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RECEI VERS FOR CYCLE ENCODED SI GNALS BACKGROUND OF THE
| NVENTI ON RELATED APPLI CATI ON The present application
wa@p@sappks cation no. _ /__, entitled "Transm t PEF/ES2004/021806
Provi di ng Cycl e Encoded Signal s" (Docket No. 42P15876)
were filed on the sanme day, have identica
specifications (except for titles, technical field
descri pti onRECEFAVERS RORI CAIEtE ENCQDERSIGNALR r el at ed
subj ect matter. TECHNI CAL FI ELD OF THE | NVENTI ONS The
inventions rel g £CKGROERDUSF THRINEENITEORNcoded
signals and to rel ated systens. BACKGROUND ART: Inter
synbol interference (I1Sl) degrades signal integrity

h h ' sition of pulses at varying

RELA@E@%E?EE&{J%\E patterns with high frequency pul ses
ar eTﬁéJﬁ%@&ﬁ hfpiRation Al appticgddind. r equency e@wﬂlalégrraf&ymtters
phase shift nore and attenuate nore e relative to

Proﬁ/rcmgjémiy Epm@ésSlg@éﬁl (Pgckes N 43P bi876hwers fifgd pn the same day,
haVFrlg%{f;l@Elc% gﬁf:itéogxs ti’#p f" %(lrs??egﬁl??alvﬁcfz @dés%ﬁ?{mn claims, and

absﬁﬁé%%@ldfeyalm%laféméub ieadnit@ererrors. The fre_quency at
whi Ch unconpensat e random data patterns in

conventional signaling can be transmtted may be

TR PO SRRV RIS e proposed. 0

Equahé gathtiths 'r§lat% t6 wioeBrefd fot Eyide soded sipnilbatd ®t ekt systems.
to restore anplitude for higher frequency pulses in

susceptible data patterns. It seeks to anticipate | ost
data and restore it through pre-enphasizing the
anpl i tude on narrow pul ses. Di sadvant ages of

BACKEROTND @RT:ncl ude that it is at best a curve
fitting solution, tweaking the anplitude of higher

fr emﬁ@rrﬁcfwbphmé@ﬁerwe (et bidaargslon sieanlgniegBiYL QB SupgEposition
of }?nge 3y tgangzl chllglgm ﬁeﬁa elrhg \”gﬁ‘ héﬁ-ﬂ%eqﬁl@ﬁéaéﬂlﬂfés etk susceptible

SEC can

to ISMUEBTigiRE Befhdhgy bUBéMafl Phasp iskid mb&tﬁndattammaé terenslative to lower
for each customsystemit is used in.

frequence prlised leading tmiopwef the Bigherairedusaes @ilﬁfss Vé‘“r?@ sypeLpgped with
lov%% iﬁgaén%{c&?pﬁgsgi r "‘[Iféegg ?ttoh?o@lstb %&a‘t’t{aﬁr %Euﬁs%ﬁ bgquﬁﬁy ®ad to errors.

cons

Thé #8§ M $ BEFhich GntdrRp@REBY ?dnldOdeatappm&nﬁl iy cogwemrtional signaling
converging to optimal solutions. Nyquist signaling is
carabmmmlmdmymtm@édbvﬂ%ln for 1S, which uses a

ra B ERRMD S P Bi énﬂ[?ﬁ%hI%QWB%ﬁﬁﬁné P It ﬁla]'i hii® been

VEerco conplexity
proposed. Equalization is a curve-fitting solution that attempts to restore amplltude for

higher frequency pulses in susceptible data patterns. It seeks to anticipate lost data and
restore it through pre-emphasizing the amplitude on narrow pulses. Disadvantages of
equalization include that it is at best a curve fitting solution, tweaking the amplitude of
higher frequency pulses in random pulses of data to restore any anticipated loss in
amplitude. The anticipated loss is very system specific and pattern specific, thus requiring
tuning for predicted data patterns and for each custom system it is used in. It is
susceptible to unpredicted data patterns and varying system transfer functions. The
iterative nature of such solutions results in time-consuming and system-specific

implementations, possibly never converging to optimal solutions.
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such functions is prohibitive in practice. In
Manchest er encodi ng, the signal includes
wale@sonehui ties at a bit cell boundary which PEHUSMa021806
to high ISI. Sone Frequency Shift Keying (FSK)
encodi ng schenes avoid discontinuities at bit cell
boundari es but FSK takes nultiple cycles to represent
3 ONpquidt sipmiabng &l anethet prisroart snéutm,nrfohlszlnwhyhsxsgmralwé cosine or
. ataS|gaIs nd. on rea
sin gen SHgAD DeiEE CRRFInT BRTEOTT Lol G COPTRg o implement
sucﬁ%%?c't%ﬁsrrs pIREb Ve Gk paEti r obe signal is used by the
recei vi ng CI rcuit to determ ne tinmes to sanple the
datln Manghabtsr erlcodingntbe sigyalinlndes: dsdontinuitiss attd bif eyl boundary

whigh o34 ik Do e RFBOR TGOS I et s Sthes

avoit&‘&@&f?ﬁh?ftf%ﬁ af Gif @élyl?cﬁmﬁaﬁ%'m@ FSRftaledsaEKtiple c§tle® BErepresent a 0
Ignals from for exanple, a phase |ocked |oop or a

or dédtayadel ocked | oop. The recovered timng is used to
sel ect armn or betvveegIF Itae cl oc or, strobe s
&8t SN

" ool PUEFBYTURRA R LS 1525 PP e kP dag glockc o
stro"bleg Braré%e'h@ Bens @RRMikQ 18 ar&&Bie¥eThé Blo6R B tedbe signal is used

I'ng of the incomng data signal. In sonme
by t}ﬁpé?mﬁng alrcmnm determuirrei trgesi tnfsamn}atth@ﬁata slgpiﬂ@w ded in
the data si et r sa f
et ok ot toelnehrs HBR S B T R TR B PRPL I RIS

tratfé?rﬁtt&?da% E’iﬁhﬁ%dfré&%ﬂeﬂ Arohgh 4 kAR rh&bhlﬁfbeQAﬁ heerpalatr eeceives a

I mng. I n"ot her |rrp enent a IOI’]S trainin i nformati on
numlsermxﬁblouk od strehetsigtiads emploe exanmlmga phase k@qusl@or:’ 106 tdelgmed
aI s of ior tine

loc]?g{:]gﬂga grch}zerg%gH%g i élS?q to, Sﬁ% F aélfg% 9 'ggé'e?lltﬁe clock or strobe

s1g§§é {RBVEESH '&ieciﬂ?erﬁoﬁat@r MR protide e deRetudl dlbik: or Bi®be signal to a
transm ssion of signals may be in a multi-drop (one

rectivensriontrelr satpling lof theliecangibgidetesignabringemetimp fations,

o o RN Oy G BT O S g A e BEE Frapld Hiing botore
actiil dq{ar@ ehh SRitte@ THE FHNIRNBRMSa RN @Hnr&qirbﬁﬁédl from time to time to
Different voltage levels rather than nerely just |ow

kee@rtue beinghle bianies. bserthusegleaneniasions deiningrinfernaiogds netiged, but

ust. 1. Noise on J
therapbibibeingarg fam e goBe R AR iR TRERHF Sites
tecfn% W&ot Qxﬁb@(ﬁuﬁ‘%ﬁmﬁfg iARrsBtide T $B/20BMédhnidue 1ﬁ@ﬁv@ll(kﬂown
wires and then reject the noise in the receiver by

techmqka: ng at the difference between the received signals
LT T T TS AR
rec@fvBRY or point-to-point (one transmitter to one receiver) environment. The
transmission may be uni-directional, sequential bi-direction, or simultaneous bi-
directional.
Different voltage levels rather than merely just low and high have been used to
represent more values than merely just 0 and 1. |
Noise on signals on conductors may cause the signals to be corrupted. A technique
to reduce the effect of noise is to transmit the data on two wires and then reject the noise

in the receiver by looking at the difference between the received signals rather than the
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conduct or. BRI EF DESCRI PTI ON OF THE DRAW NGS The

inventions will be understood nore fully fromthe
wa@ledoaiolees descri ption gi ven bel ow and from t hePCT/US2004/021806

acconpanyi ng drawi ngs of enbodi ments of the inventions

whi ch, however, should not be taken to limt the

inventions to the specific enbodi nents descri bed and
absshu@mwalud3u tTyptoall§ ameespdrn@atcanies arsignahthet stthetivage ofthe. other

FIGS. 1 and 2 are each a bl ock diagramrepresentation
congpctgr.syst em according to some enbodi nents of the

inventions. FIG 3 is a block diagramrepresentation

of a systemincluding a transmtter and receiver in

FIG 1 accor BRIGFDESCREPHOEDOAF Mgl DRAWINEGS

i nventjons, FlI 4 is a block diagram.representation .

of Bhesiprendins mﬁl GaivRGeTiRat O %R’é'fvgi{% ﬂiﬁr‘%‘f’éfﬁﬁtdtﬁéﬁﬂpgwa given
el 3l 6l B sk AR R Sof AR RS 0P Hie R FioR which
hovedvgrahsuld aovbetiaken todirsiv the isvdtivnstrths spdcifihembodiments described

inventions. FIG_ 6 js a_chart tﬁE\lat spovvs signal s

andas@etypdlplﬁgre.t @r%]ﬁlﬁnaé‘r?&?&ph@ Fr&tag¢ing ABY; nvent i ons. FI G
7 1Pk, Y AR e b A AALECEiafAB feBfeSintB ot a@y@ienf‘allqdcbﬁﬁng to

shows signal's according to sonme enbodi nents of the
sonmawmebddimeasts oFthE.in&ntisna bl ock di agram representati on

Lo PiE Sres larbiodppriasenglion of et PiiEE §ioagH P and

recﬁgﬁnmpghm&iﬁ%% sdfiCerth Y ERAEAR B8 theFih{enti¥né, S @ bl ock
iagram representation of details of the periodic

Si gRES. 4de biblockgliagramuepresshtafibGof 8 spstonintilndjng exangples of the

enmbodi nent s, of inventions. FIG .1Q.is . a block .
trar&nag?raawa@cfeﬁ eht T %wcpﬁamﬁﬁgwaeﬁlb@ gﬂ%}t&ﬁtﬁw ewsgﬂon&

rec e . P ] ﬁo‘% H‘H,Q@l . f

t heﬁldln\?(relrsn(a itlo r%sgd%:a%ré?ﬁ gdla{ [ sdg% Sgél%lrerli ng %Iti%agr ar%H?g:eﬁibﬁelments ?
theriwwationslg of FIG 10 that shows signals according to

0di t f the | [ . FIG 12 i b k
i aEICGih 1 &5 HEE R 39U B Sy A0S R R OB
invgﬂmgi ments of the inventions.FIG 13 is a timng
[

agram t hat shows signals according to sone
enbBHE. Weis b tinthg diagram for the receiver of FIG. 4 that shows signals according

to some embodiments of the inventions.

FIG. 8 is a block diagram representation of a synchronizing circuit that optionally
may coupled to the receivers of FIGS. 4, 10, and 12 according to some embodiments of
the inventions.

FIG. 9 is a block diagram representation of details of the periodic signal deriving
circuit of FIG. 8 according to some embodiments of the inventions.

FIG. 10 is a block diagram representation including an example of the receiver of
FIG. 3 according to some embodiments of the inventions.

FIG. 11 is a timing diagram for the receiving of FIG. 10 that shows signals
according to some embodiments of the inventions.

FIG. 12 is a block diagram representation of a system according to some

embodiments of the inventions.
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the inventions. FIGS. 14 and 15 are each a bl ock
di agram representation of a systemaccording to some
weedsdinrents of the inventions. DETAI LED DESCRMEIVUSIN04021806
Overvi ew The inventions described herein include a
system having a transnitter that encodes a data signa
into a cycle encoded signal (CES). A CES is made of
porFiGon3 ivd tidiifg dingram thershous sigenls eacandingiteAeine cphpdiments of
h are continuously joined, wherein data is represented
eB}i’eflﬁ%nsencodlng_signals in data tinme segnents of the
cy Clbl?}se.gﬁ??@ 45 SRk 2 bRAIRIIYrarth hepreRaRGion 91 8 isgitéhaiccording to
have a different frequency and/or phase than others of
umghﬁmmﬁmndumgf&wgmamsonin a CES, at |east sone of the
ata tinme segnents do L pel an one cycle
of a particular encodpﬁg‘t@*‘gﬁa{ﬁggﬁ:g}gﬁf}wl CES, no
A datgyd i, segnent has nore than one cycle of an
encoding signal. In a partial CES, sone data tine
segfeninseitine dassribed heminoneluds & kesten having adsasmigter that encodes
Si I [
o o ol ol St T B R ot BPLfrere

i I 1 1 .
555 NS SRt 18 Blord el ol

the cacoling sigmlsint data @8 seginersss of7the gycle encoded sigapld Spge of the

there.is qnl e di ng_si gpal , per, da [ .
Yt e L e
sigifls. UBSHCES, A3t FmePofdRé Bath tiffie s2EMEES do nohinkda mudrbéifan one

encodi ng signal nmay be used in the renai nder of the

cydiaoia pirtreulseegpeeding signals dme Tl 6 &S, ne detg tinge segment has more than

conpl enent ary. cycl ncoded, si I C) i
on ST SIS, SRR L Pt e b e o
thah ®RELY&e bf'gh &leddin@Rebnial) 2@ BReL RS dhidRBE et do Gothaveanste than
recover the data or, in sone enbodi ments, an i nverse

onedycid of dfiremcodiag signalp dhiefGES$ desgribed incapnpectiop/vgith BIGS. . 5, 7,

th t I d . A ' .
0 8 e R o83 PR A PR 0eh witurig .5
7, BNd 1 CES@1 8, th&k s 684 ohe eAodaNigml bediatd £aysegyent. In other
signal s because they involve a limted nunber of

embquwetscm@sencadine signhlmapberisediin pas o dpfadigpreirgmsst, while

erri to EFIG 1 t 10 4] '

o Er e iy T Y TSR GBS e B,
16. 1| SorbdEnbaERehts, 2replethéntiaR byt snepdeistmial LOCES P also

of chips, they may be in the same chip. Transmtters
crea@d. The 2entiprsedsninciNde resaiyaistte éfros';}vedg% Bt girdksinsame

embodiments the CCES, and recover the data or, in some embodiments, an inverse of it.

The use of specific frequencies (F, F/2, etc.) rather than many, perhaps random,
low and high frequency signals can reduce or eliminate ISI. The CES and CCES are
referred to as controlled frequency signals because they involve a limited number of
frequencies rather than a multitude of frequencies.

Referring to FIG. 1, a system 10 includes a chip or portion of a chip 14 and a chip
or portion of a chip 16. In the case in which 14 and 16 represent portions of chips, they
may be in the same chip. Transmitters 20 ... 22 represent N transmitters, conductors 24A,
24B ... 26A, 26B represent N sets of two conductors, and receivers 28 ... 30 represent N
receivers. Transmitters 20 ... 22 provide CES’s and CCES’s on conductors 24A, 24B ...

4
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24B ... 26A, 26B represent N sets of two conductors,
and receivers 28 ... 30 represent N receivers.

wae@asmei ers 20 ... 22 provide CES s and CCESPGT/US2004/021806
conductors 24A, 24B ...26A, 26B to receivers 28 ...
30. Transmitters 40 ... 42 represent Mtransmtters,
conductors 44A, 44B ... 46A, 46B represent M sets of

264, \M6Bconehsitens 2% ..aP0 Tooshitersitg. 42 repwenféﬁrté@émtﬁm,
recei vers

congiipi/ e B AbA: TP G LML RO 0 gl 4 regedvers 4
.. SR pfdER M@e&W&%’ CMQﬁ% B sélﬂgnumbeﬂ@% 0145 Biffe®ent number.
r

recelrvers 48 ... ansmtters and receivers ma be
Trahsmeatesdi( n. @?rm@psiecﬁESpmd@CBS oncanduatars dfA, 4H3 ... 46 , 468 to

recééig%%‘l g 5524 A[Qaqﬁgg ers anigeﬁg%g%%ﬁazfr t‘?‘%atgcﬂ% ag'sroupszoqf'%alrs of

um%@ﬂﬁéﬁhﬁakﬁayaggnals in a single direction.
ternatively, di recti onal conductors

For Ineiignp) eanditetofs| 23A, 24Ba. . s Y6A 205 @nd ﬁéAu‘tH‘@g a 4éﬁr ﬂ)ﬂ% pre

B el e e BeSN, FnAREL) Pl

co Qlﬁb’tg{serga}t Be tide@N$6} ERi1E, 96 PIUET, S sYSem. 60 189111&@5 zD¢1Qb or portion of
"br-di rectional conductors 74A, 748 ... 76A , 76B. The

a cliip & sinil sshignorrreyortien g%aq@hm 66 & whichdrangiticg/segersgs 70 ... 72 are

Itaneo s bi dir
coplg LR R Bt Uil B Y A5 a0 0 7om
76/@ b’]é]@bTﬁE‘ 8RN Ssion'; Hﬁ?r @@%&ﬁeﬁﬁ:ﬂ&ﬁ%ﬁxﬁ@tﬁbﬂaﬂoﬁmﬁﬁﬁaﬁe@u@bﬂ
[Tmted to a particular content or neaning.

dlrd&tlonatldl ngl y, the data of the CES m ght convey

?EE &%ﬁ dl{reﬁ?séé nrggc;n%%iogﬁ%" lgg%rlo %n%cﬁtqe%tecﬂﬁﬁhes such as

8b/ﬁ9@%ﬁﬁ% TBRWeSFansAitbdlih aTES Bt lifhika Yo @paﬂtldullaﬁcontent or
time mul t plexed or packetized. Alternatively,

megting.y Angpriinglye therdagaeofithp €8 Sonighbeanyay cemmaadsh éd@réfﬁeng

separ at e Lff nt ~conduc
meﬁTPa? ad’ldqffqgg[éoélaféﬁg%sﬁgf) Ogg’ fthggree %n%\%ygg %ﬁr oug
addrb8, S radifiddae dabh@usd B titb mdlﬁﬁﬁleﬁedﬁr p@OlEﬁtﬁBd Af[ternatlvely, CES
conveyed t hrough ot her tyﬁ)es of signalin [

s n
camengﬁssq threeHzapest HeoTEd deald aekent ﬁe@r@g, QR 8pﬁ“qrﬁgtconductors It

cmﬂ% ?)% H’h’l? ?)]éffa gll'(,j tr\x{eos(?flttﬁ%ﬁ gﬁleé 29 u(%{elit r&? (ﬂl\(lggéd tﬁ@éﬂ RS e\ghlle
oth@f%rdT ARStyBesSHeantehDave c@%eﬂ' ﬂiro@g@d)théietypéd‘tﬁTm@lagﬂ@.l R is not

that aré not a CES or S bei ng passed at other tines
nNeasvRrY thaeth@é}feﬁm wied g systens that lrecﬂmiez adgrgssingcanpl e,

t h b
SRR R T —
an&ﬁée hé’psaa @G_ﬁs OTh&ieds nEXexdRIde sttt sighkie thas hgnalt 8 CEEOUCEES

vol tage being held constant; the |lines being put
being passhil ghothergideswvier fhsdendugiters of BHgS \lomday e‘%ormalﬁpl&r there

could be some commands that are not a CES or CCES that pass over conductors that at
other times carry a CES or CCES. Examples of other signals include the voltage being
held constant; the lines being put in a high impedance mode; different voltages than are

used in CES or CCES; some lower or higher frequency signals, etc.

B. Transmitter and receiver of FIG., 3
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used in CES or CCES; some |ower or higher frequency

signals, etc. B. Transmtter and receiver of FIG
WQES011323 | | ustrates a transmtter 102 and a rBCEUSHEN4/021806

104, which are exanples of transmtter 20 and receiver

28 in FIG 1. Referring to FIG 3, a periodic

reference signal source 110 provides a periodic

r etdG ehilissagnaktansuighr HE anddl gedverl 04: WBlse ass %fi@&}PleS of

eSS PR RER FEHIEE LR EESL E gc s

sour? e §50 ﬁ%{)vid&g lég)@nb&l@ Pefblehb sigid) Cbuah as ¥ sloak opsicolbel agrrai Periodic
ments, the periodic reference Sh gi

signal smardel 1dQInaay lpﬁras@ed direughoreinipCiFuit ndedipge 8 gst‘?aﬁ‘ike 00p

ey 55 N BRI R 1 BB

perlgél Fﬁ'&%ﬁ:ﬁ&é ﬁgnal s 8 QﬂﬁcﬁlﬁpﬁlﬁfdsmﬁtSonshipeNﬂethecaﬂtacmput signal
erence signal is in phase with the data blts of th

reced\aauam trqmmltmrgﬁa ongandusiares) dPheFhedass vk feealimay besinele
end ort(}dﬂ" ggﬁ%le Ta -g(?rﬁ% Q}ﬂ%ﬂ@n}eg{sg{h%%e 1831@3&@&?1 g %1@-}3%15 {fﬂ&hase with

the 4418 bR@BPthb G%tmﬁitgfg%bl Whild in 0Bt ehtbodirhéres they afef ot in phase
exanpl e, hal f great or twice as_great

Thelperigd of tife rt:fereendaslgnbll mayclq the Sqfflﬁ ﬁ%?]hett’tnéer ?eﬁgg q?ﬁé{;l‘ﬁ‘o@%ceu of

| e di
the gﬁg %;tgquﬁ & ggfiﬁo oL Ieﬁn a&iieh&lflfgléeg% E’t%% %%gf%]g I%\'ij(?a@ Bﬁfvylc@ ¥&hRat)
thard ﬁllelﬂé gﬂﬁg dafathitded. periodic r ef er ence si gnal and
encode the data input signal into the CES, an CiCE
TheTreEsnigad] COESudesa @brqlwwowg&irp% 152 anba gepgpr'gmgniagy cycle
ercon
encaE R ket (onnrbIae s R HpEapal AN LLARFOE

reféidifbe %t%?a AHAk 6 @/the atadhput eBbl iatveths U@Sadndtcccm| ?.ﬁ]ye CES and
clrcuit 138 in response thereto. Logic cirgc

CCHB bex driveadytdreyersal 2deandfl 2¢ i iniie@riers Gt A4 f@f%a?ctwgbv and
recenco gd as the CES and CCES in response to at |east
YKe ‘det ayed signal. The data output (data out) signal

MmayAR %11‘[15&%&1@1@% clrBuit 84 fatived thp CESsindrGCEDS endprosides at least
known rel ationship to the input signal. Far,_.exa

onet signatiiat delapuciraitghadlin Aesponse thereion Login/drest 147 S felhingt tho value
or bRl 5003 Bl PP B RGPS BB Rt s on

delsfeaugnal. iﬁ@dbﬁi’bﬁtb@ﬂ @ataloROslighat say ba ddmymadho threi dza@r lnput signal
circuits of FIGS. 4-9. 1. Transmtter

o
or lvea lmowhlr@latw@hastoéhq gL oFonegmig (e bk gnal may be

R R PP S s,
detBiB¥E @RS efresented value of the CES and CCES.

C. Transmitters, receivers, and synchronizer circuits of FIGS. 4-9.

1. Transmitter of FIGS. 4-6.

FIG. 4 illustrates a transmitter 150 and a receiver 180, which are examples of
transmitter 102 and receiver 104 in FIG. 3. Referring to FIG. 4, a PLL 148 provides a
periodic reference signal PRSF with frequency F, where PLL 148 is an example of
periodic signal source 110 in FIG. 3. The PRSF may be sinusoidal or non-sinusoidal. A

cycle encoding circuit 152 and a complementary cycle encoding circuit 154 are examples

6
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periodic reference signal PRSF with frequency F, where
PLL 148 is an exanple of periodic signal source 110 in
WO-2@5/081225The PRSF nay be sinusoi dal or non-si neGDUS2I04/021806
A cycle encoding circuit 152 and a conpl enentary cycle
encoding circuit 154 are exanplesof cycl e encodi ng
circuits 112 and 114 in FIG 3. Cycle encoding circuit
of B2 ennadingleiscudis| 149 avdl A ¢4 FIiBZ Gslegneadiagicirow £ 52 includes

oG RSB T S R PR ekt
dlv{d'é/%d kv ClglfltCMSt %@@%mﬂtﬁﬁey&f (M[D@ 156C «zxitdags $62168 rovide
, SF/ 2, and where SF has _a frequency. F;

encsaahgis@arsﬁé?q GBACSF/E, aanchFu/%,* aherenSie hasea Bequspey EFPB™ hass

fre F/2 bu er I
frocienay F igd inporipvarcdl O S B8 A RERAbL B2 Byt bltihlisg Hifhed
w1tf1‘ @F EJ@SF/QH?S dd 1@1%&@@ GJVSE/Q ‘Iﬁ‘ﬂle%ﬁﬁﬁpl‘él e &F. hadsnboghintfrequency
ighals SF, SF*, SF/2, and SF/2* are sel ectivel

as thaﬁRSH stgnaI\/LBhCDBBIgLﬂtg!ElS $Hh SFE o%H/2oando¥F /2 érecﬁgleg%/ 1yglp gessed by

M@gggg Pgde&)%?eg%m%g gf ﬁd%t%inl ﬁ]%?lgls ﬁzeﬁ Elrc%_.ru r(‘?ﬁg ngPé/stsQﬁlal but

ma%l $e DHd B BENBFAYitH Mabiiek kigHAlL. EG%hdd) 0w b8 eshehal. tha]fmrcmt 166
he extent delay is needed to align SF, SF*, SF/2 and

progigk 2telayag oshowrtentrdefiyds ngyded thalien $s SFE 85/2cmd P& (as shown

0 r cui 162- 168. . V. S chni ques can
mﬁ égg]&enttggé‘glﬂ f":('/\P\ré) dﬁé%yfggl%ge és8€one of the
encodiifg stiidles cad B¢ ufRYATBdRro]l tWien RE@K 136h1eBis, onefof the
anot her signal could be used to control when MJX 156

encpdingeignolse Fof cxdeplestboBRY, the éﬁaorsanomeemgsah qou{fklg wed 4o

ram of the S a en ng signals SF,
@W@%WQ% péwg—SFﬁgn?%ﬁth ]ilcola? it seggrrents 1- 8
ac cprcli gybteat & BmaIE R AR $he CBS b€ etvoding stgols $F,G5*, SF/2,
4-7, the data tinme segment is the perlod cycl e) of

and $I&2 PRSFata e Fegments] —Harcarddglte seme eabpdigests [pAke grmple

o5, 5. e B B 9B A1

MUKRI166 16té §aFferRond aﬁﬁh@(‘SH REF ORI, Mdd SFFB $1Qnetli1&1rough MUX 156
previ ous data tine segmsnt The si gnal passed by

depeBdingrondbe staigad shet qlmlrlgpg‘gsngml apgwh w@ﬁgqahwggp@sseq:@;ough MUX

BB 8o} B SRt i o o

segnfnfl&tsBotvh i bSIAY FeR ExdmplSin aaﬂai’elnﬂ’a@‘gﬁﬂntslll’mﬂléﬁ &Fid ﬂ@)assed in
segnent 6, SF* is passed; in data tine se

datSIﬁiwsegmelrﬁa§9@d4 SH inipaseeds; imdata Epesagment SESF(%IS Passdn data
he
i35 S e L U O SRS e g

Segtmerﬁ@gsggfgqﬁg@ds 4, 6, and 8, there is one cycl e. In
data tine se?ments 1, 2, 5 and 7, there is a

cyclTbe Cliviin F1GsS ilbstates the rm@@mgytﬂt]ée term “gyde’spn a dafta time
segment. For example, in data time segments 3, 4, 6, and 8, there is one cycle. In data
time segments 1, 2, 5, and 7, there is a half cycle, which is less than one cycle. If the SF
had twice the frequency shown in FIG. 5 and was passed by MUX 156, then there would
be two cycles in a data time segment.
In the convention of FIG. 5, the CES is selected to be half the frequency of the
PRSF when the data input signal is a logical 0 and the same frequency as the PRSF when
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had twi ce the frequency shown in FIG 5 and was passed
by MJX 156, then there would be two cycles in a data
wo povs/oseghent. I n the convention of FIG 5, theCIZER00£021806
selected to be half the frequency of the PRSF when the
data input signal is a logical 0 and the sane
frequency as the PRSF whenthe data input signal is a
theldagiiapit signal¥s adogicalel. Ohepuogpisioppositroventrition coold fve been
have been used. As can be seen in FIG 5, the CES of
usey GS, 4 and 5 is a full CES in that each of encoding

S gﬂﬁllcén §é:see§['1—'ﬁ FI(§F5( %ﬁe @ES' oPFIGS. el FisREGII CES dhatiefich of
equa (SF and F*) greater than (SF/ 2 and SF/ 2 F)*)
or

encbhmgtsngmlscﬁF SE&, $ﬁﬂaartdl Sﬁa!Z’éh@fepﬂrmd thajosac@ahgl (PF and S

o e o BT S B BB BT Aoy o o
repf'ég@ntgﬂ Ef otrétha oﬁé’ Eircqe 60 Qlc%@ﬁ%ssig%ﬁﬂ' d)i?' ccﬁ@ses |tlioﬁll hly

arger an a I me segnent and t
1m1$=1rfelchol’man dhef mfclults;h‘a&yclél c@ul@oqcaslanaﬂydqetshgh@y larger than a data time

il1ust e hat coul d be passed by

Segmgxt%{s laﬁﬁﬁ&? ﬁgﬂﬁgEtSAs can be seen in FIG 86,
thepfdhiqj g8 cﬁgrt iting ﬂﬁisﬂrgteé? Rkt difndlehR 365l e sy MOX 156
is made so that there are not drscontinuities in the

in singrahbodinentex Arpiebe seen imEI(prég ticothoiosiof ga¢odirgsignal to be

pasgecily St 1 e Drifedhe T diman i Rug U Ee R
exdGik ']Pfh@%ré{floﬁs@?%g?%s dédréaside R V§R&'€Bﬂtthe drdd dffiBe previous data

previous ‘si gnal  was i ncreasing in vol tage at the end
timefsegrhentpthe ehanes nesitsigrtal decreasghnasiribe begiening o8t nestdata time

A e B AR BEL I s
tlm%'s %}ﬂéﬂtv\!ﬂ@ ltBoRn 91)55%!.1 s?rﬁ‘? HoPRsns S5 tﬁésoe%hfnf(ig &fthe hB@MataStime

not ed S is made of
se gtrmmt [ Nuteuhatﬁbar p]:aoenm amfenph@ng mgo@h wiegre p gyiele begins mgbe different

SE/ 2 and ver, in practice they m ght not be
aBé?%’@&WWﬁQﬁt%ﬁ% s because of possi bl e i nperfections

i N NXofkabing rcES fs TRt cOtRYEs potrtiehd 6ftht SndoRiRigldBnals SF, SF¥,
Referring to FIG 4, conplenentary cycle encoding

SFEi and fF/2%1 SHowewv) id esacticCGrs mighictotibs pefesibreasiinggus\hsgause of

fo | t e 1.80.
posgﬁ)g% 1&%33@%4%%W5%§&%'%§ E%ﬁlacgltﬁcr\ér't Circuit
172Re§?1|1 toCHIGE Wi Sordpldmeniatyadycledinébdifg 8Lt M34eprovides a CCES

circuit 176, and delay and di'vide circuit 178 to
whinhdel dogersbydraves 13f1q ingfFcordRti24B anddregayer, 180. Cycle encoding

enlSEPEEH S S U BHRTE8 B 970 B v
circuit 176, and delay and divide circuit 178 to produce signals SF*, SF, SF/2*, and SF/2,
respectively, which are the inverses of SF, SF*, SF/2, and SF/2* produced by cycle
encoding circuit 152.

2. Receivers of FIGS. 4-7.

In FIG. 4, receiver 180 includes initial receiving circuit 182 and delay circuit 184,
which are examples of initial receiving circuit 134 and delay circuit 138. Exclusive-OR
(XOR) gate 190, flip-flops 196 and 198, AND gate 202, and NAND gate 204 are
examples of logic circuit 142 in FIG. 3. Of course, the circuit in FIG. 3 is not limited to

the details shown in FIG. 4. Initial receiving circuit 182 may be a comparator that
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2. Receivers of FIGS. 4-7. In FIG 4, receiver 180
includes initial receiving circuit 182 and del ay
w@resii23184, which are exanples of initial repel/us1994/021806
circuit 134 and delay circuit 138. Exclusive-OR ( XOR)
gate 190, flip-flops 196 and 198, AND gate 202, and
NAND gate 204 are exanples of logic circuit 142 in
coripdzes the diferemmarbstyeenitee CEB @nd CCIES lfﬂ@ regeives signal (RS) output by
L[imted to t

iniia) ey G LS 2B OR R ad o st Siavattet st Bama high
Voﬁe%% rgﬁ;) td @ftha%ﬁt(Mﬁ&rL tg viler tRebifagbof ANS ah@ CEPRadoss.

RS) out initial receiving circuit 182 is -
ap pDel»ay matmlt yszadslqyaaR& byabeutt/haf a datatigwssegment @/4T gplay signal)

o S b 78 e s o'
magg hey §el%sc1pa)fn 8PPEL. 18/ c@uﬁait?ia Iﬁdy{ﬁsoglﬁ@{fﬁleta deldy%ofone data

signal ) and by about 3A of data tinme segnent
t1m(e3égtnélht di@pw}f1® aghdlldelayBégray but thmsmomqumfom all pahedigpents.

h
i B S s bl S B,
1 TrHeh Q8lay cRbbit 184 Sre 'p‘f’oxﬁ@éd toSQUR Iegfé 100 Table 1 below

fio8
enbodi @%u The 1 T del ay signal may be used in the
shoopst the trath tablelifor ORI gats tYLAnd conpharesdt fortheyane gpresgated by CES

e T

be ée%g ﬁrtﬁls%m«@da%%xarhpkowhaﬂhu Fhe ré;ﬁ@geﬁ&arﬂy@mund:ésm is 0, the
he input"to XOR 190 is the sane as

Ouhput mﬁKOBfgacbel %Nis 0 arslivhenmBa valag reraesepted by drES ﬁlitd @ﬁf‘@ is 1, the
oo B TR i LS PG By Fepon

to WBgN1t he val ue represented by CES and CCES is 1, the
out put of XOR gate 190 is 1. This is arbitrary and the
opposite voltages coul d correspond to O and 1. VAT

Nal_y ')I\'I'I'\nln,

St Y 190
B and| BEDFH b 0 Qg& g 0 “@ 'ép‘fgsgcii a‘bl e
1 _Although!the output of 280 i nichY apg ect

0 data at dald tine segmentd t1, t2, t 0 t4_t5 and e,

0 additional |dircuits (flilg-flops 196 hnd 198, AND

1 andNAND gat@s 202 1 1
1 1 0 0
Table 1

Although the output of XOR 190 includes the correct data at data time segment t1,
t2, 13, t4, t5, and t6, additional circuits (flip-flops 196 and 198, AND and NAND gates 202
and 204) are used provide a data out signal that includes the correct data between tl, t2, 3,
t4, t5, t6, and t7. This can be seen in the following example of FIG. 7.

FIG. 7 shows an example of RS (output of initial receiving circuit 182), the /4 T
delay and % T delay signals from delay circuit 184, the output of XOR gate 190, the Q1
and Q2 outputs of flip-flops 196 and 198, and the output of AND gate 202 for data time
segments 1+, 2+, 3+, 4+, 5+, and 6+. Data time segments 1+ - 6+ correspond to data time
segments 1 - 6 in FIG. 5 but are slightly delayed in time through driver 122, interconnect

24A, and initial receiving circuit 182. FIG. 7 follows the convention that a “0” represents
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and 204) are used provide a data out signal that
i ncludes the correct data between tl, t2, t3, t4, tb5,
wo gg0sant23 7. This can be seen in the foll ow ngPEREIPDE021806
of FIG 7. FIG 7 shows an exanple of RS (output of
initial receiving circuit 182), the 1A T delay and 3A
T delay signals fromdelay circuit 184, the output of
a lo¥XOR1gat end 901" tebeas@hts amgmlmg@ pTbesonposits $enveniperscomdbe used.

Fl 1§ﬁgpéf§?6égm nl%SELa?ee mgt € :thgt c%ggltlogﬁgﬁl@gd %%?{rg%{) h?@ta?nhqer{s
S egﬁ?ﬂ&é t &L when RS Hé%rarﬁﬁﬁl%@@g& Ghélat RA¢lhyBnSROTTEELS aﬂe both 1 so
in FIG ’5 but are sli del ayed in time throug

XORr 19%0esutyi2@a 0i fhe fadbng edge cz“z&s caaneh ﬁllnrﬂlp aP8 teedpy %@2 what is

S A5 L ] AR 1 RBLREAR by B 0 at

20%§IQﬁge The opposite convention could be used.
I p-flops 196 and 198 are in the reset condition %
andAC@martk5 RS do@)naatransitien. t fccoadinglyn® 1 tand QdhdmngShpprge and

faII| elATdeIay and A T delay are both
the a@&ukﬁﬁgﬁlégg%ﬁ?tﬁg‘f‘ 0. The falling edge of RS
Caugegmbhd Fbvﬂén'l@S ﬁ%sa ﬁﬁn@é’dgéuihea@ T%ld&*tﬁhﬁ 3%, § délayi 4r6 bbth 0 so

i nput, which is a 0. Q continues to be
XORC LAY (Diltplgtk y 0 {Tthe rxsmgmdge of Rﬁ\NﬂJl&jalﬂ@ ﬂunzl%stoam@ut a8 Q1 what is

at 1@‘3 gg)uh(ysf i S]é%&)gs(gﬂ g(t’l}th{ygg (gu%c%or(gjl A ggles gof aneh gate

2020{@3 . At tine t2, when RS has a rising edge, the 1A
elay and 3A T delay are both 0 so XOR 190 outputs a
0. Ahameita5gheus hos o Rllingpudsesthels Edﬁlab’ps Lgad s 7 T delay is 0

so RoF T alodthe S0 The RS panRs ik iRl ok o Ayt Qe wat

is a@ Qgﬂ 1§1p1"i’t Q/hlcﬁtls hi let nfinuddi6 e BS Atb’éﬁr(ﬁngl% thé thp&ﬂ@EAND gate
delay is 1 and the 3A T delay is 0 so XOR 190

2023¢mmmu@ tabe.a 0r¢wnftlmug|hrt@ereds@e agfanpgor afBE 4t Hime2hl i p

1 8ol s R LB oS AR

XONNRD @atsud 94, aoRtistiesist 0f RS oau&sew A I%J@fbu e Qlashat is
a transtllgltllon of I%SS at tglme t2.5. Atlﬁtlﬂne t 3, mn RS

at itsdl3 iput, |vsshlnlglseidlg eQ2 chiatinuas 1o w a§0¢@dmgb[n theAutputfaata from

Ah@ggtgé& qugl tét%r{l% f(g{ﬂ\xsﬂ% H S*I‘&% 1?&91% o?ftmﬁsoet‘ﬁeen the

trahsMRH in READ ahd tl@ changPofGRe Dh?iﬁ@@afacdebendb on delays between flip-
Accordingly, the Qutput Data from AND gate 202 changes

flopl %6 alldsltS)(Srwﬂy\NIé |gat9\p?a0ag Naiterihat the sipnals ainbif@t 7 g not pecessarily
Ltion | RS .a t
to R, st OBUr e BEsnne BN ardr dyec B e R A R e
cha%%@ s $3Giand nAMBe Qéﬁléwﬁ&?smaﬂ\l@i ’éhaﬁ isdhotvien FI@MAl s of
are not necessarily _

At t1me t3.5, when RS has a falling edge, the % T delay is 1 and the % T delay is 0
so XOR 190 outputs a 1. The falling edge of RS causes flip-flip 198 to output as Q2 what
is at its D input, which is a 1. Q1 continues to be 1. Accordingly, the output of AND gate
202 continues to be a 1 even though there was a transition of RS.

At time t4, when RS has a rising edge, the % T delay is 0 and % T delay is 1 so
XOR 190 outputs a 1. The rising edge of RS causes flip-flip 196 to output as Q1 what is
at its D input, which is a 1. Q2 continues to be 1. Accordingly, the output of AND gate

202 continues to be a 1.
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to scale. Indeed, the delay between a change in the
change in the RS signal and the change in data out
wae@salizeny be somewhat snmaller than is shown PCT/BE$S2804/021806
7. At tinme t3.5, when RS has a falling edge, the 1A T
delay is 1 and the 3A T delay is 0 so XOR 190 out puts
a l. The falling edge of RS causes flip-flip 198 to
outAutimest. YR Svieets nostrattsitians Apcordiogly, Q/lq padh Q2sioawi chagge and
continues to be 1, Accordingly, the output of AND gate
the d§p ouHgnal daes 1o chues- 1 eveg %/hough thefe was a )

tr
o 32%5%@ i\@lfen R(? 1T2Ata ﬁulhﬂg eaéed tl’gz%['l!" %;ha?ql agldrlthi an( ggay is 1 s0

XO}RlSl@OQﬁ‘:mm 50aThe fanmg cdgsqugsedlgeeSdhp-m) 498, taeeutput as Q2 what is
[ 96 t
s i oy 'é"f% 19 2p EfifiaBiofs hdlipordadh i Ryt SPALD sat

202%%5%& AND gate 202 continues to be a 1. At ti rre
RS does not transition. Accordingly,

do Atime HafigehearRS hisea deingedas; thei g Aadelaygad aﬁéﬁ 4 Erdéhﬂgés 1 so

o s U 5 LA LB i e
at 1t-£|ﬁ ﬁ\! I\K}hlﬂigl £499¢ @ ciRpnpadRaR d. |A<Eb0fd1hgly,1@18 ohtpuOUf AND gate
Is at rts Dinput, which is qQ

202mmnt1n1mses beo et thotgh dreté we$ § trandioroof lis&t "of AND gate

202 ch t 0. [ . 3
202, DA0GES f  E FL B £ 0
XORBOURIS 2 f%ﬁf%ﬁ%g%fmi@wlr?ﬁg:iaﬁff%tprt:sﬁz s
ot

at itsf) Tiput, whachlis aQe Qbeeritinuestoths loe Agcordingdy, dhaeptput JPHND gate
20 q%)éﬁut of AND gate 202 continues to be a 0 even though
2) la transition of RS. At time t6, when RS has

a fﬁ!; l:érﬂge &@H eche Lhge AnhE ddel iy sﬂgﬁaﬂfoﬂ&ds tH&GJaAIeTofdl@d GES and
i's O outputs a 1. Tefalllngede
t

CCE4 umlsfwlﬂpa ﬂela;p ag és@ctibedo u%qomf:ntame@wm ffarent degic ﬂ@ data out
ues t.o

sindl onAey 1 cpResei ar s e e bin g dappou signa

héfth&ﬁﬁk} RE 0B BRMatal iR sieahIy & Plhcd bithéldita oatisigadlgifdbsired.
(whie | ows ttewe \(/)a | ue oaf ttsi\egﬁcbés gﬁ?}l CCES si ?nallgﬁavmglth S;e
1

deI Bysuasnatgsior ifsadceives ofEHE b tleoutpitiaf irifipfrepering cigpis 182 is

aelpsichh el uBar v ol BRV0E0 PRuRRRRR SR fies pf the data
timb @@%rﬁéht | $n thRRaddVEIEE4 Ohe HblGySiat By @uioudis@Ta and %, bdltaﬁ ether
he data out signal, if desired. In sumary

fo
embdriments sdelays bwfotlﬁr@nomntStcnulddmrp@de dfurthes, in aqher embodiments,
ei vi ng‘?lm rcui is del ayed such that a sanple is

mof%'&@?ﬁ%? e PRk ?913 'signal in each of two hal ves of
t he3 dat agynchronizing circuits of FIGS. 8-9.

In some embodiments, additional circuitry is provided to synchronize the data out
and data out* signals to a periodic signal (for example, a clock or strobe signal) for use in
other parts of chip or portion of chip 16. For example, FIG. 8 illustrates a synchronizing
circuit 200 which synchronizes the data out and data out* signals between a first periodic
signal (periodic signal 1) derived indirectly from the CES and CCES and a second
periodic signal (periodic signal 2) used by other portions of chip or portion of chip 16. Of
course, the inventions are not limited to the details of FIG. 8. When synchronizing circuit

200 is used in connection with receiver 180, the data out and data out™ signals are those
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time segnent. In the case of FIG 4, the delays are by
anounts of 1A and 3A, but in other enbodi nents, del ays
whyoosHhees anounts coul d be nade. Further, in OP¢CEDS2004/021806
enbodi nents, nore than two del ays may be made. 3.
Synchronizing circuits of FIGS. 8-9. In sone
enbodi nents, additional circuitry is provided to
frons AINID patas 262 aride? (el theil Tatethyodgral surom selghigirsuit $840f FIG. 4.
periodi c signal (for anpl a.cl.ock ar, str
A plicgiaria etlids o 2fe Py ies oo epfly B F aypug (aueue
208£ 8¢ E{J%&Qnd gﬁe’ue%ﬁ’éﬁ@'z%).':' G 8 illustrates a
synchroni Zi ng Circuit” 200 whi ch synchroni zes t he data
outQuend 20atad quiue 2dDgrmak in thadee ea that Pher guener30§ds taking in the

o AR S S SRRl T LR, A Rt and
dataich?’g éi'%& gf%‘%é bYWtk BREuiRQhSH PBFNPT LikBivise ORh@DIdO101s

course, the inventions are not limted to _
takihgnén tthedatal it efd @diGoutd sigialsnqespaciB drprevisingeutegeoyshptaken in

i s us in c*onneti n.wth i 1 .1
oty Ak U rB T dretiofics L & 1550 o ke iR R Qe ghh data

a ' ieSfrbin 02204 i
out Ay u 20 br BublR 210 (RrdRBple rbiINDAL 20 g0t i
FIGp#pRatiediqmgiaddiis ussdde arovidet gt shef pregipugyziensd detpuajand data out™

. 208) or a second 10).. o
gt R NS, S a0 e st
and DL B8b1ieA th BBaLA8 Akd 2 70 desihbtveBl bf toquinas 310 a1iE208,
210 i's providing out previously taken in data out and
respéﬁﬂi‘aelynuThe_:rs AgTErous vy gfgnrn)}ermn’q]@g aghites Qﬂ é.s Q@ﬁ #fay is to include
st Dhi S S RS LB D UM L e

betRERVdURHS 208t AHEN 0lafteHRE M hurBbE ot@yéeooit HalSiy@lelage received.
Periodic signal 1 is used to take in the data out an

d
datBheadata owiagddpta dutit szeplebring owput fremayeuss 298 @nd 210 may be

.exanpl f.ro ates 2 an 4 i .
st FAEATIE! SEGHIR | B e 208 A AU Y e el do qypand data
outSLiehAd a8 RbRvRIdseANAIEREA 288 Hita DugNAimId. r AR rE My, 208ues 208
or%gueue 210. Arbiter 216 deternjne%ﬁhhether eri?gic
and<A1§madysredeinmserial date oappid dath o™ gigaels ng ognverdhemdo parallel data
respecti vel. or to queues 210 and 208, respectively.
mﬂ?ﬂ%BQaQPE %%W#%us ways of inplenenting arbiter 216.
Onepapid sigrad 1&&@1 Bee ApeaimbRrsqhdiatvageutindert d1e approael, the
of cycles or half cyclésS of periodic siqnal 1 and oL
datswittact dotontesigepleassnpoRdarig araw 2% @21 aadiotiypgges of periodic

siedi- St arposth B e G 2R P Ay wedifutigish onty
the #Rhg280c BPOn &gy?zel@é faflingQydgP of péricdlic sipgtdl UndEhall asother

queues 208 an 10 may receive serial data out and
appdaech, periodic signal 1 is made of two sub-signals that are 180 degrees out of phase

with each other. In this case, the data out and data out* signals could then be inputted on
the rising edge of both sub-signals, the falling edge of both signals, or both rising and
falling edges depending on the implementations. Under other implementations, the data
out and data out* signals are inputted based on voltage levels rather than edges. Periodic
signal 2 may have the same frequency as periodic signal 1 or may have a different
frequency (e.g., a multiple of periodic signal 1), depending on the implementation.

However, in most cases, it is expected that periodic signals 1 and 2 would be out of phase

12



10

15

20

25

30

out* signals and provide serial data out and data out*
signals. Alternatively, queues 208 and 210 nay receive

wa@ersalizeat a out and data out* signals and conREF/US1006021806
to parallel data out and data out* signals. Periodic
signal 1 may be an approxi mate square wave. Under one
approach, the data out and data out* signals are

with Badhitdtieet. iAstan epampke, fOSde signd 2anashoe hclegksignalfused in other
r5er|od|c S|gnal Under anot her approach, the data

pars o CRIRPT BTN AY; II’svgnals are inputted on only the

risy llﬂ'i? %@ ﬁs ® é)lﬂl Whlém?erfﬂld 4iPeh] AeAEing koirbEit DO6lan derive the

si gna er S anot her appr oach, periodic
perﬁﬂdgmgnal Irsthaﬂﬁmtraifedtemwémhﬁr@ ofddGs 84 mxodwsegrm deriving circuit

2o 55, e BIERE L e SEE Qg Hr b s v

e Qiqt he rising edge of both sub-signals, the
mg¢9¥#ﬁﬂ€ %dge of both signals, or both rising and

f al Fithg iusgesesdmper themamnpashible implesenations of geriadig ggnal

B LT 13 01 0 O A A4 o
sag#eﬁ Ua9ESm BRILRIR. HHARID ZitéP¥4 hevifed he damrtut 31gna1 and a

requency as periodic signal 1 or may have a different
51g1f12[1 delbacic fro(neO@ g,atea264u IXG)K lgate @34 p@qeu\@g ithe 5T gigkdy signal and the

mggajg %ILIP roms %he | {9623% 68‘?63:%& € n%ll’l‘sc{éiaqpsﬁ;%’la& and the
sigiiid lfgl:d%gpl? frOH OR a@me%ﬁﬂ) @&@54%&&%5 thsdan oexsgml end the
peri odi ¢ signal may be a clock signal used in other

outpairdfX @R gatei 2340 rAI]d")la rgotecdP 6atoedves p;hemta ppdsienat and the owipyt of

e 4 ORGP 80O LRy 23RO 2
recSRROME %ﬁg}uG &fAﬁDt%nategM%"d'Z‘S@' ORs A0 ab4 detpisithgperiodic signal 1.

circult uses T del ay signal and the data out
and data out* signals, but various other signals could

sed. FI strates one of the many possible
D %W%?ﬁé@s &b 1Beri odi ¢ signal deriving circuit
ZOGFI(F N OFh&ws BtheR BBt f 22iVe L ES MﬁlSIUAhQ{dfafrmgWFfG 10,
signal and a signal fedback from OR gate 262.

An
lmmtreceﬁdﬂg cieqit V8o which may be Bgsawp ghaiicwhtZindilgh é} receives CES

anJrE‘éES d@rcaﬂﬁ?s %%8elth(§ mgpadﬁ%qlngra%)gmg %F{e%?n ef&éﬁg %r&ﬁt §'20
pro%ﬁfes 2APRYARL SordB %Qi%ﬁi'y\/s%at lagd 4 YT deley siyndli daaKORNghte 332

the signal fedback from ate 262. AND gate 254
prdvectee iaweznat toelipetogs 6&6 ard éﬁfam rasnonsehte theitipand Jafelkpmignals. A

t t.h d
Hfaiteics ptine Sor R bR pRLEOAE ™ BEgTe uEd! puplitR) o nip-
ﬂo#» Res At PvineREd f"’ﬂ[aeﬂl@t Sordd rauph idbdter OB4.9AMOR @éte 330 pr0v1des
eceives the outputs of AND gate 244 and 256.

a sfdl BlUinguSE) sipeal perdspenise te pyauput(Q1) of flip- -flop 336 an(? the 1 T delay
signal. A state machine in the form of an AND gate 342 and an OR gate 344 provides an

output control signal. AND gate 342 receives the SF signal and the fedback output control
signal. OR gate 344 provides the output control signal in response to the output of AND
gate 342 and the SR signal. MUXs 352 and 354 are controlled by the output control
signal. MUX 352 receives the Q1 and Q2 signals and provides the data out signal. MUX
352 receives inverted Q1 and Q2 signals (through inverters 346 and 348) and provides the
data out* signal. In some embodiments, there is only MUX 352 or only MUX 354.
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D. Receivers of FIGS. 10-11. FIG 10 shows ot her

enbodi nents of receivers 28 and 104. Referring to FIG
wagosiomi2es al receiving circuit 318 (which nay PET/UBI04/021806

same as circuit 182 in FIG 4) receives CES and CCES

and produces a received signal RS in response th'ereto

Delay circuit 320 provides a I T delay signal, a

del BG.4il gmatlmlmdiagraﬁlﬁtodﬁlhmtﬁsﬁhg np¢ratigmo r@c@p@r SQEIG 10 for

provi des s 336 and.33

someIpReiament 1?68 bﬂ@r fmi)gﬂla“eél% Iﬁ@fogayeg{ugﬂg?r sigiy] I%dew?tlons from

tha%ﬁwﬁlﬁmbﬁ@gsl Pardl ﬂnﬁﬂd tﬁé fdl]%gz de3R) 8pt§dn9 ey oribefdre §RRNe Sflip-flops
to an output (@) of flipf and an inverted 1 T

3360dBB 8sirgreatt sblhas l@]hand'ﬁ)% ﬁlteé} (lcz\z Noltm) (ﬁh@ yplaegafSR and SF

€35 o Ay e

datac‘blgt“‘% i state machine in the formof an AND gate 342
ngn()? gate 344 provides an out put control signal
Angame tBL‘tﬁe i a?ablamgltalh@ réing iagh Q11 2ad Q2 e Orse@db%teiR and SF

ot gir Op SR hTPRIRbE: Be P R PEEOIET R S Btto-fop

33%&@%&6%1551@ 1@810%' Q'I‘%hd QYY¥sa3Er Wik Siagelﬁg ¢, memspm t@tirol
he output control signal. MJUX 352 receives th[\o@gth
c

mgmidro@ﬁZO& grtab4t farld With SF de thet ot of ANIY gatgi3¢Ads |

oSSBT M0 5 A0 B . .

S' gﬂ@hme't[‘ SSﬂ’H‘i "F-‘H(tl@fj kipRAltddes hhtaFRsitidn ol tHerMlibn@FRange in SF,
117 is atimng di agramto illustrate

SRIQG; %b,emah@wtpmfcont‘rel sigwdi ver of FIG 10 for sone
i.me

S ORT imedgs the Lo el et i ek, FREQTAE ' 10Dy SR and SF
bot?l]fal‘? ngc&ﬁ&m%g)é klgirﬂllﬂggg% bRtk Re O/ﬁltp@llt b M@R 832 t(ﬂQ2 taﬂd ﬂ1p -flop

't p-flops 38 are reset so that d @ a
33@d<§dsmm: viotk.afence, Mand &mmam 0. swlw @m&ﬁythﬁ gutput of AND

oS s 5 TP oBAR o, 0 e

0. Wlth &Ja%u uf cSiRtA ¥ cah s oswuv@manamdzt ssa)RlarkPQat e
hatilp SR and §I§ bot hg rise. Accordi ngIg;/, flip- (le op

resﬁaﬁlvpkysses the 0 output of XOR 332 to @ and flip-flop

338 .do t .cl .. He

R e R N T e R
SR1Q1Vtho§Ee dutphi\®n@dl Abhalof AND gate 342 is 1. Wth

t Re’ out put control si gnal being 1, MJXs 352

pasét @n@adthegl*T delas ﬁsnalus/@myg, emti Ql ansl QF arp Oaﬁhqw@aﬁsﬂf and SF
el ay &r al ld%%? 33@1%% btyl'ﬁgdégn%ﬁ t{? @fl and flip-flop

33§ Hg&éﬂot cl‘(‘)‘i:kt HeBcd, D1 elnﬁ@?lreﬁlaﬁiﬁb an&l Slhablngi firl duitpug control
and Q2 are so that SR and SF

51gna1 from OR gate 344 is 1. With SF 1, the output of AND gate 342 is 1. With the

output control signal being 1, MUXSs 352 and 354 pass Q1 and Q1%, respectively.

At time 13.5, the 1 T delay signal is falling and Q2 is 0 so SR falls. However, Q1
is 1 which forces SF to remain 1 even though the 1 T delay signal is falling. According,
neither flip-flop 336 or 338 clocks data and Q1 remains 1 and Q2 remains 0. As such,
receiver 316 keeps the output control signal or data from changing during mid-segment

transitions by blocking OR gate 330 from changing SF when Q1 is 1 and the 1 T delay
signal falls (as in the case of t3.5 and t4.5) or by blocking NOR gate 326 from changing
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both fall. Accordingly, flip-flop 338 clocks the 0O
output by XOR 332 to @ and flip-flop 336 does not
webmskiizkience, @ and @ renmain 0. Wth SF bei Pgr/0S20041€21806
out put of AND gate 342 is 0. Further, since SRis O,
the out put of OR gate 344 (output control Si gnal) is
0. Wth the output control signal being
SR hen §84s pasd thgpl Bdlagignal rsep éastinlg gase Af 6 -‘r)néN tﬂz S§ being 1,

the }nge)u%quﬁﬁg '%ﬁal%#_a%n glﬁng WX%%Z I & ?%ieé%lgl? e ? pca{sg' ﬁleﬂndﬁl *

respet Tﬁéoﬁ o ANDtdag 2Tstalelhagh. Si gnal is rising,
p%g&%' areOs‘(%that Rhggnhd SF bot h ri se.

Ac cmnumgq yhe f Tidelaly|signaBBaisinegruk 2 isd sp Si%mm& anghfligcdiep 336

ctodarecporbnEb fi s W BE i Thichthusbh 8F fo AT, pfwever

wm? h qné’éla}f ﬁﬁﬂ%@% W18 b344 dven 1t QWiiehe @Foiltput b)ﬁﬂ Qm tapd 1Q20dre 0 0
gat’e is 1. Wth the output control sig

al
thatﬁ{ augl IF biibtsse3 22 condingdn flipdlop 38p passgs thexl output of XOR 332 to

QI py fl }pn o%ﬁ%éy@esl % E)lne%t éﬁ“?eafﬁ %H&Q-é @%aﬁy 0. SV\E&%I& béing 1, the

@gn ceﬂtr&%g}fa;s st%;s 1 8nd BTG 5D zﬁ1‘66354tobﬁti@1‘e tbtpasler aféay,
Ignal is falling. According, neither flip-flop 336 or

resﬁ@ﬂvdyo The OMUHO%MJD@M& estays igland @2 remains 0. As
suc re 316 Kk h
ARl

bl ogkiifg 15 g ﬂqﬁie%% aom rsagHdQ2 70 ydidat SR risés. lAcamddlngly,
the 1 T delay si gnal alls (as in the case of t3.5_an
ﬂ1ptﬂl0;5336q1as£f5% the © oRipHEONER Rg‘@&éo e Witbhecharsl aﬁ@@%@ﬁ& SF

i d the
B A g R
34%% a¥and Mexd 35X%ad 3 Tﬁ@a@ﬁﬁﬁ QDN réspuetiviedy. pﬂmsm@utmfm gate

, respectively. e output of AND gate 342 stays
342hst@t$h1g5h tine t4, the 1 T delay signal is rising and

out gpm&s;g §<3§ rallélzgq‘cl%\? %gna]:lgogs 1%’(%91 vﬁﬁgﬁcsjpgfr}éég Si§%ﬁ_cilange in SF,
SRVQFBQZ‘ ok thd OMBMQontr¥l dighal T del ay ri si ng, SF vvoul d be a
even if Q were 0. Qutput and

t haAt SRedRdhE Thisidy vigesbls liner @ngh@l gnd 8%@56 ) Hla’s §B and SF

botgg’gi e%gctor}@lng]é/k Htpﬁg%% §£8 égc:ic g@ b%ﬁ ?%&i 5%) ib%%n&gﬁﬁ) -flop

3363&’6@ Qhoileloélb CHERePOD chfbek @ 1 smcgqalremmaye WitlnSF Mhhﬁg 0, the
and 354 continue to pass ectiv

outiftnte)fd{NElgatm?MZAN@ durthery mgceﬁl%«sso,ﬁh@ AUtDAK ofanlg gate 34?1 (output

t he
conéxﬁ)hl Slga?lﬁm gEt[hI tﬁ%o?tg 1'5<:on Pp{]&a‘? b?iég Eﬁ})}éa% ?54 pass Q2
an(ﬁan%Sﬁegtﬁébsl ng and @ is 0 so that SR rises.
Accordingly,

At time 6.5, the 1 T delay signal is rising and Q2 is 1 so that SR stays 0. As
mentioned, this blocks flip-flop 336 from clocking. Since Q1 is 0 and the 1 T delay signal
is 0, SF changes to 1 and flip-flop 338 does not clock. Therefore, Q1 and Q2 remain 0 and
1, respectively. Since the output control signal was 0 and SR is 0, the output control
signal remains 0 even though SF is 1. Accordingly, MUXSs 352 and 354 continue to pass
Q2 and Q2*, respectively.

At time t7, the 1 T delay signal is falling and Q1 is 0 so SF is falling. SR also falls.
Accordingly, flip-flop 338 clocks the 0 output by XOR 332 to Q2 and flip-flop 336 does
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flip-flop 336 passes the O output of XOR 332 to Q.
Wth the 1 T delay signal rising, SF remains 1 and Q@
wo egeaion2). Wth SR being 1, the output controPCHUV021806
fromOR gate 344 is 1 and MJXs 352 and 354 pass Q and
Q *, respectively. The output of AND gate 342 stays
hi gh At tinme t5.5, the 1T delay signal does not
not tlbaksHen@nQ2vhandeste 0 iasd Qdtremhinn e With SF beE!R 0, the output of

h
AN i 9y RalrorGos ser 5B 15 0rjoe eptbutings! et g Lo Wihype ovput
con . e 485 e Rl - R 958 does
- es

nOtTlfel vabdes OFlﬂwaiaIa @R signahage shqvm adj acmit @ the ehﬁhuhgormfol signal in
of AND

FIGE b Asean 6 e g ongpuf Corint sGher e e Yofielt 4l cms and

! diffgren
CC]@@ g{%@lﬁ e@{]‘(gfr sﬁ%h%?(@%s%lgh Z rglgta ?fgﬁé %bagsghg&t 0@f delirsé; drent logic

courﬂmaseﬂ S ehay theAtata durwignel s thd‘@ppmtqj@algfy a%qhg ,Q%ZS ang CCES.

{18 SHmaRaRs TR PRPR BrSLaen Gt Do ORISR g shrtly
afte F}fé ﬁe? mﬁ%oﬂﬁkaaﬁlmé bé%?ﬁ’ént i lech Qg Iﬂﬁf&ﬁénsb@o $F @#ltng shortly

38 does not clock. Therefore, and@g
after &reﬁaegnﬁmgrof dbta tires pegndnise | ReceiSiend 6 blh@dehP peifectod midypgment

traq?sxlé%gg :qgl\fygg aud mg&w tgsgvﬂstseh\%ou ieﬁm erlecltx]%;teg&?gﬂ Ql and
Q2 Gf‘ﬁle%ﬁﬁm‘%%ﬁtidw%nhp pass @@ and @*, r es pectively. At

delay signal is falling and Q is Q
so Smchonizihg ¢ingit 20R inlFG. § miay be usestiprognpeytipn with receiver 316.
flip-flop 338 clocks the O output by XOR 332 to 2 and
flip-flop 336 doesnot clock. Hence, 2 changes to O

E. andA@htlBﬁeﬂ%h%dQnenWéﬂa igforlglit 0, the output of AND
gate 342 1s 0. Further, since SRis 0, the output

co nTmeomvsntgma brei ot Gimitad o usenesitly gmpnlten@@m sign%ls §Hg)1and CCES.

For?egé%g]& Fm sh%%é a nde3 45? §4? ﬁvg%h % %mglleg%f atfansmltter 20 of
FIG h?W‘th%@’bE%ﬁ@édlﬁQ cﬁ&ﬁt D32t Biinok @%pléineﬁta@ﬁ ayclé Bno%kif.ﬁg c1rcu1t
¢an be seen, the out put contr ol gnal has th

154ssa>rthat\xh¢ GESdait nbiethcESESid produeedai Reseiven d8&(whjeh 1s an example of

I t.
ek B EY L OB e R S
corpad8t, ah@hidhec ARSI theCEB '8 réfBrehbesipied Vot AmBexantple, Vref
summary, the output control signal selects

mighe bpbetseect o hisR anddpwgyodiaga for fheFE%r To R0 é&gﬁ?ntrl)@s%?ﬂltles in

FIC§j 3:4 a h&'ﬂi}%ﬁ‘f)v '?1%? rfifl ggrlqs | R etgénc% é;%ﬁl fa?ﬁcg?lﬁlﬁl ﬁ%‘e #5in FIG. 4.

?n e g@ﬁ@fn%nttﬁﬁﬁ Qteedt 1diedib askwith bﬁly%‘ 6 ec1 beihg represented. For
- segnen

example, FIG. 13 illustrates a CES that can represent 0, 1, or 2. The choice of which

encoding signal SF, SF*, SF/2, SF/2*, SF/4, and SF/4* that represents 0, 1, and 2 is

arbitrary. The signals of FIG. 13 can be created by adding additional circuits to those of

circuits 162-168 and 172-178. A receiver could take samples at additional locations
through for example, additional delays. Also, the logic would be more complicated logic
than shown in FIGS. 4 or 10. More circuits could be added to provide SF/8 and SF/8* to

represent 0, 1, 2, and 3. The encoding signals do not have to be at divisions of two of the
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transitions of CES and CCES that otherw se woul d

change the selection between Q@ and @ or the output
we@oemwsnol225i gnal . Synchroni zing circuit 200 in FCTASRI04/021806

may be used in connection with receiver 316. E

Addi ti onal enbodi nents and i nformati on The inventions

are not limted to use with conplenmentary signals CES
max&ﬁdm(ff‘ﬁﬁend?o Foe mmple,, inEbBe empodimsnts, thergngpding sieapls syght

(which is e e of .t tt 20 of FIG h
lnd%@%¢@“6%5 ggdﬁégnp@ﬁpﬁmf§%%q§n1 %%{ conglenenta}; e
%%gﬁ)l %g JG Qnde%%Hﬂftloﬂgl‘}e%@sérltb'ﬂtvaﬂdb@ (€ESobut2, Bpis tb have

uced. Receiver 388 (which is an exanp] e of
additieasl \mﬁagéﬁvels 1Ether thah mianely bégbsordawi for pxampledhe §1igp@s of FIG.

circuit, 392, t d which
5 a@&w@qm@d%%gn%”ﬁ&eﬁﬁgﬁaﬁﬁ? signal Vref. As an
%ﬁal M8 findi i ko8 cRAIdNREHcIWER agRod tat mbisa‘hm (for

for To show different possibilities, in FIG
exathgle, halDithe 382 tipreweiniest whifsertherineodiag sigasls datq yhgiod that is

rath th Fl G Th
cauflt Bt Hpedrhoain oo ooV ib iRty ke e
ﬁ'eqrﬁ }FSTQH@PESF oF B1G. Wb dulibtsthe EegBery GHS it FEG. £amnd to reduce the
esent 0, 1, or 2. The choice o? whi ch .encodi ng

fre@elgnaif Sk, cr@‘ﬁ'ng o8/ @megm[cgdmg signals. kel cigpyitsrotiag geCompanying
r.epr d 2
w4 3inthch B ALl (P 0o

fre %ﬁpse of circuits 162-168 and 172-178. A recelver
take sanples at additional |ocations through

ex drmh@CES@oﬂewrdwdlm detnepiion Witk FIGBE 3 dgl® Lhold: @néé3 there

. re conpl.i cate th

is ORp e e QLS SER PUOHE i aRan Ry g stheheRithefle, S engoding

s1gﬁa‘P nfaﬁr%%&ﬁﬁl et oFa dhta @6 sésmebinavidRCadiieg esdoglivey sigithd may be
ave to be at divisions of two of thenmaxi mum

useﬂ irethe emn&md@mf ﬂw@ml@e spgmemElagmganeIgdansone; gagoding signal in
o e by D kR By Yk B o e

ditional represented values (e.g., 0, 1, 2, 3) isto
ave additional voltage |levels, rather t han

hi gin tbe CESis, deonibedxaephrectionwithifaal & Sfl H- ol &2, e?ﬁé 13gthe
data ﬁlgxlp gagtgg 6%%0%{?8g 3[?1' oél\llegle'glnaﬁnﬂe%\( kl?e dﬁeﬁﬁggé%en@%&ld have a

Varlaﬁﬁeswitdﬁ? Nviefe®f a ©%R TR erorb@alhigs donkd blaﬁhareby ﬁreprsmfﬁnt
| e other encoding signals have a period that

eq u’ﬁlhe lnaemtrong PECENCd ﬂlmlﬁdrﬁo £ partightan tipe ol IergARRACE b@y@en the
to ccom h this

e S REPRR B e B BB o SR e
rec&iPéks sBow %ﬁﬁ%xédﬁﬁecﬁt!‘» gSIbENE YleGiticaltcondutors alﬁat e@rrpnbyventional

some encodi ng signals. The circuits of an acconpan
electrical signals. However, various other types of interconnects could be usecyi 1nc£iJud1ng
electromagnetic interconnects (for example, wave guides (including fiber optics) and
radio-frequency (RF)). Merely as an example, FIG. 14 illustrates an electromagnetic
(EM) transmitter 450 in a transmitter 440 that provides an EM signal on a wave guide 458
to EM receiver 452 in a receiver 444. As shown in FIG. 14, the CES is transmitted over
the wave guide. There could also be such a EM transmitter and receiver coupled through

a wave guide for the CCES.
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recei ver would be such as to recover the input data

froma CES and CCES with these frequencies. In the
w@EBsSo1descri bed in connection with FIGS. 4, 5PCTUSI04/021806

11, 12, and 13, there is only one encoding signal per

data time segment. In other enbodiments, one encoding

signal may be used in part of a data time segnent,

whiFI6. af divstates asydém gineilagriathagefFlise 1dsxeent hat fdM transmitter

remai nder the data tine.se ' re. .k :
4763 Seurog 1 SPGHAT R o RRE AT Pl el ST T4 s o
wird18ss"rERI RS € Als Rk ShYledth® BM sikn8l mhbé & pides GBiueioy €RFhsgnal or

two values. In the CES s described in connection with
anofHleCFpe Hf EB] signall @\s ahlexample, gagpryfer 4 g 3eseiYsr fid 8 may include
7L/A{s,et%‘j:‘rrrtr_\nt Is constant. In other enbodi nents, the data

P Segnent coul d have a variable width. Merely a 0

Or GorRhuct¥y 24A BhAIBAB §RUl0H nbksiaiey edntinuewy Bseotiddnclide
inventions are not limted to a particular, type of,

inteirmbtﬁatlcmimeittﬁ, vine tetoe SPhetdeadieqters spaytinglpde apaci g' Feerial e
exa e, e ill trated. i ] . ; )
couie Petireh R e SR s SRR o, Cloe B RTRAY b8t in

poiﬁtl-t‘?)?oriﬂ:rtqﬁ‘ﬂerc%Eﬁ‘é&‘tI Gy sdrds dshbwaan FIGS.ONMRIT Inowkich there is one
el ectrical signals. However, various other types of

recéimtrdoreavhdensmitisul Thoimveriiansicauldadiorhs uspd i ¢ Hrsiggm e Which 2

. i nterconnec for,exanpl e A ' ' ' .

st e GRIREL o PR B ot RRELISH AR s

maf YRR ddfibfal ciduitd duehta aleeSo-3ntieldachargetfiiv) ¢iccuftEMnable
ransmtter 450 in a transmtter 440 that prov

i d

sigiieicgitom airceits, andimingeiains. 45 gltergatig ?@@@FW@FS:&E?%%%E‘M be
receiver .444. As sho [ | S i .

cartF A o o PR iebort FomS Coplie <ol Fifpremtiqlly on o

condMEBrs2 Lagettﬁggmﬂ ditcRits B beeeshosdrwidDleptlatigtdred ugbnits. Voltage

wave guide for the CCES.FIG 15 illustrates a system
congtiohtedl ar curtent pentradied Firglitsicoulddcaisedt hat EM transnitter

476 jn, transmttes 470 i is :
EM T CEM Ve RPN n?eea%% #If/aé?n% (2%3@%%?2{3 glséefrﬁéllf%ses
andiSG Thing or et AhEXEBER, miyhise Gilvbrsiagsms!fory thieg ar eemiit.0Two

~frequency (RF) signal or another type of EMsignal. .As.
circuits @xearhsl couplied gitseit eresouRled BgiepcHy dapysh afh*?’@“ﬁ“gala% creuit.

i nclude .l /.4 ant ennas. t or . : :
TP A 8 B oo
theGhEGHEN o t¥ ' @PerRbEdimEie" '&as ¢mbbdintentitsdnmcmibteliments,” or "other

capacitors for serial AC coupling although that may. .
embbdimentsé means b m@argﬁd@df.eatﬂrfg s t?ro“rli@?%?ﬁ‘ﬁls% d%r%%‘%]ed n

el 5 B R0 R bt o
necessarily all embodiments, of the inventions. The various appearances "an
embodiment," "one embodiment," or “some embodiments™ are not necessarily all referring
to the same embodiments.

If the specification states a chip, feature, structure, or characteristic “may”,
“might”, or “could” be included, that particular chip, feature, structure, or characteristic is
not required to be included. If the specification or claim refers to "a" or "an" element, that
does not mean there is only one of the element. If the specification or claims refer to "an

additional" element, that does not preclude there being more than one of the additional

element.
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receiver for each transmtter. The inventions could
al so be used in a systemin which a signal is

wao e@nsm2es ed fromone transmitter to nulti pl e PCT/US2004/021806
receivers. The illustrated circuits may include
additional circuits such as electro-static discharge
(ESD) circuits, enable signal control circuits, and
ti riilegnodmions areinot wistristaskivithepartivdan daigiisdistadteraipsndeed,

oGS bR YB3 QR il e

Varﬁﬁ&%bﬁ%rﬁ rtl‘fe fol@ngt ddsﬁ%f(ﬁcbnﬁldEMhF§m@}be lpexde eyithae & scope of
level triggered circuits tage controlled or

the pmscrﬂ' mveations. ch¢cordingly citis the Edlavdng élaug%@c lugpg anyagendments

"re Ive" means.that ope thing or event at |east
thmﬁﬁ“i%é&%ye 8ge%ﬁ%?ﬂgﬁn g o? event, although
there nay be other causes for the thing or event. Two
circuits may be coupled directly or coupled indirectly
through an internmediate circuit. An enbodinment is an
i npl ementati on or exanple of the inventions. Reference
in the specification to "an enbodi nent,"” "one
enbodi nent, " "sone enbodi nents,"” or "other
enbodi nents" means that a particul ar feature,
structure, or characteristic described in connection
with the enbodinents is included in at |east sone
enbodi nents, but not necessarily all enbodi nents, of
the inventions. The vari ous appearances "an
enbodi nent," "one enbodi nent," or "some enbodi nents"
are not necessarily all referring to the sane
enmbodi nents. If the specification states a chip,
feature, structure, or characteristic "may", "mght",
or "could" be included, that particular chip, feature,
structure, or characteristic is not required to be
included. If the specification or claimrefers to "a"
or "an" elenent, that does not nean there is only one
of the elenent. If the specification or clains refer
to "an additional" elenent, that does not preclude
there being nore than one of the additiona
el ement. The inventions are not restricted to the
particular details |listed herein. Indeed, those
skilled in the art having the benefit of this
di sclosure will appreciate that many ot her variations
fromthe foregoi ng description and draw ngs may be
made within the scope of the present inventions.
Accordingly, it is the follow ng clains including any
amendnments thereto that define the scope of the
i nventions. CLAIMS What is clained is: 1. A chip
conpri si ng:
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a receiver to receive a full cycle encoded signal in
which data is represented in data tine segnents and no
walaiog/o1i2e® segnent has nore than one cycle, anpiCT/US2004/021806
provi des a data output signal responsive to the ful
cycl e encoding signal. 2. The chip of claim1, wherein
within sone of the data tine segnents the full cycle
encoded signal is the inveldd the cycl e encoded
signg{ m@;hin others of the data tinme segnments, and
Whihs CRImeiS hi n some of the data tinme segnents the ful l
cycl e encoded signal constitutes one cycle and within
others of the data tine segnents the full cycle
encbded Aichim¢oneissigit utes a half cycle. 3. The chip

of claim1l, wherei he, receiver. i$.10, fur Lve -

2 comprameEry s b S5 SRRl o hich GATS rpEAENKE in daa
timb RErh&fEANER0 Mt@ﬁhﬂ%é%rh&ﬂ hd@ndrotibi dhe Syddélahd provides a data

responsive to the full cycle encoded signal and the

outpairgidrehmaspensiveftalthe Gloyelecneedtingisishdgnal . 4. The chip

f clai wh in th j ) incl it
o B o e SF Ry R ERSED bR P Ip SR e g e
cycld EtBHeRaEndl Aethe aRkRIBTMh AN 1d etlcbdedsifital anithadetiersioftia data
to provide a received signal in response thereto, and
time hegmenteiané whicrein within semtedfale date simerscgmensp Hhei fyll cyele encoded
. t t del d si gnal ' . '
s ol R B4 A UL ST ARSI B
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9. The chhpchip ofickiimmda Whegsd i dogimeirgwialeo propidgs pn mverse data

out'pﬁtcsligrga(is an AND gat e that

6. The chip of claim 4, wherein the logic circuit responds to changes the
received signal at the beginning of a data time segment, but not to mid-data time segment
changes in the received signal.

7. The chip of claim 4, wherein the at least two delay signals include a ' data
time segment delay signal and % data time segment delay signal.

8. The chip of claim 4, wherein the logic circuit includes an exclusive-OR
gate to receive the at least two delayed signals and the logic circuit includes first and

second flip-flips to receive an output of the exclusive-OR gate and to receive the received
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receives outputs of the first and second flip-flops

and the data output signal is an output of the AND
W@a108/011205 The chip of claim4, wherein the | oRCTUS2004/021806

circuit includes a state nmachine that provides an

out put control signal to control at |east one
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a receiver to receive a cycle encoded signal in which
used &t theisgnehegrisisgnt ed in data tine segnents and at | east

SO datg ti ts. do. have . . ..
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circm tb BEmpYE e RMCYIRENSOEBAXgnalldnd A hegerehdepigial ol provide 4,

herein the cyclé encoded signal s a cycle encoded .
recaiverhsignal in vispatise tleerefar and thereecevgrinptudana delay elrewhie Rspwde at

cycl e of i ' l,. T ' - [ :
e e S S R
cirdo¥iGb BrAGOMe dai Bt sighall he inverse of the cycle

encoded signal within others of the data tinge

segtknt sTheaehdp whelein A2 whaiein theostdeast twndelansignals fpelude a %

ts the full ' '
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ful {4 cychengnénsiaisd: gnal constitutes a half cycle.17.

The chip of claim 14, further conprising a receiver
t hat rechiveupesceve & ayale encoded &igmlri@vvéliiqh&%t% isgepressaindya data

timtp Eeegrﬁé/n% and ell’]cﬁga% gorr% 2 lim%@ggrﬁétﬁy HS’ fiothavE SRrY 8fnng Q%le, and
to provides a data output signal responsive to the cycle encoded signal.

15.  The chip of claim 14, wherein the cycle encoded signal is a cycle encoded
signal in which no data time segment has more than one cycle of an encoding signal.

16.  The chip of claim 14, wherein within some of the data time segments the
full cycle encoded signal is the inverse of the cycle encoded signal within others of the
data time segments, and wherein within some of the data time segments the full cycle
encoded signal constitutes one cycle and within others of the data time segments the full

cycle encoded signal constitutes a half cycle.
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response thereto, a delay circuit and a logic circuit

to provide a data out signal which recovers data from
wanpethen2zycl e encoded signal. 18. The chi p of PCI/ab2904/021806

17, wherein the logic circuit also provides an inverse

data out put signal. 19. The chip of claim 17, wherein

the logic circuit responds to changes the received

si dffal  dthetchip dfegbinmi 4 Gurdfer gomnKising p recciiey hshinclysgs an initial
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cl aj_m erein t i G ci oWt !
S g 20000 L O e

data\?\ﬂﬂ}%l.ﬁ%ignéf. | east one mnultiplexer circuit to control
ether the data outﬁyt signal is froma fir

t
f1 |4 i 1|z<5»t\.Mf1 | GFheahipmoidaion i/, Mhiepein fhgdogip pircyif EeSEﬁlil% tgchaness He
, erej he recei.ver, i i .
e
chah&56h YR reBiRad f@slt he data out put signal responsive to
the cycle encoded signal and the conplenmentary c e
encaided Biegrha of daim Thevhersip thstlogic iy e g ﬁ%ﬁﬁ\%{) gate that
rrecei ver includes an inity. i.V] [ Li
recBmpe HETE T Eng Restu  EghERR K, RaEhbEh senkds an owtput of
the Q@H gatgncoded signal to provide a received signal in
response thereto, and the receiver anjud?s a del a

Ci rklgi It Thﬂdckhilmvf cleinad 7, velaesein fheclogie| ciFEH ISTwfiea e af figphine that
ar.e i. f i i .
profigs € RAPELeRCPE BT e el BEFRHE R RlAnG: chffifichpnuro

whdii& 1RO R hitpat Sinal A3 fromhefiet Niptiiep dragiecond flpuflep.
responds to changes the received signa

|
:J_egZthi n@hémfhiaﬁﬂaltaﬁn { frigheseiy emteceiygf 1s Hbﬁltr&htsp fﬁcai-va &t a
I.e segnen i i [ g .

cobRe SRSl PSRl L FRGERGHY RSBt et Fhounu

sigi r&P6hdivd 16ahEBy d@kieotied sigaliané tidwnatlethematy dyale encoded
—del ayed signals and the logic circuit includes first
sigeedd second flip-flips to receive an output of the

at Hock PTIp o Ptz PhdrE the fobit hEfRL EHpR B Iciving
cirdiab @bRphieahd bydé eddotled §ibee) ahd tiel calplementary cycle encoded signal
to provide a received signal in response thereto, and the receiver includes a delay circuit to
provide at least two delayed signals which are delayed versions of the received signal, and
a logic circuit to provide the data output signal.

24,  The chip of claim 23, wherein the logic circuit responds to changes the
received signal at the beginning of a data time segment, but not to mid-data time segment
changes in the received signal.

25.  The chip of claim 23, wherein the logic cifcuit includes an exclusive-OR
gate to receive the at least two delayed signals and the logic circuit includes first and
second flip-flips to receive an output of the exclusive-OR gate and to receive the received
signal at clock inputs of the first and second flip-flops, wherein the first flip-flop is clock

on a rising edge and the second flip-flop is clocked on a falling edge.
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on a rising edge and the second flip-flop is clocked

on a falling edge.26. The chip of claim14, further
W@9poiRrefg a synchronizing circuit to synchr oPCmES1006021806

data output signal to a second periodic signal and

wherein the synchronizing circuit includes a periodic

signal deriving circuit to provide a first periodic

si gpal i The dspofisleiny b4, fhghayomprisingadaackpairtlg @reyit to
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sigahdin msprorrse td; ﬂe ograleacnwdeé stgmghandt wheapia thiErsé periegie pippal is used
the data tinme segments the cycle encoded is at
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t heyflat arhd piap SEERRA1S, wieHein WAETi€ beintVof thielattifRe Sdgniches the
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segieih Sl FHETO MO RAORS: 01 G ot b ReB B by Bl o b ip gt the
sarﬁee&cﬁfggg afa B&ignihPRHJR] SHtPéndTdhd @atPtiMéisdEmants yalki@vherein
encoded signal IR response thereto by confinuously
withii srome@fphﬁ dita timectgmierts éreemle@ne@ted@g@l i§rea igverse of the cycle

ei n_sa n .ng signals have a different
em¥$@£ﬂ§ﬁﬂ§”ﬂﬁ%ﬂlﬁ ‘gFﬁ %ﬁa HE Sg#EG U ng signal s and sone
de encQdicRteoth @@l have a different phase than
others of fhe encodlng signals; and (b) a

corrpltrantﬁmttarywhyﬂmge encoding circuit to receive the

dat t Si d t I
enc ihed e narinh o Ratb B AL i BBt MEMAREIEbe fe Gote
endoﬁb@ 5iBHalRR FdshORR tRdrelolty hnfih@iusRLj oﬁﬁhfg)p“brﬁlnssd)igﬁﬁb@nt encodmg
a receiver to receive the cycle encoded signal and

s1gmus=, winrph smen odthe eppediog sigodla bavess differens figauency deag\atpers of the

e S 5 1 B Sy RIS ph L Pt o

the@nb&8hg sizRalsomaar e the full cycle encoded signal and
the conplenentary full cycl e encoded signal to provide

a r énei cpprplemetiaily qynleﬁggcgdmg eirqUAlep decsivedhgl datgduput signal and to
protv eabé%'@%%tg%ﬁ%lcg c?%i ol af u'rtesépg ag£h§¥é§?§ g&mpﬁ@ﬁély joining

oftf%ﬁ?bi"@l@d%f&@ﬁlenc@dlm%é‘rghﬂﬁtldhdm rcuit to provide the
data output signal ich represents the recovered

val aescei2®to Faeive jleteynlesnceded;signaband jhe camplemsatary cycle
encorclleg (sjfgpxgl asnldqg ?éc%vlern\?alhije(sj S dalra 15*1pl§1.J s%}ﬁll in response thereto, wherein

the receiver includes an initial receiving circuit to compare the full cycle encoded signal

ek

and the complementary full cycle encoded signal to provide a received signal in response
thereto, and the receiver includes a delay circuit to provide at least two delayed signals
which are delayed versions of the received signal, and a logic circuit to provide the data
output signal which represents the recovered values.

29.  The system of claim 28, wherein the encoding signals include a first signal
with frequency F, a second signal that is an inverse of the first signal, a third signal that
has a frequency F/2, and a fourth signal that is an inverse of the third signal.
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with frequency F, a second signal that is an inverse
of the first signal, a third signal that has a
wo e@gueney F/ 2, and a fourth signal that is anPCTU82084€021806
of the third signal.30. The system of claim 28,
wherein the cycle encoded signal is a full cycle
encoded signal in which no data tine segnent has nore
t had0. oneTlmysysenodf daimelf; wdieredn thiegieale engaded Fignakipst fakhcycle

of claim28,. whergin.the logigc circuyjt respond 0 .
encgfestige! iuhich dgi Pl res Sheatens e S i g or o4 gpdine
sigr{ailne segnent, but not to md-data tinme segnent changes

I'n the received signal. 32. The system of claim 28,

whedlei n Theesystegi af daimclf, wherpdn thedegia girewit ragonds torbanges the

gate .to.receive the at |egst twy delaye [
o b PG e o B3 AR PG R BBy AR ment
chah%esﬁﬁ?l?ét’é@ei%ﬂ Qufdput of the exclusive-OR gate and to
recelve the received signal at clock inputs of the

fir3 anbhegswndofdlaim 24, @@@;eimﬂ@rlggig cirgeit fricfugles an exclusive-OR

flip-flop is. claock na.sisin dge . .
gart 1 Beqiv oL r gk g PR sepdh P 3G 2ol BeRERE L and
secQid Hpdilipy €Precéivé bR BhtpGOSHAE SkdMsive-ORNEHM O toirdekive the received
circuit"to synchronize the data output signal to a
siged abel delpimpirs oif thesfinginanid sgeend fipritaps, wh@ewﬁ% Firss inrflag is clock -

circui t inc]udes a.peri,odic si.gnal | Vi circuit to
on e e id 6 §5oB0 REHIED & AR ek B8 The
cycie enepdgdicpt 8MNAhinP8! AR @bmptikiag hisyadhregringdirCuit to
signal is used in the synchronizing., )
synchronize the data output signal to a second periodic signal and wherein the
synchronizing circuit includes a periodic signal deriving circuit to provide a first periodic
signal in response to the cycle encoded signal and wherein the first periodic signal is used

in the synchronizing.
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