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Singl e-VCO CDR for TMDS Data at G gabit Rate
Background of the Invention Field of the Invention
[0001] This invention relates generally to a circuits
and systens for the 5 recovery and regeneration of
data and synchroni zing cl ock signals received froma
serial transm ssion channel. Mre particularly this
invention relates to circuits and systens for
recovery and regeneration of data and synchroni zing

clock si gBphglevvCO GMRWTMDS%@@@UGB@@NWRM&”

the transmtted data and clock signals

Descri pti on of Rel rci al and

cabl e tel evision I@égﬁgﬁ?%fp%go?ihﬁ%% PRition

digital transm ssion, equi pnent manufacturers have

cooperated to create the specifications such as the
Fieldrof@hgilnvéntdon Mul t i media I nterface (HDM (tm))

devel oped by Hitachi, Ltd., Matsushita Electric

I ndustrial Co., Ltd., Phil | ps i s Consuner.
[8813ct r onThis, inventienarslatesl g@evally 3ol acoircuitsagad , systems for the
Inc., Sony Corporation, and Thonmson Inc. [00031

Tosh'retmvmr pod aregeneraﬁom df hiatali ggidt eynohreniaingi ddek bighels received
(DVI') specification, as pronmulgated by the D gital

Di spfrapn H@eﬁahﬁaﬁirﬁwﬁmnt@aﬂﬁﬁpf Mere tgaamsinady thiinvention relates to
di gital television audiovisual signals from DVD

pl ay élf‘éwts% 8ysSt8hRVbE lrét!bvéﬁl ah@® Pe%&%é?ﬁﬂcﬁ? ofBStaChite E%nchro nizing

audi ovi sual sources tO tel evi si on projectors a

ot he h

oot MAE Ahae sosonl, oR8N ity Nty Sl phpid ta ang
and |i tion consuner el ectroni cs video
forngf)gﬁs%gursfher HDM (tm) can also carry control and

status |nforrmt|on in both directions. s [0004]
Referring to Fig. 1, HDM (tm systemarchitecture is

Déstriptigntof Relatd b Arof

[0002] As commercial and cable television has migrated to high definition

digital transmission, equipment manufacturers have cooperated to create the
specifications such as the High-Definition Multimedia Interface (HDMI™)

developed by Hitachi, Ltd., Matsushita Electric Industrial Co., Ltd., Philips

Corporation, and Thomson Inc.

[0003] Toshiba Corporation, and the digital visual interface (DVI) specification, as

promulgated by the Digital Display Working Group, to describe transmitting
digital television audiovisual signals from DVD players, cable television set-top

boxes and other audiovisual sources to television sets, projectors and other

Consumer Electronics, International B.V., Silicon image, Inc., Sony .



Sources 5 and Sinks 10. The HDM (tn) source device 5

communi cates with the over HDM (tn) cabl e and

connectors. The HDM (tm)' cable and connectors carry

four differential pairs that nmake up the Transition

Mnimzed Differential Signaling (TMDS) data and

cl ock channel s 15a, 15b, 15c, and 15d. These 10

channel s 15a, 15b, 15c, and 15d are used to carry

vi devideautisslapsid DA Xdani edryy hidft quality nagiichaemsl audio data and can
HDM (tm cables and connectors carry a digital data

( DDCparrg hanReIndadRd ahde higRCdedthition ¥8RSurheF electronics video formats.

configuration and status exchange between a single

Sour £grtRer@NADMIST e afld ahl RYnirsAd egt i

Ext ended Di splay | entaﬁ"i cgt}&on Bgtsadd(@%s&) G?romt efé’rl inboth
EDI Ddi?&ﬂ%ngm y menory is 40 to retrieve the Sink's
confrguration and/ or capabilities. [0005] The optional
Consuner Electronic Control (CEC) |ine 55 provides

igh-1 eve ontrol _functj between all of the )

s 1D e a%af%wgf%ﬁgpﬂoﬁﬂ@ﬂ@m Sylem, Seshiteciufs i SefiRast to consist of
[ 0006] Video 45, audio 50 and xiliary data is ) )
t r anSAYicesd and Sinksiife Tie EOMBY squos dexice & Ramprynicates with the
15a, 15b, and 15c. The video pixel clock is
t r anevertHeM! Breabhe amimensecioks.c AherdDMIS dcabhel and anseectors carry
by the receiver 35 as a frequency reference for data
r ecdivar yifferentiel tpaire ethBVDBallat ap cthen Tedrssitidra, Mibirhizedn Differential
2 15c. Video data is carried as a series of 24-bit

pi xe$ignaling (FMUS) afatd MA3 ¢lotia chehasiBelsa, W5k, 152D and™Mbd. These
15c. TMDS encodi ng converts the 8 bits per channel

10 | nt acHMRekO194, 1150C-152! aRgedd arePiisdd oPEarf) VidBbZS8Gdio and auxiliary

sequence which is then transferred by the transmtter
ot xeratay Y ad S HDIEIe8 and CBoflis Eang & HdiEl dita (DDC)
acquij r % ransmtted data and,th
oy ncitEEhel R, SRR 2o H5RA°Rh lefAlBandt 'tus exchange
recei yved videp da 55 and the audi g, data 60. 007
U G tREet 4 SalR Sourcs ansied f iAok itk 18 Bekpng the Enhanced
Vi deo formats

Extended Display Identification Data (EDID) from the EDID read only memory

15 40 to retrieve the Sink’s configuration and/or capabilities.

[0005] The optional Consumer Electronic Control (CEC) line 55 provides high-level

~control functions between all of the various audiovisual products in a users

environment.,

[0006] Video 45, audio 50 and auxiliary data is transmitted across the three

20 TMDS data channels 15a, 15b, and 15¢. The video pixel clock is transmitted
on the TMDS clock channel 15d and is used by the receiver 35 as a frequency

reference for data recovery on the three TMDS data channels 15a, 15b, and
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with rates bel ow 25MHz (e.g. 13.5MHz for NTSC) can be
transmtted using a 10 pixel-repetition schene. Up to

24 bits per pixel are transferred. In order to

transmt audio and auxiliary data across the TMDS

channel s 15a, 15b, and 15c, HDM (tm uses a packet

structure. In order to attain the higher reliability

requi red of audio and control data, the data is

pr ot #5¢.eW¥ided datans earried aoisbA6s bPR4-BIsx€lB @nithe three TMDS data
encoded using a special error reduction coding to 15

pr Odéﬁﬁlﬁé&?‘lﬁﬂ 186, aMer $5¢.hFMDS ehé&ﬂﬁ@‘cbh%hs{ Wblﬁ%r channel

transmtter as shown in Fig. 2 has three encoder

and gt gl i 75 ég;abaléﬁge@nﬁjﬁgoﬁ rﬁ%hm‘itﬁ&& déé%ubh@e which is then

vi deo conponents

conp paty )

470 P95g6ted 89 neiansBier 3 sorfl ARGSsRE gt fE T 10 bits por
the t nk channel s a., 15b d 15¢

oi xeP e doRk Boriod 6 i ST P ThA doteiten 38 reAbiEps f@ﬁ recovers
to be the received pixel clock 54, It should be note

t hat thengapsmidied Jaia @nsh the; sypehreniging clpsk qfﬁbediﬁtﬁﬂet réestore the
pi xel and the bits of the data packets transmitted on

t he ®Bcgived vidaskdatnffrendthesaudia gata @hd 15c are

transmtted at a nmultiple of 10 greater than the

pi xel clock. The data packets are synchroni zed by a

[0ODBEKk t hditlebauixel rateanuen axngd diton 250MHz to NMBSMHEat\ddeo formats

than the pixel clock 52. For pixel rates at 165 MHz,

t he wigh irdths 2R4bWI2EMHY (d.521 D8R fdi‘éNl'ﬁSG}l&én % transmitted using a
transmtted at 5 a rate of 1.65 Gb/S. [OOO ] To

ng ;ﬁ.gesltygﬁgntf&{ é?rféméa@b”t@ z’ﬂf blH“DE?IV F/I ?é‘@raﬁ%n%d In order to

Spect‘réri(s‘fﬁ{ 'aﬂgﬁ %ockl&ﬁ?&e f?%o&%sé%%'mﬁé cﬁém%%ﬁ% 15b, and

dat a skew an rrect at a capt ure

ECZH%MI:EIPM %eis%sY%%%aE%yS%@?wﬁfﬁgﬁq%o e ety

over-s bits by decisi c as, described in U

S. PEHMK gg@|07§gd (E%@trolgaat@,_ egfatayis g)rotegteg}]twﬂﬁ an error

6, 587, 525 (Jeong, et al.). Lee, et al.
correction code and is encoded using a specral error reduction coding to

produce the 10-bit word that is transmitted

f0008] The transmitter 30, as shown in Fig. 2 has three encoder and serializers

""32a, 32b,and 32c that receive the vidéo commponents 45a, 45a,and 45¢, the

audio components 50a, 50b, and 50c, and the control signals 47a, 47b, 47c,
and 47d and convert the signals into the threé TMDS link channels 15a, 15b,
and 15c. The pixel clock 52 is fransmitted on the clock channel 15d to be the
received pixel clock 54. It should be noted that the pixel clock 52 is the clock

for the complete pixel and the bits of the data packets transmitted on the
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describes a systemthat receives a nmulti-channe

digital serial encoded signal and converts the signa

into a synchroni zed set of binary characters. A charge

punp phase-| ocked | oop receives a transmtted

reference clock and derives a 15 nulti-phase cl ock

fromthe reference clock. The nulti-phase clock is

used to control a plurality of multi-bit block

assemVIDS ¢ink ahiahfelsERSA) B51s eamd Y 5ei arelirdnsrigtedi es mueple of 10
channel of the digital S|gnal and produces a multi-bit

bl ocreter thBAMAE SiXel clbk. mrhé'daﬁb tpa‘%k@l‘ékaésé;ﬁf&wnlzed by a clock
circuit includes an oversarrp er, a digital

Phasgph Hﬁg %qrédl%ﬂgfs an‘?)? g‘fﬂéé‘ :@?éﬁt@ﬁfhglﬁ c}he | clack 52r For pixel

oversanpler 20 ov ecel ve

unde C n rod
sequéaﬁésigé 85 Mtz ﬁ%ﬁéiiéeﬁ*@% R %1“5.’?%& S —
phase recei ves the oversanpl ed data and
sele%F§ iﬁﬂ%%bgggon1it dependi ng on the skew
characteristics of the sanple. The byte synchronizer 4
assenbl es_a sequence of selected bits into a

0908k Kk, orTeRrasYettbat cosrect icaplyre phiheeyidey apd raéadi%ata 55 and 60 of
recei ves as input the characters produced by each of
t he Figl t1,- the: HIDMER' xsie@ly specibications inufudse| siandards yfor inter-
del ays output of the received characters in order to
synotordoctoe data sieav acideclscifjitienc hColraoihdbta Bapiukrd iSrensured at
anot her. [0010] Jeong, et al. describes a systemfor

t r angabivHigeshd ifl oheEpproactD by diith avBakambing flllod@ddy selecting a
The systemincludes an encodéer, a transmtter, a

I ecediv flom JVERSALH r ERQ tﬁ);d@@@lo?ig d@f@%% HQé‘é?FB‘éd' POP. S. Patent

The anal og phase op supp Ies sender's

cl oakoh® 7689 Lé%, %T')térﬁf pyagd F%t%(rﬁ%ebgf ggg )53%6;@ éft%rlgf Lee, et al.

t he recei ver ransmt “¢l ock frequ

inte of the 15 system ¢l ock, freguenc an .

t he TEGEPYR P BislRrR thbetnes & otll-Gudiie) clgiBL §ar erdded signa

mul ti eoftetan t clock frequency within 0.1%

t ol é}rﬂ@ve Its the ﬁ{gqi{rqtoasynchromze set of binary characters. A charge
pump phase-locked loop receives a transmitted reference clock and derives a

muiti-phase clock from the reference clock. The multi-phase clock is used to

control a plurality of muiti-bit block assembly circuits. Each assembly circuit

receives one channel of the digital signal and produces a multi-bit block or

character. The multi-bit block assembly circuit includes an oversampler, a
digital phase-locked loop and a byte synchronizer. The oversampler
oversamples the received digital signal under control of the multiphase clock
and produces a sequence of oversampled binary data. The digital phase-
locked loop receives the oversampled data and selects samples from it
depending on the skew characteristics of the sample. The byte synchronizer

4



flow situation, data franes are output by the receiver
in alternate cycles of the systemclock. In an
overflow situation, data frames are output by the
receiver in consecutive cycles of the system cl ock.
In an underfl ow situation, data frames are output by
the receiver in non consecutive or alternate cycl es of
the systemclock. [0011] In the over-sanpling

t echabsprableshe steobato®nf| wfided Ditseimtd ze it dylosls orotharacter. An
digital phase lock | oop (DPLL) whose phase-pointer is
adj usit@dhhasaypBhrihider 288sité 9 Bs (MAHNAR 'hhrddterlshroduced by each

i nput data so that the phase-pointer always points at

th i b Led it '

exchi B T B R S Dl PlooklEfy BRRIEBEbut of the
the j o | . - DOj
chaniRe RS SharBlRRG i b Ryt T sBRA TR oCh R channe
bits be sel ected twice and sone may get m ssed.

5 Ther%’ﬂﬁ%@e@é}o 9t correction is necessary to rempve
the repeated bit or add the mssing bit, which

i ncreases design conplexity. Besides, as the clocks
(O8] dat a drRoe: & ﬁng@%lP%ya sy foy deamsprisdien, and recovery of
error may occur during the over-sanpling due to
met a@Miginall digitabfdadat . Thiei systagn dacledeswamgndedersi artransmitter, a
for phase selection in DPLL and result in high bit

er r orecediee, 4 Ri€pdef, (dHR bn Tarealogl\phatadeskesf Iddpe The analog phase
over-sanpling technique for data recovery include the

hi ghlobretl ot suppliet Resdpidel’'sidlockoPethyi tidhsmiflér 8d @ redéifer's clock
of the 10 transmitted TMDS data. The over-sanpling

10 techp tdgetsivbe! Thb\MRANEnGREck FrequBREF @Btfir?t;ihgerﬁglnyﬁple of the

a small portion of analog circuitry 1's nost

| 091 Gystéth Eé;c’ffglga%%ﬁ]l%éé@b/egﬁattﬁg ré’%i%@fi @%@ggg@%ﬁﬁgge&l L;é(%ond integer

of atypl i on speci rcui
Fecriingels e, Ty Shek Biaber Wlfrcl T 33 n 2 normal
ngtrfg:@{? g@dﬁtﬁglg ?iigfc'qc g}n%s%?'. %?Jttpnlﬁ ty' thé?gi:éiivgrn i%l altde?ﬁg;e cycles of the
system clock. in an overflow situation, data frames are output by the receiver
15 in consecutive cycles of the system clock. In an underflow situation, data

frames are output by the receiver in non consecutive or alternate cycles of the

system clock.

[0011] In the over-sampling technique, the decision logic is realized by use of

a digital phase lock loop (DPLL) whose phase-pointer is adjusted based on

20 transition (boundary) of the input data so that the phase-pointer always points
| at the center bit of the over-sampled bits. This approach exhibits deteriorated

phase quantization error due fo the increased phase interval. When the
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required to correct recovered data error due to the

guanti zation error. Further .................. t he
over-sanpling as descri bed above may cause the

sanpling faults requiring additional error correction
conplexity. This added conplexity contributes to a

| arge power consunption of the circuits enploying the
over-sanpling 20 technique. [0014] An alternative to

t he phgse-paifiRdri diginges el shiBel dud REchamfKk bhdataybsurtfary, some bits
clock and data recovery circuit. The tracking type

Ccl ockragnBedabRCIRC WREY and thwéUirﬁar%J' %;e‘ﬁ’i Fedskdusethdrdfore careful
data rates in the gigabit per second Tange. The
r

tracki p v, e i fecing i
a el PRotPR aRl  PaOE RhG RbKa b o SRF M inissing bit
and K, pplication, exanpke .is gLV in ,
TapaliblE mefeRe S AL tbPBIIR;088rBs st e ioseapug data dont
et al %ﬁs Kazut aka, 5 eé al . provides a circui.t iB a .
chi pNPGTeSPEY MY SYACRroNAedh 55 JBRY QRCHR duiripg Jag over-sampling
t hat takes synchroni zation between the data and the .
cl ockusa mefasipbility affest y Thigynapransenyrong dedisien fargtiase selection
wi t hout del aying the data. The circuit synchronizes

t he Bd2BLIaaad resulicindigh kit erroarate(BER)i rcui t t hat

detects a phase shift between an input data signal

and a clock signal. A second circuit converts the

[00dREct ed Tiee Ebaatagjeis! bf ithé coveranamplivly Yedhnkge for data recovery

delay tinme. Athird circuit produces a delay in

r espnbiRiget thet High MHIWMIthver HRODALY #ebdpe With RighCHatdnfite of the
to produce a sanpling clock. A fourth circuit

rec ; n [ g L e ;

Sy iRinih 1D 4840t B et AT sty syt

tho TR erfIiRce st ey bP andi8 FfeliiyAgimaity il ogic

approach with reasopable.bit error rate at |ow data .. o
7ot G0 RO BE 48R BreBEARLoEN, LA g aPPiRation specii
bandv\%'.eldt h HSi‘ ng. voltage controlled delay 1line for

dat dNtegFRiRd rrE PERGESETIOWR: there are no quanti zation

error and Less

[0013] Alternately, the over-sampling technique has a large phase quantization

error that requires discrete adjustment. Additional data correction logic is

required to correct recovered data error due to the quantization error. Further

~“the over-sampling as described above may cause the sampling faults requiring ™~

additional error correction complexity. This added complexity contributes to a
~ large power consumption of the circuits employing the over-sampling

technique.

[0014] An alternative to the over-sampling technique is the tracking-type of

clock and data recovery circuit. The tracking type clock and data recovery

6



10

15

20

[ 0015] The tracking-type of clock and data recovery
circuit requires very 20 sophisticated contro
circuitry for the voltage controlled delay line to
ensure the sufficient delay variation range for
variable data rate used in the TMDS |ink for
applications like DVI or HDMtm Error or jitter in
edge spacing is introduced because of m smatch

bet weieguit Fewitidpysktfes datdl rhfeei in {HRAgigaBRAsErt €18 rafige. The
This error or jitter requires |arge devices and

car efrHekihn@ e clotkrdridiedatat ﬂé@ovérﬁlacﬁﬂﬁuﬂgaﬁdr B§ é’BeféB/CtBkthe clock for

and data recovery circuit has | éss tol erance

asy My Hr&nlkéﬂc}&eﬁet\:\[egﬂg}ﬁ%a %k?cke' Afe %pﬁﬁéeﬁ’fgn ?(ample is given in

Rat e-‘Adapti ve ock ecovery

%;ﬁgé?ésnﬁgggﬁétg (?a‘iﬁg %ngﬁa Z%e]{%-eé 6ﬁ|) Kazutaka,

Pape | EEE, I nt ernati ona lid-State rcui

Cont & &nREY "1%*5%&' %B th or ye¢el¥iRg df% ﬁpanhrggfgusly with a clock
465 ?\agcrl bes 9- 10 8 CGb/s rate adaptive cl ock and

dat at &iﬂ%ﬁvn&hw&wow hetween ghepfaia and theyelpck Ml high accuracy

vol tage-control l ed oscillator incorporates a fast and

a sl lwvdeiextng ondy theclogls withouhdelapogdhe waémhaheaircuit synchronizes
[0017] U. S. Patent Application 200410210790 (Mon et

al . ) theéadata iabd gha clbcB-with 5 fiGRanidultitied detectk edpi®ée shift between an
over-sanpling cl ock/data recovery. A wi de- range

mul tinpbladatadsigasl- drat kesodko signaPL ) sécbndséftuitotonverts the detected
generation of the nultiphase clocks for a serializer

in thieade’ S fﬁltbtz?bont?olwmﬁéofo?’é (%4 tifie. SAMPIrdNGreuit produces a
t echni que W|th dead- zone ase dete ion is

' nCOcE]éTé‘%r ese o'ﬁsé 6 thé ontiel VBﬁ‘égteC 0095%9%? cﬂ@cﬁ@é{ﬁﬂ Yo o produce a

int ce of excessive

i L AR BN B ot

2884'79 5’@7 Cgléﬁ:#@?d&ghow t gt = |(5Z{ﬁg—\swAﬁ X cat I/1\?exander phase

regeperator_circuit extracts E‘egper signal s out of .
si grifgtecton dor nexnehronizations g recoveréd clock and data. It is an

acceptable approach with reasonable bit error rate at low data rate and
relatively easy to achieve high loop bandwidth using voltage controlled delay
line for data/clock synchronization; there are no quantization error and Less

~Sampling Faults.

[0015] The tracking-type of clock and data recovery circuit requires very

sophisticated control circuitry for the voltage controlled delay line to ensure the
sufficient delay variation range for variable data rate used in the TMDS link for
applications like DVI or HDMI™. Error or jitter in edge spacing is introduced
because of mismatch between the delay lines and their load capacitances.

7
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skewed. The nost stable data rows are sel ected out of

data rows obtained by over-sanpling. A serial data
regenerator circuit stores serial data as received for

two system cl ocks, conpares special character signals

used in transmssion wwth the data as stored for two

system cl ocks, and determ nes positions (shift

nunbers) where patterns of the data match the speci al

char dbiseerroi gngitter Cequiess largef davicdeewndi carefupllaymnt eBurther, the
by sanpling the data 5 on the basis of information on

t he paskihg-oype VdfechcRabAli d8td Teb@kdty "bi@ft has less tolerance to
Correction for jitter and skew is acconplished by

t hr egsgmmﬁgcq‘@rr;sanpl ing serial data as received,
dividing the serial data as oversanpled into three
edge groups, detecting a shift nunber matching

(FREE 2s aeeers GRIOe Bhis il Maabliie G e Maargesaygry with No
tho ERENE el doloR ok p gRfita Aber Toemiedon” Nogucn, ot

Pat ent 6,545, 507 1 er) provides a fast |ockin o
ook -aliooRt: & RNkl y Pabrisy EEDRISTARbONAI SRIK-State Cirouits
jitter tolerance and elimnation of effects caused b

et aSPRIETaNGey 1SRG 892,200 Nolwmey 11dep. 252 s HoBotascribes a 9.9-
(e.g., withinis 1.5 sync bit times or the first data

t r anti.8iGhs rateelapiing diack anecdatarngcoléry ciCDR with duig@ DMUX. A
takes nultiple (e.g., 8) phases of the |ocal clock,

whi cduahirgoub fvbltage-coatralied bjciddiod BRbARFAtesa thsti S8 4 BRw tracking
mul ti pl e phases to latch the state of data at

mul tlo@p ithi/BE, gAR@nHaA6ert he | at ched data to determ ne

whi ch of the nmultiple phases captured a data

transition. The CDR circuit conpares the indicated 20

[Ot@?‘éﬁe tojhg phase Ab}‘ﬁgﬁﬁtﬂ? %ﬁ@&/éﬁ%%(ﬁ’{(@\%ﬁgeau%.ztcgescribes a 0.6-

sition and uses 'su ormat I on
ohace®i GBaiE CHOSP ioBbq 50 pOPSanaIE SHRFRE dpioien. A wide-
S0 PP Ao G Blrcip b i 5 BoRaton of o

multiphase clocks for a serializer in the transmitter. A tracked 3X over-

sampling technique with dead-zone phase detection is incorporated in the

receiver for clock/data recovery in the presence of excessive jitter and inter-

~symbol interference (ISI). A voltage-controlled oscillator (VCO), based on'a™

folded starved inverter is used for the clock recovery.

[0018] U. S. Patent Application 2004/0042577 (Sumiyoshi et al.) teaches a

regenerator circuit extracts proper signals out of signals that have jitter and are
skewed. The most stable data rows are selected out of data rows obtained by
over-sampling. A serial data regenerator circuit stores serial data as received

8
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data signals are independent of jitter and free of

nmet ast abl e conditi ons. Summary of the Invention [0020]

An object of this invention is to provide a

comuni cation systemthat 5 has clock and data

recovery circuit which recovers transmtted data and a
synchroni zi ng cl ock, where the frequency of the clock

varies widely over a frequency spectrum [0021]

Anot feer tR] egbtei EIBLRs,| BoRiPdres bpedil REHaradter asighalk used in
and data recovery circuit that uses a voltage

cont frahdrAsRHCWIth O dat a%réiﬁﬁédt 7 8t Systdfl d99&2land determines
Further, another object of this inventi'on i1s to

provjde.a cl a v, 1éé!gg;'r Ut t n ;
phas%&gtlﬂ(gnnst i(g@hi ggﬂlgrg?%r%%‘%zﬁ véen&f B'Jﬁ h‘%?% 'g'%&hhgrr'e special
objecgt of this inyentiaon is t rovide a clo and .

dat starBot Al CattoctRa s EelE B e hshtd by Fampiing the data
better jitter tolerance articularly to as tric )
jitt .“l'% aF@OQfZ]” W@%@@o&‘blth% rpoétt'olnéégtﬁe@n%‘%‘ﬁgwé’%Qetefm'"ed-
obj ects a_communi cation system transmts and receives )

a syremegian faigitler and akewv de acapmplished gy tthreedtimes swvef-sampling
a conmmuni cation medium The communi cation system

i ncl sat@d datar as rdoeiedniividingithel serlal dath amoeersaaplast ipto three edge

circuit for recovery of the synchronizing clock and

ser i groupsddetediingh shiit aufrbemmmatching spetiat @maradtest fooeach of the
signal. The clock and 20 data recovery circuit has a

dat agreaps Wiettie prasrswhddstribes eb¥estind @anlédge group undergoing the
communi cation signal and recovers the serialized

di gijbadt dRinde iﬁ_éf'ﬁ’ﬂthﬁ%gr,cé’ﬁﬂ F@éér@atﬁﬁ‘ttﬂé 844l data fdm the edge
communi cat1on with the data capture device to provide

an gL ator clocking signal synchronized to the

recef ved conmunication signal. 5 [0025] A multiple

phase generator is in conmunication with the voltage

Of2 | 7 3 & Belarf e54g,80f (G5l proviasS 3 Bkt iocking clock and data

recovery circuit (CDR) with high jitter tolerance and elimination of effects
caused by metastability. The CDR circuit provides a fast locking {e.g., within
1.5 sync bit times or the first data transition) clock and data recovery. The

CDR circuit takes multiple (e.g., 8) phases of the local clock, which are offset

(e.g., by 45 degrees), and uses the multiple phases to latch the state of data at 7

multiple times, and uses the latched data to determine which of the muiltiple
phases captured a data transition. The CDR circuit compares the indicated
phase to the phase used to capture a previous data transition and uses such
information to produce a stable selection of a clock phase. The selected clock

phase is then employed to provide a recovered clock and data signals in
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15[0024] B To accomp[,sh at|east oneoftheseObJectS a Commumcat,on System e

20

plurality of multiple phased cl ocking signals, each
si gnal being phase shifted fromthe oscillator

cl ocking signal. The nmultiple phase generator is in
communi cation with the data capture device to receive
the plurality of nultiple 10 phased cl ocking signals,
the data capture device acquiring the serialized
digital data with each of the plurality of nultiple

phasassatiaioki Wih &h@ﬁﬁé(ﬁnihg setiab daka atrBhry, alThbYreBbvered clock and
acqui red multiple phased data signals. [0026] A phase

det egh@Isigrtals Bre PIBHOhEH IR it Ak 88 of FHeRagtalik WoRditions.
device to receive the recovered serialized data and
in communication with the multiple 15 phase generat or
to acquire the plurality of nmultiple phased cl ocking
Ssimmarsy ofttheohmsentienect or deternining if the
oscillator clocking signal is in phase with the
recovered serialized data and providing a | ead signal
[0920] a | agAsiohistt ofithidi inaémtitg ishiet rewidehe casmnlihiabiisn system that
cl ocking signal is in phase with the recovered

Ser i phd ZREKIMA dafh r@d¥viens Tirkiit WiHich Febdvet® TFEMRNTIREd QAta and a
with the phase 20 detector/charge punp to receive and

| ow paRdrdridibg clddie iRad th@%&%éﬂcy%fgﬁ%: ?Igglé vaR%E\PBely over a

a frequency adjusting voltage he vo
Contf'r&#de%% %g%{rlljrﬁt or. 11 [0027] The cl ock and data
recovery ST Rl urther includes a frequency
initializing device connected to receive a reference
k sigpal,  and in mmuni cation with the voltage
m@%ﬁfr of | Ancsast Phigelel 'E'f?p'l”&?@é?rt 5 tesrpyide %El?&kﬁ“%i da recovery
of lock of the voltage controlled oscillator to the
r ef HiEHidhal user avaltagegondgHed gseillator kg traek therdata | oop
sel ection device is in communication with the
frequency initializing device to receive a frequency
[ODRZ} ease Firthes) arottier dbject ab this inyention rislite provide a clock and data
whet her the oscillator clocking signal is greater than
or |resswdrytcirenit tHxe hhsfrﬁgﬂfﬁ%@ dUapikatidrgombr. The
frequency initializing device is further connected to
recei ve a synchroni zation | ost signal. The frequency
[0d83) ni ti ﬁ\?eﬁ Puglhgﬁvérﬁhérsoﬂgactcé’f' 'ﬂf%'lrﬁf@h{i&? iMd Prdvite a clock and
I [ ontro

OW pass [ter to swtch
data recovery circuit that over-samples bits for better jitter tolerance

particularly to asymmetric jitter.

transmits and receives a synchronizing clock and serialized digital data over a
communication medium. The communication system includes a receiver with
a clock and data recovery circuit for recovery of the synchronizing clock and
serialized digital data from a received communication signal. The clock and

data recovery circuit has a data capiure device which receives the

10



of the voltage controlled oscillator fromthe

frequency initializing device after initialization to

t he phase detector for recovery of the serialized

digital data and the synchronizing clock. [0028] The

clock and data recovery circuit further includes a

recovered data 15 selector in comunication with the

data capture device to receive the plurality of

vaUbélﬁﬁdﬁiﬂa‘tibﬁ!ﬁﬂﬁé]%ﬁ&j rdabvers| $iRALSHAREd | igital data. A voltage

conmuni cation with the nmultiple phase generator to

recej Ity Qf j I [ :
%(?/rgl,‘(ﬂltgﬁe%éi'ﬁélbﬂ by o‘ﬁ cdﬂ‘l}rﬁfnflzlaﬁ?ﬂhﬁﬁﬁdlh‘é 85%3 \%ﬁptgﬁe device to

sign recovered data selector selectin

T Y Ty p—

for 20 furth§r processi ng. The recovered data sel ector
has %W“F%Qg?'Bﬂégﬁﬁge term nal receiving a selection
source indication signal for selecting a node by

ich of plurality of acquired nultiple phased data

wh
s [0828hal s oM emillinietiseopeneratex ierinasommupigatiop wigh the voltage

10

15

20

further processing. If the selection source indication

12 seaytteglled mgicitlatas dot ieaeive rndrodrvert theoobeillatomatoghking signal to a
node, a jitter factor of the recovered data is
examplorditypoldmaultiple ppased afocking sigoala) ehsh efgnat Bsingephase shifted
mul ti ple phased data signals is selected based on the

j i ttfesmf 8RS dscillbiP28bcking SibpSK aTRe dRlRiple PHE8EY generator is in
circuit has a bit error estimator and 5

Sy NGyrRLARbLGN g@hﬁttﬁeto%"ta cApRPEBRICE RS ire&fi\\!\é fHt pRRality of muitiple

recovered data ector to receive the selected

| ' i ' d ; ' , -
bval et flooRf Sibfidstha [dHd SMIBG] 48 St the serialized
P ho el deta Wit 2ath o an@ mptaling b Huthidh Sinadag,abho signals to

signal to the recovered data sel ector to indicate
ahrtherteeluEalEy GF Aesuieg BNl Ased, sk Sopae saer
than a desired bit error rate. |If the selection source
i ndication signal indicates that the node is to be a

[082€] err orA pbase detagterisiin eanambhicalien avith the data capture device to

receive the recovered serialized daia and in communication with the multiple
phase generator to acquire the plurality of multiple phased clocking signals,

the phase detector determining if the oscillator clocking signal is in phase with

““the recovered serialized data and providing & lead signal and a lag signal

indicating whether the oscillator clocking signal is in phase with the recovered
serialized data. A low pass filter is in communication with the phase
detector/charge pump to receive and fow pass filter the lead lag error signal to

develop a frequency adjusting voltage for the voltage controlled oscillator.

11
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t hreshol d signal determ nes which of the plurality of
acquired nmultiple phased data signals are to be
transferred for further processing. [0030] The bit
error estimtor and synchroni zation detector

determ nes 15 whether the plurality of acquired
mul ti pl e phased data signals are in synchronization
with the reference clock and is not in synchronization

[0027Yi di NgThAECIBYINCARP HAA FRDBVERS Ciriif WaHhEL ihDIBdESLOP frequency
sel ection device, such that thé |oop selection device

SW T i iz Bgrdileg@’epééﬁnédt%t?gﬂg E)?ce[i\ﬁééed[)‘r’rgférgg%é ﬁ%(gcgq%‘i:gq'lal and in

Signal peamected 08 SR g
pefi TR Wil e Vb kAR osp1EE Pilpiovgrl o assist

of the pr.j.or art. 32 1g. 2 ]s,a functional block

ai agPEHTNoR o8 10sic AL Valtadk, aoplsBlal oROTtor 3 thg réfegpnce clock
Definition Miultimedia Interface (HDMtm_ architecture )
of t HENA fygingyjnitializatiars o\ Iqap splgction devjesds inricgmmunigation with
bl ock di agram of the clock data recovery and
syncthieofieguancynindializiogt dexice e se¢eive st freauen@oBuredsegsignal and
4 is a schematic diagram of the voltage controlled

osci #iécrease sigdal indicatihg wbletherlthe esgtiater alookingfsigrat is greater than
cl ock data recovery and synchroni zation circuit of

t hi sor legseat than.thg GeRpéndd glock sighat.c TéwBréquahcgdnititlifling device is
the data capture circuit of the clock data recovery

and RtAEhIcBRhEAEH OB fddefld b §fnchivbrizAtibre st Cﬁit%ne{l.oo"ﬁﬁé frequency
Fig. 6 is a schematic diagram of the phase detector of

t he iﬁlti%ﬁﬁ'ng HeRickU93 LofrgnicdibriRith Yﬁ% ﬂ{vﬁ ghé%rg[fgr to switch control

di agrans ITlustrating the operation o
and S RRaB8 TP O HeBlIafr shonf fic HEERHY SHESRIY Yovice atter
initialization to the phase detector for recovery of the serialized digital data and

the synchronizing clock.

10028] The clock and data recovery circuit further includes a recovered data

selector in communication with the data capture device to receive the plurality

of acquired multiple phased data signals and in communication with the

~_muitiple phase generator to receive the plurality of multiple phased clocking

signals, the recovered data selector selecting which of the plurality of acquired
multiple phased data signals are to be transferred to external circuitry for
further processing. The recovered data selector has at least one mode
terminal receiving a selection source indication signal for selecting a mode by
which of plurality of acquired multiple phased data signals are selected for to
extérnal circuitry for further processing. If the selection source indication

12



14 Fig. 8 is a schematic diagram of the operation of

t he charge punping [0038]for providing the contro

vol tage of the voltage controlled oscillator of the

cl ock data recovery and synchroni zation circuit of
this invention. [0039]Fig. 9 is schematic diagram of
the |l oop selection circuit of the clock data 5recovery
and synchroni zation circuit of this invention.

[ 0049bﬁélgmdib9tésstr%t the® @fodt ROtABE Y MdhRialPhiodRe et factor of the
of the clock data recovery and synchronization circuit

v oe e iR e o BRI e Rlurdli of scapifed muitple
dns PR M el PRESEBR R RRb T (TIC0k

for clock and data recovery circuits that provide
i.mplicit w power . consunption and snall area
(BR8] hav?[nfg ok’ 26 Aoy feroyBBr ArEUb S & Bitogwor estimator and
range of frequencies. The HDMt" has a transm ssion
5 dat aSyneheonizationdgteelor it eammebinatips with thegscpyrred Hiata selector to
comuni cation systemof this invention 15 includes a
cl ocleceivg the maleued eplyralijys tafmactizitechavullipksi piaeed data signals,
vol tage controlled oscillator (VCO to synchronize the

TMDSvdduate the sglectdd parylity idrgpqhired multiplesshateteddtarsignals for a
The VCOis a ring oscillator having serially connected

Cr OSiSit efOURIGCartl frbRY BBIHIBS @ RRkd, ftFisfer &-BR RrF tﬁr@@hold signal to
anplifiers has their output cross connected to the

' NpYhe r@éoﬁe{i@d fa2kd 8 eﬁﬂar%flﬁcﬁ&ﬁt@%ﬁéth@mé bit @Fror Té‘t% s greater or

last 20 dif erentla anp Ifier I's in turned connecte

10 to t]%%%r”tﬂ%sa 8%3&&? b. 'érf’&r r%'téf §f ﬁ'ﬂet Eé c%c?rm%htf ceSihdication signal

erentl a fiers edach
conne n ust 15 the, del of each differenti
anpl P ﬂﬁt %ﬁésmf)ﬂg 'fer’ l?gnﬁ'y |Bfer|£0?q>rrt5:tll\gﬁer§fn tﬁ% bit error
O antaeof the nmultiple differenti
an‘plth#q E]Jggnglh(ge s wipigh of the plureellty of acquired mu?tiple phased
data signals are to be transferred for further processing.
[0030] The bit error estimator and synchronization detector determines

15 whether the plurality of acquired multiple phased data signals are in

synchronization with the reference clock and is not in synchronization

- providing the synchronization lost signal to the loop selection device, suchthat

the loop selection device switches the low pass filter to receive the reference

signal.

13
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equal | y spaced multi phase cl ocks are generated. The

VCO is so controlled 5 that its output nultiphase

cl ocks synchronize with input data. A frequency

acquisition aid is enployed to help acquire Iock to an

i nput reference clock at startup. The VCO actually

oscillates at 2.5 tines input reference clock

frequency. Once the VCO frequency is close enough to
-l 0 r : the VCOis switched to

cﬁ?fa tr ({'ﬁgﬂéq §E6h|EnISWﬁé§he cl ock phase 10 is

adj usted by charging/discharging VCO control voltage

Srei th?F ¢ flics (AR a8k kT Op A iR ERTp PR muttimedia
i RodHILR RRledbreidl R biMbsence of dat a

transition for TMDS data covering w de variation of
data rate. Three tine over-sanpling provides automatic
(0052} et i ni Frig- Afrla Hinctispalddoclodiapramiobihe trangroittep and seceiver of the
jitter tolerance particularly to asymetric jitter.
An aldigh- Betimition Mujtimedia théertaxeo(HDMIThacshilecewre @f tthe prior art as
realize snooth transition fromthe input reference
cl ocdhdwreimEigcy. and the tim ng of the input data
transitions. [0043] The VCO of the clock and data
recovery circuit of the invention has an 20 advantage

0933{ . a dqil@)’ 3li Bﬁncﬁfdléﬁi%rrp bf ﬁ'fe 8lbkk 'd'été P@éovbﬂ?ar{@@yhéhromzatron

led”to track the data by a sinple charge puip

ci rcéfr&ftﬁtﬂ— %Fen'tlanno conplicated delay |ine control

cuilt permts much | ess conplexity, resulting
|n | ess 16 area and power consunptron There is no

e qu tion error since t k track he .
[OQQ?]Z an ar a §prr‘ﬁjpg{rcb lagggmeg gaéqecccprg coscillator and
dat a recovery can be easil y inmle rrent ed usi ng 3x
overmﬁ'é'ﬁﬁ RItpSs ganaraior phthedtloghk @@t@rrecgyﬁrgra@ﬁgynchromzation circuit
particularly tolerance to asymmetric jitter. 5 [0044]
Ref «f thisunvantieng. 3 for a nore detail ed description of
the clock and data recovery circuit of this
i nvention. The clock and data recovery circuit 100 has
[0035] Fig. 5 is schematic diagram of the data capture circuit of the clock data

recovery and synchronization circuit of this invention.

[0036] Fig. 6 is a schematic diagram of the phase detector of the clock data

[0037] Figs. 7a and 7b are timing diagrams illustrating the operation of the
data capture and phase detector of the clock data recovery and

synchronization circuit of this invention.

14
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a voltage controlled oscillator 105 that is conposed
of a serially connected ring of differential

anplifiers 106a, ..., 106n. Each of the differentia
anplifiers 106a, ..., 106n have their outputs
connected to the input of the succeeding io
differential anplifiers 106a, ..., 106n with the

outputs of the last anplifier 106n connected to the

[dozeyt s of Fighe iig §3f>hé7iﬂ£’ﬂid Bia%FarﬁQﬁQhe(agﬁ:r%tgog B}etﬁéu&r%g% pumping

of one of “the differential "anplifiers 1

g L}bffogkugﬁﬁﬁliﬁ?migg@g@; @ﬁt?ﬁg%gl)(%% g?lﬁa;%fdlxggaqn‘e@ d%_cMofr%'i‘ the clock
00451 T i i 108, | i

L oot S A HnRiPhRtdn St SERs et 1o

clock 115 of the HDW is used as a reference clock and
applied as a second input to the frequency o
m@%&act or / Hige? esthampaticidiagrane of thedepp éﬁl@@ﬁon giseyitof the clock data
conpared to the clocking signal 1'08 to generate
up/ deEaveryransk sysichraulizationTirgnid of thds inviestiom/ down error
signal 117 is applied through the switch SWL 119a to
the I ow pass filter 120. The |ow pass filter 120
[0DAOY er s gt he isip/bieskndiagramn of tlgnbit sklettdéroofrthowiteskadata recovery
hi gh frequency content to create the oscillator
COr rg sythvénizam dirddit of Bifls @feintibat or correction
voltage 122 is the signal that adjusts the delay of
each of the differential amplifiers 106a, ..., 17 106n
to adjust the frequency of the cl ocking signal 108.
Detailedbescriptiont ef the/Invantiopunp 110 provi des the
initialization frequency of the VCO 105. The VCO 105
actually oscillates at 2.5 tinmes input clock frequency
[0pé%kel clloclcobdrbunioatidrise $yikérne aophi @t ithe. TansiGén] Minimized
The cl ocking signal 108 is also applied to the

mul tDiferertBRSRINGENG (PMDS) dutd anbli sibcldeaireps of the HDMI™, there is
mul ti pl e phase clocks +[0:11] 130. Referring to Fig.

i . . TR
| ,é Flig%cf@li'élp&bék %ﬁdltcﬂﬂa YeEdvRirg %lir%:gi'(tjs EHOHE éﬂirﬂ'ﬁé %irﬂlﬁﬁgf?ty, low power

. ~of the voltage contLo O at or
| 2C\epRBAIER FRCOER 3R gl Yo IR ol o o road

The rgH&;é ' lfPeq%gﬁgi%s.c | 'PI%( ST E}lta%ra transmission data rate that varies

from 250Mbps to 1.65Gbps. The communication system of this invention

includes a clock and data recovery system that has a single voltage controlled

oscillator {VCO) to synchronize the TMDS data using a binary (bang-bang)

phase detector. The VCO is a ring oscillator having serially connected cross
coupled differential amplifiers. Each of the amplifiers has their output cross
connected to the inputs of the following differential amplifier. The last
differential amplifier is in tumed connected to the inputs of the first differential

amplifier. The differential amplifiers each have a biasing connection to adjust

15



10 125 is forned of the buffer circuits 127a, ...,
1271. The inputs of the each buffer are connected to
the appropriately phased output of the differenti al

anplifiers 106a, ..., 106f. The outputs of the buffer
circuits 127a, ..., 1271 provide the nultiple phase
cl ocks +0 130a, ..., +11 1301. In the illustration of

Fig. 4, as shown, the ring oscillator of the VCO 105

cont B delal f @ath RAiffSteh@A! drfipBEPlanbli RUS tHdf@quency of oscillation of
106f serially connected output to subsequent ‘I nput.

Wt hyndhecput puts of the last differential anplifier

106f crossed connected to the inputs of the first

differential anplifier 106a. The out of phase out put

he lagt djifferential anplifi 106f is ,connegted .

@2 ne 1A dyanfee " Po AMtpl diteeuli andfiornar fig YOO is that
phase cl ock signal 40 130 ind t he subsequent in phase
out pBfallyr spasepipuliipnage &ﬂ%q slargganerateds iy CO is so controlled
106e _are connected to the buffer circuits 127b, ...,

5 127f thghdtsoeteub prutnhase seleeks syprthreniga avith input 3tata. A frequency
..., 5 130f. The in phase output of the |ast
di f f agquisitien aithis| empleyed d6 helpsacquireclotie do wo inpgt reference clock at
seventh buffer circuit 127g to devel op the seventh
phasstantupcKihel GO acudlBp psbillates dthg.ss dibssugpit fference clock
of phase outputs of the differential anplifiers 106a,

Co ,fre%&ﬁ% ar eneenheVed freqidicypitf Eieke drictidht ® thé/Besired clock
.., 1271 4 d “) g I 17

and devel op the phased cl ock signals

130k Xk VG0l j 8

mul t {%(Fueengﬁhse %ﬁgocﬁs 4 g&i{ qf%%“?\%”? E)p?:?tig V{@Ch Eﬁ?ﬁlg(;k phase
dat a.c Vi . : -dat\a~j 40 .St

0 Bt ecAlotel B7 rfadRinchafiifig FoOnBYbds ol BBcbithg to the
chanpel s 15a, ,15b, a 15¢ ITMDS link of, Fig..2 U .,S
b oS $8r SEbVeeddbn i Prd dBtl Gptay ErBsiihs oy A bang-bang
reference, il]Justrates the structure of the data .
captRIFaseqEgiector Wit [dynagYic gaiseentrol 1a 1Biragdieed kqy ensure minimum
schematic of the data capture device 135 is shown in ]
Fi g. V& fsequansy ghifindhpalpsenge of data ransitiers faf TMRS data covering
| atcher circuits 137a, ..., 1371 that are simlar to
t hoseidehwatiation cludetaenagfeet Thiree Time iovpusanigting Itovides automatic
applied to

15 retiming and bit selection flexibility for better jitter tolerance particularly to

asymmetric jitter. An auto-scale frequency detector is incorporated to realize

___smooth transition from the input reference clock frequency and the timing of

the input data transitions.

[0043] The VCO of the clock and data recovery circuit of the invention has an
20 advantage over a delay line of the prior art in that the VCO is controlled to
track the data by a simple charge pump circuitry. There is no complicated

delay line control circuit which permits much less complexity, resulting in less

16
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the data input termnals of each of the |atcher

circuits 137a, ..., 1371. The nultiple phase clocks
+0 130a, ..., +11 1301 are applied to the each of the
respective clock termnals of the latcher circuits
137a, ..., 1371. The latched 15 data LDO 145a, ...

LD11 1451 is presented respectively at the output

termnal s of each of the latcher circuits 137a, ...,
1371 ard DA boRRl BbRsMAPLich. FiTlercdis Ad1Bhas §054tiZ8@bA error since the
LD 0: 11] 145 fromthe data capture device 135 1s

tr anﬁfo.%f(rﬁ?%ﬁsglt%&%gi’:{%%%s%%lgm %ﬁﬁg%azt; ef,ﬁgglﬁ)barﬁgg%% nfé)r the data

Ref erring a di scussi

phas Lt f the. e tor ..
P e REeAT pERERLE eniaq i 3% v BEpH GRG0 Betier jitor
are input to the exclusive-OR circuits 155a, ...,

155ntoliRgCe 8@8%‘@6’&9‘?3@%01%8??“?‘."9,J'ﬁEbl| 1451 are

conpared pair wise with the adjacent |atched 19 data

and the differences in the periods when the |atched

[ LDo Refsg now to Fig) Bfar a mere detailgr ideseriplipreefitbeslock and data
the exclusive-OR circuits 155a, ..., 155h to be

act i vetoxdry airaelitl efitbisddvention. LD@ tloSk aadddai@zedeMsry aireuit 100 has
conpared with the |atched data LDI 145b. The | atched

dat aalhidBadd wbntotled Risclldtdr 105 tHat de roaimdedi dfhatdeeially connected
| at ched data LD4 145e. The | atched data LD6 145g and

LD8 AAG bf dﬁ@r@@éﬁ%ﬁéﬁsﬂbd&]@..] PO6H) EE abif of tH HiffbAdritial amplifiers
The latched data L 145) and LD11 1451 are conpared

W t h16i‘§ | at@pedn aﬁéﬁé@?ﬁfélﬁonﬂgﬁed [0 @ﬂéi.ir?ﬂtﬁr[l));flﬂ'@aéucceeding

occur ween t he t ta LDO 145a,
1451 ;. . 4 t i .
L SLBRARAL s apL! S L8 GOS8 ot amotir 100n

nput gt o hadds of B apmpiiefbed 3o B Bl Gutputs of one of

di fferepces hetween th air wse |atched datag L . .
145at,?'e.&‘%?feﬂﬁ'lafﬂﬂ'%@f%ﬁggﬁmcﬁ@gnkﬂre-t ‘ﬁ@?%ﬂﬁﬁp|@|eé38§“) is applied
F1 130b, ~4 130e, +7 130h, and +10 130k. [00491 The

phast® & buféardnakishawe) anghbesarses the deelfieg sigbal Ho8.ween

the | atched '

[0045] The clocking signal 108 is applied to the frequency detector/charge

pump 110. The pixel clock 115 of the HDMI™ is used as a reference clock and

applied as a second input to the frequency detector/charge pump 110. The

“pixel clock 115 is compared to the clocking signial 108 to generate upidown

error signals 117 and 118. The up/down error signal 117 is applied through
the switch SW; 119a to the low pass filter 120. The low pass filter 120 filters
the up/down error signal 117 to remove any high frequency content to create
the oscillator correction voltage 122. The oscillator correction voltage 122 is

the signal that adjusts the delay of each of the differential amplifiers 106a, ...,

17
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5

15 data LDO 145a and the | atched data LDl 145b in the

data |l atch 160a and the | atched data LD2 145c and the

| at ched data LDl 145b in the data |latch 160b. .. The

phase cl ocks07130h captures the differencebetweenthe

| atched data -- - - - LD3 145d and the | atched data

LD4 145e in the data | atch 160c and the | atched data

LD5 145f and the | atched data LD4 145e in the data

| at chodROE- adfist! life RARRBNEY Qﬁkﬁle“'&lgcﬂ'l%%e&?ﬁﬂt '1095 ti'H@ frequency

di fference between the | atched data 45g and

| 2t CREeRRIRal, phife 110 Arifces e, Al %%%Béﬂﬁa@%’fof the VCO
capt A78e VRGO TER anBdn] B5RAS & 2 T Brdlpdiiex frpmoncy pbel
1600°RAH 19 Rdor Ped AUl aPiealBn 1451 and the | atched
data LDI O 145k in the data Iatch 160h. The outputs of

the data ] atches 160a, 160c, 160e, and 160g provide s
[Q046] i ndi c ke slecking: sigmal 1isialep eppliarkto,tie: myliple phase generator

controlled oscillator |eads the data input 140.
Conv¢23 elhjich dénelaps fhetraultiplet preaseadiecksalij0 1143 1300Referring to Fig. 4,
160d, 160f, and 160h provide the indication that the

phasihetd Lﬂf)ut%rtﬂ NS HifReent P BRpAfib ™ 063S Cl. | 1 6BFAT thé98Itddiecontrolled
data i nput 140. [0050] The bang- bang phase detector

150 §é€flfaﬁ\i\glslnefa8f brob el é%ﬂ%g dihe I'IlngtIJ E@ﬁggg %ﬂ?;g(tg as inputs to

transitions mnimze

Idzt \é@‘{ B@BI@"% Eﬁ%ssé ?%k%aengﬁéé Ga 5 b@;}hgnﬂﬁ‘ﬂﬂ%gﬁ%?g clock generator
" STEA s Kt oF T PSR SR B oS e S g e cach

uses lve bits of the sanpled input data 140. and

t wel Wﬁeﬁqﬁra P9”@%%%d°ptﬁ?§séfépr9p6%ﬂ€]ys|P!j'ﬁ§% Qufput gf the differential
130a, ..., 4)11 1301 to ensure the capture of every

t r an@inplifigs 1068, np) 06F.r difier out@utfgowhe buffar ICEGldih?e§273 ceey 1271
170a and 170b after the OR gates 165a and 165b is

. I ntprodidectietrultipleaphassl tlgcleuppriddagal, npett 18@lh In the illustration of
transitions and reduce VCO

Fig. 4, as shown, the ring oscillator of the VCO 105 contains six differential

amplifiers 106a, ..., 106f serially connected output to subsequent input. With

the outputs of the last differential amplifier 106f crossed connected to the

_.inputs of the first differential amplifier 106a. The out of phase output of thelast =~

differential amplifier 106f is connected to the first buffer circuit 127a to develop
the first phase élock signal $0 130a and the subsequent in phase outputs of
the differential amplifiers 106a, ..., 106e are connected to the buiffer circuits
127b, ..., 127f and develop the phased clock signals ¢1 130b, ..., ¢5 130f.
The in phase output of the last differential amplifier 106f is connected to the

seventh buffer circuit 1279 to develop the seventh phase clock signal ¢6 130g
18
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jitter as a result for wide range of data rate
variation. The |lead signals from the data | atches
160a, 160c, 160e, and 160g are the inputs to the OR
gate 20 165a. The OR ed |l ead signals are the clock
inputs to the latch 170a. The data input of the data
| atches 170a is connected to a |ogical one (1) such
that a transition of the | ead signal causes the |ead

pul s@ndIRa shiBsdfieht blivétt &%se-@iﬁ‘putk Qﬁ%é’&#ﬁéﬁ‘erﬂt@?ﬁnipﬁﬂers 106a, .

the input to the inverter 172a. The out put of

| NVebgE drb ddifbctel &Q%Pé Wifer ! QrcuflE 12AE" °f12{1ﬁ%;8:a’d@velop the

| at ch 0 | nme reset t a Tat

o A Bk Rl S TRl L0, 1000

The OR ed lead signals are the <clock inputs to the

| at ch 170b. The data input of the data latch 170b is 5

[ ect edReturaingdgifigl 3.0he mulfipeusttasehedocks ¢[0atti t30oare inputs to
of the lead signal causes the lag pulse 152b to be

act i ¢ ddta Ehptur@gievides ©33.52Phe Sidtdenputp140 ti® théden bit serialized
inverter 172b. The output of the inverter 172b is the

| npukné®Idd @atatisth oble dftRe diRd @hhAddlS 1540456 0and 15¢ TMDS link of
i mmedi ately reset the data |atch 170a. [ 0051]

S, U2 U, PR e e b O, Trey fren by
140 0 S, 1 ST AR T b 195 n o

t he,rel i ve, posi.tio

ot 2GR A SR Ssbomant of Bic, e Sanie Reves a&S is shown in Fig.

capt ur by the ase clocks 01 130b, 04 130e

130h0- The dato ceabe deviasanckles ek dhallatehariicHits T 1§§ea 1371 that
..., 160h to generate the Lead signals 305a, .
305darendimilaetq thgse ishawndn Sunsheng et ab10ke inpt clataat 40 is applied to
OR ed and Latched to generate the Lead Pul se 152a and

t he lhegdatal inputl E2mingdlo @ Zachhef theaidtqher sarclBRd3dad .. ad371. The
pul se 152b are the inputs to the charge punp that

pr ovinditipld phass Giddkatel 1804, ECtPN 1801 brdappRed tdthe each of the
adj usting the
respective clock terminals of the latcher circuits 137a, ..., 1371, The latched
data LDO 145a, ..., LD11 145l is presented respectively at the output

terminals of each of the latcher circuits 137a, ..., 1371.

[0048] e Retummg to.. F|g3, the |atched data LD[011] 145 fromthe data

capture device 135 is transferred to the phase detector/charge pump 150.
Referring to Fig. 6 for a discussion of the bang-bang phase detector portion of
the phase detector/charge pump 150. The latched data LD0O 145a, ..., LD11
145l are input to the exclusive-OR circuits 155a, ..., 155h. The latched data

LDO 145a, ..., LD11 145] are compared pair wise with the adjacent latched
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vol tage controlled oscillator 105. Referring to Fig.

8, two charge punps are 20 inplenented with their

out puts connected through the switches SW 119a and

SW2 119b to the input control termnal Vc of the | ow

pass filter 110. The first charge punp is

i ncorporated in the frequency detector/charge punp 110

and 22 is controlled by the up/down signals 255a and

255b gatdl ahd 8hé @FRiEncdtindfe puHBAs! Whe B RERILEata DO 145a, ...,

t he phase detector/charge punp 150 and is controlled

by t 1 _ h3].
'l?ﬂgiaﬁlgﬁéoﬁﬁfé&ﬁgeﬁ%%ﬁqg% gkgg§l e-OR Ladliitd R854 . 135h to be

initia _ _ a recovery circui
Che SRS BT A8 I8 BRARLORHAEE Y8 cBifdditea with the
e e alafs Tl dhshn: 134 lichs! dala T3 3458 SR Los 1ast are

incor@aorat ed in the frequenci det ector/charge&np

110 SAMpared withrbe daighediiain L 1A%s.i dhadpiched mata LP6 145g and
at the frequency of the data the switch SW 11 9a is

openkD8 BFcare: eampargdgwith she iatphed clate bDTt #46h.n Theelatched data
frequency detector/charge punp 110 to a high

i mpetB9ckis) eatd Divd145larswongrar&y\wvithithe latshed datad B18145k. The
that the VCO 105 is controlled by the data frequency

det etrbinsitiohatipet ptog Het@eehhihec icigrl datiDO 145a, ..., LD11 145|
incorporated in the frequency detector/charge punp

110. apb&ar bt R eifutdcde e lexdiLGIVECORT airQfitst H854 P/ dOWBSg.  The
signal s 255a and 255b that 15 indicate whether the

fr eqHGl:}bﬁtYshQIf tHRSSId I d-OR eiﬁ'cdif%e‘r é%oogﬁﬁ@ .alrélar_ElZe 8hta inputs of the

greate an the reference pixe

up/ d i I 55a 2 . ' .

of 0s ABHBIEEE 308" S s cPike GHRRIERS HEMedth AR AlEyipe ratched
di scqonnecy. t currept sources 250 and 265 to the | ow
pasc Ry 00 1Bt EBAvTAR SR 4360ed Byatherisser doston 130b, ¢4
vol tage 122 to the voltage controlled oscillator 20

105. 1300 %7 130 andnd Of t30kency i s approxi matel y equal

to the frequency of the pixel

[0049] The phase clocks ¢4 130e captures the difference between the latched

data LD0 145a and the latched data LD1 145b in the data latch 160a and the

latched data LD2 145¢ and the latched data LD1 145b in the data latch 160b.

...Ihe. phase clocks. ¢7 130h. captures.the. difference between. the latched. data............

LD3 145d and the latched data LD4 145e in the data latch 160c and the
latched data LD5 145f and the latched data LD4 145e in the data latch 160d.
The phase clocks $10 130k captures the difference between the latched data
LD6 145g and the latched data LD7 145h in the data latch 160e and the

latched data LD8 145i and the latched data LD7 145h in the data latch 160f.
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reference signal 115, the switch SW 119a is opened
and the swtch SW2 23 119b is closed. The | ead pul se
152a and | ag pul se 152b respectively open and cl ose
the switches SW 275 and SWB 285 to connect and

di sconnect the current sources 270 and 290 to the | ow
pass filter 110 to provide the oscillator correction
vol tage 122 to the voltage controlled oscillator 105.

oot dSPTRE U BF 13baebirey 78 diRies Befidon fhe fatched data
Iéeﬁﬂﬁcﬁﬁ%?éeiéﬁ% ﬂ%t%ﬁ@%@?@f@é&aﬁ%h %Eﬁi‘éaiat'%ﬁ' Wg and the

t he cl i ve- is the contr ol sgg]nal for

swi ¢ Bichasb daigsL H i 81dh '@/@aéb%d jdata éWeMﬁ'ﬁdn fe data laton
closed to control the charg ? of the capacitor C, 215

by t A€0ho Ulﬂp@iiﬁ)ut%@mh@edat@ola ajvesnl 60ae W@qdﬁﬂ@yam 160g provide
the VCO 105 is not equal to that of the pixel

r ef etheniwlicatiookthatl the phasing/ efothe eoltpgel cortEsledanstiliableads the
are different and the swtch SW) 205 is deactivated

and dat iopplatdd.oCoflerdily, tiee outipatsoeftthe \$adan ldtbiecs/ 06018,0160d, 160f,
present on the capacitor Cl 215 is greater than the

t hr esh@ | 1600 pidedd thé endiddtion svitt e Siding 9 tﬂ@tw@bedcontroued
di scharging the is capacitor C2 225 setting the cl ock

| npubsdimatbPRg inaQHpal"‘ﬂTdo a zero level. \WWen the
synchronlzatlon ost signal 187 is active, the
flip-flop 240 is reset andthe svvltch sel ect signal

OB, R S, SR A e v o

cont d osgqil | IS, . ontrolledb the fr c X
ot o LHIEIS andPed TS i1 BHic TeoBHBTS VIRE M I4sE) dbfndeta rate is
si gnal s 255a_and 255b fromthe frequency ) .
det e¥@'bleharlge [AaRp 98I 9fnthe daagr ﬂﬁ'@s‘f»‘r@‘a@@%yfs transition
of the clocking signal 108 of the VCO 105 is nearly
equadlependanb whigh leadsf tor dramaticl arlationsn leopegain and results in large
di fference of up/down signals 255a and 255b becone

ver yjitemamherantintthe VCO 105. The phase detector 150 uses twelve bits of the

sampled input data 140 and twelve equally spaced phased clock signals ¢0
1304, ..., ¢11 1301 to ensure the capture of every transition. A simple circuit

using two data latches 170a and 170b after the OR gates 165a and 165b is

~introduced to. dynamically. suppress gain.at high transitions and reduce VCO ... ..

jitter as a result for wide range of data rate variation. The lead signals from
the data latches 160a, 160c, 160e, and 160g are the inputs to the OR gate
165a. The OR’ed lead signals are the clock inputs to the latch 170a. The data
input of the data latches 170a is connected to a logical one (1) such that a
transition of the lead signal causes the lead puise 152a to be activated. The

lead pulse 152a is the input to the inverter 172a. The output of the inverter
21
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. [0052] e lead pulse 1523 ard Iag pulse152bare themputsto e charge .

20

switch SW 205 is closed nore often and the capacitor
Cl 215 is not charge sufficiently to reach the
threshol d of the buffer 217. The switch SW0 220
beconmes open and the capacitor C2 225 is charged to a
vol tage greater than 5 the threshold of the buffer 235
and the logical 1 is clocked through the flip-flop
240. The switch sel ect signal now deactivates the

SWi t qiz2g\¥ tHel bR th@fddel ¥F 8fe WG RIH théﬁ?(@ irﬁfr%?;}aﬁ@ly reset the

that the oscillator correction voltage 122 is

oo P BFPTO8 TO R sSRREIAN GO PR Atk g, reon and
the M8PAiALS 0k eftaE e ORGarS Y, e GR e et sBRlls are the

Returping to Fjg, 3, 0nc he VCO 105, ha chi eved .
Sy nc sk oo’ the 1Ch frdibog T SR 1§ DRsa@ latch 170b is
transferred to the bit selection circuit, 180. The bjt

sel e&PNRRFIRY (e gilodicgbong 61 sushnibata tensiisarefithedeadhsignal causes
are set by the npde select signal 182. The nobdes are

a maihfalagopdisat152b Whbeeadiivategxt Ehadag qulsaulb2b is the input to the
eval uates the jitter characteristic of the operating

cl oclavartdr 1d2ba Thecowtpuly otthecinvérieratit2kais the input to the reset of the
auto-optim zed sel ection node for optimumbit 15 error

r at edatBlatoieri0aad isnmatiatel resetiheants tatsleH 204 ed

automatically to cope wth asymetric jitter based on
feedback froma bit error rate estimtor and

hr oni : . t 185 _ |
IGOEAE "ot Refenffig 161F3G5 A8 Al 2, ther Pple e i poret 11 120
ves a sel the | atc

185 ej ected set hed t '

Loy ol H e BodaBeaCipatl RE 170 b rdeneRaikdeaelifsl ety ILDOLD11]

bi t $rror control 20 signal 187 to the bit selection .

ci rcifd- 186 oulBUS:PL O Hie Sxgrzive b eiredis 1asd \p215oh determine

182b determ ne the nmet hod of selection of the |latched

dat atheppintive|positpnsif the gataped ickickiphases. ddwearalativeupositions are

190 for transfer to external circuitry for further

pr ocesturegl. by thet hteager edeky ¢ 130b, ¢4 130e, $7 130h, and $10 130k in the
latches data latches 160a, ..., 160h to generate the Lead signals 3054, ...,
305d and the Lag signals 310a, ..., 310d, which are OR’ed and Latched to

generate the Lead Pulse 152a and the Lag Pulse 152b.

pump that provides the oscillator correction voltage 122 for adjusting the
voltage controlled oscillator 105. Referring to Fig. 8, two charge pumps are
implemented with their outputs connected through the switches SW1 119a and
SW2 119b to the input control terminal Ve of the low pass filter 110. The first

charge pump is incorporated in the frequency detector/charge pump 110 and
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enbodi nent of clock and data recovery for an HDMt",
the data is deserialized 5 into four separate output
signals for decoding and recovery of the pixel and
audi o data. The pixel and audio data is aligned with
one of the twelve phased clock signals [40:11] 130
The selected clock is chosen and transferred with the
recovered data. [0059] If the node sel ection signals

M51 @%w%d“ﬁ?tﬂ@aﬁldow Q?hﬁ!stiﬁa hRE 258BNAYd the second charge

selectlon is to be used =Hi gh), the external

g‘é?le OiE |ﬁéor%5\‘%lted int tb% é)h%gge Secﬁtglz?l'lﬁ%r e?ﬁh‘ﬂ) 159 ppd is controlied
28525’}’ 'i? hgﬁﬂfa}%ﬁ%ﬁ o aecﬁ%Sabat“’SZLégzb'si, *tbs

145f, LD8 1451, LDl11 1451 are transferred to the data

%(gitsiut te[Jm nal s 90, Alternately, if the node

[ ctio QPQnH]” getiors0f the deek 1and qaﬁ@l tagovery circuit of this
(low), the latched data LDO 145a, LD3 145d, LD6 145/g
LDo1uwpntieny theasharge pymp mcprmra@dalnotmepmhaaeedetemr§harge pump
190. [0060] If the node sel ection signals M5l 182a and

VB2 13Qlis isatitccathigh irapeddnee $tate withdhe rsatitech SW2 119b being open.
optim zation node is to be used (MSl=Low), the bit

er r oThe MQ® dio5 is trgzadont@ied bywhdege pbmpsatapbraiad @i the frequency
the latched data LD[0:11] 145. If the bit error

cont détlec&ir&hﬁigelﬁl?mgsi ﬂﬁbre)lgoAﬁe}rWélggWan( HeOVCO is eg)proxnmately
| at ched data LD2 14 145f 1451, LD11

ar e { RBSF&R]UcREy bf tﬁ{&aﬁath@ &@%Me‘f‘fﬁd@ néa% ﬁlei 819 charge

It error contr S|gna I's set tO oglca

(Lo 0 6 1

145%“Tf_’>9%f§§;°?§§§ rgﬁes erreaa?(aetj( ‘L’igﬁ‘é‘ljtﬁka?é’guf’1 op ¥ to a high

ternminals 190 00 In.s Ve rat o

hi o @W?&wt%an?%ﬁéwatcﬁ%é H19bf RIS e vcO 10515

synchr oni mg Lock and serialized djgital data from

r ecefQniplied Dy the data frequency detector/charge pump 110. The charge
pump incorporated in the frequency detector/charge pump 110. The
frequency detector 110 generates the up/down signals 255a and 255b that

indicate whether the frequency of oscillation of the VCO 105 is less or greater

than the reference pixel clock 115. The up/down signals 255a and 255b

__respectively open and close the switches SWs 255 and SWs 260 to connect

and disconnect the current sources 250 and 265 to the low pass filter 110 to
provide the oscillator correction voltage 122 to the voltage controlled oscillator

105.

[0054] When the frequency is approximately equal to the frequency of the pixel

-reference signal 115, the switch SW1 119a is opened and the switch SW2

23



conmuni cati on signal. The process begins by receiving
t he communi cation signal and the synchroni zi ng cl ock
that acts as a reference clocking signal. An
oscillator is initialized to the reference cl ocking
signal to assist acquisition of |ock of the
oscillator clocking signal to the reference cl ock
signal during initialization. The serialized digital

dat a1H8blig GUedThE GeAd BAISEOTBRINERAIAP Puls® P5EH Péspectively open
The oscillator clocking signal is converted to a

pl ur %bﬂtc‘foééf th@"év@iio‘l’r‘eﬁﬁ%?ﬁ‘rjaoﬁ ?g\ga' oscﬁ ?cg?loer%t aR@dksconnect the

signal bel ng phase s

cloc Elhﬁgnt§§lcgﬁ§+ssz'f§ %pﬁ lg#bﬁtlg'ethg @g pgglﬁgltgr{ $1¢Eo:§%%ide the oscillator
e s o B .

t hen synchroni zed to the received is comuni cation

signal. The oscillator clocking signal is determ ned
s 9999l

10

15

20

i s The lgnpseledipt A78. s shawy B Big. Seracgiviesdbie gp{down signals
and providing a |l ead signal and a |ag signal
i ndi ¢47a rapdaidTheromhtheofrenuenaey detdotorkihagge ippmap 419, which are
in phase with the recovered serialized data. The | ead
and hpgjiesi pnthesinputs dfithe dxoluspesNOR 20@r gdhet cutpetvel e exclusive-
a frequency adjusting voltage for the voltage

cont NOR 200 @stHd ¢aritl signdPfofRe @witth8W, R0S! dthiet sivithh SW, 205 is
acqui red multi ple phased data signals t%at are

SYNCHSHUE 8fd t Qoddie td"déf‘nﬁbi t% %afﬁg)’lléé io?'tﬁe%éﬁ%ggort C1 215 by the

cl ocking signals are selecte to trans

ext eg, ntcsi.oru?éﬁ;ﬂzﬁd f\lgpe{l #Eaé ﬂ'ﬁéué‘ﬁ&?&ﬁﬂgr\%oz‘?()é %Oﬁ&] equal to that

The sel ecting I ch ralr’ty or acquire

mul t | pl.e ed. dat a ign re synchrani zed,i

cont Phitfe. B8] 7retdich ptsh "B, Bk "kPER: SERAE! 258 and 255b are
The sg@urce indication sjign .sel ects a node, by which .
of p P&qﬂ?@'@&hea%wfﬁn s ﬁéﬁ i sfe@ctﬁf%%%anaathsyf@paﬁﬁ@rsm 215 is
are selected for to external circuitry for further 5

pr oc@¥¥ged. Whenr fae yeltage ippesant ancihe eapagior 6n Zi5yisagreater than

i ndicates that the node is to be a manual npde, a
jittiee theeshold of theduffer @A, evittht SWis 280aactivadeddischarging the

capacitor C; 225 setting the clock input to the flip-flop 240 to a zero level.

When the synchronization lost signal 187 is active, the flip-flop 240 is reset

_and the switch select signal 117 is set to activate the switch SWf 119aand

deactivate the switch SW2 119b such that the voltage controlled oscillator is

controlled by the frequency detector/charge pump 110.

{0056] When the up/down signals 255a and 255b from the frequency

detector/charge pump 110 indicate that the frequency of the clocking signal

108 of the VCO 105 is nearly equal to the pixel reference clock 115, the
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first grouping of the plurality of acquired multiple
phased data signals is selected based on the jitter
factor. If the selection source indication signha

i ndicates that the node is to be a bit error control,
a second grouping of the 10 plurality of acquired
mul ti pl e phased data signals is selected as a function
of a bit error rate for further processing. The a bit

er I Okiffedéfced bof WpRdeh &5l Ps8habhd Y2558f béé‘cﬂﬁé Ny small and the

mul ti pl e phased data signals is estinmated and

I ndi gahed SWQ 5?3 he c]d%'eH rﬁf)fe%ftéﬁtaﬁgttﬁé‘%[)?&tosr' (9{1?115 is not charge

whet her the b erro esser

203‘3?%4@%%95? frﬁsg'{sﬁé?tﬁfe&é?@{ i B putey BYE S S ey SWae 220

[ nchronlzat n with th ere ce clock a
ot PROUDRR oPBR i 1B, FanadtinCe 225 1% eBsiast) (9a yoRagq greater than
tor celve the reference clocking signal. [0064

i
o & e tpessobg o the st 238 AN UR dpoipa hisylogiag through the fiip-flop

described with reference to the preferred enbodi nents

t her €60, The iwilchbeelesldsigpab bawbgeadivsgies2ihes Rivittle SWA 119a and
the art that various changes in formand details may

be maclivaied theuswitaleS¥V2 fAgb fsodivat the eswiltator eordectioopwltage 122 is
of the invention. 28 1 CLAIM5 2 1. A clock and data

r ecothenyconirolied by ftiss phasedetertapichargeyparhp as0zi ng cl ock
and 3 serialized digital data froma received

comuni cation signal conprising: 4 a data capture

[odBY| ce Whiefy, I’ﬁlﬁg &b ‘ﬁ? Z§ ablgtl:éé Iﬂ‘éﬂ{l}i@ a"’]bi‘j‘}%hsségﬂé\llec? F?nghronization

recovers sald seri al a voltage

Con:tlrI}%LIl f‘(g}e‘asﬁéetlalt%bgfﬂwagg g%“fl%fsr’l%?%t e%Ptthﬁ Bg%e?e&%hacwcwt 180.
i gn%e Bi"S rfeé]tlrt])lnzc(?‘l(rjlcut'fto1 éfl has two modes of operation that are set by the
mode select signal 182. The modes are a manual operation where an
external circuit evaluates the jitter characteristic of the operating clock and
data recovery circuit, and an auto-optimized selection mode for optimum bit

error rate. The desired sampling location is selected automatically to cope

with asymmetric jitter based on feedback from a bit error rate estimator and

__synchronization detection circuit 185. The bit error rate estimator and

synchronization detection circuit 185 receives a selected set of the latched
data LD[0:11] 145 evaluates the bit error and feed back a bit error control

signal 187 to the bit selection circuit 180.

[0058] Referring to Fig. 10, the bit selection circuit 180 receives the phased

clock signals [$0:$11] 130 and the latched data LD[0:11] 145. The mode
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“0060] I the mode selection signals MS1 182a and MS2 182b indicate that the

20

recei ved conmuni cation signal; 9 a nultiple phase
generator in comunication with said voltage 10
controlled oscillator to receive and convert said
oscillator clocking 11 signal to a plurality of
mul ti pl e phased cl ocki ng signals, each signal 12
bei ng phase shifted fromsaid oscillator clocking
signal; 13 14 16 17 18 19 20 a phase detector in _
comMgBicefibn iyniist MSHNEB ZiPhid MBZ ¥82b deldrfrind the MBERIAVSF selection
said recovered serialized data and in comuni cati on
W thof %3 thiehed halaCL BRRY hi3sRindid | 1
pl ur gl ity o@gnuij?qap%etwpﬁjagggq@?ggﬁ? ngSsi gﬁr?a{ g,da;tgicg.utput 90 for
phas ctor Lol g, 14 Ssaj oscill at or
Ol oo TRHSTE i el TR for lrber GBfcesBhBy 1n the preferred
serial i,zed at.a, and viding a Lead signal .,and a .l -
= gnameAme R st dita rebehy 1 BERA 5 daRgs Hseriaiized
signal _is in phase with said recovered serialized .
dat a/NtQ feurgeraraie oyipul sigagls,tos dacoding: and, recovery of the pixel and
communi cation_w th said phase detector to receive and
| ow BHdis datat dheduixel andzaudie gata is aignedwdth eng ef thedwelve phased
to develop a

clock signals [¢0:¢11] 130 The selected clock is chosen and transferred with

the recovered data.

[0059] If the mode selection signals MS1 182a and MS2 182b indicate that the

manual selection is to be used (MS1=High), the external evaluation of the
jitter determines the data selection by toggling the mode selection signal MS2
182b. If the mode selection signal MS2 182b is set to a logical 1 (high), the
latched data LD2 145c, LD5 145f, LD8 145i, LD11 1451 are transferred to the
data output terminals 190. Alternately, if the mode selection signal MS2 182b
is set to a logical 0 (low), the latched data LD0 145a, LD3 145d, LD6 145g,

LD9 145j are transferred to the data output terminals 190.

bit error rate optimization mode is to be used (MS1=Low), the bit error control
signal 187 provides the selection of the latched data LD[0:11] 145. If the bit
error control signal 187 is set to a logical 1 (High), latched data LD2 145c,
LD5 145f, LD8 145i, LD11 145l are transferred to the data output terminals

190. If the bit error control signal 187 is set to a logical 0 (Low), the latched
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frequency adjusting voltage for said voltage
controlled oscillator. 1 2. The clock and data
recovery circuit of claiml further conprising 2 3 45
6 789 10 11 12 13 a frequency initializing device
connected to receive a reference clock signal and in
comrmuni cation with said voltage controlled oscillator
enpl oyed to assist acquisition of |ock of said voltage

cont atd 00 454, L3S qusHOLDT $45¢&1 EDSNABj Gr@ HanStd to the data
during initialization; and a | oop selection device in

COWU{epiii@Eérﬂﬂ?%ﬁbo.sai d frequency initializing device

to receive a frequency increase signal and decrease
signal indicating whether said oscillator clocking

G A TR L e——

| ost signal,.and ip comunjcation wiith sai.d. |o SS .

£ 1 OB T BHEBranang slockand seialiced Waiialdith diom a received
oscillator fromsaid frequency initializing device o
af t eFOMAIUNIGAtionagigaal. of he srecess| begjas hyoracetingsthe communication

oscillator to said phase detector for recovery of said
signal and the synchronizing clock that acts as a reference clocking signal. An

oscillator is initialized to the reference clocking signal to assist acquisition of
lock of the oscillator clocking signal to the reference clock signal during
initialization. The serialized digital data is recovered from the communication
signal. The oscillator clocking signal is converted to a plurality of multiple
phased clocking signals, each signal being phase shifted from the oscillator
clocking signal. The plurality of multiple phased clocking signals is then used
to generate the recovered data. Upon initializing the oscillator clocking signal,
the oscillator clocking signal is then synchronized to the received
communication signal. The oscillator clocking signal is determined if it is in

phase with the recovered serialized data and providing a lead signal and a lag

__signal indicating whether the oscillator clocking signal is in phase with the

recovered serialized data. The lead and lag signals are then low pass filtered
to develop a frequency adjusting voltage for the voltage controlled oscillator.
Those of the plurality of acquired multiple phased data signals that are
synchronized to the plurality of multiple phased clocking signals are selected

to be transferred to external circuitry for further processing.
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14 serialized digital data and said synchroni zi ng
clock. 1 3. The clock and data recovery circuit of
claim1l wherein said data capture 2 device is in
conmuni cation with said multiple phase generator to
receive said 3 plurality of multiple phased cl ocking
signals, said data capture device 4 acquiring said
serialized digital data with each of said plurality of

[013&2?' ple $ %Mﬁﬁ%ﬁlbﬁ%ﬁ" tﬂ@eﬁlb%@ gf glgqﬁﬁ%f‘tn%lﬁ'pl phased data

alltyo acqui red mul ti ta

ot ORISR Ao %@4@3‘33’%&’?’a%%fe%%‘?’i8?%’359%3'03“0" signal.
oo Bé%ﬁhr%”'aﬁ‘w?ﬁ?n el s afiR R i o B hpﬁarggr@nty of acquired

dat a ? nal s and in cormunl cation with said

mul t Fb{’t!P %?%‘%e &aea slasrals gre §e’|e§89é1 112 tQa‘i”ﬂe’ﬁ]ah cipyitry for further

of multiple phased clocking signals, said 6 recovered )
5 dat aPeaseESinGr IstBpaslactigneeusse wrlicatipa signal indiegjesthat the mode is

acquired 7 s nmultiple phased data signals are to be

t r antsf be mentanualexpde naljittec factarn afr thefreco¥ared iata is examined and a

processing. 1 5. The clock and data recovery circuit

of climst grduphgrefi thd pburakiyouk pequided andltipel ephbesd data signals is

further conprises: 3 4 5 at |east one node term nal
I ecesalbtigd Sbaeidesh itRé jeH Facof. N4 i k&8chdRBLIrce indication signal
indicates that the mode is to be a bit error control, a second grouping of the
10 plurality of acquired multiple phased data signals is selected as a function of a
bit error rate for further processing. The a bit error rate of the selécted plurality
of acquired multiple phased data signals is estimated and indicated from the

bit error rate transfer signal, whether the bit error rate is greater or lesser than

a desired bit error rate.

15 [0063] The plurality of acquired multiple phased data signals are examined to

be in synchronization with the reference clock and if not in synchronization

__connecting the low pass filter to receive the reference clocking signal.

[0064] While this invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those
20 skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention.
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for selecting a node by which of plurality of acquired
multiple phased data signals are selected for to
external circuitry for further processing. i 6. The
clock and data recovery circuit of claim5 wherein if
said selection source 2 indication signal indicates
that said node is to be a nanual node, a jitter 3
factor of said recovered data is exam ned and a

groupi ng of said plurality gs ﬁ acquired nmultiple
phased data signals is sele Sased on said jitter
factor. 31 1 7. The clock and data recovery circuit of
claim5 further conprising: 2 a bit error estinmator

land &yelonk @nidzdatacecaeeryceimuiti for ceearany ita synchgonizing clock and
said recovered data selector to receive said sel ected

pl ur aerializedfdigitah detarfr@macmpceived commipicetigrhaiged! canhprising:
signals, evaluate said selected plurality of acquired
mul ti pl e phased data signals for a bit error rate,

and from gajsla Wabtigerddvideavhidh Asteiws fai@idonfrhliRication signal and
threshold signal to said recovered data selector to

i ndi cat e Whebfers 8hill deriblifdd QigithPdRa; S _greater or

| esser than a desired bit errof rate. w 8. The clock

and data recovery circuit of claim7 wherein if said

sai - node? VOUFES sambiR SEHHAD: B ARl RupEivit 58 gata capture
bit error threshqgld signal det.ﬁrm'n s, whi ¢ch qf sa'hd . .
plurality o]deglgaﬁprpgaw e-an oscitlator ciocking signal synchronized to said

received communication signal;

a multiple phase generator in communication with said voltage
controlled oscillator to receive and convert said oscillator clocking
signal to a plurality of multiple phased clocking signals, each signal

being phase shifted from said oscillator clocking signal;

a phase detector in communication with the data capture device to

receive said recovered serialized data and in communication with

phased clocking signals, said phase detector determining if said
oscillator clocking signal is in phase with said recovered serialized
data and providing a lead signal and a lag signal indicating whether
said oscillator clocking signal is in phase with said recovered

serialized data; and

29
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356 nultiple phased data signals are to be
transferred for further processing. 9. The cl ock and
data recovery circuit of claim?7 wherein said bit
error estimator and synchronizati on detector

determ nes whether said plurality of acquired
mul ti pl e phased data signals are in synchronization
with said reference clock ......... -and, is not in

synchroni gabivQshsar fler Gh ROnfalReA AN RAR &/ bABse detector to receive
synchroni zation, lost to said | oop selection device,

such that sajh \,eORSEfRE a0 diG R S £418 Fag Sigflal BYevelop a
SIS ARG i)

pass filter to receive sai erence sign

Fecepti on ofesUEREAvETing WErd<for Ry Mg Eprapied gppitetor.

digital data over a conmunication nedi um conprising: a
recepyer c rising: 32 4 5 7 9 112 13
2. ]TKe cloc?(rgeld c?ata gecovery circub;t of c?aim % ?ur%her comprising
a frequency initializing device connected to receive a reference clock
signal and in communication with said voltage controlled oscillator

employed to assist acquisition of lock of said voltage controlled

oscillator o said reference clock signal during initialization; and

a loop selection device in communication with said frequency initializing
device to receive a frequency increase signal and decrease signal
indicating whether said oscillator clocking signal is greater than or
lesser than said reference clock signal, connected to receive a
synchronization lost signal, and in communication with said low pass
filter to switch control of said voltage controlled oscillator from said

frequency initializing device after initialization of said voltage

serialized digital data and said synchronizing clock.

3. The clock and data recovery circuit of claim 1 wherein said data capture

device is in communication with said multiple phase generator to receive said
plurality of multiple phased clocking signals, said data capture device

acquiring said serialized digital data with each of said plurality of multiple

30

controlled oscillator to said phase detector for recovery of said



14 15 16 17 18 19 20 21 22 23 a clock and data
recovery circuit for recovery of the synchroni zing
clock and serialized digital data froma received
conmuni cation signal conprising: a data capture

devi ce which receives said communi cation signal and
recovers said serialized digital data; a voltage
controlled oscillator in communication with said data
capt Phasél® EideRingOsighaly 6l @reile @SHIULAIRY Bf abhAfdd Mltiple phased data
signal synchronized to said received conmmuni catl on
sign§|hﬁ$jnntiple phase generator in conmunication
with é%l vol tage controlled oscillator to receive
and convert said oscillator clocking signal to a

lurglit f Ltiple phased . clqcki I gnal s, . each
Bl ondneistackaridataTeroRrEateuit il d6ip it tanitie
cl ocki ng signal; a phase detector in comrunication
wth the data capture device to receive said recovered
serial i ze@ WaeHerRddate selertoni IPacPOMURiGationayvith said data capture

mul ti pl e phase generator to
device to receive said plurality of acquired multiple phased data

N

signals and in communication with said multiple phase generator to
receive said plurality of multiple phased clocking signals, said
recovered data selector selecting which of said plurality of acquired
multiple phased data signals are to be ftransferred fo external

circuitry for further processing.

5. The clock and data recovery circuit of claim 4 wherein the recovered data

selector further comprises:

at least one mode terminal receiving a selection source indication signal
for selecting a mode by which of plurality of acquired multiple

phased data signals are selected for to external circuitry for further

6. The clock and data recovery circuit of claim 5 wherein if said selection source
indication signal indicates that said mode is to be a manual mode, a jitter
factor of said recovered data is examined and a grouping of said plurality of

acquired multiple phased data signals is selected based on said jitter factor.
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acquire said plurality of multiple phased cl ocking
signals, said phase detector determning if said
oscillator clocking signal is in phase with said
recovered serialized data and providing a | ead signa
and a | ag signal indicating whether 33 24 25 said
oscillator clocking signal is in phase wth said
recovered serialized data; and 26a | ow pass filter in

0 i cation W th said phase 27det ector/charge punp
ot @@i%k@ﬁ%rﬁ%\é@wplw ok@latn dduEher cangprisingind
said lag signal to devel op a frequency 29adj usti ng
voltage for said voltage controlled oscillator. 11.The
conmuni ca@i bih askest estimgtoc laadnsyrehinization detectdroirk camenunication

data recovery 2circuit further conprises: 3456 7 8
9 11 12 13 Mith said recovered data selector to receive said selected plurality of

10.

acquired multiple phased data signals, evaluate said selected
plurality of acquired multiple phased data signals for a bit error rate,
and from said bit error rate transfer a bit error threshold signal to
said recovered data selector to indicate whether said bit error rate is

greater or lesser than a desired bit error rate.

The clock and data recovery circuit of claim 7 wherein if said selection source
indication signal indicates that said mode is to be a bit error control wherein
said bit error threshold signal determines which of said plurality of acquired

multiple phased data signals are to be transferred for further processing.

The clock and data recovery circuit of claim 7 wherein said bit error estimator
and synchronization detector determines whether said plurality of acquired

multiple phased data signals are in synchronization with said reference clock

-.and is.not in.synchronization providing said. synchronization lost signal to said. ... .

loop selection device, such that said loop selection device switches said low

pass filter to receive said reference signal.

A communication system for the transmission and reception of a synchronizing

clock and serialized digital data over a communication medium comprising:

a receiver comprising:
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a frequency initializing device connected to receive a
reference clock signal and in conmmunication with said

vol tage controlled oscillator enployed to assi st

acqui sition of |lock of said voltage controlled

oscillator to said reference clock signal during
initialization; and a | oop selection device in

communi cation with said frequency initializing device

to receive @ ElbEKRACYath HebEATH cHclRFbr ASVERLHEAREsynchronizing
signal indicating whether said oscillator clocking

signal is greayggy, %H?%&ﬁ%lizéoeﬁ@%l BQ@nfr&ﬂ'%réc%fi\%%eB&rﬂmunicaﬁon
cl ock signal, connected to recé ve a synchronization

| ost signal, apdg.l cation with said | ow pass

filter to smﬁt%ﬁnggﬁﬁﬁﬁﬂgﬁ§ said voltage controlled
oscillator fromsaid frequency initializing device

after initializatign of said voltage. .controlled o
oscillator to saPddpiaSaPHEs devise Which Ircsinesy syl canmunication
15 serialized digital data and said synchronizin

clock. 34 1 12. Thesignahandireaeyeasa seidsasialized dlgataﬁdat@;

wherein said data capture device is in 2

conmuni cation with said multiple phase generator to

recei ve sai d pl uaaloltageotconBBoltad tospillatophias esmaiunidatiop with said
signals, said data capture device acquiring said 4
serialized digital diaieaapiukd dedied t®preaddanlostinhior ¥lotking signal
mul ti ple phased clocking 5 signals to create a

plurality of acqui rgfchidhiidd 6 satPrRReivédicdnimEnRAfion Signal;

13. The communi cati on system of claim 12 wherein the

cl ock and data recovery 2 circuit further conprises: 3

a recovered data_s r .0.co nication wth saj . .
data capture 4 8&%‘@@'?0%@%%%%3@@ I|151I l?lpgfrf'%'(/"%%ﬁ‘gn with said
acquired nultiple phased data signal s, and in .
conmmuni cation with vgﬁfage rﬁﬂ”&ﬁoﬂ?é oﬁﬁg@g)rgté’n'éﬁcﬁ"& apd cogvert said
receive said plurali t\yﬂQOf nmul ti pl e phased cl ockin

, ¢ . g .
signals, said 7 r&sslialsrlegking sianakiop Riuralitt phiultiple phased

whi ch of said plurality of acquired
clocking signals, each signal being phase shifted from

said oscillator clocking signal;

a phase detector in communication with the data capture

device to receive said recovered serialized data and in

acquire said plurality of multiple phased clocking signals,
said phase detector determining if said oscillator clocking
signal is in phase with said recovered serialized data and

providing a lead signal and a lag signal indicating whether
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8 multiple phased data signals are to be transferred
to external 9 circuitry for further processing. 1 14.
The communi cati on system of claim 13 wherein the
recovered data selector ..further conprises: 3456
at | east one node term nal receiving a selection
source indication signal for selecting a node by
which of plurality of acquired multiple phased data

signals are sel ect eghif Obséll‘l’atSP(t(%éng Cdigall §d Vinf %ase with said
further processing. 35 1 15. The commruni cation System

of claim 14 wherei rce 2
i ndi cati on signal r} ?‘c’:%t%gg;efiﬁiféas%&g ?rrgd]de is to be a
manual node, a Jlttel‘ 3 factor of said recovered data

is exam ned and a 3roup| g f said EI ural it
)
at

acquired mul tipl & pR¥sdtf gtegl Jhatam P'gmé“é"]\"é’& é’lﬂ‘Ah said phase
based on said jltte(gm act ol[| 16. The comruni cat
system of clai m 14 S@tester/q ft"ﬁ@ RYTBR O AREEIM 3Nd: '@@b?é$§/f|tef said

23456789
lead signal and said lag signal to develop a frequency

adjusting voltage for said voltage controlled oscillator.

11.  The communication system of claim 10 wherein the clock and data recovery

circuit further comprises:

a frequency initializing device connected to receive a reference clock
signal and in communication with said voltage controlled oscillator
employed to assist acquisition of lock of said voltage controlled

oscillator to said reference clock signal during initialization; and

a loop selection device in communication with said frequency initializing
device to receive a frequency increase signal and decrease signal

indicating whether said oscillator clocking signal is greater than or

synchronization lost signal, and in communication with said low pass
filter to switch control of said voltage controlled oscillator from said
frequency initializing device after initialization of said voltage
controlled oscillator to said phase detector for recovery of said

serialized digital data and said synchronizing clock.
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circuit further conprises: a bit error estimtor and
synchroni zati on detector in comrunication wth said
recovered data selector to receive said sel ected

.plurality of acquired nmultiple phased data signals,

eval uate said selected plurality of acquired nultiple

phased data signals for a bit error rate, and from

said bit error rate transfer a bit error threshold

signal to said recovered data selector to indicate S

¥het HBe coaIpURCatian syitempfciaig 19 wharein siid dateseaptuneqghevice is in
a desired bit error rate. 1 17. The conmuni cati on

syst eampiunidation with whisk miultipld pbasel geoeraton nraseivecsaid Pplurality of
i ndi cation signal indicates that said node is to be a

bi t ewltiple quvased| clobkingi signals aisdidbidatee reapturé hdeddm latquiring said
si gnal determ nes whi chof -

sai dpérilizett digital cdith iith each .of &aitl blurglity ¢fhaeriBlddphased clocking
signals are to be transferred for further processing.

1 18sighBR t6 @neataiLAllitMy éb’édq%‘ﬂ‘bﬂfmlﬂ{iﬁl’e‘BhTa@eB{'b%ia%i@nals.
said bit error estimator and 2 synchroni zation
detector determ nes whether said plurality of acquired

: S r . [
0t o EamnPRah, SBRT 12 EpbibiT IR LoBR R 448 recovery
synchroni ahl on rﬁr ovi di ng sai d synchroni zation | ost
si gndfYJUEYPCOTBBYS9S6 s sel ection device, such that
said | oop selection device switches said | ow pass 6
filter to receive said reference signal. 1 19. The
communi ca? i"8RO¥Sret efhqtar selpalomin ccapeubication with said data capture
comuni cation systemis 2 selected froma group of
comuni cat i devisgsioce receivensait plugaldy ofi gtguiredi miultipde prased data
mul timedi a i nterface communi cati on systens and digital
vi deo dat a signatsramchirc admenursgatioansith $akOmulfipte phase generator to
comuni cation system of claim 10 wherein the

synchroni zi pgceiVed daidnsluratitys fi alultins shatddalclotRing %ggﬁlals, said

t_ransm tted_ on a transition mninm zed differenti al
signaling | rddovered data selector selecting which of said plurality of acquired

multiple phased data signals are to be transferred to external

circuitry for further processing.

14.  The communication system of claim 13 wherein the recovered data selectcgr

-.further-comprises;- -

at least one mode terminal receiving a selection source indication signal
for selecting a mode by which of plurality of acquired muitiple
phased data signals are selected for to external circuitry for further

processing.
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1 21. A nmethod for recovery of a synchronizing cl ock
and serialized digital data from2 a received
comuni cation signal conprising the steps of: 3
recei ving said communi cation signal; 4 recovering said
serialized digital data from said communication
signal; 5 synchronizing an oscillator clocking signha
to said received 6 comrunication signal; 7 s 9

onv ting sai g oscillatoréglockin signal to a ,
131— ur difer FORMYAicatiop) svpRak &ff claimycld ygieseigni) saidesrifction source
si gnal being phase shifted from said oscillator .

cl ocltidigptigngpignal ipdicetes thatosaid made 5s detke @ mamyal mode, a jitter
said oscillator clocking signal is in phase with said

r ecoVacteriob saidaieceerred aiada as expminaediand aagtosipihgsofsaitl plurality of
and a lag signal indicating whether said oscillator

cl oclecouired gnidtiplé phasedpdatassigials is selected daged badaid jitter factor.
serialized data; and | ow pass filtering said | ead

signal and said |l ag signal to develop a frequency

18d] uThedbmMMuhRERoh QYstef Bf ¥Riirh20e wheRdih the @¥bck and data recovery
oscillator. 1 22. The nethod of claim 21 further

COMPLir&liffirhBP cSinpRSeS |

a bit error estimator and synchronization detector in communication
with said recovered data selector to receive said selected plurality of
acquired mulliple phased data signals, evaluate said selected
plurality of acquired multiple phased data signals for a bit error rate,
and from said bit error rate fransfer a bit error threshold signal to
said recovered data selector to indicate whether said bit error rate is

greater or lesser than a desired bit error rate.

17. The communication system of claim 16 wherein if said selection source

indication signal indicates that said mode is to be a bit error control wherein

...said. bit error threshold. signal determines which.of said. plurality of acquired. ... .. ...

multiple phased data signals are to be transferred for further processing.

18.  The communication system of claim 16 wherein said bit error estimator and
synchronization detector determines whether said plurality of acquired mulitiple
phased data signals are in synchronization with said reference clock and is not

in synchronization providing said synchronization lost signal to said loop
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234567 8 receiving a reference clock signal;
initializing said oscillator clocking signal to assist
acqui sition of lock of said oscillator clocking
signal to said reference clock signal during
initialization; and upon initializing said oscillator
cl ocking signal, locking said oscillator clocking
signal to be synchronized to said received

CoMMyBieehbh ARvics 9iah tha@%aldTRﬁ)pné‘é@&ﬂ)noée\%@bmtgﬂes sald low pass

further conprising the step of 4 acquiring said

seri ai|t19,z$qegélg%tsg| iér@ni’:\éts nﬁ ch of said plurality of

mul t hase sto create a plurality
of acqui red mul tiple phased data signals. 1 24. The

9‘9 t hj"ljnecc’zfon%:munlca c?’n g#étérlﬁedf danti (5 he?elF: I%gl corﬁmumca?on system is

selected from a group of communication systems consisting of high definition
multimedia interface communication systems and digital video data

communication systems.

20. The communication system of claim 10 wherein the synchronizing clock and
serialized digital data are transmitted on a transition minimized differential

signaling link.

21. A method for recovery of a synchronizing clock and serialized digital data from

a received communication signal comprising the steps of:
receiving said communication signal;
recovering said serialized digital data from said communication signal;

synchronizing an oscillator clocking signal to said received

converting said oscillator clocking signal to a plurality of multiple phased
clocking signals, each signal being phase shifted from said oscillator

clocking signal;
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5 selecting which of said plurality of acquired
mul ti pl e phased data signals are synchronized to said
plurality of nmultiple phased clocking signals and are
to be transferred to external circuitry for further
processing. 1 25. The nethod of claim4 wherein

sel ecting which of said plurality of acquired 2
mul ti pl e phased data signals are synchroni zed

conpri ses def@milifgy iPfsaid dbciiatdCeloking ﬁgﬁsid %Eh Ophase with said
y

source indication signal for selecting a node

whi ch of pl %éb'érédo%ar%‘l‘i%’& "2l A Efﬂ\ﬁdiﬂ aa??@adj%’i@al and a lag

signals are selecte or to extern circurtry fo

further pro ' L : | aj 5o L
wherein if gsigrgél ggqlgéqrfggwhgg%( cr%wg’g?@%@f&ﬁ*éﬁ@q%@”a'z's in phase
i ndicates that, sai.d node s tq. b manual node, a

jitter fact cW’hWa'gé?%Pvegeq Eﬁ%ﬁgﬁa(ﬁaaﬁ%taé‘qas exani ned

and a first grouping of said plurality of acquired 4

mul tiple E}Iﬂj{gsed data signals is selected based on said

jitter fatopass fiteringreaiddend signal cand saigh laqsignat to develop a
conprising the steps of: 2estimating a bit error rate

of said sel daguengy adpsting voitagecigoisaidovaitaeigentrolled oscillator.
3phased data signals, and 4indicating fromsaid bit

error rate transfer, whether said bit error rate is

23gr eghemethod ef slaim 1 dartheldeshpriging the stepsfr at e.
128. The nmethod of claim 27 further conprising the step
of: 39 2 if said selection source indication signal

I ndi cat esrdcRingair&fer@ie dIScl Sgnal;
initializing said oscillator clocking signal to assist acquisition of lock of
said oscillator clocking signal to said reference clock signal during

initialization; and

upon initializing said oscillator clocking signal, locking said oscillator
clocking signal to be synchronized to said received communication

signal.

- 23.  The method of claim 21 further comprising the step of:

acquiring said serialized digital data with each of said plurality of
multiple phased clocking signals to create a plurality of acquired

multiple phased data signals.

24.  The method of claim 23 further comprising the step of:
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3 be a bit error control, selecting a second grouping
of said plurality of 4 acquired nultiple phased data
signals as a function of said bit error 5rate for
further processing. 129. The nethod of claim 21 further
conprising the steps of: 2determ ning whether said
plurality of acquired nultiple phased data 3signals
are in synchronization with said reference clock; and

4i f not i Belo¥ed 'VaRILK 26 SBidC PSS B8 aiﬁhﬁledj Of‘f'{uﬂibﬁes phased data
filter to receive said 5 referencé signal.

met hod of cl ;@ gré/%ﬁ{cﬂ'éhé@d & %g{;‘;ll{gbﬁ(gtdf%!ﬁélg rb"f’lle:-lsed clocking

is transmtte conmmuni € ystem’

Sy DAL T L SR o e

connunlcatlon 4 Sﬁ ens and digital video data
comuni cat i ¢ 1 31. The nethod of claim 22
wherein the synchron|2|ng cl ock and reference clock 2

are transmtted on a transition mnimzed differential i
23; gnghe ﬂ'gethﬁkqf daim 4 wherein selecting which of said plurality of acquired

multiple phased data signals are synchronized comprises the step of:

receiving a selection source indication signal for selecting a mode by
which of plurality of acquired muitiple phased data signals are

selected for to external circuitry for further processing.

26. The method of claim 25 wherein if said selection source indication signal
indicates that said mode is to be a manual mode, a jitter factor of said
recovered data is examined and a first grouping of said plurality of acquired

multiple phased data signals is selected based on said jitter factor.

27.  The method of claim 25 further comprising the steps of:

_ estimating a bit error rate of said selected plurality of acquired multiple

phased data signals, and

indicating from said bit error rate transfer, whether said bit error rate is

greater or lesser than a desired bit error rate.

28.  The method of claim 27 further comprising the step of:
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if said selection source indication signal indicates that said mode is to
be a bit error control, selecting a second grouping of said plurality of
acquired multiple phased data signals as a function of said bit error

rate for further processing.
29.  The method of claim 21 further comprising the steps of:

determining whether said plurality of acquired multiple phased data

signals are in synchronization with said reference clock; and

if not in synchronization connecting said low pass filter to receive said

reference signal.

30. The method of claim 21 wherein said communication signal is transmitted
within a communication system is selected from a group of communication
systems consisting of high definition multimedia interface communication

systems and digital video data communication systems.

31.  The method of claim 22 wherein the synchronizing clock and reference clock

__are transmitted on a transition minimized differential signaling link.
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