AN ADVANCED TELEVI SI ON SYSTEMS COW TTEE (ATSC) DI G TAL TELEVI SI ON ( DTV)
RECEI VER BACKGROUND W r el ess comruni cati on systens based on standards such
as advance0 20eler¥48i on systens committee (ATSC), typi calPCy/UsScanpuicse a
transmtter and a receiver. The receiver is used to reproduce a signal as
cl ose as possible to a transmtted signal, which is transmtted over a
channel which may add inter-synbol interference (1SlI) and noise and distort
the transmtted signal. The receiver conprises an equalizer, which may
reverse or the inverse the effect of tine-varying nmultipath channel and

| nter fer encey ¢ ABEINEK DIIEL EVRION sy SHEISAIGHMTT HIECErI@sIdTRk1Pe used in

conputer systens. In order to reduce the el ectromagnetic ’interference
caused due to high clock frldddaiSICYN (PAVeBKRUENER yst ens and peri pheral s,
spread spectrum cl ock generation (SSCG is used. SSCG nay be,

advant ageqgidXoRUS®Gpt 0 nodul ate the clock signal to reduce the

el ectromagnetic interference (EM). However, the spread spectrum cl ocks
cause bnterf er Briekss cdtmaunicdtion fignancieaschos sdndaydshacimanadyanced terelidiopl e

spread cl ocks wth .has requencjes such as 40-80MAz (LCD npi,xel clock),

D SaNke( ReeT SRy (RO CoTRR s TRRUR S SLE I WGt SFGnal 5 may
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exanple and not by way of |limtation in the acconpanying figures. For

si npl 1101 t yheattiereq Beifipctort me-vayipammdipatieshsnan ead intpiieeicacaded hytthe figures
are not negassarduby AFS@MIV RcSGAL Ray E@ﬁse@mﬁé&{ﬁtergﬂ%ﬂ! mensi ons of sone

el ements may be exaggerated relative to other ‘el enents for clarity.
Further, wherelicomnst deralycapir olgetramagneticemicrisresec cabed slup 4y digheelack epeat ed

anong t he g, QUERS i %o%ﬁ%ﬁ%&%@%%ﬁ@f@ﬁ%ﬂg éb?eaﬁ”%'e&ﬂfh’r‘scl&ke Blafon F1G 1

illustrates a receiver 100, I s ‘a technique to reduce tlhe ef f ect
of pl at f oBSC0) Beusad cEBACNYayt be, deantagoodtiyantd torh@lulge ithel detkr agras tan

equal i;zer i S - f el e r.t I rd and
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Fhow chart, ol Igiakt "R Lo NRE, RERIGLET ThihNY 339vBEhRG " LR%C!
100MHz(PCI-¢) clock, data buses, and video signals may be referred to as platform noise
(PFN).
20 Platform noise (PFN) is a major concern in portable environments such as laptop

computer systems, netbooks, mobile internet devices, and personal digital assistants.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention described herein is illustrated by way of example and not by way of
limitation in the accompanying figures. For simplicity and clarity of illustration, elements
25  illustrated in the figures are not necessarily drawn to scale. For example, the dimensions
of some elements may be exaggerated relative to other elements for clarity. Further,
where considered appropriate, reference labels have been repeated among the figures to
indicate corresponding or analogous elements.
FIG. 1 illustrates a receiver 100, which includes a technique to reduce the effect of
30  platform noise according to one embodiment.

FIG. 2 illustrates an equalizer, which determines the coefficients or taps in the



positions of the non-zero value taps in the feedforward and feedback path
to cancel the effect of platformnoise and to enhance the SIR according to
one enbodwoentl/00B44@ 4 illustrates a |line diagram 400, whirais2depi@ss t he
position of various taps in the feedforward and feedback path to cancel
effect of platformnoise and static nultipath and portable channel and to
enhance the SIR according to one enbodinent. FIG 5 illustrates a graph 500
of magni tude and phase plotted with reference to a change in the nornalized
f r equency feedforyid a@éé%ﬂdg%érpaﬁ)c@wenehéleteéfe@rﬁ niattosaingisaend [ ocregseitie 3 gr aph
600, whi CligHRR) fhtrcfnSt ASh AORY Aeol TR OEIERbodiferk e per for mance of an
equal i zer according to one enbodinent. FIG 7 Is a graph 700, which depicts
a substantial Fhprovemtaw-dhart tibestipenef oieehpigec &fr deferaming indeselagheleef sever e
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fol Lowi ng. descrjptiandesen|0es LRDAR TRRY S0l f1RG: DR eehyey - In the
foll owi ng description, numerous gspeC| fic edt?alﬁ S ch’as” | ogi C P

i mpl ement alid feedforwaebaulr fealbpays patli tooraner] effeat of harfommg noigr arduydtic aatliigith

i npl enent at i on types. a interrel ati onshi of system conponents, and

| ogi ¢ par taflh’%?ﬁb]ﬁd%grfml ng%f”ﬁﬂl?%ﬁ%%a@&%rg?gio %Igten%{)(?hwnf‘n order to provide
a nor e t hor oughIG rdigingiassd di gigphoF00t dTendgn@sdenind iphde ipldted witht redtdnte toea

appr egi.at ed, however, one skilled in the art that the invention may be
pract i ced “WWEhdu egﬁféﬁﬁg‘a&éj{;‘?‘l’fl‘r“@y&gﬁ%ﬁ qagalizeacgendie o ﬂ%eteélﬁ@ég’?en&ont rol

structures, gargs.leayelraph 660l iviiSch ®RPRtsfallubstSibt Wi ebstin UetpedOmaaaiiences
have not been shown in detail in order not to obscure the invention. Those

of or di naryaEguplizer pecpilangdp one GRRUiMEE i ncl uded descriptions, will be able

to inplenment apps ons L%_Fa?h 700 Gt @NRbicts Jbdtdel intpRAME AR &l JEEDI@hLON.
References in the specification to "one enbodi nent”, "an enbodi nent”, "an
exanpl e ewbatioqedizer updsisevateriptem neiec eomsifinpend Wibst slebeandrgrtatie| ude a

parti qyl arpfRatdif&ding td MelebBdinfiht Characteristic, but every enbodi ment may
1 act !

not necessarily i1nclude the particular feature, structure, or

char act eri sti cFIGvot dlwvieates & gempyenr sysiem H0e whath swepatsATSC\REY eeacivay to t he

same enmbodi aeile ofik LRESi gmen a particular feature, structure, or
characteristic %s?ogescrlcglél in connection with an enbodinent, it is

submtted that it is within the know edge of one skilled in the art to
affect such feature, structure, or characteristic in connection with other

enbodi menETMEFERPESCRIBTIQN b i cit1y descri bed.

The following description describes embodiments of an ATSC DTV receiver. In
20 the following description, numerous specific details such as logic implementations,
resource partitioning, or sharing, or duplication implementations, types and
interrelationships of system components, and logic partitioning or integration choices are
set forth in order to provide a more thorough understanding of the present invention. It
will be appreciated, however, by one skilled in the art that the invention may be practiced
25  without such specific details. In other instances, control structures, gate level circuits, and
full software instruction sequences have not been shown in detail in order not to obscure
the invention. Those of ordinary skill in the art, with the included descriptions, will be

able to implement appropriate functionality without undue experimentation.

L

References in the specification to "one embodiment”, "an embodiment”, "an
30 example embodiment”, indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may not necessarily include the

particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
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Enbodi ments of the invention may be inplenmented in hardware, firnmare,
software, or any conbination thereof. Enbodi nents of the invention nay al so
be i npl ereoted/@mg94onst ructi ons stored on a machi ne- r ead2biraSa|diowsso whi ch
may be read and executed by one or nore processors. A nmachine-readabl e
medi um may i nclude any nechanismfor storing or transmtting information in
a formreadable by a machine (e.g., a conputing device). For exanple, a
machi ne-readabl e medi um may i nclude read only nenory gRCN}; random access
menory ( RANFIingeg ribe isemeljcgipodimentgdupbi axhew st paHeulat SptEige siHegiing; of | ash
Menory deyj5eserisgh ‘?§Hés'tctﬁl§’éd’ inORhh&Abn WARUMSIHGAImE, PENGbniidd ha it 3 gnal s.

Further, firmvare, software, routines, and instructions nmay be descri bed

herei n as vwidif drenkingvledget ofi encasiillashs thdomevierafiept susholghtireb etregipeeer at ed
that such cgﬁ?c%ris% oA @i ﬁﬁfl Sith én%odﬁﬁ’éﬁ\/s%e%? Gt I?O@gx l{agfprsd%%gilﬂe ictions in

fact result from conputing devices, processors, contr nd ot her
devi ce§ execut Emjodilentt i ofinthar eyengiof t mey e nplenienéd, inahddivast fuoteens. An
enbodi ment._ of a ATSC DTV, recei yer 10 ich. m uppart techniques to
Feduce theoDHrEcl 3 SPApPERS HSfeol MmO R B PRCHl e SN EE

enbodi mentimpkhentedeeingictibOstomy oncnpreise-@adabldi wedinregukial ynayurerad 10, a
synchr onous deteg ﬁr 120, a synchroni zati pn an tinig% bl ock }go an

equal i zer a&%ﬁ’,‘e"%\eé RSB PF BOROTHY™S and G PeLEEEYe T8O N HEVERBSdi ment |

t he recei wchahikdh foRYtofiREE te@siBit@pah B ristRnsinh tdredealble ba adh@hinele.d0b. I n one
enbodinent, the channel 105 may represent a radio or air channel and the
transiPt t SAMBVYSAEVIFRY be affected by the channel 105 due to noise and

ot her interfergacRampB, HDMecENDREIBRMhedilinh eha¢ e realiQalyBymbe (ROV! ed as a
birth-death type channel. In one enbodinent, the radio frequency (RF) tuner

110 nay r &WPRecessyRMEYIRAME Maprstie disk Sipireh arcdi: pRUCALTITRERCdY desh he

channel  1Q%mof8evites:tdiR@icall %ﬂ;ca%-b&@ti&p 6F *h&irffar §dfall.r OtheL MmRhret he
recei ver 100 nay receive 6 signal of an ultra Righ frequency (UHF) or

very hi gh seifejedngines. gpitjnsycinnt may bhdgserdied hosin gspedpranivners@ingehens. t he
di gi t 3k siigRalS, MRYoLELS %m{;@djtlhgtr%qaﬁ H@sc%ﬁlfoﬂgglleefgerd&%’blt AnvalighReksq my be

descranbl ed usi ng quadrature anplitude nodul ati on ( tuner. A

phase- | oc ked sichostierisrie ict sswhifomeoppetiing dryicespricessofsy enmirallgss, [and othene wi t hi n
the 6 MHz ;Si. S clqr: be used for
d§$1%§%kec%ﬂ%ﬁ1§$nﬁ%%h§oﬂ§?§r rogﬁltapg,_ g ﬁ%%‘?g}%%%

synchr onous tectio a vestl signal to generate a
conpl ex baseband egibgdiaient ¢fie ARBCENDG décnizat 100t Wbichymayhuppotiscldequestor 120

Ry 1 ecel e d, SRTBEK of LBk 0 B PANLCAM 5P rREPLT R TRAMALLE R Tor TRt
20  receciver 100 may comprise a radio frequency tuner 110, a synchronous detector 120, a
synchronization and timing block 140, an equalizer 150, a phase tracker 170, and a
decoder 180. In one embodiment, the receiver 100 may receive signals transmitted over a
channel 105. In one embodiment, the channel 105 may represent a radio or air channel
and the transmitted signal may be affected by the channel 105 due to noise and other
25 interference. In one embodiment, the channel 105 may be modeled as a birth-death type
channel.

In one embodiment, the radio frequency (RF) tuner 110 may receive signals of
different frequencies transmitted over the channel 105. The RF tuner 110, which operates
as the front end of the receiver 100 may receive 6 MHz signal of an ultra high frequency

30 (UHF) or very high frequency (VHF) from the channel 105. In one embodiment, the
digital signals may be scrambled and the scrambled digital signals may be descrambled
using quadrature amplitude modulation (QAM) tuner. A phase-locked loop circuits may

recover the carrier from a pilot tone within the 6 MHz signal and the synchronous detector
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generate in-phase (I) and quadrature (Q conponents or data streans. In one
enbodi nent, the in-phase (I) data stream and quadrature (Q data stream may
be provi o0 200/wbsEoequal i zer 150. I n one enbodi ment, a PealUSI@E0OEBSB- PAM
signal x(t) nmay be converted to analytic signal xa(i)=x(i)+]xh(i) in which
t he quadrature conponent is the Hubert transform of the inphase conponent,
and then the analytical signal nay be spectrally shifted by -fJA where f s
is the VSB synbol rate. The digital signals may conprise segnent sync
sequences,|2¢apa bq vied foy nrnchepnguspptecsign e cevesggighsidebmd 64SB) stgel to

synchronl %@ﬁérgga@&gqggmsg&n@g%ﬁh 140 may use the segment sync sequences
(pattern - egi nni ng of every segnent of 77.3 mcro

seconds) for tIrmn@g?néryéul@mbmezsmqhmou&)dert@m\lé@ gy prceiye p cymplasigepl 110, 76 MHz
symbol cl %%M%ﬁlsé%ﬁfbﬂ{u‘a?gfat 1a98n)afe>§ﬁ£t' a{Hd”&a)b PseKss 160 d nb’&ﬂ%le&%ﬁ%n%f EEL“ m ng

synchroni zation using cor lon'te ques. Pnone e I men
equal i 2er g@l&@atmp@mm}mguadr@tumw p@amdmsmeoh@eesstanms mayone empehwante f or

vari ous d| st ortion ne er odi t nsfer functio f

ot or L B S T bR I OO (G b IR Syl BOBRRA0 D
t he channeluali@&. 15()n lonse entivadcheng nit realtvakietl BV aeignalayis fneay Heloatarod tof t he
equal i zer r. OV 5 restorin st substanti.al .restorati on of the
oo et et L R Fak oy id uR b EREE SPRADS il RugbRonr

equal i zer oiﬁﬁ 1ﬁmysmﬁlpbmhrahmueﬁ tieingigties bighd ena@ vt edetraity yhiifaddfogr- ;;m4n0| se on
t he prbnm t ena the equalizer to converge quickly in a statics
and pd ’\?’l T 0 [#%ne enbodi nent, the equalizer 150 may i nprove

t he threshol d Ohe éﬁgﬁdl@iglnhlts maﬁ%r@IsE’grﬁm@ﬂMsE@le?fcedma(afﬁMd geRdeN M may
equal 13db and X ma gual whi ch may provide a gain of K db

(=M de) SeaeRise Sé%efd Nent!; tTh‘é Swaaqni%qn %btl%gg blagk A} mape Ve the TOV
SIR to Y db:it @ﬁf%rs(é&ﬁén@ésedett&&ql iing Metﬁeev;e%anvﬁg srad@rWeb e cﬁ”?@' pal tap

set at to anplitude of 1 unit. In one enbodiment, the Y may equal -15db and
the equal NP SES@ vk {orpiBinE demeirerizaspn dairpeoyer 2 Proresy (Misele & AT 4% om 6db

to -13gb) &Holoa%clse”b‘i’ﬁ’é 'E?H&hrorhfb%oﬁ%ﬁ' bz bREK TR0 RELT BEMAEN ARG

estimation to accurat el y estimate the main path si gnal “power wit hout
i ncl udi ng sytedranpreeerf usingreowclpowetechniqueone enbodi nent, the equal i zer 150 may

T Tor e ety SRAgeyGERD Sovakvcupieg Al Fhens opc et o
repr esent npatdesipsiset farsvaaiopediktonionh  neotierrmnpodimeh, hﬁd@nﬂhyfunetmne@em a
Princi Pal cf e bl £LRAAEOTH! 1B SRELUER! FRYELSHA PIRIBSLPAth than
pr e- cafsorl0f.prie-cac hkobodiaredt, ahd invstse pmadfeloﬁmctmnl difgthafetlezrlizer 150 prov1des
restoring or at least substantial restoration of the original signal transmitted by a
transmitter. In one embodiment, the equalizer 150 may use techniques to cancel the effect
of platform noise on the principal and to enable the equalizer to converge quickly in a
statics and portable environment. In one embodiment, the equalizer 150 may improve the
25  threshold of visibility (TOV) SIR from M to X db (for example, M may equal 13db and X
may equal 6 db), which may provide a gain of K db (=M-Xdb). In one embodiment, the
equalizer 150 may further improve the TOV SIR to Y db by appropriately scaling the
received data with a principal tap set at to amplitude of 1 unit. In one embodiment, the Y
may equal -15db and the equalizer 150 may provide a total gain of 21 db (difference from
30  6db to -15db).
In one embodiment, the equalizer 150 may perform channel estimation to

accurately estimate the main path signal power without including the interference power.

In one embodiment, the equalizer 150 may refine, normalize, and set a threshold value
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a delay (traveled a |onger path than the principal) (i.e., to the right of)
the principal nmay represent a post-cursor (post-echo). In one enbodi nent,

t he equalweer11lid®4may determ ne the position of the pri RCrskolopu@scur sor,
post cursor, and cross termtaps based on the channel estimtion. In one
enbodi nent, the equalizer 150 may determ ne the position of the platform
noise (PFN) tap in the feedforward path to cancel the effect of the

pl atform noi se on the principal tap. In one enbodi nent, the equalizer 150
may det er mpiRS thereosp eraldtion resplt, aIWteale@Hleatpﬂ!erﬁ’e%l%@bffV@é]éﬁ)téE?ﬁh drHug o

effectively, dr@ﬁr&&%ﬁatﬁs%cf?% Q‘f)%ako&znﬁ %xgﬁln@){ﬁ 11t'[1§é3ﬁl'a§/ eGr&OR! Lidcpped by a

tinme varylng birth-death type of the channel I n” one enbodi nent, the
equal i zer ta5e@ find peakercenning eartlrre(tr@%qb@ asthererapsthy ﬂhen e @doeigd) to (postodg sor, PFN

t ap, cros§%ggﬁﬂ%&@@gpﬁqgquh&whﬁﬂne?ﬂgﬁ kﬂ%hﬁg%(H%@rp@ﬁkg&ﬁﬁﬂ#gﬁg t he

equal i zer Inverse chan n one e I ment,
H(z) i§ theletaydtisfeld o longtripath thdn thierichigaingk., 108 righeof) thveprimgipal zer 150
may perfornrlnverse of the tr sfer fung%hon of the ch?§§HM¥ 05 \Whi ch may

be repr eseel:ﬂresant a Sposthcursor I(pos c II(% r?ne( iljl ent,t %(}ual.l.zle{ gf;fnjmeY( ) -
X(z) Equattheopos(tibh. of R pengipal, npreraaﬂsoﬁ ngsna:lurs)o( tahd caospmamunapsnbasmi oh teepl i tude
and tlne a is.Xx(t+ ost cur th I|tu n. del ay
T ) R RaBite 5 ahe sRBtmRef Ry SHEEEh hy ERimbr 8 Eofobal o

g;[) )= a bX( tthlel A tfotnt ﬁoiﬁg(’lﬂal} ap 1&ﬁleHS&1)t‘er€VEﬁi"pa|thl'ﬁ)annce) tequffrt (ﬁﬂ’thf ﬁl)atfd)ﬂih one
embodi, Z) e determ ne si.ng the aU 3 el ow
(oot p 187 s 57 plindioo G, o by 1% gl 3 bt REpe S| )
2a bzl -1 psitién 62& Ipcrrtﬂﬁ’e Zath tiR0 Ehalinaen pﬁtﬁ)toV&ﬂ@étﬁier &d@reaiepﬂle reetb@rofttie t he
precursor and (a, t he postcursor Fronr_ﬁuatr { a prrncrpal tap
(i . aamdererfr%rorlwseé y afgigne varying biphdeath §pF of hpehanacl 193 ) © 4

crosst er m tap ff ofe c&Molitne) tH@)éqQaﬁm&Onwtn%@ é&&nﬁﬁlﬁt&e%@%@fﬂ% hhgher
order taps may be ignored depending on the anghltu es a, b. In one

enmbodi mentPreCHNer, fROSERERWARE Y [rit KrosT-teEg uap.i P&t 5@pna1yd @@n‘ﬂ%d foogeal with
pr ecurgor eﬁfﬂgdlﬁlgntd% eéi\ﬂlathgerpﬁ\é Iﬂa? Q&Qeﬁs ﬁr@e@@adf t‘%téﬂaﬁﬂef'} 105N 1:28ne

addi tional D nunbéer of taps may he ri ght de of principal in
f eedf or warcthbpdimint, lan@heﬂeﬁhbél@hrf@nﬁlpCttohe)ffthfed@aeﬂ 9at ﬁemrheterqealequém zer 150

may be Us%’a f&%?i'rr]w%éé’ftﬂ? PAREE 3@ o'l c‘ﬁQfﬁle [ﬁ?ﬁo%ﬁﬁ a'y be e(i%\r/éég\ﬁ%? tracker

170 may sup requency noise in t e sig romthe
equal|zera&ﬁ@WMhmEqmeweﬁbédbment, t he high frequency norse conponents may

be present in phs signal pgegefated) by the equalizer 150za3,L0§),
20 For a principal signal x(¢), a precursor with amplitude  and time advance is
x(t+ ), and a postcursor with amplitude  and time delay is  x(- ), so the
received signal y(t) is given by Equation (2) below.
YO=Px(tHhp)+x(+ox(t-h,) => H(z)=(BZP+1+az™).............. Equation (2)
In one embodiment, E(Z) may be determined using the Equation (3) below
25 E(z)=(pz® + 1 + 0z™) '=1- (BZP+ az™ ) + (PP + 0z =
1- (Bzm + o0z ) +2a Bzm s B’z M e Equation (3)
wherein (B, Ap) refer to the precursor and (a, A,) the postcursor. From Equation
(3), a principal tap (i.e.,1), a precursor tap(i.e., pz**), a postcursor tap(i.e. az™), a cross-

term tap (i.e. 20 Bz*

) may be computed and the second and higher order taps may be
30 ignored depending on the amplitudes a, .

In one embodiment, the feedforward path of equalizer 150 may be used to deal

with precursor and to deal with PFN. In order to deal with the PFN, an additional D

number of taps may be added on the right side of principal in feedforward path. In one
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phase-lock | oop circuits operate in the narrow bandw dth and may not be
abl e to suppress the high frequency noise in the signal received over the
channel MB6.2010em3e enbodi nent, the decoder 180 nay pr oPETtUSRII6/03068Mal

agai nst inmpul se noise and other interferences. In one enbodi nent, the
decoder 180 nmay conprise Trellis and Reed- Sol onon (RS) decoders. An

enbodi nent of ATSC DTV equal i zer 150, which may support techniques to
reduce the effect of platformnoise is illustrated in FIG 2. In one

enbodi mentmbpdimerly thel {é%&aaclqsﬁh ayhe eqyebiecs 60 anayeisi wicdrio e ek petjual i zer
(DFE). In_gre. enbodi nent, the equalizer 150 may be based on a conplex 64

st aggered QAM ( SQAM equi val ent of the 8-PAM VSB signal. |In one enbodi nent,
the equal i zer IG@erambodionmpt ithrephasqpirassesEOnmeyunibpressohe high fisauasquadisezi ng uni t
202. In o untt

csti mati on "Eaur] FERvsd hOR L RERREG0Th o SholBAAT M PAARREL  and
such oﬁhemmsaskmpoﬂentson@ bfvmwmmtthe tipel grovdss bynghmmttdhmllSﬁrmy tse t he
mai n path _gj pover. Lo, S¢ he rec ed. dat suc Bt t he anplitude
or val ue gﬁas? Eoeck 1r ?pnccnlrcmt 0 era%e il the narro gail\clledth S lmay 4ot é)l ) ﬁ tto Sl%pﬁen}e)qual i zer
150 may eXialagl fré(hl@nd?l\hoﬂﬂeqmélﬁcsgnﬁlrrwﬁ\teh evdaheac}mhmeeam amcbne smbddimeiRN
sequence PN 5 exa sent . at he st ar f the data tield sync
o et or i HUIERET D Foy AL IE i FRGR Mg RaRt AsbafirbietFike®, lei vea Pr
sequence Wi mn[botiim&ndaﬂaa ddceded BYON enagrByoniRis€ rMskis Cawlr Reat $gdombd RN i deal
or st Bdard PN sequence. In one embodinent, the processing unit 201 may
cancel'YcodF¥95%i on noi se and nornalize and apply a threshold, which nay be

used for ident ahnivgdinteat @frAmscmrv e@t[aﬁz&UFSS06vh1cﬂ-ﬁh€hyts|ﬁ§pdi’0&5hlﬁ<?fe I n one
enbodi nent, the processing. unit é determ ne the principa path and

the equal e fhengffast BE Skatform HPH% lﬂélms tedip 510 the Iprose cmbsdimeahdhs he

post - CUfSQ&wﬂ&&WBbBﬁy@&h&%ﬁ&&kembﬂﬁ%ﬂ&wﬁ@&ﬂﬂk&?DPE)Hﬁ%n@&ﬁ&ﬁ@ﬁ&ﬁgh@n't 201
may initialize the equalizer 150 by causing s to be set based on the

channel esfyakige IGA mayrbedieedetibbenmnie 04 W@e@ddng(g@g\l\@rﬁqvwmt ¢fdle conpri se
a feedgor W[Q\/[fvéﬁ ?fgnilFF[E)ong %leo@m%ﬁt' ﬁl%rquéger Wm@y ﬁ?{%%@%kprgéegstl (FBF)

260. I n one enbodi nent, the may operate at MHz and the FBF
260 may openaﬂbm@wnsqgamm@umnﬁobne enbodi nent, the feedformard filter (FFF)

210 TRY, SO | RPN RhETENk 05 309 D58, pBATANGRT Lhdatilion,

bl ock 220 cawadizer wugmraﬂumewbsnmnpnmmbnmrW%mm@ adlﬁﬁmtﬁps tadkockIm28 a QQF

Laps bl ook RS Bime ey BAANL uitP 98 5P 06V R0n, Ly, erbOdLTRRE L he W

210 nay recerve co in e er
received data such that the amplitude or value of the principal tap may equal 1. In one

embodiment, the equalizer 150 may extract the PN sequence from the data stream and use
the PN sequence (PN 511, for example) present at the start of the data field sync to
determine the main path signal power. In one embodiment, the received PN sequence
within the data field sync may be cross correlated with an ideal or standard PN sequence.
25 In one embodiment, the processing unit 201 may cancel correlation noise and normalize
and apply a threshold, which may be used for identifying the principal, pre-cursor, and the
post-cursor. In one embodiment, the processing unit 201 may determine the principal path
and the equalizer length based on the deviation of the pre-cursor and the post-cursor from
the principal. In one embodiment, the processing unit 201 may initialize the equalizer 150
30 by causing the taps to be set based on the channel estimation.
In one embodiment, the equalizing unit 202 may comprise a feedforward filter
(FFF) 210, a slicer 250, and a feedback filter (FBF) 260. In one embodiment, the FFE 210
may operate at 10.76 MHz and the FBF 260 may operate at 5.38 MHz.
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the slicer 250 and update the HF taps 215 and | QF taps 220. In one

enbodi nent, the output of the HF taps 215 and | QF taps 220 nay be provided
as i nput swocos/messner bl ock 222 and t he out put of the skcwarS2@224068y be
provi ded as an input to the adder 228. |In one enbodi nent, the adder 228 may
receive other input fromthe I nphase section of the feedback filter 260 and
the output of the adder 228 may be provided as a first input to the slicer
250. In one enbodi nent, the WJ 240 nmay_recei ve control gnals froma
quadrature er r BroneggbodipepiuthedecdforwarfilceFFE5 a1 Gamey ensenive delmeclpmynts aps 225

and QQF t aps§.1239204-p a%qulﬁgg)@}jée%ﬁtoon{pﬁging'é%%t Qb dat ok Frut-ABS, kS and QQF

taps 235 may be provided as inputs to a sumer block 242 and the out put of
t he summetap®dRocke)}S b@d@@\/tmédmécﬁé)rand rilmmdltdblrft prstierielonprzng. a IQF @ne

enbodi nmen add r ecei uagyr

section o% hhg?egd ack ?lltCk ggoaéﬁdlthgﬁ' pgﬁ%l%(ﬁn“hp%ﬁgerﬂlg@ynay be
provi déd ambadlmemtoﬁnd WHBU map rechige scbntnobsrlg@&fﬂcﬁonh an mﬂélamﬂwdfeﬂ’ecnnput vhe FFF
210 may proces anpl es, s | o+j )..at a one
erbodt rent® ghe proelalRE F HE RS el R oA i baelalp ok dher ays
205-1 and 02@5‘[— & thtt IIF loegps 2t euid IQH‘tapBrﬂQOmMydm p”m&mﬂed ds Giputsi toe sumﬁfeﬁb\loeis "=0, 1,

t he DFE i and u ature o e esti.nat es  of

respectiv§?€ Tﬂ aﬂﬁ?m¥?mfﬁﬂﬁl?&%¥193§led%Wannllp défgzaeﬂbhts t he
Eg t 2psaI2bﬁe Iembédimentmthﬁ agd@er Eaf fgflloa@zrréczeﬁd’eieot@ﬁh eﬁu?ﬁl@tﬁitf@ h:)ﬁgfstem%tgmtaﬁ‘gmf & et ggts h
2ot + 0 slelldbnudlier Dl GroBRT g admer2b Dy apraRRARS ek bt e e

embodi nen'fshceﬁr hs0FBim 268 JfbydiaRApIthe avan24m|aﬁ95@cesaackblﬁfm as'fgillaﬁ fiolady at ure
section. In one enbodi ment, the WJ may receive control nals fromthe

i n-phase dH#FUreETTOr (@ WytPubet t%l?\éh%?’f ?%)e%ndzwéataﬂt? I@Sdaesé%%@ F®ps 270 and
| QF taps 289. thRn@REbLEMRRE mi?en@utpﬁthﬁt@@t[@map@fzzts%dfdfgﬁa«m Be0nang. | OF taps

280 may be provided as inputs to a summer d the output of the
summer 255rqvidedise ippudy fode qugie bloghy g aledothenéltw@érthezwmqrr?-48rf@aYe%od| ment ,

t he WSZS%rcIWdédraQ(aﬁ'u‘{;ﬁu ?@ﬁltera%hersi@”%%nfe 91'%&191%ntq%h%dardﬁéruf4% rﬁ‘£>f fél’cew@Q

out put of the slicer 250 and update t | QF taps 2 d QQF ‘taps I n
one enbodiotheninput fremghe pmdr%tﬂretsmongﬁth%i@sdbz@sﬁhwﬁé@@ndtthmuwwﬁh@ be

provi ded ggmﬁQ@yhﬁ%BQ?%Qﬁeéﬂgngégéggﬁgggh%Qgegghput of the sumer 256 may

be provi dedas an | tot n one enbodi nent, the slicer 250
may generate Cthﬂ@bH@OQNEMSﬂwnFﬂé§@©nB%’D@C%GGWDWEmphpwUdlﬁ$©htﬂhe adder
228 and 24

such as +J]Q ) at 9 ﬂ](ne ?ﬁqe@m glmen{' fhe rréorocle§sn\%borﬁ\¥m%rn}_ 0 V\s&ay aécl?ldéa%(l_\%ayg?gl t he
FBF weDg htﬂss, deﬂdyeza)ﬂzl mpmszzm thaninpie nmﬁmst@dﬁﬁmt ifantiranostelides baps, tRYS in the
quadrat ur %P%el%i[)}lla(gg arrleB é{ua%%%lure OStputs may%e estlmates of Iy and I;, respectively. If wy =
wls +jwQp, i=0,1,...Ny-1 are the FFF weights, the IIF taps 215 in the inphase path and the
QQF taps 235 in the quadrature path may equal (w/g,) and the QIF taps 220 in the inphase
path and the IQF taps 225 in the quadrature section of the FFF 210 may equal (wQy).
25 In one embodiment, the FBF 260 may comprise an inphase section and a
quadrature section. In one embodiment, the WU 260 may receive control signals from the
in-phase error ‘el” output of the slicer 250 and update the IIF taps 270 and IQF taps 280.
In one embodiment, the output of the IIF taps 270 and IQF taps 280 may be provided as
inputs to a summer block 255 and the output of the summer 255 may be provided as an
30  input to the adder 228. In one embodiment, the WU 285 may receive control signals from
the quadrature error ‘eQ’ output of the slicer 250 and update the IQF taps 265 and QQF
taps 275. In one embodiment, the output of the IQF taps 265 and QQF taps 275 may be

provided as inputs to the summer 256 and the output of the summer 256 may be provided
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QF taps 280 in the inphase section and the I1QF taps 265 in the quadrature
section of the FBF 260 may equal (wQ bl) . In one enbodi nent, the del ays
290-1 andw@20t1d0¢mo02) (the power of 2 represents 5.38 MprETrzst@)/onm$o0 be
provi sioned to allow the FBF 260 to use only past synbols. For exanple, at
SQAM i nstant w=3, the inphase FBF output nmay be based on the del ayed FBF
input 1Q If, and for the quadrature output either the delayed input /, or

else h, | i my be used since his at an earlier sanple instant n=2. In
one enboditfrehinpuf feths|dddar24850n g cabpdimsnte thendicerr J0shY BaWrads eIgO5. | n one

embodi ment; n&l's"ﬁlééﬁoﬁ&&o?&@w@ﬁﬁbut@%ﬁ{tﬁ&Qdd%PzighnBQ@@e (1) synbol and an

i n-phase error (el’) synbol and a quadrature ( synbol and a quadrature
error (eQ symboine cmpodimenie thedth gt mayt precesy pask SQ2D0 syralo!l prabnas de-ihe

i n-phase %g_@y@%@am |, L30e 1300,300. L0, FE a8 ZAML DEOEN,R P! oY

el enment 2 one e i ment se error conponent may be
provi déd asthamphagsistctioo ahhQ@QNeBIRTS mptliagwdmtm‘e sec@ind map dql.% Ovly;) andohe

enbodi men the Leer . r |d dr ture, nhol 1o QQF
Cape 275 G P30 MEEE sl e i) PR Mot SR D oqren
t he quadr &B&r :eSOerna}o equ(ab Q@0OLonpame retnbnmynebe thar dokdyd @80-d sand r129()r2p@tz) {the t he

ht dat 5 A nbod t f th
equali zer P {1 ke T8 BT ACY e BV e o, Ao oRE EBF AP g we "°
eln?“ r OnrrEI’(bhlyI past dyﬁlbprse%ﬂe;emqﬂe adS?BM/ﬁlﬁMﬂ =8, ?eaﬁmaia;%mmbs@gt(lﬁw di ?
ust n n ex e, e e i zer e n or a
Lorrpl d e?f@?efi rfé?ndelé‘)(ﬁfl mp%@g})] ' ‘g? AR ﬁEtpWD?iﬂ;ggf dﬁiag? quency

for 1 M42uﬁﬁmagloﬁ@mgr@&a@be&edgﬁ@éb@s dfﬁh%érﬁ&tsbﬁ Rfinskm?p=-247] sec, [-10
-10] dB, a birth-death multi ath (portabl e channel nodel) of 200 nsec

del ay, ranp upl™ ¢nsrambedinggat, tﬂé)e liger{$0) aypesiimatecthe gﬁ@&ﬂ%ﬂ%@@ﬂ%@@ and then

ranp down cifBo@mnS8€ s1icdP 25T mbp Eeme?a'fe an"—iﬁfph%el(g\éf{rﬂgc\ﬂ@fld &8l Lﬁﬁ&ﬂag@&ro@l esi gn,
considering the requirenents for portable, static and he equallzer

150 desi gnyiesl @¥npriuadatyre 6@78}@&1% ang g Headrdwaf Brofeed) [53}?\991 2BB0Bgps in
the feedbagk.dakh, %Mefsfbeﬁzﬂf ﬁlﬁsﬁtﬁlg%'de HRRn- ﬁﬁasé a§ &Nt gﬁ thyy %?%né gag orward

path, 5 taps on each rincipal tap and b ends (pre-cursor to
the |eft &dpst2ie tbuougitrapia ayteéﬁm@hé%?zN INapnet @nvademﬁmtgﬂh@ mrphatsh@rrpr (dti pal

tap) fgﬁd‘zs%g@[e%l@%?lg%?{o%d&?@s g ut | 3 tﬂ@&&gﬁ‘tteu@‘;glgtg%ﬁﬁ‘schoei]ﬂ%?”qn ghoss-term

| ocat i are non-z I'n on ment ]l ow-chart 300
i s descri edodimett, rhefSEcmrié@mam ptdvaieab@)deﬂrﬂDbsmﬂml toh@QF ltapp2@hand 300

descr! oo PSukeRRUR L0 ISHALALALCE 405 S5 B0l bBhRD e,
si gnal0t r aﬂs)motxtpembnomay h@pmwﬂnm:m anatbpuo r thhwmghﬂ updl@b units246ned 28hodi nent, t he

signal transm %%glb%}éler?teof %ﬁ Igf)a\el\r/lation of the equalizer 150 to cancel the platform noise in

a static, portable environment in the presence of additive white Guassian noise (AWGN) is

illustrated in FIG. 3.  As an example, the equalizer 150 may designed for a complex

environment such as: 25dB SNR, PFN of 32 kHz modulation frequency for 1 MHz spread

25  centered at 0, static multipaths of [-25 47] sec, [-10 -10] dB, a birth-death multipath

(portable channel model) of 200 nsec delay, ramp up from -20 dB to -3 dB in 0.1 sec,

steady for 0.1 sec and then ramp down in 0.1 sec, 20 Hz Doppler.

For a low power equalizer design, considering the requirements for portable, static

and PFN, the equalizer 150 design may comprise of 607 taps in the feedforward path, 253

30  taps in the feedback path with a principal tap at location 270 in the feedforward path, 5

taps on each side of the principal tap and both ends (pre-cursor to the left of the principal

tap and PFN tap to the right of the principal tap) feedforward path are non zero, 3 taps at

feedback ends and cross-term location (taps 115-122) are non-zero.
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VSB format. In one enbodi ment, the signal in 8-PAM format nmay be converted
into analytic signal conprising | and Q conponents. In block 320, the

recei ver wOoQonap29et ermi ne the | ocation of a principal Pap/tiSa010/0¢0680

feedf orward path based on position of the precursor. In one enbodinent, the
processing unit 201 may determi ne the position of the principal tap based
on the delay value I p = 25nsec. In one enbodi nent, the principal tap occurs
25 msec after the occurrence of the precursor. In one enbodinent, the
processi ng uni In o@1emkpdingt.dherifllnw-chpd 30Q dndeseibed withefeercade sl 2bosp. 1 n one
embodi rrentexarﬁﬂl@ amAtHP hb\?%hﬁt‘?‘g(ﬁ) de@cr&ﬂ%@th%?&ﬂﬁiﬂﬁé’ﬁ'f Qet%iﬁlngﬁﬂé l&gﬂéﬁ ofkfe 76 Mz
and the sanpling rate in the feedback path nay equal 5738 MHz. In one
enbodi mentapsithibe §gedfoovard Ind fgedbaglepdtii.5. 38e6) may be used to represent the
sanpling tinme penj hih t acky RN a,s I T2 (=1 6e6 =
92. 9e-9) seconglégggbgﬂhsgg %%aggpggéent {%%gga%ﬁ¥g%gt?%ﬁéu%gréighgn t he

f eedf obwarcdmpatieatidnrchemel &0fholdi anerembodiment dsi signehtrafsmitted mayi recd-pAM t ap nmay
be deternkgﬁg by the equatian (4)..bel ow.. ipn aof principal tap =

(ol (11 2) W8 et 0 L S Sl.g?%dﬁgggli; %%( gty be' 6o Btied B _in the
f eedf or wandalp@t dignat dvenppesiel aohQebmphrentsaps starts from1l to N, wherein Nis

a positive int r r. Ino enbodi nent he. | ocati.on gr. posjtion of
Che pr e~ cur sor THAFIbO e et I R Rl e g reoted s b

posi tion @éedﬁmaﬁlmmah?b?omﬁosttm omnﬂﬁqefq@ador.t Bporrbferrmﬁ)ﬂilﬂeﬂﬂ tigf prb&b@siﬁgh e-cur sor
= 269+1 =270). | n ope enbodi nent, t ocation o re-cursor and the

| ocat i@n SPITRARL MY %&rlﬂ}% tﬁ%BOSFt?,n Orfetgi)e‘&?“il 1P, basgtb i th eiwrfms 410 and a
mar ker 430 5@fcc.FifGoncdemiodinthe (RTDOEIIEAD oct e 2P LQCaSE! 1Y obdlintencd0df tHAY
determ ne the postion of the platformnoise (PFN) tap in the feedforward
pat h based6RSPhdn 98% PRPYHimet hearosessing UphrOt way defemminhiie IecadonpHNS ap
cancel s t@ﬁnéﬁ?@&% of platformnoise at the principal tap. In one

enbodi nent, the electromagnetic interference due to high clock frequencies
in conputer sy5t eiscrabpdinet thyspaplieraly ipahe egdforrrdpaBrvadenhl - The cl ock
si gnahg U%&Hﬂ:ﬁ@ﬁﬁ@%aﬁﬂﬁﬁgEM@HH'@&gb%SQ%TﬁthB%F%&?ﬂ'ﬂ%@%ﬂHi” fN8ne

enbodi ment, the interference caused by harnonics of nmultiple spread clocks
wi t h base cmbe¢jmenic thesymbdTasec49-180Nek) 0D wick &t shisedkf the3anpagmg PCI

cl ock) . 100N (REaBLORH) andtP MR T?gé%?b.%é%@@ige_gjrs%%d%%ggf% whi ch

may be referred to as p or m nol se is aconcerninop
envi r onnemnt represent tiosapipbiog sinemeriné b tho Kssdf@wprlcpadi. | in ate dndwd®BNRs .thd n one

et ool L BRIl S50, rocuLat o
from 20t o 3 MHzocation ofygineipbiotelp FeRt(T/20 hre25¢-6/92.9¢-9 = 269....Equation(4)

In one embodiment, in the feedforward path, the position of the taps starts from 1
to N, wherein N is a positive integer number. In one embodiment, the location or position
of the pre-cursor may be at ‘1’ and the principal tap may occur at a tap position of 270
(location of the principal tap + position of the pre-cursor = 269+1 =270). In one

25 embodiment, the location of pre-cursor and the location of the principal tap is,
respectively, shown by a marker 410 and a marker 430 of FIG. 4.

In one embodiment, the processing unit 201 may determine the postion of the
platform noise (PFN) tap in the feedforward path based on the position of the principal tap
such that the PFN tap cancels the effect of platform noise at the principal tap. In one

30  embodiment, the electromagnetic interference due to high clock frequencies in computer
systems and peripherals may be reduced by broadening the clock signals using spread
spectrum clock generation techniques. In one embodiment, the interference caused by

harmonics of multiple spread clocks with base frequencies such as 40-80MHz (LCD pixel
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associ ated signal baseband nodel based on FM generation may be given by
Equation (5) below. p(nT) = exp (j2p (fsc nT + (Bfh/2f m sin(2p fmnT)))
Equat i on Woowweson 'fsc' is the spread center frequen®¢T(USST804®@86 s i f
m dway and fs=l/T=10.76 Mz is the ATSC synbol rate), fmis the nodul ation
frequency (30-60 kHz) and Bfmis the spread (1-3 MHz). For fsc = 0,
p(nT-(I/fmMT) =p(nT) may inply that the a feedforward tap at (1/fm T may

cancel the effect of PFN at the principal. Wile fsc 0, énT) may
repr esent clockedd SUVHZ §7ekacks JEPMHR R Clesloclor powel! g5rdaapsest Vi ¢resighelsnci pal

may be Sa%1c%sm£)h§e RidiRato Qf pﬂ'}&ln@hm% {P'I!:Nt) LR c@rfé&ln' i1, oﬁﬁblé @ﬁ\glronfngﬁtn the

principal. In orie embodi ment, the effect of PFN h principal may be

vi ewed asla Wbayleﬂdanddmboglfs ?*P@Clélﬂ}f @CIPWO?NRESFNnaOtne Emﬁdltr!emea é@ﬂqritjepft han t he
princi pal I ' i A
Corpri g0 B uis SHREE OB mat IF: & FRRUKES, BAlA B oI PUAOMS PN at
the pr 6nC|spla11d SEMWIgnIa.hbartdmdthi)emaY gdrysfrgmal tordyMHbe. rIetoame rﬁmbodmt rkecei ved

si gnal ma h e fe dfor f th qual i zer
150 with és ﬁafl S1 \rll\ﬁ ase%fnpa(a ?etl %as[eH% Pﬁ\{[}\éenefa ion may er%;l nc uat e(SaI th a
opposite $elgw. In one enbodi nent, the PFN tap may be set at (1/fn) tinme

B e o BBl Rh BB E AT LS. e RIS, oo e
tAfﬁg may be gosbvhér@medfsfigﬁstaﬁﬁetgpeeapr cdmfdrr]pabcﬁeg@ 4§|6=0 ffsgsé olgle:aneimt agd'mﬁﬂsnttz) . !s]; t
on tﬁ 8r|3 tl%g lﬁgc}\(ﬁ‘?ﬁ%ﬂﬁrgﬁ%ﬁﬁé{?‘ r&tei @?éstéﬁp odufagipn {I5auSHFY E@n@;l t hat
nmay be dewzmﬂa@inﬁgt@hpﬁyguij PiMz).Substituting fsc=Oin the Equation (5)

| ds E t 6) bel G 2* Bf m 2f 2* pi
éhﬁat?onq?g)l OP?F(%%e gﬁ%\évd? H)f =7 Qtlﬁ@’lrollnﬁ’&\}h@’atbe?ﬁ@gip%arﬁé@ 2Bél/lfrﬁiroduced

such that Tkha c{ddt1 tﬁauﬁédt% P(:ﬁ)atqmé/ﬁﬂlcaﬁl OWHile reter k)\é?@ ?‘r&#@s@ﬁt‘éuu ng kT
for 1/fmin Equation above. sin(2*pi *fmr(nT-1/ sin(2¥pi *fm(nT-KT))

= sin(2* p|pel11qﬁuchs|1gnal L qttrth(qijf@g pﬁ{) N (9t %herﬁrﬁmpalgaa:m bg @rﬂme/afsrﬁle effect of
=si n(45pi P%mfaﬁr[/fm tgneoéa)rhé 'opfa?er EHan ftﬁ@kﬂ?l-ﬁ):llpﬁq qg%h@&nﬂo@méﬂ? QhelRicCof PfP@\T e

p(nT-1/fm = p(nT). In one enbod nent rom t he above equations (5) to (7),
it may be atthn@rlmje@ ntabide vicwed e e delayadeoony phthe affeoe of PNt hréy tiogreerdier t he PFN

A L T e
92. 9e- 9 s@®Edipad a desired signal. In one embodiment, to cancel the PFN at the principal such that
the desired signal may be retained, the received signal may be allowed to pass through the
20  feedforward path of the equalizer 150 with a PFN tap set at (1/fm) time away from the
principal but with a opposite sign. In one embodiment, the PFN tap may be set at (1/fm)
time point away from the principal tap such that the PFN tap may be located after the
principal tap in the feedforward path. However, the pre-cursor 410 may be positioned
before the principal tap 430. In one embodiment, if the pre-cursor 410 is to the left of the
25  principal, the PFN tap may be set on the right side of the principal and a distance from the
principal that may be determined as shown below.
Substituting fsc=0 in the Equation (5) yields Equation (6) below
p(nT)y=exp(G*2*pi*(Bfm/2fm)*sin(2*pi*fm*nT))..................... Equation (6).
In one embodiment, another new tap index k may be introduced such that
30  kT=1/fm, Equation (7) given below is derived from substituting kT for 1/fm in Equation
(6) above.
sin(2*pi*fm*(nT-1/fm))=sin(2*pi*fm*(nT-kT)) =
sin(2*pi*fm*nT - 2*pi*fm*kT)=sin(2*pi*fm*nT- 2*pi*fm*1/fm) =
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((1'/10.76e6). As nentioned above kT=lI/fm so

k=(1/fm)/T=(1/32e3)/92. 9e-9=336.3, which is between 336 and 337. In one
enbodi nerw9 20h@oBHEN t ap 450 as shown in FIG 4 may be seCTAS288/04(88&i t 1 ons
away fromthe principal tap and on the right side of the principal tap 430.
In one enbodi nent, the | ocation of the PFN tap may equal 607 (= | ocation of
the principal tap + value of k = 270 + 337 = 607). In one enbodi nent,
setting a PFN tap at | ocation 607 na¥ al l ow the equalizer 150 to
effectively retideéri fe dffEpD=or(f WEIEId) cur sor--410--andEqustonfect of PFN

on the princi p@heref'ofé BL:Ofeko 3¢t M}S PHAGES Sh e WHbbdidldh, TR ARSIGR: @ first

nunber (L) of ta starting fromthe precursor 410, a seécond nunber (M of
t aps ar ounduatiqes NOr(E] gahaytbggond@led ghad the f@qdfqrmrdmmu(l/ém) mapsancs)thendi ng at
the PFN t | nt, the
st number (0 angetRBepl o ATa e HeddBhd fhiRe 308 GICRRAITN, 2
5, and56 §O§6Mﬁhg«Wmemmﬂh@yﬁDeaur@onmhapﬁdla amynbsatmdnql%a%dwmméstaps
602, 603, @%@7 6 5, and 606 that end with a PFN tap 450 at | ocation 607 may
be set to non-zero real or conpl ex value. In one enbodi nent, the taps
267, 268, 269 agdnemﬁdnedZabBye &mdl/8d 3sof ke@amdt TrUrM2es)/@f9ct%B336.5) witich Hs

principal ;ta e.centre I cat i 0 be set .t on-zero real or
conpl ex v& tL‘i‘P ?% d %SE 3Bane ?IHI%O tgg Pﬁé tﬁlthn@lo SoLOWRYM E]e(? %R Penai ni ng
taps or tRhe dt apBpadithar atvhgfrotnhie f)rllr[c‘ilial tap @@ 04 theaeht bide of hierpdintipgizaf 0 a zero
val ue. [ i ni zero vaLue ma

e _enbodi nent, setting the r I.ni ng a y
subst AHt 45 -y Iy 80 LIPS ﬁ%i%ﬁ%ﬁ%@?s % &8&1@??&5& i) nd ¢ he
adapt ati O@rlﬁ@mtt@m villué 8f k FVEDSEL Y PEOPONH b@élé}hbddﬂnéﬂﬁ%eﬁﬁg alpmuapaer  of
non-zero taps aresult, if the total nunber of non-zero taps is |ess,

the equal .%@PO%Q? Wwffb%w@h%ﬁj.1é‘krwef%ﬁw%vdwa&effq%of}f%meétueaanne|

ef f ect i velsyo ad dinPLO&K o BB oft 1€ pRAGSASSI NG unit 201 nay determ ne the
| ocation of the post-cursor in the feedback path based on the |ag or del ay

time of the poBtblegkXi8rthe procesnagaptsddli manessighRdirganmbeir§) phipes Stinge
feedbagk paLLEBYEINA 1092 g‘e%oM‘ﬁumﬂe? Oes ﬁﬂp%hﬁﬁaﬂ% prlhaﬁal\fﬁal AR Bfqa T may

equal (= 1/5.38e6) and nmay be used to represent the sanpling tinme period in
t he feedbalokd pabar ofi tapsgReendmgad thadiN, tap 4% tpegionizen res ot demplexsialuguisor t ap

PR S e L R e L SR D S
t he post - Gu#t.sornd aptattB flmythbereaurthﬁsp 4y ddpiagored aiuhthte Itegs |6()sz603r 6Mn bl ock
365, the %69 At %b@ hat! Qldtwﬁloag' Pﬁﬁ*’ap%b% mcaglon%la? nla?r ét%' a on SL8%3 %Ie rmtap
20  complex value. In one embodiment, the taps 267, 268, 269 and 271, 272, and 273 (second
number of taps S) with principal tap 430 at the centre location 270 may be set to non-zero
real or complex value.
In block 350, the processing unit 201 may set the remaining taps or the taps other
than the first, second, and the third taps to a zero value. In one embodiment, setting the
25 remaining taps to a zero value may substantially decrease the total number of non-zero
taps (=L+M+S) and the adaptation constant p is inversely proportional to the total number
of non-zero taps. As a result, if the total number of non-zero taps is less, the equalizer 150
may converge quickly and may track the mobile channel effectively.
In block 360, the processing unit 201 may determine the location of the post-cursor
30  in the feedback path based on the lag or delay time of the post-cursor. In one embodiment,
the sampling rate in the feedback path may equal 5.38 MHz. In one embodiment, the
value of “T” may equal (= 1/5.38¢6) and may be used to represent the sampling time

period in the feedback path. In one embodiment, the position of the post-cursor tap may
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in the feedback path using the delay values (Ib la) associated with the
pre-cursor 410 and the post cursor 460. In one enbodi nent, the cross-term
may equalw2aiibw2940. | n one enbodi nent, | p=25 nseconds &nd/USac104F068Beconds
and Ip - la = (25 - 47) = -22 nseconds and the cross-term | ocation nay
equal 237 T/2 spacing or 118.5 T spacing. As the sanpling rate in the
feedback path may equal T (=I/5.38e6), the cross-termtap 470 nay be

| ocated at a location 119. In block 370, the processing unit 201 may

det er m ne be Hetegaesk hyghe esuatitie(Sprlevabl e tap with reference to the position

of the cross-t epaibabr hélo s DagEe oL die 3pouLabl e channalonds! ay- I n one
enbodi nent, the portable channel del'ay or a nultipath del age may equal 200

nanoseconds. | ofecabisbenietic, logatien pf dlce peit-agrsemiap 490 Imayale dee®t M ne t he

| ocation : PRL FRblLe tap as given in Equation (9) bel ow. Location of
portabl e ;ag%&g(?glor%a%be' channel delay * T/2 = 200e-09 * 5.38e6 = 1 Equation
(9) Thbs, the pobloakbice, thaprot@Bingmyit B8l ey deterniinctht lwatiarf of trashidrmgeb f r om t he
pri nci pal .t 430 1 n.one enbodi nent, .t he port.able. may decgrgase the

b foct "ot "B sETBt oI ERA TG ¢ o B A G AR Y RO oo

t he port atleepashansiel460.0% odenentvdinembahl cresitternt hey cqump Gvept’S™“of 1t hee r ecei ved

copi es may bhe.caused fy a tine-varylng characterjstj a hirth-death type
channel | 1HEDSHRRENG Ao Y Rl eSS OR A g T oS4 e Brstelease w i
adapt i vel yindalsecroantetnh @ocatisre @Y feqodl 131eTRepating dr A0RE EB spdcingb| agkha380, t he
rocegsing unit 201 assign a fifth nu r of taps 495 starting from
Ito he pﬁﬁt abf'ep “éﬁatﬁg’é)?fgﬁe%‘ﬁ%%%%wq‘(%& (%?Eﬁéé@ ﬁ‘?ﬁroé?'%ﬁfﬁdapt 1‘172) 1?ﬁlyoss?t erm
tap 470, apthcatcdenventdionunder (C) of taps 465 ending at the post-cursor tap
460 to a non zero positive real or conplex value. In one enbodi nent, the
taps 495 may cHhplPrse’® dissprocessing why2 By deermiineip deqetipmeththe pArtghie
enbodi Mentyy b riBRReACALIRYSEAITDN 118 @rkdformlidd 478 1a vl ch2fe pbitdble and 122

with the cross-termtap at the centre location. In one enbodi nent, the
taps 465 whgmeloiehi da opsembolimentathg porsble ehanpgl deley 90e multinethydebyedi ng uni t
201 gy s%&uaﬁ IQ@O h&15ReIh AL ﬂl%ﬂi@ eﬂBO(%iHl@ntE %Q%)ﬁ(%te%ﬁ{g ﬁnl?t%ltlﬁgf_ (ie'té(rltnlﬁre tfd Xt h, and

L3
the seventh taps to a zero val ue. I'n one enbodi ment, setting theremaining
taps to algetien efdhqporisbly tapus stvanit Bquagiord@e bdese the total nunber of

non-zero taps zakRG %ao&d%ﬂeu‘ré%gg—r Bg;?a%‘ieaéﬂaﬂﬁ‘el %ngg% A-fg Abd-odrays bgginver sely

proportional to the tota non-zero t a result, 1f the
total nuniler..of..non-.zer.o.taps..i.s..l.ess,..t.he..equal.i zer..15CEqmayoncBhver ge

gut ek and, ek Aghollf BB RagheRg g 5 LTt h AR 0

20  430. In one embodiment, the portable tap may decrease the effect of components in the
received copies of the signal transmitted on the portable channel 105. In one embodiment,
the components of the received copies may be caused by a time-varying characteristic of a
birth-death type channel 105. In one embodiment, the tap value may increase or decrease
with adaptively based on the strength of the received copies.

25 In block 380, the processing unit 201 may assign a fifth number (A) of taps 495
starting from the portable tap 490, a sixth number (B) of taps 475 around the cross-term
tap 470, and a seventh number (C) of taps 465 ending at the post-cursor tap 460 to a non-
zero positive real or complex value. In one embodiment, the taps 495 may comprise taps
2, 3, and 4 on the feedback path. In one embodiment, the taps 475 may comprise 116,

30 117,118, and 120, 121, and 122 with the cross-term tap 470 at the centre location. In one
embodiment, the taps 465 may comprise 250, 251, and 252.

In block 390, the processing unit 201 may set the remaining taps or the taps other

than the fifth, sixth, and the seventh taps to a zero value. In one embodiment, setting the
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nodul ati ng signal of frequency (fnm) of 32kHz is illustrated in FIG 5. In
one enbodi nent, the plot 510 depicts variation of nmagnitude vs. normalized
f r equencywol2niignev4enbodi ment, the plot 520 depicts vari aCiras2ab/opisasce vs.
normal i zed frequency. In one enbodi nent, the plot 510 and 520 depict an

i nproved response that affects the desired signal to a |l ess extent and the
periodic platformnoise frequency spikes to a |arge extent. In one

enbodi nent, the frequency response of plot 510 depicts one or nore notches
at the i ntEPFiRingAPe p Zeevahicamnpy pyhsisaiadly deagatcHbe [ieltmber pheomsiches may

depend on ({ae-gpseaf afl tﬁe% 2@&%&%%&%@@) mla? bQ%eﬁE"?%%ﬂl‘i‘?tYHnal folife Pl ot 520

depicts notches 5 11 and respectively, normal'i Zed frequency of
0. 14 (apprt@)number daf @8- Z(ér@;ipmox%s apjultsif thqtomh@lr@hpb@ﬂncrmﬂo tapfiis lgsorthal | zed

frequency 681]; éerg agﬁ?é?/ C&Weytggglu%ﬁl ’\%é nﬁ?%aa( fﬂghl%gllléa&}agnejréff@cﬁgel} 88 units may

i mply that zer Isall ow t or m noi se” or
|nterférence Aegmpbukp@hm;aa&amm153wmhm&(ﬁ®tmﬂeXM$288Mﬁzyh@nmﬁn@€l | Mhz

(=1.88 x 5, %SM?%SI nalg Sqtugnhcg/?}é%@f 351&% pltpusg'%géo #1895 InpI Ot ?dé?:nﬁ}t of the

8|gnal-to |n er nce ra error
equal i zer tl50otix80idbpicts varatien of magﬁht&le\& ndrmahmad fetody. nhn:tna einhedﬁbﬂ, IS

plotted on x-axi.s 601 and the or ESR | ot t d on th s 602. In
bne. enbodlifaiie: ZDHEVH Spsks of Bvesenpiiey Sfed! Ihortrani P Ser tn
whi ch t he pRIER10 @r@isns dapitost imosddadipoalic dboaffecR b dwdideh sidhel toad 1ead i on of
SIR fq m6 to 26 q€ (ﬁlot 30 depicts a g Rﬁ%for a sparse e ual i zer 150
in whi h gtont ails thegperiofie ple rﬁhﬁoﬁ%(frea‘(‘ené yO Be o fiitld iththe

f eedf or vvaredlbaahllamcwfre@eﬁéwmspchﬁe RF ipngi q18l ddpm 4200t Bdke ABYhes M@V E the

t hreshol d  of VISIbI|It OV) . under platfaorm noise. In one enbodi nent, the

TOV for t Rderirence g5t OBB ngise gncythe ava%aif g netehes ey depend an ts sBieady pi ot

640 of a %@'ﬂiéeﬁlﬁﬂf&ﬁﬁhm?equﬁﬂ a)réeémbaalrﬁém théaﬁlopls% d@@&s deRh&t $11thAtsibhe signal
to error ratio (SER) nay be unif @gosﬁ he presence of a spread

cl ock conpapesively. #tisenogrmized fltemen@r pefox} ﬁél b (AeRtox bidls- dyeBs i zer. In
one E%Od'e%ﬂélmeﬁthﬁleMO%al%g’ flg&lﬂe'n&; %f § b%aa;t 1%1@?58 Ry 2R aaf?&&ﬁ atlo. Py to 2db

uniformy hig fhan that of the of 't he conventional equali zer.
In one em@@@hlrﬁénmmtsanayapmlbphatahee e@l@amrnéoomax disaltaye ghovpldtferimgneibe wi t h a

deci S on SILARLES Balascan o rmeausn.s, subslanlal IETRg LD L1

(apprOX|nét%bﬂ%)@&mﬁtmnugiR A graph deplctlng a plot of
| - f f th
si gnal -to-int Chl &l alﬁlepl &%%t I %lgtsl)f?gl%l%a% to- ﬁlkegt%% cé[ Patl Eﬁ{g env‘ggal(t§%§%3 oF the

equal i zer 150 vu%r at1 cs and por ronfrent to the
PFN+AGNN citmn(SER) 20 theiequalizbubIOriatiladtratad Fl BG. 5. Thnnoambediinodi ther¥iR it he SI R
I's plott edlotted on x-axis 601 and the SER (or ESR) is plotted on the y-axis 602. In one
embodiment, the plot 610 represents a graph of an ideal equalizer in which the SER
remains almost constant at about 27db with the variation of SIR from 6 to 26 db. A plot
630 depicts a graph for a sparse equalizer 150 in which 337 taps (or the PFN tap 450 at
25  607) may be provided in the feedforward path counted from the principal tap 430 that may
improve the threshold of visibility (TOV) under platform noise. In one embodiment, the
TOV for the plot 630 may be at 6 db compared to a TOV of 13 db of a plot 640 of a
conventional equalizer. Also, the plot 630 depicts that the signal to error ratio (SER) may
be uniformly higher in the presence of a spread clock compared to the SER of the plot 640
30  of the conventional equalizer. In one embodiment, the plot 630 depicts that the SER may
be about 1.5 to 2db uniformly higher than that of the plot 640 of the conventional

equalizer. In one embodiment, an appropriate scaling of the received signal with a

decision directed gain control may cause a substantial improvement in the TOV SIR,
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on x-axis 701 and the SER (or ESR) is plotted on the y-axis 702. In one
enbodi nent, the plot 710 represents a graph of an ideal equalizer in which
t he SER rwgabngoad4nost constant at about 27db units wi t RCTIES20a04@80 on of
SIRfrom6 to 26 db units. As described above, the plot 730 depicts an
i nprovenent in the threshold of visibility (TOV) from 13db to 6db and
uni formy higher SER In one enbodi nent, a conventional equalizer may not
even converge under 25 db SIR while both static nultipath and portable
channel améighraayedpcreaerfrasmé dBroli @ Rtovidinge ginef ZbAB (pprasinateyhgadiph of a
sparse equakjpzer 150 operating in statics and portable environnent in
addition to PFN and AGAWN. I n one enbodi nent, the plot 750 depicts that the
equal i zer 150 #Aegrapedipstingagpial Pzsgnabio-Bissiceno ratie  ER)uvsd signal dg errer PFN
condi tion ' | lczer s, i : [ de
?atfoctgﬁlﬁ; gldthé Qi eRF RN %{eacﬁﬂgﬁ of %tgﬁc% langﬁ%g@%r&%enp{oﬁg

efficient equalization operation yond typlca ndi tions. erring
to FI GO 8 PFa+A&iVpNtcbannsly HiSamilBO@atedhiy HlcT.utieors egeodinzht, pher§IBseplotteatessor
802 including a -singlke. i uctj,on | tiple dat SIMD) processor, and a
r aphi oo SpocaloDh i fe' PG BN reh KRR EBEP GO Bl S RERRTE e et
may per f opint € hepeenent gragesfahiidibequalizadoi whidnthe SEResthansmlngst ¢arstadtis ot her

oper at | ond it hawitds PeddnEnSvty iyl TREur i 898 v o EUERH T e quence of
instructi @éhSpl@tB?}BOﬂb}ias be insiroveattnt in thé’hﬁre@lﬁmbbﬁlviﬁﬁﬂlt}o(rfd\r) fﬁﬂylxﬂbh@gdtsui tagl e
stora medi um i]le a arate graphi cs processor, uniit 805 is depicted in
Fi g. 38 i A" Bﬁorﬁbh@hﬁeﬁ, Tt PR %de?@’é%eé‘bra WHeHENR! FEAE PO Y& For m
enhancenerbnRRRNAHErPISH AR whille bb@Ista8¥ aflpath ahb foRRC@H aBQeestdialn oper at es

t he conputer sgsten1800 na%%Pe one or npre processor cores coupled to |ogic
830. The [°BgFRbEBCHlC pat BYulsPist argsendtd 2 sParsrianalizeid Yeprielle Bstrtichni ch nay

provi de i gh@pb@bR LNRoSAIR W 8ddiforShaPNBAR AdGheN | a0bk &ARdirh@t, BXpIP! €,
coul d be chipset logic in one enbodinment. The logic 830 is coupled to the
menory 820750 vpigth theh e isguaingr K0rBRYOTerS D cawdization CPerationye\sprnesiiscvaimgnet i c,
Or - SenCORFNCEAitDhL EGHRred REc L ARIShASqREIRERS $Alch Uiy ndORovide CAIRILET
through a frame buffer 810 to a display 840. In one ‘enpbodi nent, the
conput er squalissriog@pCcrAEgn keyoipt tysieal RENonditipest er f acecard (NI C) 860. In one

erbod ent, L 0E-0GuSROCEEY, SHRRgEl. o ATSReL A 810 ey T g [ o
be si m | aprdacessth@0? endudieg al@tgldiistussed mulbigple dath n(SOMO) erbaskionent , 2 t he
ocelver ST SSTELLRTGR, PR R AR 5 U Bhy b LR AG 150 1
oper atlon ehlmneersdnabparsionn th phlittoabd erforming various other tasks or store a sequence
of instructions, to provide enhancement operations in machine readable storage medium
825. However, the sequence of instructions may also be stored in the memory 820 or in
any other suitable storage medium.
While a separate graphics processor unit 805 is depicted in Fig. 8, in some
25 embodiments, the processor 802 may be used to perform enhancement operations, as
another example. The processor 802 that operates the computer system 800 may be one or
more processor cores coupled to logic 830. The logic 830 may be coupled to one or more
I/0 devices 880, which may provide interface the computer system 800. The logic 830,
for example, could be chipset logic in one embodiment. The logic 830 is coupled to the
30 memory 820, which can be any kind of storage, including optical, magnetic, or
semiconductor storage. The graphics processor unit 805 is coupled through a frame buffer

810 to a display 840.

In one embodiment, the computer system 800 may comprise network interface
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environment in addition to presence of PFN and AGMN. I n one enbodi nent, the
receiver 879 may support techniques to determne the location of a PFN tap
such as twe PHN2Ep 430 and a portable tap such as the portshéie/ oswpo 490,

whi ch may enabl e the equalizer to operate under severe PFN conditions.

Al so, as only a small nunber of taps are of non-zero val ue, the convergence
of such an equalizer may be quick and the conplexity and power consunption
of the receiver 879 enploying such an equalizer may be low. In one

enbodi mentardi(WECktfi0alln pap copodimenty e éiIQgﬁéosw SHERP R SSPRGYiSde wigeh

subst ant | gl BRPAVEIRRmify EMard Bocd i s90UH b AhfofinkeRE MY BUR%: dRpCr | bed
herein may ge i npl emented 1 n various hardware architectures supported by

gr aphi cs prodesyuiter 8oHe srcceigéieliwhsspdipfsys.e ipenscadodimego thegeceivee §81 oni zed

communi caty m% o%{bitriﬁiag %K% ga'ﬂ%i M Q%ml q%ﬁ; "i’%k Th P& dhAG SinkA. q%eBGO' In

one enbodi tion tec escri bed herern may

i npl enént ecteivar $G9 tmavr eragdeardiable Oﬁfqusla)zfatlwaroeemtn@t nuct plene stdmpedabln t he

machi ne readabl e tonage o nedlun18 gﬁgllzatlon t echni ques descri bed
gnylronmen addon to presence 0

herei n may TRV SUS Sys ens suc as the nobil e phone, personal

di gi tal a55|sthﬂbm;emb@hhaﬁ;ﬁme®MﬁmrdéQnm@emmgmﬁtahmnwﬂnb&mwﬂymbemB

oxampl & cBOHP R & BRI I AN dECBA BT F R e KR bl Bl TR

const r ued 4b0 whith Mal Ieﬂzgalﬁ &i@&@ualﬁaﬂ lo()chp&ram)didfet catieCIFN odnditivas.exawphe
enbodi,nents, as |1 .as ot her enbodi nents of the invention, which are
appar et ©8YFe %ﬁgﬂl&?f P?‘é S PR Of Ren-g5T velge s EMVeTsEnae i SHAl WredBeiehi ns are
deened to nuyebevqutdm ad teconipildxity aﬂdlgoﬁtﬁr(%l@@suﬁfptlbﬁ]@f 1he YeRiveOgIWlofise cl ai med
is: 1. Anethod tqg performequalizatjon in receiver. _conprising: receiving

a signal trAreRapelEgr By & @Wm%ﬁﬂpﬁ‘c%}flb%m@ﬁathﬁéqluaa@réf Heressy a3 1%®8&t i on of a

princi pal gisgBrovitle! fOCAb AN FinfpkALeA(Th TOIVSEIRt ap, and a precursor tap in a
feedf orward path of an equalizer, determ ning a | ocation of a post-cursor

tap, a | ocati ohhorduplisstivsstcehaiques dpscribed heremomay ibsnimplemenisdrinatirieut ap in a
feedbagk pafilaRf altchf%ecﬁﬂé’sakﬁp%%ﬁed fb?d oAphigh 'pﬂ&e§s919 8@5”&6‘9' genteI%P pufpokdre

feedback path with the princip In the feedforward pat wherein the
posi tion ofocesser BOZtof @r msml@é Qoeﬂpnwtlplh@hmmrwmwedfwm tb@m@ta»@rle tap is

to cancel uylta’?a[c@ fczula%%o Oin &leae%{b%ﬁl%eﬂp R& qﬁ%l%gﬁ&eteafnﬁq%% dégztri‘&a rhtm%m ﬁa)p hannel

on a principal l'ocated at t
be implemented in software as a set of software instructions stored in the machine

readable storage medium 825. The equalization techniques described herein may be used
20  in various systems such as the mobile phone, personal digital assistants, mobile internet
devices, and such other systems.

Certain features of the invention have been described with reference to example
embodiments. However, the description is not intended to be construed in a limiting
sense. Various modifications of the example embodiments, as well as other embodiments

25  of the invention, which are apparent to persons skilled in the art to which the invention

pertains are deemed to lie within the spirit and scope of the invention.
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2. The nethod of claim1l1l, wherein the platformnoise tap is |ocated after
the principal tap in the feedforward path of the equalizer. 3. The nethod
of cl ai map 2ehien0ed4n t he platform noi se tap i s | ocated arCa/useome/opwsnt after
the principal tap in the feedforward path, wherein the tinme point is
determ ned based on a frequency of a nodul ation signal used to generate
spread spectrum cl ocks. 4. The nethod of claim 1 further conprises
identifying a first set of taps having the pre-cursor tap as a start tap, a
second set of VW isRaimgdishe pl atformnoise tap as an end tap, and a third

set of taps hayi Rgnétllﬁﬁltglb-ér@&ig%thaﬁzaﬁotﬁih alrORiVePnrising: the feedforward path,

setting the first set of taps, the second set of taps, and the third set of
taps to a non weeivingalsigaaltianiroitied eif § egunwycatige cianaclcur sor tap, the

princi pal tap, 1. o) 1.8 i : than the
first set of t%%g?lm]tilﬁéagdgg%%dd fg] éo?l 9%1? 8ttJl ﬁg,locgﬁ%af %&%rﬁﬂiroté@g%f 9%4]2?@5% to a
zer o val ueursér tafT e fastibrodrdafaticefainrydalizether ei n t he portable tap is | ocated

at a |l ocation Egat .occur gefo e the | oc t’;é){gcof e cro_stgﬁﬁﬁrmtaé) and t he

S t
post-cursor tap ?rﬁmlflﬁ%afl%cea Pad aﬁgst'ﬁurg?r ¢ eq%téqniozearc.ro ep’rr%lidhod of

claimb5, wheti@i of aifhoetaldordpalbh éctliizgok path lobthakqdliadr, @dt i me poi nt before the
cross-termtap,,.wherein t time poi i s .determ.ned based.on nuliipath
el 2y caused byidHE snpifleabr o Bharbre PR it B ARG Y I b

wher ei n t hedpewhdlph®, tap is | ocated at a location that issubstantially
close . to the location of .the_principal tap. 8  The.nmethaod of claim4

furt héb conpri ?B%re’indgehlqu t&?flﬁaﬁ’ﬁp&g{? Roiseipp gid TP%B%S“HQ\HQE}& ptoﬁébclf)ggt‘s- cur sor
tap as antgoshctiofie effedti Jitphtah misctaaPshdre¥dcner bbrebROEHaak &nasSprncgll t tap,
and a sixth set of taps_ having the cross-termtap at the center in the

feedback peted akiBe PiiedPy B8 fourth set of taps, the fifth set of taps, and

the sixth set of fiRARhQ 8f Bt 2€hBcréAl HE PR Whisdftd LGl bBfed MrRRST - cur sor
tap, the cross-termtap, and the portable tap, and setting taps other than

the fourt rigeipal ¢p in dhedfecdfonward mihrofdkacaytlizhps, and the sixth set of taps to
a zerqgval ue. 9. r{hg.MBE Q?gaiﬁlfl Qg e pl‘ﬁﬂ%ﬁaﬁd}se}tgﬁistlwa%h aP4 %iﬁl@%oifn{ rst set

of taps, the second set of taps, the third set of taps, the fourth set of
taps, the aftprifthpyprisipabfaptizfhe, fecdftweideath, whireiethe e point is determined based

on a frequency of a modulation signal used to generate spread spectrum clocks.
4. The method of claim 1 further comprises
identifying a first set of taps having the pre-cursor tap as a start tap, a second set of
20  taps having the platform noise tap as an end tap, and a third set of taps having the principal
tap at the center in the feedforward path,

setting the first set of taps, the second set of taps, and the third set of taps to a non-
zero value without affecting the pre-cursor tap, the principal tap, and the platform noise
tap, and

25 setting taps other than the first set of taps, the second set of taps, and the third set
of taps to a zero value.

5. The method of claim 1, wherein the portable tap is located at a location that
occurs before the location of the cross-term tap and the post-cursor tap in the feedback
path of the equalizer.

30 6. The method of claim 5, wherein the portable tap is located at a time point before
the cross-term tap, wherein the time point is determined based on multipath delay caused
by the communication channel.

7. The method of claim 6, wherein the portable tap is located at a location that is
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taps is substantially |less conpared to the taps other than the first set of
taps, the second set of taps, the third set of taps, the fourth set of

taps, thewbi2btinozad of taps, and the sixth set of taps, pamarsedw/oass@adapti on
constant that is inverse to a total nunber of non-zero taps causes faster
convergence of the equalizer. 10. A machi ne-readable storage nmediumto
perform equalization in a receiver conprising a plurality of instructions
that in response to being executed result in a processor conprising:

recei vi ng sebsgintilly clese inibadacetear drheprieipphiri-cat i on channel determining a

l'ocation of a Rripchp@bd bAfRaim® hRALhAPri@s P! atform noise tap, and a pre
cursor tap in a feedforward path of an equalizer, determning a | ocation of

a post-cursor tdgptifymgladouthi whobfepahayingsthe pest-qumserpap ameh endlters atfifhrsebf a

por t abl e to?‘glgegabvﬁlcg{gﬁgg&%w% aE’%EtQﬁ?Jp Ll s‘?ﬂH?&tt apﬁois}rll tﬁ% EAR G, Iapgt portabl e

tap in the e principa eedf or wa pat h,
wher ei A twgnposrmnbﬂ&gﬂMthmplatforn1n0|se tap is to cancel the effect of

pl at f or m noi Sefe?tlnétathgi‘ougﬁl g[d)ftal%s %ﬁt Fﬁ%set 0& Ss \%;'er i n?\} ?_c'et[ aptﬁgll a n-gh—e

machi ne-r eadab of age fre P8 hoi se tap
i s | ocat ederafvtabic W1ﬁﬁumffenﬂmg)ﬁlle posteuisr tahethé e&udé ermagpd apxathh poftatilieap,
equalizer. 12. The nmachi ne-readabl e storage nediumof claim1ll, wherein the
platforn1ﬁ8 se tap is located at a tine point after the principal tap in

t he feedf orwar cttpatthps othe fieh fhet foert dclef tHg, the fifh sckalf eps)j ane thcbagiedton a
frequ Qcy of a nodul ation signal used to generatespread spectrum cl ocks.
13. TAE ndRineZe X%l e storage medium of claim 10 further conprises

identifying a §i rgé neeiod Of clamps, \kﬂl@éi@ﬂ@lettht@l P tBe ELE SAI0f taph RSscBoiliRf t tap, a
second set of taps haV|n? t he gﬂ formnoise tap as an end tap, and a third
q 181

set of taﬁétaﬁmfh@“ﬁlﬁ@% Phdhiurth 865 ohfapy ke Gl ot faps. epd thesbdt 5 ®hr d pat h,

setting thgshd fublafifaily Rbs é&«q)%redttmes&%nﬁr ek 1RIfirkABSr tRdnd fRoddVer d set of
taps to a non zero va ¥ue wi thout affecting the pre-cursor tap

t he
princi pal of &3 teindrird Kt optage.fibe faurbraof tagp, thafih @eétof f2Ay 2nd s S@tﬂh@* of han t he
first qget (of Jill?el?é“in afl BRBpBGEIGaRGhat %ﬂn'&%o 2306 Iﬁl%elt(t}'nog zét%tta[ﬁ cals@PS 1O a

zero value. 14. The machi ne-readabl e storage nmedi um of cl a|n110 wher ei n
t he port alfdster ceipyeigendecd diceedualizeta | ocati on that occurs before the |ocation

of the cross-t 86.MA %clﬁﬂgretaglﬁ)l@ &§1ta§é“il§eﬁfum to perform equalization in a receiver

comprising a plurality of instructions that in response to being executed result in a
processor comprising;:
20 receiving a signal transmitted on a communication channel
determining a location of a principal tap, a location a platform noise tap, and a pre-
cursor tap in a feedforward path of an equalizer,
determining a location of a post-cursor tap, a location of a cross-term tap, and a
location of a portable tap in a feedback path of the equalizer, and
25 aligning the portable tap in the feedback path with the principal tap in the
feedforward path,
wherein the position of the platform noise tap is to cancel the effect of platform
noise on a principal located at the principal tap.
11. The machine-readable storage medium of claim 10, wherein the platform noise
30  tap is located after the principal tap in the feedforward path of the equalizer.
12. The machine-readable storage medium of claim 11, wherein the platform noise
tap is located at a time point after the principal tap in the feedforward path, wherein the

time point is determined based on a frequency of a modulation signal used to generate
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tap in the feedback path of the equalizer. 15. The machi ne-readabl e storage
medi um of claim 14, wherein the portable tap is |ocated at a tine point
bef ore t Wwocros®2u4er mtap, wherein the tine point is dePermseed/obmsed on
mul ti path del ay caused by the communi cation channel. 16. The
machi ne-readabl e storage nedi um of claim 15, wherein the portable tap is
| ocated at a location that is substantially close to the |ocation of the
princi pal tap. 17. The machi ne-readabl e storage nmedi um of claim 13 further
conpr i ses SPigehtestiinhglogksf ourth set of taps having the post-cursor tap as an
end tap, a fifih BElmQhinkkdRRahiaVioRg.e HGuRYELAR §o ARmdr Shihket 2P, and a
sixth set of taps having the cross-termtap at the center 1n the feedback
path, setting tdeetifymgatfinstsetof ¢fps haying the pee-qursor e seft tapapscconthebt bhe si xt h
set of ta . . M f j - ap, the
cross- t or it o e BEPIEBR AN WP st ch . Bld S 1 of B PRFRSE R e
f our t hSsettapoft theapater in e fe¢dfodvaskgtatiof t aps, and the sixth set of taps to a
zero value. 18, .The chi ne-readabl e starage nedi,um.o laim17, wherein
fhe toral ot i PERRCLT S50 IRl R RE L TR s BB el s
of taps, ube vhburtithoseiffeofing tiopre-tirsorftayf, tthe wé@tcipaf tapapsl, thaptitfoine nsisxt h set
of taps i§ sulgdstantially | ess conpared to the taps other than the first set
of taps, tHe*¥econd set of taps, the third set of taps, the fourth set of
taps, the fiftkettsefta@f othaplan tAn€rst ket o8 tayt, Ihess@toralf set afxaps, whtetheitirdasat adapt i on
consta* t that is inverse to a total nunber of non-zero taps causes faster
conver genQ&@BY O AE it i zer. 19. A receiver to perform equalization
conprising: a [adTIR hihaUasRblt ¥deize aRURKES ddma 0 CORsRIA kgokesle ehannel
wherein the radio frequency tuner is to receive a signal transmtted on the
communi cat98i5d @harpretion haserapy Rrferahalocaiiongit thoaigrelme den He thadpy-
frequency chudn@hp invhefe8act ffh SyMERyARRYs detector is to convert the pul se
anpl i tude nodul ated signal into a quadrature anplitude nodul ated signal, an
equal i zer coupl&dThecomidhmedgadeble siergs mediarafstaimiAeriarein theeorahlafapier
furthes CoRIchSes BndpOFESILRIEBols RAF ) WBBMA! ihé BnbObitt tieteliBEST N the
processing unit is to determne a |location of a principal tap, a location a
pl at f or m mejed on tatipatiridlay cpused by thegpmimapicatipnghimetf or war d path of an
equal i zer, det ! cati St - ret . i a
?6.”’n%e%?ﬁhln%%}d'a&@Stg‘ﬁag@nl%%hbﬁia%ﬂ 15 \herei gﬂgﬁ)égéﬂgé’%gﬁi %t the

cross-termtap, an ocation porta tap 1 n a
equal i zer Jocated atd fogation ftert is substantially close to the location of the principal tap.
17. The machine-readable storage medium of claim 13 further comprises
20 identifying a fourth set of taps having the post-cursor tap as an end tap, a fifth set
of taps having the portable as a start tap, and a sixth set of taps having the cross-term tap at
the center in the feedback path,
setting the fourth set of taps, the fifth set of taps, and the sixth set of taps to a non-
zero value without affecting the post-cursor tap, the cross-term tap, and the portable tap,
25 and
setting taps other than the fourth set of taps, the fifth set of taps, and the sixth set of
taps to a zero value.
18. The machine-readable storage medium of claim 17, wherein the total of the
first set of taps, the second set of taps, the third set of taps, the fourth set of taps, the fifth
30  set of taps, and the sixth set of taps is substantially less compared to the taps other than the
first set of taps, the second set of taps, the third set of taps, the fourth set of taps, the fifth
set of taps, and the sixth set of taps, wherein an adaption constant that is inverse to a total

number of non-zero taps causes faster convergence of the equalizer.
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portable tap in the feedback path with the principal tap in the feedforward
path, wherein the position of the platformnoise tap is to cancel the

ef fect ofwplatfoweswnoi se on a principal |ocated at the pciraszpalosdcap. 20.
The receiver of claim19, wherein the platformnoise tap is |ocated after
the principal tap in the feedforward path of the equalizer, wherein the
time point is determ ned based on a frequency of a nodul ati on signal used
to generate spread spectrum cl ocks. 21. The receiver of claim 20, wherein

t he processi nglUnffeceryet tg peiferangquphzation ¢anyyisiggt of taps havi ng the

Pre-cursor tap,axid ireh@hty hﬁﬁ@r c ﬁﬁﬁ%? @dcoﬁﬁﬁun@atl&@%nﬁévlvﬁ&eﬁlnﬁe Rlg@ form

noi se tap as an end tap, ‘and set of taps having the principal tap
at the cericayenpntungrgs foge@m@rwmrﬁl apsinitted en thetpemprjunisptigneghagfel,t aps, t he

second set of Lﬁchr%%st&?ectom %oc&pﬁﬁ:ﬁt toOfthe ?a[ﬂ 0 tfféq@e g?t uﬁ&r Qvié 11&"%héM t hout

affecting the pre-cursor tap, rincip plattorm noi se
tap, ahd smchtoapw dGtdewr it thannvektghd pulwtarmfélttudoﬁnctdab@d SIQnel m@@cmldd@eltre of taps,
and the th| rptua ﬁlat 2Ps natlo a zero value. 22. The receiver of claim 21,
wherein the ta g|s | ocated at a | ocation that occurs before the

| ocati on of t hen eqmmrtcﬁnpﬂbd ap tlengnthenope sitteciur, sdrerdima hei @ubliver fieedback pat h
of the equalizer, wherei \3\2% ort bIe tap is located at a tine point

bef or e thgo@P%sﬁ?B'foﬁ?st“gBun Nt W&tl?nilﬁlét point is determined based on
nul tipath delay causkgeibyhe frecsomuiii Bad daernﬁhﬁmﬂtebtlonZa‘aﬁhelpraleapla/er of
clalmﬁz wherﬁqcn t he ortable tap (g | ocated at.a Ifoc g h“l‘

subst dftial 1y ©ryis 48 fﬂrén PEER{APoANDE PIRETH i ial eeggjﬁwar APt ecej ver
of claim 23, wWaghBid, dhemitkAA6&SLMGF 41Pbsk-clirSorttlh, al I0@bL bYa BrobOfnh Bpset  of
taps having the (gost cursor tap as an end tap, a fifth set of taps having

the portable adde keafan qfgportablg tap igjadesibagh Padh of Rssavigerngnd Higndhoss-term

tap at the Cenf)@r'fable"{aﬁ fend fefRACK P theDBhcibdl ®arf 1B W Be@&itvaRf patigPs, the
fifth set of taps, and the sixth set of taps to a non-zero val ue w thout

af fecting the post-¢igaprthe agsitionhef the pldforme maise 439 isaadranesé thsoeffesbPe t ap,
and sgf taps Obllaﬁ"&n{m ottlréq)rﬁlgl'ﬂﬁltlg'ca%tat ﬁ’i@ phifi@Fal téphe fifth set of taps, and

the sixth set of taps to a zero val ue. The receiver of claim 24,
wherein the t o2&l Thé rqcﬁéefquroéﬁtlmsl@t Wb@retndbg platfhien geisoian is bcated aftgpghe t he

third set pﬂ c1€)ﬁga§>’inttﬁ'éefe{)st watd a f(hltl e dfRzer %%reg{ b H{nhg&n% dt@RFinepnd the

si xth set IS su coripare taps other than the
first set b@:fedtoa_psfr,equdmgy siecopdilation s1gnal used to generate spread spectrum clocks

21. The receiver of claim 20, wherein the processing unit is to,

20 identify a first set of taps having the pre-cursor tap as a start tap, a second set of
taps having the platform noise tap as an end tap, and a third set of taps having the principal
tap at the center in the feedforward path,

set the first set of taps, the second set of taps, and the third set of taps to a non-zero
value without affecting the pre-cursor tap, the principal tap, and the platform noise tap,

25 and

set taps other than the first set of taps, the second set of taps, and the third set of
taps to a zero value.

22. The receiver of claim 21, wherein the portable tap is located at a location that
occurs before the location of the cross-term tap and the post-cursor tap in the feedback

30  path of the equalizer, wherein the portable tap is located at a time point before the cross-
term tap, wherein the time point is determined based on multipath delay caused by the
communication channel.

23. The receiver of claim 22, wherein the portable tap is located at a location that
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set of taps, the third set of taps, the fourth set of taps, the fifth set
of taps, and the sixth set of taps, wherein an adaption constant that is

i nver se twoaotiawad4onunber of non-zero taps causes fastePCraseangesse of the
equalizer. 26. A systemconprising: a platformconprising one or nore
processors, a nenory, a display device, and buses, and a network interface
card coupled to the platform wherein the network interface card further

corrprlses a transmtter and a receiver, wherein the receiver is to, receive
a signal iy whemtielle gloghio shedesrtion PEihe PoRFiRahBANEl , convert the pul se

anpl i tude nodubatpg Signabe dnkoRwALEH R Ho&sPLitivele nodul ated si gnal ,

determ ne a location of a principal tap, a location a platform noise tap,
and a pre- cur sdkentifsp fowthasct ebtpohwvaradthp aeti-cofoaap é%q@laqifidztép,,aﬁfét@ﬁﬁf ne a

| 00at ! on 9 BuRASlicGTAAE of # Byl AGR4 LOR B, AURTIASHLLEY il A AP

| ocation eta Ina e~equali zer nd aI|
t he pobt alﬂi@eniaplnlthﬁ ﬁeaﬁ)aﬂemﬂfback pat h Wi t h t he principal tap in the

f eedf orward pat ej he RAQ iQ f th | at.f or.m e tapisto
cancel the eff eé%he\(l)#f;lu 1186‘13 ftta %o?gttél S(%tnOfaapS‘rl nmesuftIl %t&% agd “at n%nhzeeroprl nci pal
tap. 27. Thiee S/ythblﬂraffedtmgltlwmt&ﬁlrsovmrthe crosshtErrmtaaMndrthn motable tdpagndi s | ocat ed

after the principal in.the feedfaqrwar h of. the equalizer erein
Che il at 1 or m o Se® R e b Puc &t 2 Wi re BB ety =Eie siibiet gh L ap i n
t he feedf edpsas dzgpatdlue wherein the tine point is determ ned based on a
frequency of a | ati.on signal used.to gen €SP rea spectrum cl ocks.
28. T @ systen@gD Sﬂﬁq @F‘?ﬁ’@é@? %H‘érz@‘ﬁhetrﬂ%ﬂ}eetetéfﬁ [ 'tacﬂ’g’rf‘ﬁ? ??O%dcfi r st
set of taps diaipkNBe T s@rEt4pyIBOTouttR Pet &S taPs, Shefifth §e@-@fta§s sRECMBdixgakt of taps
havi ng t he gpatform noji se tap as an _end tap, and a third set of tach havi ng

the princiop4ps psapbsiantipihplegsegomparef fo fhﬁéapﬁ@@&f @ﬁv&wd‘rﬁaﬁwf tapsgthe preoRd r st set

of taps, thersssandmi8ler dp@Rte fRARA sdthde tdphithdriielct 6f ap@BRa O sRNRN- Zer o
val ue without affecting the pre-cursor tap, the principal tap, and the

pl at f or m ®it2Pe Vagsein #addapion capgang thiéis MR tohe totdl mambelel ReM-2cEpREPS t he
secondssetRfs haPSoonfRekrbb 6 hbbfiiset of taps to a zero value.

26. A system comprising:
a platform comprising one or more processors, a memory, a display device, and
buses, and
a network interface card coupled to the platform, wherein the network interface
20  card further comprises a transmitter and a receiver, wherein the receiver is to,
receive a signal transmitted on a communication channel,
convert the pulse amplitude modulated signal into a quadrature amplitude
modulated signal,
determine a location of a principal tap, a location a platform noise tap, and
25 a pre-cursor tap in a feedforward path of an equalizer,
determine a location of a post-cursor tap, a location of a cross-term tap, and
a location of a portable tap in a feedback path of the equalizer, and
align the portable tap in the feedback path with the principal tap in the
feedforward path,
30 wherein the position of the platform noise tap is to cancel the effect of
platform noise on a principal located at the principal tap.
27. The system of claim 26, wherein the platform noise tap is located after the

principal tap in the feedforward path of the equalizer, wherein the platform noise tap is
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29. The systemof claim 28, wherein the portable tap is located at a

| ocation that occurs before the |l ocation of the cross-termtap and the

post - cur swo 2apoesot he feedback path of the equalizer, wagrszoowhessport abl e
tap is located at a tinme point before the crosstermtap, wherein the tine
point is determ ned based on nultipath delay caused by the comunication
channel . 30. The system of claim29, wherein receiver is to, identify a
fourth set of taps having the post-cursor tap as an end tap, a fifth set of
taps havi ffatcHat pdimegpytint adisr theqyrimeipak tgp in ﬁﬁcfg%dfwrdm%twl@fent gsitavi ng t he
cross-ter rfgﬁn?ﬂ (f&erlrnl?l%? B&aL Sh %&h%}ﬁcyfo‘?g f.tiBRL Bnal $6Ld ttoré%néerE‘ rsfollaa(fa of

taps, the th set of taps, an e sixth set of taps to a non-zero val ue
wi t hout afspestrtingpckhe post-cursor tap, the cross-termtap, and the portable

2B a0 50 SRRkl B AT L B s, (he T1TEh set of caps.
5 identify a ﬁrstpset of taps having the pre—c.ursor tap as a start tap, a second set of
taps having the platform noise tap as an end tap, and a third set of taps having the principal
tap at the center in the feedforward path,
set the first set of taps, the second set of taps, and the third set of taps to a non-zero
value without affecting the pre-cursor tap, the principal tap, and the platform noise tap,
10 and
set taps other than the first set of taps, the second set of taps, and the third set of
taps to a zero value.
29. The system of claim 28, wherein the portable tap is located at a location that
occurs before the location of the cross-term tap and the post-cursor tap in the feedback
15 path of the equalizer, wherein the portable tap is located at a time point before the cross-
term tap, wherein the time point is determined based on multipath delay caused by the
communication channel.
30. The system of claim 29, wherein receiver is to,
identify a fourth set of taps having the post-cursor tap as an end tap, a fifth set of
20  taps having the portable as a start tap, and a sixth set of taps having the cross-term tap at
the center in the feedback path,
set the fourth set of taps, the fifth set of taps, and the sixth set of taps to a non-zero
value without affecting the post-cursor tap, the cross-term tap, and the portable tap, and

set taps other than the fourth set of taps, the fifth set of taps, and the sixth set of

25  taps to a zero value.

21-



