires the i rrmlgﬁgﬁf%_gqabﬁuf@rauon and power management have taken on added

importance now that analog and mixed analog—digital ICs have become the fastest~

growing segment of the semiconductor industry. Integration strategies for
multimedia consoles, cellular telephones and battery—powered portables are being
20 developed, as well as applications for less integrated but highly specialized building
blocks that serve fnultiple markets. These building blocks include data converters,
demodulators, filters, amplifiers and voltage regulators.
_ One important aspect of digital radio personal communications devices is the
itegration of the RF sections of transceivers. Compared to other types of integrated
25 circuits, the [evel of integration in the RF sections of transceivers is still relatively
low. Considerations of power dissipation, form factor, and cost dictate that the
REIF portions of these devices evolve to higher Jevels of integration than is true at

present. Nevertheless, there are some key barriers to realizing these h'igher levels of

ntegration.

30 For example, most applications provide an FM demodulator in an RF
receiver system to recover transmnitted data from a carrier signal. For FM
demodulators, robust performance requires a bit error rate (BER) performance close
to the theoretical performance limit. However, this requires the implementation of

circuitry which reduces the demodulator's sensitivity to noise.
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i npl enents a di scrag gretsemm%ﬁb@giowétthl@ﬁbow@a&saqb%@ FAURARUSy ﬁﬂomu%egl od when
sanpling the_nodul at ed signal input. di screte- |rre period makes it

possi bl e to Flsdemodilappgijous vmlcftieﬂeqfﬁﬁwmvstuemmage yedetieg theditasioror and
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that the FM dgemdutidl Qimbidd BELor for a binary frequency shifi key (BFSK) modulated

signal. The sampled waveform is provided by an in—phase (I) signal and a quadrature

(Q) signal output of the receiver, which have been over sampled by a factor of four
with respect to a data rate. The function of the demodulator is to sense a direction of

20  rotation of an I/Q signal constellation in.a Q vs. I plane and to generate an appropriate
digital output. |

Other embodiments of a system in accordance with the principles of the
invention may include alternative or optional additional aspects. One such aspect of
the present invention is that the system includes a time sampling detector which

25  implements a discrete—time period rather than a continuous time pertod when
sampling the modulated signal input. The discrete—time period makes it possible to
use a plurality of circuitry, such as switched capacitor and analog circuits. Those
skilled in the art will understand that the period is not limited to discrete—time, other
measurements of time, such as continuous time, may be used.

30 Another aspect of the present invention is that the FM demodulator further
includes an oversampling of the input signals to obtain robust performance in the
presence of noise.

Another aspect of the present invention is that the FM demodulator further
includes the elimination a low amplitude signal to reduce the sensitivity to noise in the

35 in—phase and the quadrature signals.



i ncl udes an oversanpling of the input signals to obtain robust perfornmance
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DETAI LEDI(MESCRI PTReNH@kg MOHWEMM@NHH Whtdaelkéeéft@mmrﬁk?eweb&gaﬁn of the
exenpl ary enbodi ne reference is made to the acconpanying draw ngs which
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error

15 Fig. 3 illustrates in greater detail the FM demodulator;
Fig. 4 is a diagrammatic representation of a signal constellation;

Fig. 5 is a flow diagram illustrating method of FM demodulation according

to the present invention; and

Fig. 6 is a digital representation of an FM demodulator circuit.
20

DETAILED DESCRIPTION OF THE INVENTION

In the following description of the exemplary embodiment, reference is made

to the accompanying drawings which form a part hereof, and in which is shown by
way of illustration the specific embodiment in which the invention may be practiced.

25 Itis to be understood that other embodiments may be utilized as structural changes
may be made without departing from the scope of the present invention.

Modulation issues such as spectral efficiency, power efficiency, and bit error
performance in the presence of multipath, noise, and interference are critical in the
design of a radio link. Higher data rates for muitimedia applications ‘require more

30 spectrum at a fixed modulation and coding. The robustness of the modulation and
demodulation schemes to multipath, noise, and interference defines its attractiveness
for use over radio channels.

In a time division duplex (TDD) transceiver system, the transmitter and
recetver are never on simuitaneously. In operation, data is bursted by the RF

35  transmitter at more than twice the rate of the continuous input data to be transmitted
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The in—phase signal 200 is differentiated 220 by computing the difference
20 between the current value of the in—phase signal 200 and the value delayed by one
clock period. The in—phase summing circuit 202 is used to perform this
computation. The quadrature signal 210 is differentiated 230 by computing the
difference between the current value of the quadrature signal 210 and the value
delayed by one clock period. The quadrature summing circuit 212 is used to perform
25  this computation.

To ensure the polarity of the output signal 290 is correct, the signs of the
differentiated in~phase signal 220 and the differentiated quadrature signal 230 may
be modified by an in—phase polarity correcting circuit 242 and a quadratrure polarity
correcting circuit 252, respectively. The modification of the differentiated value of

30  the in—phase signal 220 is accomplished by multiplying the sign of the quadrature -
signal 232 with the differentiated value of the in—phase signal 220 resulting in a
signal d1 236. Mathematically, this is represented by:

dl = sgn(Q) x Al 1

The modification of the differentiated value of the quadrature signal 230 is

35 accomplished by multiplying the sign of the in—phase signal 234 with the



di fference between the current value of the quadrature signal 210 and the
val ue del ayed by one cl ock period. The quadrature sunmng circuit 212 is
“used to perform 25 this conputation. To ensure the pol gigePYERBERREOP UL put
signal 290 is correct, the signs of the differentiated in-phase signal 220
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val ue of the in-phase signal 220 resulting in a signal d 1 236.
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nodi fication of tig rgiuké ﬁ{e%gﬁéltﬁh@'qo\i@ sbigh @E 1%%3&%@&1%%@1:&11’95@&12330 is 35
acconpl i shed by nultiplying the sign of the in-phase S|ana 234"with the 3
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is represented ="-sgn(l) x 2] To reduce the sensitivity to noise

in the in- ph&%ﬁcﬁﬁﬁyt H’éeqﬂ@fawatcawl@ikg‘-ham makesa degigien P whichstgRelen t he

- anplitude of wihge utnul@%afed%nqn@&saﬁﬁ §0hit @Pz?ma_'?wdﬁ ;% arld® ggadrature
signal 250 i-s performned, resul %s in cl 260 270 respectively.

The sel ecti okt %quatmme@%@emw da%l&éé@%?% 6H0W%Sﬁ1§féﬁ%1l s wll be
utilized)pasglo0n e\ @idcaotbddidfbRLIRS. STHL 18€ nofse ﬁ?h%r ﬁéﬁregg%e% 0, and c2

270. The denodul ator produces the receive digital data | ow pass
filter 282 ldenpadulasoiss saneitivey wondissn e stensl is pliesd by 280mpTtator 284tmoi se fil ter

282 reduces Itebgve denpdul ataiis sensitivity to noise. The signal is sliced
by a conparato 584 to recover the transmtted bits. Fig. 3 illustrates in

greater detail thEiga? dhistrales urgreasdr detad thdvirdbitestiut af e Fivs detnodutater used
are 15 1out S TR LB B oo lend oA delfdat SobiB R0 20
shift kels nn@utedttwugmpumessagmhmg des¢reardona bingiySoageteytshifekqyanodadatedat her
than a conti BHQth?gﬁaﬁ,%ePé?ﬁ b Afbclebe—time period rather than a continuous time period is
used. The in—phase baseband signai 310 and the quadrature baseband signal 320
have been oversampled by a predetermined factor with respect to the data rate.
Those skilled in the art understand that the oversampling factor above is not limited
20 to a finite number. The demodulator differentiates the in—phase signal 310 by
computing the difference between the current value of the in—phase signal 310 and
the value of the signal delayed by one clock cycle 330. The result is a differentiated
in—phase signal (Al) 340.
Further, the demodulator differentiates the quadrature signal 320 by
25  computing the difference between the current negative value of the quadrature signal
320 and the value of the signal delayed by one clock cycle 335. The result is a
differentiated quadrature signal (—AQ) 350. The sign of the differentiated in—phase
signal 340 and differentiated quadrature signal 350 is modified depending on the
sign of the quadrature signal 355 and the in—phase signal 345, respectively. The
- 30 resulting modified differentiated in—phase signal and modified differentiated
quadrature signal create dl 360 and d2 370, respectively.
Mathematical, this may be represented by Equation [1] and Equation [2],
respectively. This change in the polarity of the differentiated signals insures that the
subsequent addition of d1 360 and d2 370 results in a proper output. To reduce the

35> sensitivity to noise in the in—phase signal 310 and the quadrature signal 320, a
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-Digital data 390 is produced as an output of the demodulator .
I5 Fig. 4 is a diagrammatic representation of a signal constellation. To achieve
higher bit rates in a fixed spectrum bandwidth, multilevel modulation and
demodulation schemes are used. The four—level, or quadrature implementations are
used to provide bandwidth efficiency and low bit energy to noise energy ratio
requirement for error probability performance. The complex signal can be drawn
20  using an in—phase (I) 410 and a quadrature (Q) 420 branch representing the
orthogonal cosine and sine terms in the transmitted signal. The mapping of the two
possible states is represented by the direction of rotation around the signal
constellation 400, clockwise or counterclockwise. The implementation of the signal
constellation reduces the sensitivity to noise in the in~phase and the quadrature input
25  signals. The reduction of noise sensitivity in the in—phase and the quadrature signals
is accomplished by comparing the amplitude of an in—phase input channel to a
quadrature input channel. The differentiated lower amplitude signal is discarded
rather than summed with the higher amplitude channel. A function of the signal
constellation comprises ensuring that the subseqﬁcnt addition of d1 430 and d2 440
30  result in a positive output if a signal constellation 400 has rotated clockwise, and in a
negative output if the signal constellation 400 has rotated counterclockwise,
regardless of the quadrant in which the constellation happens to be in.

Mathematically, this is how the signal constellation chooses:
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¥ ook 48, ° SR dbfolithBl bs sl ek FRERERIRE bdfee tr PRFERAEBG has
rotated counfeaheinopkaseSignal 300gad theeale of tHehig-phasiignt delayastiycdnet he

constell ati on happens to be in. Mthematical| éét his i Sgygagw t he _si gnal

const el | at i GIPCERHIS Excalonlatgdend therresubis 8 diffsrensieicd dnphpeeryigro 0265584 7 dl i f
11121 < ! Q ITnk Glfferéheivktweth thbcufkdsk vaBE of Ghd quadfhure biagaIvY 19Qnk Ye Miatee t hat

t he absol ute value _of the in-phase (1) and the quadrature (‘Q .signal
divided 5 19 theyadapresenal delareddyiane siagh cecle issaleplsicdanddlicarcsulei§dal to

quadr at Lo (el R diglannd I IR, Wk PuRlnt e Ao L T i .
4 as the si gpairamonsgrel hWahiddferentimet an-+phasd sigmt @iy 240 and the sign of the in—
phase signal with the pegative of the differentiated quadrature signal (—AQ} 550, a
decision is made as to what value of the in—phase and the quadrature signal 571,
572, 573, 574 will be added together 575 to produce a non—filtered output signal.
20 This signal is passed through a filter 580 and sliced by a comparator to recover the
data in a digital form 590.

Fig. 6 is a digital representation of an FM demodulator circuit. The in—phase
signal 600 and the quadrature 610 input signals are routed through an in—phase
analog—to—digital converter 620 and a quadrature analog—to—digital converter 630,

25  respectively. The digital forms of the in—phase and quadrature signals are routed to
a binary frequency shift key (BFSK) circuit 640. Those skilled in the art will
understand that the binary frequency shift key circuitry 640 can include a digital
signal processor (DSP) which implements the functionality similar to Fig. 2 and Fig.
3. The output of the binary frequency shift key circuitry 640 is an analog waveform

30 650.

In summary, the FM demodulator circuit architecture according to the present
invention provides reduced sensitivity to noise and enhances the performance of a
system with that of the theoretical predictions for an ideal demodulator.

The foregoing description of the exemplary embodiment of the invention has

35  been presented for the purposes of illustration and description. It is not intended to



Fig. 5is a flowdiagramillustrating nethod of perform ng FM denodul ati on
according to the present invention. The in-phase 500 and the quadrature 510
~signals 10 enter the denodul ator as baseband signals. EThepdEfiBEROIESE

bet ween the current value of the in-phase signal 500 and the val ue of the
i n- phase wogmsdsiglel ayed by one clock cycle is cal cul ated geadaideages@sult is
a differentiated in-phase signal (Al) 520. The difference between the
current value of the quadrature signal 510 and the value of the quadrature
si gnal del ayéd eklyausine @ ltobinitdhecineentmnda ki pregissdfoandlischosed.edlahy is a 715
differentiate I f I e sign of

t he quadr atur%dﬁ%ﬂéﬁééﬁd%ﬁa%ar eﬁg@lgl'?ggll ﬁ&pfﬁ%es%%sv%%g th )9540 and t he
sign of the iimendsHalse theisgorl ofuid Invertionbedimiiodarco withiteis dethflet dostiipticad

guadr ature si nis nade as to what value of the

i n- phase andbgﬂ%hc?g% atcga?rgsa en&i&}éﬁ%@ 572, 573, 574 will be added

toget her 575 to produce a non- flltered out put signal. 20 This signal is
-passed through a filter 580 and sliced by a conparator to recover the data
inadgital form590. Fig. 6 is a digital representation of an FM

denodul ator circuit. The in-phase signal 600 and the quadrature 610 i nput
signals are routed through an in-phase analog--to--digital converter 620
and a quadrature anal og-to-digital converter 630, 25 respectively. The
digital fornms of the in-phase and quadrature signals are routed to a

bi nary frequency shift key (BFSK) circuit 640. Those skilled in the art
wll understand that the binary frequency shift key circuitry 640 can
include a digital signal processor (DSP) which inplenents the
functionality simlar to Fig. 2 and Fig_ 3. The output of the binary
frequency shift key circuitry 640 is an anal og waveform 30 650. In
summary, the FM denodul ator circuit architecture according to the present

i nvention provides reduced sensitivity to noise and enhances .t he
performance of a systemw th that of the theoretical predictions for an

i deal denodul ator. The foregoing description of the exenplary enbodi nent of
the invention has 35 been presented for the purposes of illustration and
description. It is not intended to 3 SEPTEMBER 2003 WO 00/52818

PCT/ USOQ' 05184 8 be exhaustive or to limt the invention to the precise
formdisclosed. Many nodifications and variations are possible in Iight of
t he above teaching. It is



intended that the scope of the invention be |imted not with this detailed
description, but rather by the clains appended hereto. 3 SEPTEMBER 2003 9
CLAIMS: 1. A nethod of denodul ating signhals froma sourGEPTERBRPRIZEHNT:
differentiating an in- phase signal and a quadrature signal to produce a
differentiated value of the in-phase signal and a differentiated val ue of
the quadrature signal; oversanpling the in-phase and the quadrature signals
by a predetermined factor with respect to data rate, wherein data is

sanpl ed using a predeterm ned tine %eriod; nodifying a sign for the

di f f el@AtMSit ed val ues of the in-phase and the quadrature signals based on
the siign ofa Fnamo&]%ﬁdéﬁédﬂéﬁn?@@nél@f@ﬂa@%o&bé}%h@nd’ufbsB%Fehﬁeﬁihy ahQnpr oduce
nodi fi ed v | ues of the diftferentiated in-phase and quadrature signals;
processi ng P& S8/ fi ed differentiated in-phase and quadrature val ues to

pr odueed anaquagiityratsignah &r efodusse asdiffdrentiated tvaluroifstbe i is-phase Lrigrdl byd @i scar di ng a

smal | @ﬁfe@ht,gtmamq)y{hb%gadrg{b,fefsﬁrnglnt| at ed in-phase or quadrature signal; and
t he oversa n- phase and the quadrature signals conprising

reducing § "rf%?”?‘i"(}%? {*g? i 8“%8.% ”t?yq‘iaﬂﬁ? U & REIHPEMRISAHIPHNG ti ne
per i odesabdt tvdatayrates eherdin daplivsamipledyusing a pedde@mibedtimeeridhe net hod of claim 1,

wher ei n di {{ Qa4 @5,4 fegms nf?.ieﬂﬁma@@eéafqhé .ng,hgééaa% %euc{;s?éeuwgﬁr}aﬁf urther

conpri ses conputin erence between a current e i n-phase
and  §&36drost ir 198 ﬁ'%fl q‘éﬁﬁ‘ba“ffﬁé?‘“ijrﬁ” phvae sioanty refnadively (¢ erodygnardiisdl ayed by a
cl ock valyesl of theliffeldneatad nphesecdndepuadrau, sighbler ei n reducing the sensitivity to

noi se Corrpg"o%gs% n&tﬁ@lﬂ% u&{&lﬁ%arﬂl?%dﬁlﬁéﬁ%]géahbgﬁ q?ﬁ{nje \ Iues\,,\}? procri] the use of a

swi t ched cApacit circ hothe modified
di f f ePERYY éﬁhé@'“l BYOSHIK [ nejee 4 gerared §y difcaing de smalier leht'éIe n@?#@@l of claim
4, Vmeiffaieﬁhaﬁhcﬁﬁ-@ﬁﬁb@gqﬁdaﬁtﬁéﬁ“bﬁ]egmtjl ated | ow arrpl i tude signal furt her
Corrp“ SES ﬁ-nel ev%Fs'arr% I|n gf Y\a lHehaOs]:a tn%ethgoqjladrafte €SI nJIsel;:tJentl ated,in

si gnal when “the g & v é g S Flanga FEdEEP e?%gllganount

r el at PePBitiyiey tp Reisg Wlmmnmgghmpred@@rw iting pe'tlcrdeeﬂv‘aihmesemf atrsalitsoefi f i ed

di f f eepiliyat ed quadrature signal when the in-phase signal is less than a
predeterm ned anount relative to the quadrature signal, and selecting the
value of the nodified differentiated in-phase signal plus the value of the
nodi f 2ed diTk¢ wetbnd phelain guheret diffesentiating the in-phase and the quadrature signal

further comprises computing the difference between a current value of the in-phase and

quadrature signal and the in-phase and quadrature signal delayed by a clock cycle.

3. The method of claim 1, wherein reducing the sensitivity to noise comprises
implementing a discrete-time period allowing the use of a switched capacitor circuit.

4, The method of claim 3, wherein the modified differentiated low amplitude signal is
discarded.
5. The method of claim 4, wherein discarding the differentiated low amplitude signal

further comprises selecting the value of the modified differentiated in-phase signal when the
quadrature signal is less than a predetermined amount relative to the in-phase signal, selecting
the value of the modified differentiated quadrature signal when the in-phase signal is less than
a predetermined amount relative to the quadrature signal, and selecting the value of ‘the
modified differentiated in-phase signal plus the value of the modified differentiated quadrature
signal otherwise.



signal otherw se. 3 SEPTEMBER 2003 10 6. The nmethod of claim 1, wherein
“the nodified differentiated in-phase and quadrature signals provide the
correct signal polarity for the output. 7. The nmethod of; spraifisErRHES her
conprises filtering the output signal to exclude frequencies above a
certain point and allow ng all other frequencies to pass. 8. The nethod of
claim1 further conprises sensing the output signal polarity and
recovering transmtted bits in response thereto. 9. A denodulator circuit
for receiving nmultiple signals froapa source, conprising: a differentiator

Ci rcuig fOthéirﬁétlﬁfde(ﬁﬂdlélmiﬂgmrﬁfblri fhep hasdfiedi gnﬂferémﬂﬁe@- Qimashasd ur gnasi gnal to
produce d| fferenti ak ﬁqd val ye. of. th signal and a differentiated

val ue 9 ?Ga? he nalsﬁrw ureecgfrec Pna!f’ﬂlaﬁﬁ%ﬁhgr eraff'l ator circuit including an
oversanpling circuit to oversarrpl e the in-phase and the quadrature signals

by a medetmérmaﬁ@h foacaa@ﬁ Widrihef @SRBTEEs et Mel Qltsut HAHRI @ Rxdl@dea 1S
termn ifier circuit, coupled to

the d ﬁeﬁléepgtﬁ?f’%c‘tvg?cg PR a"‘?%‘ OWWS(TBP&Fngéqé{e%Cfeéﬁ PRPSthe differentiated

val ues of the in-phase and the quadrature signals based on the sign of the
quadr gt ur e TABUndthE b cugma efuﬁh@n@nﬁmge%saﬁ%g \6d Yulplt BERH YOS | ed val ues

of the differenti %f i n-phase and quadrature signalS; a processor,
coupl ERFOYSNE fanSILRIFtE In ESPRRSR thereiPor processing the nodified differentiated

i n-phase and quadrature values to produce an output, wherein sensitivity to

noisegis r Q\ddé%gulgt)ﬂr cugbl%@rre Mngg AuiieLibehs 1 é@cfﬁré@gdn‘f i§flgdi f ferentiated
eyl R P

i n- phase or q%a rature sig ereln over sa circuit reduces
t he sensi t dAHeen Btohﬂicg'éf%ﬁ‘ﬁﬁgef‘?ﬁjm Re ‘”‘Fﬁ}aé%lé‘ﬂ@ﬁ‘ ﬁi‘ﬁ‘\éd‘“?‘i‘rﬁ'ﬁ’ep%@riab(? al | owi ng
use ofprodluqd wr aifférbitiald edluecof tifey in-ph@se BlygaldenDdudisdretiarir @illiet oothec! ai m 9,

wher ei Uaotragre%liggglegh%%f}e?énﬁ tor :r[';& Wn(t,iucj rﬂ:{ érhg}’ers%%l%{g C%?&[t tﬁ ovér%ﬂ%‘i}]é‘ g1eC| rcuit for

conput erenc rent ase and the
quadr éﬂ’ﬁ!ﬂaée &g kg §U%ﬁ@i‘-‘f?h%9r\?!‘§l 'Ebéao‘ffecieltﬁmlnﬁd (AR eVEinEgSRack ‘qu%farfaleur e signals

del ay edledin datal Sdikpledi)siige. predbtermtined Gledpalislat or circuit of claim 9, wherein
using the pr rmned ti peri r.educes .t e sen Sitivit noi se by

i npl enenti % .%S’(ﬁﬁ sC(':rC% Cmfp’ergeto g'rlqg'gEi reqt*f’t&r/mc’rr]cu't Te nﬁosdey"c]ﬁ @ W'{ }hg'& capaci tor
ci rcuﬁﬁferegtla%pmm toe (Rphpge and the quadrature sngnals based on the sign of the

quadrature and the in-phase signals respectively to produce modified values of the
differentiated in-phase and quadrature signals;

a processor, coupled to the modifier circuit, for processing the modified differentiated
in-phase and quadrature values to produce an output, wherein sensitivity to noise is reduced by
discarding a smaller of the modified differentiated in-phase or quadrature signal; and

wherein the oversampling circuit reduces the sensitivity to noise by using the

predetermined time period allowing use of a plurality of circuitry.

10. The demodulator circuit of claim 9, wherein the differentiator circuit further comprises a

summing circuit for computing the difference between a current value of the in-phase and the

quadrature signals and the value of the in-phase and the quadrature signals delayed by a clock

cycle.

11. The demodulator circuit of claim 9, wherein using the predetermined time period

reduces the sensitivity o noise by implementing a discrete-time period allowing the use of
"~ switched capacitor circuit.



12. The denodul ator of claim 11, wherein the nodified differentiated | ow
anplitude signal is discarded. 13. The denodulator circuit claim 12
wherein the oversanpling circuit selects the value of ghepiedBER®003
differentiated i n-phase signal when the quadrature signal is |less than a
predeterm ned anmount relative to the in-phase signal, selects the val ue of
the nodified differentiated quadrature signal when the in-phase signal is
| ess than a predeterm ned amount relative to the quadrature signal, and
sel ects the value of the nodified diifferentiated i n-phase signal plus the
value of the nodified differentiated quadrature signal otherw se. 14. The
denodul ator circuit of claim9, wherein the nodifier circuit further
conpri ses pol ar,i t orrecgti circuit rovi de the correct signa

ol o 1 2y °r cpnefardf 1 S 1 A b PR R e o FropRiderasaF vt ner
conprusmﬁgﬂwdlow pass filter, coupled to the nodifier circuit, for

excl udi ng frequenci es above a certain point and allomﬁng all ot her
frequenci es_to pa denmodul ator circuit of claim 15 further
conprising 4© c"&E‘ﬁ%’fJ%{?rdi"cu"c%BIQd”ftebe"f RE overaRRliag sirqujt P?‘%‘f‘s thegplug ghsi ng an
out putthe inguiified pdiffaenititied ainghasec sigest | wignt thanquadtateel dijriab is fess ebponse

ther etp?edeﬂe?man@ﬁ %Lﬂmefaﬂve 'Ec?ﬁ'fae' \‘l Osef si zﬂ'ugé'?éc%d th?—:" %@ oia'ﬂg: Fn%& R ri ng

|nfornat|on npri si ng. an antenna t recelve a propag ate S|gna a
recei \Pé’fe"‘-’t"BafP‘i’ ﬂ‘ﬂaé’Fa“é{ﬁa‘gath'P {hetihehase Sigag 4t lesh ey AredelsMips AR Nan i n- phase
and a relgieds elquadansesian 00 BEeNS Mo v@fuetohmepﬁdﬂﬁﬁgaﬁf@danﬁdt@j‘ﬁalpha@

demd"é&gﬁ&l%’iustﬂ?e \!f’aﬁ.f\é%\f%r o’&[q&ﬁ Hﬁérerﬂﬂted qQSQrStUr% 8 IPnalp &R e|seand the quadrature
a conponents O

baseb 0 generate a digital
out put in response thereto; mhereln t he denndulator conprises: a

di fferanti aﬂ’@é d@;hcsd@mar clréuit diicfafrﬁlgem\éra.hitlﬁkﬂmaa:ﬂérrhrahtaféﬂn&icgma.hsear@d a
quadrat% ﬂa pr odu ntlaior Oahﬁf of the in-phase signal
Si

and a{ﬁlf g?%nt?%? 8t éTﬁEeo (PHEdSHnm '3 the differentiator
circuit including an oversanpling circuit to oversanple the in-phase and

t he quadr at wikedendalRlos cikyit 8f Ml@cﬁhﬂ{é%&ﬁﬂtsfn@%tléw p¥dsted, e&%@tm te data rate,

wherein data. i et erm ned PTEMBER 2003
10° % et aredy R Py e RioR % & GHU PPRb o8f r9RPEHAN0B val uos. of
t he i frepirasies rpdss.t he quadrature signals based on the sign of the
guadrature and the in-phase signals respectively to produce nodi fi ed

values of t ifferentjate se and adrature si
phe 9emodull:ator cfrcu%t 0 cEa|m 5 rther complgl'lslilng a comparator, g upled to the

low pass filter, for sensing an output signal polarity and recovering transmitted bits in response
thereto.

17. A system for receiving a modulated signal and recovering information, comprising:

an antenna to receive a propagated signal;

a receiver to filter and amplify the propagated signal to produce an in-phase and a
quadrature baseband component of the propagated signal;

a demodulator to recover information from the in-phase and the quadrature baseband
components of the propagated signal and to generate a digital output in response thereto;
-wherein the demodulator comprises: - : o e

a differentiator circuit for differentiating an in-phase signal and a quadrature signal to
produce a differentiated value of the in-phase signal and a differentiated value of the
quadrature signal, the differentiator circuit including an oversampling circuit to oversample the
in-phase and the quadrature signals by a predetermined factor with respect to data rate,
wherein data is sampled using a predetermined time period;



a processor for processing the nodified differentiated in-phase and
quadrature values to produce an output, wherein sensitivity to noise is
reduced by discarding a smaller of the nodified differgrebgtffckoghase or
guadrature signal and wherein the oversanpling circuit reduces sensitivity
to noise by using the predetermned tine period allow ng use of a
plurality of circuitry. 18. The systemof claim 17, wherein the
differentiator circuit further conprises a sunmng circuit for computing
the difference between a current vapue of the in-phase and the quadrature
signals and the value of the in-phase and quadrature the signals del ayed by

a clock cy JrﬁodiffEﬁcchP%r ﬁ%&fyﬁg}a% g[n%lf ﬁ\' @ﬁ%ZﬂBtﬁ[t\QﬂaﬁJeg 0“5? in ezgr;[%r mned time

peri od reduces %% i me period
al | owithy aupEatyrgesighalsy basddt ehder slapaefi ther m@ﬂfeém tand 2ipe 'fr-lﬁba%y%’@ﬂ‘ﬁ of claim

19, \A/rresfp@tmewlprram%fﬂoemecdwahfeebﬂné tierbretiateama- ﬂﬁﬁébbh&%dﬁsﬂt@é‘&bnd@ di scar ded.
21. The SySt erongeog ?Ara}D% 230 them I’ciefle d erentlaYedr:r?aﬁg)sea G ragl'“ : Sel ects the
val ue of t K 85Ty (BE O P &irdN % H USRS YRIESS guadr at ure
si gnalto iprepdlicesan pifa, wheseie gensitiviti We@bl%n@mmuced by altsw@nq 8 striadieriafi tighase

si gnalmodiel gﬁg@nﬁak& 1N@héégop&uaﬁmrémg,\j hed differentiated quadrature signal

when the in has a predeterm ned anount relatlve to
e quadr atTPETS: i aieramhines 6 ety SPrs GaFibtp or Aasnt 1oy T

di f f eresvetegiaet inms prniad allogingniat ofd pigalithef cralitie of the nodified
differentiated quadrature signal otherw se. 22. The system of claim 17,
wherein the nodifier circuit further conprises polarity correcting

ci rcui'® t o THF YR O HRIMJIG, whagein &emre%@P%?'rcP'ﬁlf“ﬁB?r CPREFRPPUI™MIES. The
syst erirafit forl caimputibg tifeudifienence betwpen 8 curgenavaiuevef fress-phidsk taed theapagbed to t he

modi f i lg aiQ- rﬁcﬁ'ﬂé balue n{gf‘?ﬁe lﬁéﬁéslé%hg'gugdpﬁﬁgﬁﬁ%ﬁﬁl?ﬁggy& a%forc% @yc poi nt and

allomﬁ g a ot her frequencies to pass he system o aim 23 further
conprising a conparator, coupled to the |ow pass filter, for sensi ng an
out put1gsi gnede systerarof tlyimatTolwheio ey prétptdrines iné beﬁbdbéduﬁeé the 6@BRIGRSE t hereto.

to noise by using a discrete-time period allowing the use of a swiiched capacitor circuit.

20. The system of claim 19, wherein the modified differentiated low amplitude signal is

discarded.

21. The system of claim 20, wherein the oversampling circuit selects the value of the modified
differentiated in-phase signal when the quadrature signal is less than a predetermined amount
relative to the in-phase signal, selects the vatue of the maodified differentiated quadrature signal
when the in-phase signal is less than a predefermined amount relative to the quadrature signal,
and selects the value of the modified differentiated in-phase signal plus the value of the

modified differentiated quadrature signai otherwise.

22. The system of claim 17, wherein the modifier circuit further comprises a polarity correcting

circuit to provide the comrect signal polarity for the output.

23. The system of claim 17 further comprising a low pass filter, coupled to the modifier circuit,
for excluding frequencies above a certain point and allowing all other frequencies to pass.
24. The system of claim 23 further comprising a comparator, coupled to the low pass filter, for

sensing an output signal polarity and recovering transmitted bits in response thereto.
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(57) Abstract

An FM demodulator circuit with reduced sensitivity to noise and performance nearly identical to theoretical predictions. The FM
demodulator is a time sampled detector for binary shift key (BFSK) modulated signais. Tts inputs are an in-phase and a quadrature output
of a receiver, which have been oversampled by a predetermined factor with respect to the data rate. The demodulator circuit differentiates
the in-phase and the quadrature input signal by computing the difference between the current signal value and the signal value delayed by
one clock period. The differentiated values of the in-phase and the quadrature signals may be changed based on the sign of the quadrature
and the in—phase signals respectively to produce modified values of the differentiated in—phase and quadrature signals. Processing of the
modified differcntiated in—phase and quadrature values to produce an output wherein the sensitivity to noise is reduced by discarding the

smatler of the modified differentiated in-phase or quadrature signal. The resulting output signal is filtered and passed through a comparator
to produce a digital waveform.




