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DI FEERENTI ATOR BACKGRO JND OF THE I NVENTION I S91S9 1. i Fiel
I nvem~ion. ' This invention relates in general to an FM denodul at @bgo&nd

nore parti woloastsgst ol ani FM denodul at or circuit and net hodcrhsooudses a
reduced sensitivity to noise whic | enhances the performance of a system

2. ~ Description of Reljat T = i "‘ﬁgﬁmmi cations markets are
being driven by a nulti tupﬁgDﬁog)l%%g@élesﬁqg%é@#ﬁ%o ucts such-

phones, cordl ess phones) pagers, and the |ike have freed cor pammm“mmmm“ﬂ“

i ndividual users fromtheir desks and hones and are driving the de,gpd for

addi ti onal equi pnment and sysBAGKGROUNDOEJIEMNVENTION |jty. As a result di

ital radio personal communications devices will play an increasingly
inportant role int e over . c m nications infrastructure in the next
decade. M xed~signal" in ‘power managenent have taken on added

| nport ance Aow t hat Tanavegion redatesi ix echesh tl andM degnodallatdrCsndmaore becone t he
fastest grow n ] ] ' Lon
strategies for gﬁuﬁﬁﬁmﬁﬁp rz§19§:40(¥9ts}l ?F‘@g‘m %%Pﬁgﬁ?%&tp té‘?@p g%légedg%ﬁg%? %vllet?y- power ed
portabl es are beioy ' e, theperfoahanceief agypicincat i ons for | ess integrated
but highly specialized building blocks that see nmultiple markets. These
bui I di ng bl ocks include data converters, denodul ators, filters, anplifiers
and vol tage regul atdr s.j_m&-&%ﬁﬂé&pect of digital radio personal
comuni cat ijgns CgeVl 'P&igyg!s &ir&l@ﬁ cbﬂhﬁﬁi&ﬁi@?&aﬂc@tsﬁi@&iﬁ?ri&&%j @m_ﬁltiﬁfﬁe otl‘ el of
transcei vers. ar to other, t s of integrated circuits, .the lei el o
integration i n“fe‘gge"ﬁgtss%Eﬂdf‘ﬁ?l?cbﬁy‘?eﬁﬁlﬁrs@@f‘?ﬁe? dless phopgsy p%@’?’&'ﬁ‘f‘%ﬁ | ow.
Const de ati ons hafe frredwedrpdtats andriatividnal ubers fromakdindesksand homedandiat at e that the

f.

Il

RF/ I F portion .t hes evi ces,.evol ve .t o higher |eyvels of .int ation than
is true at pr ege‘ﬁng ?‘Rglfgrs dfh%toﬂ%F%“I%Tgtg%sﬁfg?¥%lgfrre ?Séa'rthswtuglg{yeal i zing

t hese hi gher | aselrsubfligitaltradjo perbamal cofapuneatiqis devicasstill alaplan owteromgy pr ovi de
an FM denodyl a j : r ' et I ] d data from
a carrier g?gngrﬁl.;o@@r_rg@ﬁ}ﬁég%oﬁﬁ} ééot%g?@%g%s}?ﬁ%gg‘?ec{f%ﬁ%g%%ﬁ?ges a bit
error rate (BER) peMixsgnugnekinteEatien and power manageragnt haye takep popddsfhice linmit.

However, this ggtHHah&holwBarahddSR Middd aﬁﬁiog-tdi%{aﬁ 4 Hab betbin€ t-gtees t he
denodul ator's sensitivity to nolse. WO 001 52818 PCT/ USQ0/ 05184 2 It can
be seen then t BEWwngsegpentof the senaigonductorjpdusiy Ju¥ASHAIOR sBAtegiss i t an met hod

with reduced segfuginddid dojsoled, detlgetelehtihedng bhet@H- R weRW pBitdbl@lafceingat € and

per f or manc SSi, 1 THE |, NTI ON To oyercone the limtations in
Phe prior 9Pt GEClPPbEaMsIbe AP RaHERSTe 1% SHERHEY B RA Toir et BHG Ay i ||
becone appar enblodahat sa@é innipkimhrkend ehsdectutlding blokles ipcladatita @peeieds) cat i on,
the present i nﬁggsdu?a@orgﬁgt&'soasrg%iﬁ%r@ L SlpaRdylater circuit and method
provi di ng reducéd sensitivity 10 Nnolse aRd enhances 10 the per formance of a
system al nost i dentOcabﬂkpyrtwttd*vectWédighdaa@Q persdnaloguiiunidations dedeesagthe deal
denodul ator. TE foal I t - I ens by
provi ding an le\h/l,ﬁ(1 eﬁg)gﬁ?b}t‘te (?? \égﬁfrogﬁﬁt&gvﬁégﬁmr ggﬁ@%gageﬁﬁﬁpbﬂﬁgm? %rgtgé)i se by
reduci ng t Hé bickcudts thg leivqipéln&@s@n@hwahﬂzﬁgemw ob Epnseeingh isstibrelatively sy st em

low. Considerations of power dissipation, form factor, and cost dictate that the

€

RF/IF portions of these devices evolve to higher levels of integration than is true at
present. Nevertheless, there are some key barriers to realizing these higher levels of
integration.

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

circuitry which reduces the demodulator's sensitivity to noise.




15 A systemin accordance with the principles of the present invention
includes a discrete-tine sanpled detector for a binary frequency shift key
(BFSK) nodul ated signal. The sanpled waveformis provided by an in-phase (n
si gnal and ‘ﬁoﬁ‘”ﬁ gigature (Q signal output of the recei verpeptogisifldve been
over sanple a factor of four with respect to a data rate. The function
of the denodul ator is to sense a directidn of 20 rotation of an UQ si gnal
constel l ation i n a I@ca«sbe seemthembatalrge is@ ngestfer ait BV demegniatersirceit an di gi™t al

out put. O her .1 rinciples of
the invention may |n q%&cg({%e%rlt?\o{ ﬁ(\?g&%é}h%%t%%gm%%%rlrbcg?\%?argispects One
such aspect of peifiegrmanegsent i nvention is that the systemincludes a tine
sanpling detector which 25 inplenents a discrete-tinme period rather than a

continuous tine period when sanpling_the nodul ated signal input. The

di screte-ti fie period makes it M&E—gﬁ&éﬂwal ity of circuitry,
such as swi tched Ca@@@b&&fmc&@hxﬁﬁh&kﬂﬂm%&&wtB.ﬁdes&'ﬂi&aab@dél dndeel in the ari
wi |l understand that t peri.o ed to dIS rete-time, other

neasur ement s ofVEFeRe OtE‘H&‘H"ﬁEO‘}?m ?”ﬂﬁl?ﬁﬁgmff’ eniHpon @ ‘{}58‘31‘1. 30 Anot her
aspect of the pﬁwgmdmgrtuemscmm&ﬁdaha{ thelpeestrivlirdentmbudisetoses zh M her i ncl udes
an oversanplin e in Ist obtain r jn the
presence of no%glg"d i?q rtcﬁf&%y‘méi % Iégrefhécggﬁ n?%@‘tﬁ?ﬁ%%gﬁ'&pﬁngfé the FM
denodul at orl0f u nhdwrfommqufesystm ahxlostriﬂﬂaimltynvleh thetearntidal predictions fprah t o
reduce the sena%%%dzlegﬁog E@Irnoi se in the 35 in-phase and the quadrature

si gnal s. / US00/ 05184 3 These and vari ous ot her advant ages
and features of novEhe Bresghiinyentemsoties thejabeve—daseribed prohlems By arovidingiagt ed out

W th particul apiM Yenhddulafd® ciedud wiicHHBRRXEENHE S t&ndichyl 0duding tRAit erfoer €Of .
However, far a better understanding of the invention, its advantages, and

the objects obt’%ﬁ’?F@&"B?‘clnﬁéhﬁ}ﬁcéfoml‘aéfee?féms%‘ﬁoul d be made to the drawi ngs
whi 5\2 fﬁrmhla furtheAsps’ﬂdfnﬁmfheédg@hce\ﬁﬂiihé PRl ; emayzmgndmmsnimluaefeanatter
in which there ,are illustr an cripe of an
apparat us in agESFﬁE%%SWpFﬂ %"&?ﬁfgbﬁ‘?% ﬁﬁ?%ﬁhgﬁéﬁ%ﬁ THE
DRAW NGS 10 Refsignali ibe saomlet ovatdf@mds mmdgisb}nmmiphasb () isigeal med aaqtmdramrepunber S
represent corr ?@)Os%\gi %u?@&ére&@e?%ﬂ%%ve J:Exgovetls ?)leﬁ'ﬂy gﬁ%{aplr’n%%i di agram

showi ng the FM Ver- sys g. 21is a
bl ock di agr am ¢fithagspeitochedatadase. alerﬁmhomQﬁthe demogllﬁprgs toFepse pdigeatian ofs i n

greater deti | hiRnhRTREH B3EadEh tho d v 3 hnelhRS BHRAIY s spfBiaRENt L on

of a signal constellation; Fig iIs a gram rllustrati ng met hod of
FM derodul at i ofig#el¥®PHtng to the present invention; and Fig. b is a digital
representation of aQtheMrtaREHAsAf @6y stdnt flhcdordade Wi Mk bEﬁél PESEePTI ON OF THE

| NVENTION I n the follow.n ion of the.ex | ary i ment
reference is miYEMHG Wé“@‘é@&ﬁﬁaﬁﬁ‘eﬁ@%}‘% H@E"%ﬁ%ﬁcwf o(?'}ﬁsﬁ 'Pet‘:t Her eof ,
and in which i shephesem itvgntivays thdt thelsysten inaludesn tinfecamplingidétecorantticdi ment i n
whi ch the ipve o] e under st ood that ot her
enbodi nent 32 s %%lgrge |l§z)°g° tl%gé’?‘?@c?‘ﬂ?rgkfm@ﬁgﬁ@ %usﬁw PR Sl}fg W t hout
departing f romsalmims d@p@dolfated bignab inpste iThe discreserttinmrperiod 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.



Modul ation issues such as spectral efficiency, power efficiency, and bit
error performance in the presence of nultipath, noise, and interference are
critical in the design of a radio |link. H gher data rates for nultinedia
applicati omooasggsre nore 30 spectrumat a fixed nodul at iroT/usoglosssdi ng. The
robust ness of the nodul ati on and denodul ati on schenmes to nul ti path, noise,
and interference defines its attractiven for use over radi o channels. In
a time division dupihese aadpsious pasradwantpgss agégela@f;ﬁso pRyelty whiehshasagterize,

recei ver are nﬂi&’ﬁfveﬂi&nﬁterﬁdlnteal’ww&{ pé\mchﬂn@pﬁﬂﬁblaﬁlﬁk,and@&ﬁhér&oblw fstredl by the

RF35transmtt r a re than . twc e.rate of t con uous i nput data
to be transni tP St ol e (7M7) i%bmgﬁg?%%glﬁh%“\wg o étggév?ﬁ%s I‘?ﬁ‘?f t he
time. The far fhadbjeecﬁnaimd by tits nesrefepentdshotld bs medk td dtealravangdsevhichdform wout  of a
menory at ag sl o . E. pically

i ntroduces err pﬁlgp&géc}gatf?ﬁ?&%%@ag{@?dg a;{WQH& ’n@%ﬁﬁ%mﬁ h hi gh bit
error rates (Bﬂiﬁytratadatxdhéescxﬁadmbiﬁapmmﬂsef@mp@ems iniacdordsng¢ewiththal s of a | ow
BER. This FM dﬁ’ ofylator circuit will enhance the performance of the system
with that of the theoretical predictions for an ideal denodulator. Fig. 1
is an exenpl ary di agram showi ng the FM denodul ator in a typical radio
receiver system An RF si ggpirpridfs migpmmmﬁsom a station 100 to
anot her station 120 in a recelver system 130, The outputs fromthe receiver
system 10 &Pe the iMSEFINGpeyhiR the drawingsinpyhichliks deferapes numbers repRgsentn ot

si gnal s conpri efregfonding iphrtthRdgghout:) signal 140 and a quadrature (Q 150
signal. The dem)dulpg d out ut fr mthe FM dﬁlrrg&rl at Is.a dl,lgllt al

wavef orm 170. Fig. 2%i agrpm shoyying fhe ‘éfé’??glalﬁf OLing YRRl ui t . The
denodul at or inmhimde&mnsysmmphase (I) 200 baseband anal og signal input and a
quadrature (Q 210 ._anal l I he in-phase
oversanpling ci rchSIEZ%EE glgglﬁgra%l?g%}gwgogé}g@g%%-[ﬁ ng circuit 214 are
used to ovébsanpl e kipe illnstiies inegreatet detaid theddMl demedulatarnput  si gnal s,
respectively, by a mg%@%@rag?aﬂmnmgk@ maefohlafas%%?e&ﬁ&ﬂatme data rate. The

data is sanpled using a predetermn time peri € | n-phase signal 200
is differentiated Zi® Hyafewsingranillusteatiog F‘F@P@ﬁf:@’lﬂefnb@ﬂ%@éﬁcqoffb“&:ur rent

val ue of the i priRbpe®nsindiabn;289 and the val ue del ayed by one clock period.
The i n-phase sunm 2‘% circujt 202 is ysed tol\/gerformthl s, conputation. The
quadrat ure signal &q‘éaﬂlg\‘ti‘léﬁg?ﬁei‘té't‘%’o"ffﬁﬁ MOGHBE PRIt he di fference
between theocurrent value of the quadrature si gnal 210 and the val ue

del ayed by one cl ock per T g .Mit 212 is used to
perform 25 this conput at i ' e out put signal
290 is correct, thelnshegfnktowihg tidseripglioh oéthe mxdngtlag embedihascreferagoais n2d® and t he

differentiated i i Rhgs
polarity correctl n ?H;:gm? d% %ﬁl%h%%) Sérofg agg Ig‘%?l?}glsgg?re ting
circuit 252, rwap tlwr@ugn therbr@clrﬁedmbﬁ)dzmmt@rnWblfch thednvgntidronasnte pracicedval ue of
30 the in- Qhasalsstb%@%de?&&d'tﬁataﬁ)epmoumgAeaz({Hslﬁhhkéa' ghrﬂﬁn&a%h gn of the

quadrature signal 232 wt differenti at val ue o e | n-phase signal
220 resul ting MAY be Badg withoyt deparging fopm fspaenecoftheypresemtjiaveption: epr esent ed by:

dl = sgn(Q x D [Jﬂaoa’dmmmbe‘slssaxtds@ﬁbcem effitgendy fpweleéméla{c Ghn¥ @tégo0f the
quadrature signal 230 is 35 acco Ils%ag_ggyrmtlp |ngt e5|g of the
i n-phase si gnaP*TS$RREF irhthf Rrgsenc 185w i°8a4° eFticpldl i at ed

val ue of the quiatghaf aralicslignalighi2stats eeaslfdrinngtimediaapplignidhs @guir3ftore
Mat henat i C%b ! ySch:tptsn? f fided B %ﬁﬁpcgneagndggdmgd 21'he roblg@lgss of the m(gdulatlon 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
receiver are never on simultaneously. In operation, data is bursted by the RF

35  transmitter at more than twice the rate of the continuous input data to be transmitted



[2] To reduce the sensitivity to noise in the in-phase and the quadrature
signal, a 5 conparison between the anplitude of the in-phase signal,6 240 and
t he arrplitude of the quadrature signal 250 is perfornmed, which results in c
1 260 and qg spectively. The sel ection control bl ock-ga&eBkes a

deci si on on V\:hl %h{ggl gnals will be utilized based on the res 'gﬁtl ng signals d
1 236, d2 238, ¢ 1 260, and c2 270. The denodul ator produces the receive
digital data 2%t lesétHaghalfds sinfei Thefar fiZededref gbleowsthe Ibwstséldsud weadomit r ol

bl ock 280. The Io n S the denodul ator's sensitivity
to noise. The Si gonaaln?eﬁo‘?%%tas ef)go%amyoggg%r@at or 284 to recover the
transmitted bits. Frkg RBmedmmshqqutypnnalkyrtem@pesmmthattoh@ra)rhvrﬁ‘%, ecture of

the FM demodul al0ls, HRAId APl B IIETBEK A chlfiR] il ibaRacsvanal 310
and the quadrature’ sl are 15 routed rougbeni time sanpling

detector fof aimervas Pﬁb@cﬁf&c?“%ﬂﬁmwt%ﬁwh\” Msathedegprmancewher ei n a
di screte-time RefheQphtdnRiiE thal dTAE tBed? @Rkl prédiidnd fofBn ﬂeﬂld@zﬂodtﬁatd\ts ed. The

i n- phase baseband S|gnal 310 and the lgégdraeﬁ‘{ﬂﬁ:l‘/?g d 5| nal 320 have
been oversanpl ed byF% b%séaél“‘é‘mlﬁ%@égrﬁ gyn E’B Yata rate.
Those skill ed idiid Reeiwd: bysiit eASRREigndl mmmaﬁ&mmﬁammrvgstﬁmmotcabove is
not limted 20 to, a fi.ni .nunber. The ?fdmlgﬁl a{ % dlfilerentlast es t he

i n-phase si gnala“%’&%Swo%@ﬂﬁ?ﬁ‘ia"?ﬁéﬂﬂ? by A CRPES “{KEVEIrYEht val ue
of the i n-plaseresheginpbt sizhls torttle Faiemadulaonfc0t Mke mpyreignaldebmpmd obgn one cl ock

cycle 330. The, n%g&ljj glt)ot'; %Ilg?Mdear QJrLtﬁIe‘?@P]'lib ’n~F9rh%id%%‘hu1£t§? Q%éxgoby -

Further, the dé eren |ates t rature sign
conputing the dﬂofﬁté¢Mmé¥1@te@ﬁaﬂméaWPfemlﬁbgat| ve val ue of the

quadrature signal 3gQ ARG bmﬁ d}é@JaHPof% FM&ndbenat mft%hasrﬁsidéwodmaﬁ,rcl ock ‘
cycle 335. The result is a differentiated quadrature signal (- 350 The

sign of the di fifcdidehtn igriass (-290 hassbagd gnaloe sierg! inpwt aﬁijf‘ﬂ%ﬂdé*ﬁ‘ErFéQ

quadr at ur e 131 ghadebatidAnalsg TRkl fnberd Tﬂ@ﬂﬁﬂﬁhs@gve%amﬁ)h &itctit 204 arddiie quadr ature
signal 355 and the in- gehase Si gnal ?fﬁ ective h The 30 re ulting
modi fi ed di ff e BHTIWE QUETFARAYAL EEFul; i‘harw 40 rsaempdhginr PRaseaid e ed

quadr at ur e si grqaddrature dipat sgrbls3etpeaindlydBy 3F@deteraspd dhdtoratith redpgldtietat | cal |
this may be re t .an iy ], respectively.

Thi s change m%tﬁzﬁgoﬁg %%%[eﬁ%gaé%%e?en %‘Getldq(?& rlgr:jllr)l%l s insures that the
subsequent additi onThﬁfmdPhamnamondlﬁ‘é’r@mw@S@Bﬂbythmltpsdpehff@mcput To

reduce the g5 %a%emxwenwamwf&élﬁ h’és'é%;?hﬂ'zﬁ?gﬁcﬁhé'vﬂ{?@&el Pppard the
guadr at ure si gnal NS00/ 05184 compari'son 364, 374
between the amploFk aﬁ@do?heum-p&hmém@ingwapmsw inpgd theerieFpthis ude of the

quadrature si g@&hp@zzt?onl ThPGlaHRARNEHgRNE otlb&fﬁfza!dt@d23@fbytctaﬁpmﬁ}@uﬁé ed
differentiated m- ?a]ﬁe or quadratureﬁqstl gnal di scarded. This sw tching

for the sel ect ABf" qtyvest thecuprenyvalie pk the aupgr a%‘?“’o"?f?m@‘ dhealyg it ~/2 ~

i0~Q ~ [3] or d&agedbyiche clbéiPperiod: 'ﬁ@quac{réﬂne&ﬂdmd@ circi®21is uédd 2o perform! ~ [ 5]
or

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:

= 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



d4 =d2 if ~Q2 ~ >~ ~[6] The resulting signals are added 380, then the
signal is low pass filtered 385 by a 4tap delay line and then sliced by a
conparator 387 to recover the transmtted bit. Digital data 390 is produced
as an out pwjo gfs2éige denodul ator . 15 Fig. 4 is a di agr anmadrngsoo/osiss
representation of a signal constellation,_. To achieve higher bit rates in a
fi xed spectrum bandw dth, nultilevel m)dal ation and denodul ati on schenes
are used. The fiffarentigtedsyaluegi thesiradratrgsignald50 srelting in biEabde?¥sed t o~provi de
bandwi dt h ef fi gfafRfMticNY, thid\é lepreseid@bgty t 0 noi se energy ratio requirement
for error probabilit erfor mance. The conpl ex signal can be awn 20 using
an in-phase (1) 41@%‘@58& bﬁé@rature (Q 420 branch representh Lg t he

ort hogonal cosine apghedhdeehd RhdHvilyno hdise mrtmsmh_a&e@ldmeg;madratuﬁhgnmpi ng of
the s1gnal - SonErUFiReY triPeR00e FIRDGRAP LU B PEGE ReEH b TR wis of T "
e signal ¢on ;
i npl ﬁment at Ih Ontlﬁfqufj&iﬂu&lsggﬂaﬂZSOGHIQHBinheﬂI whibh feeﬁltsdesl mamhaemszai vity t? noi se
|nte|npasean rature i The r.educt i on o noi se
sensitivity i n"CHETY %Xeﬂ" SEICEHRE PR °'§B’§%?§f‘&%§9 6%%?‘%011‘@13 EoHpl i shed by
conparing the waiipbd utuded bdsechon the repsi] tuggesigrajsud] 26ﬁ,aﬁr2é8 dl @66, agdiaZ2Ex ur e i nput
channel . The d | ipal i d rat her than
gﬁ{ﬁ&fgdaua?ongfodp&gwer e afaitlfiapl 802 16 ol 3R 510

sutmed with th unction si gnal

constel | atil®n ﬁxblnp'sﬂwsleetmwpntr@blohlaim Here daypeispidier 2&8rgiucevthe of dl 430 and
d2 440 30 resulimddhiorRAshddwe tORiRUTh bighal & BB byRBRbaklopddn 400 has
rotated cl ockwi se, and in a négative output if the signal constellation 400
has rotated coEﬁ‘i?%qfél}ed@RW“gédbl Segardl ess of the quadrant in which the

constel l ati on happemg,. 3 muhﬁudsnn g&aéﬁtﬁmatmmé}imtu&fafﬁmlm a@wdma@r aseanal

constel l ati on chooses: 5281 PCT/%@SQ 84 7 dl ;Rf“far?é

[7] d2 if sza"éans‘f"“"’ff%mm he iy Phase Figp ‘%@?“ adpspue § absol ute

val ue of the i mumdahzeug}iz)nmaﬁhntﬂhag quadfrefbwlﬁna(rgre@ncgcryahxfdteymdxﬂdlatey two, in

equations 3 throu IS tely.equ p the result of

the absol ute viPle l%”fal M’gmldralﬂ’ﬁcé tm‘me’)‘%nogmﬁﬁ ﬁlgnamnt' g L'glnf"%)P gnal by the
tan(~/7). The usedudhe in-Phase basslbwd/ﬂgnaMFO gldtheqmdxahlee basgjmad sighd20el | ation's

rotational int g&%ao' e @e@samﬁleh%yé‘ Ieli&&‘nﬁ'ﬁa%%?‘wl{h' & ih@gatﬂ?éc@"d of

perform ng FM T ation accor g present 1 nvention. The in-phase
500 and the quamsatsmled autbemg}dansm matethe @Yer&amhwﬁﬁiambatfw nglingitedeband

signal's. Thg dw‘fIﬁ&&%ﬂ:b@@tﬂ@%&nsmt&laﬁff&mm&@{hu%%aste BRndiB1Pbpse si gnal
500 and the value of t

se SI one cloc eis
cal cul at ed andcewtmgélmﬂlf?rgma%awmr@ %?ﬁr{ea&‘@ﬁlelogﬂﬁﬁ%@asgﬁ&ﬁ%h 1§ uﬂ|) 520.
The di f f er ence tizekiie ohthe Bignsl delagdtby\bat tieckodyclel380 qUReAlltUS £diffe@hfdted 10 and
the value of the uadratté % é}gnal del ayed by one clock cycle is cal cul ated
and the resul t 1 ® fgefgnﬂ Pafenti ated quadrature signal (0Q 530. After
mul tiplying the si gPRurtier,tiealethioaslitai diff@reiags de quhdrbtuféisig‘nelraamb'yat ed in-phase

Thn a1 or BcT Sointng Atk Bt bty o BAAPfeadidAtye it bl o et AR 1S D

what val ue of Bh@anhbpbﬂmf&h&hguhbddwaﬁbﬁmrc@ckpygﬂml355'lh¢ rc'Sl?lﬂl,s a573 574

ill b dded t 57 flt d 20 Thi
\g: gnal el 2 pgssg%gfer\l%te uag" Fgé?aqgésg»;ﬁ@o@e SI&%’GD [Shff 4 %8’1'395;?1 Fo r ecovlef
the data in a diggalt340 afddiffers@iatedmuedratéreisignal ﬂD@mmlﬁMpeslmgtoanhwon of an FM
derodul ator ci r@Hg?tlﬁEDEdrﬂ{ﬂreQﬁﬁﬁ%s bR inS s@{lgnaﬁg'l% ARG AN T f510 1 nput

signals are rou an-1n- ase ana di gr tar comierter 620 and
a quadrat ur8 amsnibige mdmegdtf&renwm/@rml@se% stsgdaliffdrendiated The digit al

forms of the | um?é%ﬁx%s ﬂc?é&&@l@%b'ﬁﬁd@z%%ﬁ)eéﬁ\%lyr OUt ed to a binary
frequency shi ft key CI rcuit. 640. Those_s in_the art wll

under stand that the rﬂéﬁ{ﬁ‘éhl%‘i/’%‘l‘ifelnfedlbéﬁql‘}*}t‘t"éM]taf“}E@%O%@ﬂr i ncl ude a
digital signal r&bw@@awma&%e Mh&;bblarnpbﬁaemmrehth@edfs\}mtsum&ls tHaythei m | ar

to Fig. 2 and Fi 1%5%%5}@?616,1%&6#68 d Eﬁmb resuts In zI prrgp l#%gt%Xt slj?) recIuce e

circuitry 640 %
35  sensitivity to noise in the in—phase signal 310 and the quadrature signal 320, a




30 650. In sumary, the FM denodul ator circuit architecture according to
the present invention provides reduced sensitivity to noise and enhances ,
the perfornmance of a systemw th that of the theoretical predictions for an

i deal denodubab/sgig The foregoing description of the exenppafisogiiesli ment of
the invention has 35 been presented for the purposes of illustration and

description. It is not _intended to WO ol 52818 PCT/ USQ0/ 05184 8 be
exhaustive or tOMPATFOR 364d74 brywesnithspmrbityds of igrphasssisnal 364 BAE osed. “Many

modi fications amghiiuaAE bfth QEkAraalresiP@s$ 372k Gerfdimbd glitthoimdilbeofahomedifieiachi ng.

It is intended that the ,scope of the invenption L mted.no ith this
det ai | ed descri ?‘Efﬁ{ategﬂ’('pg%? Aegua “‘f%%g‘?r'éid}?ﬁarg%pgjﬁ&éﬂmﬁl@%{b&me VO
00152818 9 WHAKele&idalftchibibs répresEXtdd b3SX87/ PA184 1. A nethod of denodul ati ng

signals froma source conprising; differentiating an in-phase_signal and a
guadr ature S) gnal té}gﬁrdggiﬁ@ﬁé |@lffer entiated val ue of the inpzhase si gnal
and a differentdgrated val ue of the quadrature signal; nodifying a sign for

the differentiated val ye fi_t i n-phase and the quadrature signals based
on the sign of the d‘gég’r‘g#@rj@ |§Ed i n-phase signal s respecti ve‘%;'/ to produce

nodi fied val uesndf the differentiated in-phase and quadrature signals; and
processi ng the nodif g% drj @ireﬂi ated in-phase and quadraturFS val ues to
produce an out put) St ivity to noise is reduced by éiscarding a
smal | er of 1the dgrodified differentiated in-phase or quadrature signal. 2.

The met hod of claim,], wk in differentiating the in-phase apd the
quadr at ure si gnal f&%?ﬁé?fe@zﬂnlﬁrﬂes conputing the difference @gt ween a
current val ue Cfhetrésalting siphdsare adidd 380 dreathersignaliigloal pasniiterduc3 85 vy pHase and
guadr ature signal I . iml

; qu deSia lﬁ%%id tlﬂ%(x} él?]}xgc]:gct lﬁé&ﬁoﬁ?ﬁ%ﬁgg é&atﬁgatgﬁg%a?%sﬂ{tte& Lﬁl .

further conprisi'ng oversanp quadrature ‘signals by
a predet er m nedigital date 390 is produced@s an ousput hkthelderaodutatas,. wherein the data is

sanpl ed usi a preget ' ' Watak Fou ] hiBe3
wher ei n theﬁgver sa (#Ifglt ﬁqgsrgo?&?aﬁﬁem%{%-r%ﬁggse@gmn%fa-ggﬁal%ﬁmgum T R4’

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 subsequent addition of d1 430 and d2 440

30  resultin 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:



and the quadrature signals further conprises reducing the sensitivity to
noi se by i.nplenmenting the predetermned tine period allow ng the use of a
plurality of circuitry. 5. The nethod of claim4, wherein the reducing the
sensitivitwa®wsesse further conprises inplenenting a di SaoTetspetsisee peri od
allowing the use of a sw tched capaci tor, circuit. 6. The nmethod of claim§5,
wherein the nodified_ di ere tiated | owanplitude signal is discarded. WO
001 52818 PCT/ US00/ (9‘51f8hl/2 ® k‘? The nethod of claim6, whereinl(8iscarding the
differentiated | owgranp)stuge signal further conprises sel ecggng the val ue
of the nodified differentiated in-phase signal when the quadrature signal
is less than a predéfemsBdsanount rel ative to the in-phaseldignal,
tsﬁl ect | nﬁ the nak tlflét @t a[fsbﬁltermﬂiefo&'ﬂﬁlﬂpgiff(ﬂﬁﬁd th%i qﬁhdem@et r@)t%rgnter &vigagl t\r/1vhen

e in-phas nal, is |less redet ermi ned anount relati o the
quadr at uresg quiW" Qﬁﬂ“@@?%‘&? h? HgaRPé‘?"H@atglV eﬂ‘??et"rfﬁéf‘f’lrye’& the e “gtr"intr at ed
i n- phase si gnathe msumtetdamewaﬁxuen-cpﬁasb l(lemrmuﬂe fuadthndé tQ)e;rgeratbyahedn(qwadr ature
si gnal ot herwi e. The

d F ol
o PT o et ot ourervabRow 2 et m, £oThe signhh Sirstellcton’ slRond 8PP et i gna
polarity for the orl‘hg)rjtxsaﬂowmagranﬁﬂhmdnmmahm ofiptrférmind BVl demmbulatoes

filtering. the Subgu ShePRle f&xEhUR: HEAANENGAT (AR S-S0 Lhth PO ™

and al | owi ng uencres to aim 1
further cohrientss tl@ehmmgatpm bwbm&gslalg n&he 4Jﬁkranqetbytvaznmthc@cmmewalmg

transmitted bi 5fsthrethpﬁ§spag 55@§{d%9vall;e]uftlé Q%Lg?lﬁlq{ela bd GHode T O

receiving nultiple signalS froma source, erenti ator
circuit for di¢leckeyele issalcnlgted and the prseltis ashf@qnqrtlaadm—ahmaugndt( uABb 580.gnal to

produce a di ffﬁre%rffer@&ce@etu@éme %chh@alde%‘f%@@ﬁdx%hﬂ@ﬁéna@@fb aﬁad% ﬁ,@ent' at ed

val ue of the quadrature Si.g nodifier circult, coupled to t
di fferentiator® éher‘lﬂ&ii‘tat“r?%%“ah#&q)’re‘}bh@“eél%ckﬁ}’\d%\‘s calgglatgd P’?detrl‘ef?ﬁ‘ilhlﬁ ad val ues

of the in- Wasﬁfﬁ@ﬂtdé&ﬁ]ﬂd}ﬁqk%éﬁéﬂﬁQ%@ %ﬂ%@ﬁﬁﬁlpﬁﬁngttﬂ@sxéh gftnof the

guadrature and the in-phase s]éfgna S respecti vee/ produce nodified val ues
of the differ ewaﬂ@twlﬂfmwﬁhé ean@at@madplmwwab A@ﬁpendﬁndlgat)ﬁﬂ\emsor

coupt ed 0t NeuBiL:Phiftb hidive {05 ARASARN I Tl (R S fer ent 1 at o

i n-phase and qua ure va uce an o ererm Sensitivity to
noi se i s reducégisiop iginadens & woat aalgm thesin—plfase ¢nd adiatie wgraf EHent i at ed

i n-phase or quemy sfERy @ill%aahded]tg%cth-gpﬁﬂgmuécaat&ﬁ—ﬁhé’rm&plﬁglgﬁﬁla' m 11,
wherein the differentiator circuit_further rises a summng circuit for

conput i ng the Ghis signal ispassed thrugh 2 Lilter 480 @pg 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



WO 00/s2818 PCTNSO00/ 05184 11 val ue of the in-phase and the quadrature
signals and the value of the in-phase and the quadrature signals del ayed by
a clock cycle. 13. The denodul ator circuit of claim1ll, wherein the

di fferenti awoloosasigcui t further conprises an oversanpling géf6stolosissd
oversanpl e the in-phase and the quadrature signals by a predeterm ned
factor with respect to the data rate whedein the data is sanpled using a

pr edet er mi ned tbe gehapssiviemt to lindit the inyentionbaithe ategise formdisclosedf Manpi m 13, ~wher ei n
t he oversanpli e 1 C L : LV j Usi ng the

pr edet er m ned El?)r?gﬁ%gﬁso &g g@%ﬁg%ﬁiﬁﬁ?éﬁéé‘}'b‘gx%ﬁ?g??‘?‘g‘gg? l(gzli_r cuitry. |
S. The denodul artepded that the scope oftheinyention beimited pot Wath ithis detailed desgeptionni ned
time period re@ug@mc;mhgglaﬂsta? datidd Hegetd)Oi se by inplenenting a

di screte-time period all ow ng e use of switched capacitor circuit. 16.
The denodul ator of claim 15, wherein the nodified differentiated | ow
anplitude signal is discarded. 17. The denodul ator circuit claim 16
wherein the oversanpling circuit selects the value of the nodified
differentiated in-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 anount relative to the quadrature signal, and
selects the value of the nodified differentiated in-phase signal plus the
value of the nodified differentiated quadrature signal otherwise. | 8. The
denodul ator circuit of claiml1l I, wherein the nodifier circuit further
conprises a polarity correcting circuit to provide the correct signa
polarity for the output. 19. The denpdul ator circuit of claim1l further
conprising a low pass filter, coupled to the nodifier circuit, for

excl udi ng frequenci es above a certain point and allow ng all ot her
frequenci es to pass. WO 00152818 PCT/ US00105184 12 20. The denodul at or
circuit of claim19 further conprising a conparator, coupled to the | ow
pass filter, for sensing an output signal polarity and recovering
transmtted bits in response thereto. 21. A systemfor receiving a
nodul at ed signal and recovering information, conprises: an antenna to
recei ve a propagated signal



a receiver to filter and anplify the propagated signal to produce an

i n-phase and a quadrat ure baseband conponent of the propagated signal; a
denodul ator to recover information fromthe in-phase and the quadrature
baseband covgpewsesiss of the propagated signal and to genergtreussoosigi t al
output in response thereto; wherein the denodul ator further conprises: a
differentiator circuit for differentiatithg an in-phase signal and a

quadr ature si gWAHAT S QrAMERIS differentiated val ue of the in-phase”signal
and a differentiated val ue of the quadrature signal; a nodifier circuit for
nodi fying a sign of the differenti d. val ues_of the in- hase and t he
quadrat ure signals basecﬁ*'Bﬁh‘{q‘fgd%‘i“ ?%‘F‘gtsﬁéﬁﬁ]ﬁ%raéﬂf%c 5{%e i n- phase
signal s respecti veldjfféraniaﬁ@g:wﬂﬁ—ﬁmw stgn@ichnd alquiatorde sighal tdbfolleseant i at ed

i nphase and qu ature s hﬁ r.oces for ce ng the nodified
di fferenti at edggrﬁreﬁ%?evahﬁ&? %PS?SGF@QQ}QP%%??{%?“B?‘%‘EYPE‘? ﬁh out put, wherein
sensitivity toquadragee signat;educed by discarding a smaller of the nodified
dlfferentlatedlnp Si The s f claim 21,
wherein the differ en?ad?@f as%?g'ﬁﬁ% F ?thage%avalueggfthen s%%%rnrlfg circuit for
conputing the maﬂfaanenwlmﬁmm%slmmfﬂwadraﬂum@ndfm-tphese|Smn§hase and t he
quadrat ure si gpales @i pRRIuNAhSEHA vallR€of e B RLANLNOMAN flgur e the signal s
del ayed by a c gé?klc cotep 53 T el s‘?ste?n o? |trln 21n %wrel n the

di fferentiator ‘l‘taidfa&{!i?%lg‘falﬁsﬂf’er conprises an oversanpling circuit to

oversanpl e the in-pheessimfe hb&fisd @Atk @@l@laﬁdauadaat@ee@laés%m ned
factor with res‘g ct to the data rate, wherei ngéw g)ié‘ | ed u5| ng a
predet er mi ned PTPAYEE BB PHBYE, WhergipseRsIiE BRI INERHSF S B Glscay “32%5 ai‘lﬁ"eo syst em of
cl ai m 23, wher g modified differentiaed inrphagé srepibdrathedigmas the sensitivity to

noi se by using the predeterm ned tine period allow ng the use of-a
plurality of circuitry. 25. The systemof claim 24, wherein the

predet erm ned time 3eri dde methad ekclaimd, y@prgintchﬁfqrgxyxatn@g theinsphasg andstherg a

di screte-tinme pehifde ShhadWirher Johﬁnb@%orﬁ{mtﬁgsw &ff&@ﬁ&%@ﬂ%@d&&fmﬁﬂ rcuit. 26.
The system of claim 25 wherein the nodified differentiated |ow anplitude

signal is di scert. ??“Ph?ﬁéngﬁgﬁd&%\“éﬁ‘gﬁf}lép‘?ﬁ@@“%é%‘? Wﬁ@‘r%ﬁ}@?akarrpl ing
circuit sel ect geldylee by akleek &fclet he nodified differentiated in-phase signal
when the quadrature signal is |less than a predeterm ned anount relative to
t he i n-phase signal, selects the value of the nodified differentiated
quadrature signal when (Themethophbdamsli fyribdr comprisiugoversamplingsheigephasai ned
amount relativ of the

modi fied di ffefﬁledtnt? i i‘mr Eﬂ %easq?%(%{a} '“fﬁgg‘t" 2’“@%@%‘ %?hét/%g%rrtgdl fied

di f f erent i at edWhersigikads W“SWH@N@P‘E@HH%MW@OQySt em of claim 21,
wherein the nodifier circuit further conprises a polarity correcting

circuit to provide i.he C[?IE Fn%ﬁlod o}" gaﬂrer‘)lfi, Q/?)ler%{nltﬁé/ oJe%rﬁm%Png chheDm—phase

and the quadrature signals further comprises reducing the sensitivity to noise by

implementing the predetermined time period allowing the use of a plurality of

circuitry.

5. The method of claim 4, wherein the reducing the sensitivity to noise
further comprises implementing a discrete—time period allowing the use of a

switched capacitor circuit.

6. The method of claim 5, wherein the modified differentiated low

amplitude signal is discarded.



29. The systemof claim21 further conprising a | ow pass filter, coupled to
the nodifier circuit, for excluding frequencies above a certain point and,
al l owi ng all other frequencies to pass. 30. The systemof claim 29 further

conpri sing odEpagat or, coupled to the low pass filter, fherabiAiddd an
out put signal polarity and recovering transmtted bits in response thereto.
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comprising:

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;

a modifier circuit, coupled to the differentiator circuit, for modifying a sign
of the differentiated values of the in—phase and the quadrature signals 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; and

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.

12. The demodulator circuit of claim 11, wherein the differentiator circuit

further comprises a summing circuit for computing the difference between a current
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15. The demodulator circuit of claim 14, wherein using the
predetermined time period reduces the sensitivity to noise by implementing a

discrete—time period allowing the use of switched capacitor circuit,

16. The demodulator of claim 15, wherein the modified differentiated

low amplitude signal is discarded.

17. The demodulator circuit claim 16, 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
value of the modified differentiated quadrature signal when the in—phase signal is
less than a predetermined 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 signal otherwise.

18, The demodulator circuit of claim 11, wherein the modifier circuit
further comprises a polarity correcting circuit to provide the correct signal polarity

for the output.

19.  The demodulator circuit of claim 11 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.
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transmitted bits in response thereto.

21. A system for receiving a modulated signal and recovering

information, comprises:

an antenna to receive a propagated signal;

areceiver 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 further comprises:

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;

a modifier circuit for modifying a sign of the differentiated values of
the in—phase and the quadrature signals 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; and

a processor 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.

22.  The system of claim 21, 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 quadrature

the signals delayed by a clock cycle,

23. The system of claim 21, wherein the differentiator circuit further
comprises an oversampling circuit to oversample the in—phase and the quadrature
signals by a predetermined factor with respect to the data rate, wherein the data is
sampled using a predetermined time period.
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27.  The system of claim 26, 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 value of
the modified differentiated quadrature signal when the in—phase signal is less than a
predetermined 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 signal otherwise.

28. The system of claim 21, wherein the modifier circuit further
comprises a polarity correcting circuit to provide the correct signal polarity for the

output.

29.  The system of claim 21 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.

30.  The system of claim 29 further comprising a comparator, coupled to
the low pass filter, for sensing an output signal polarity and recovering transmitted
bits in response thereto.



