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CYCLE ENCODED SI GNALS BACKGROUND OF THE | NVENTI ON .
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descri pti on, clalns and abstract), and claimrelated

subj ect matter. BHEEHNROADGF[HIIHEENVEE(HNMENTIONS 10

The inventions relate to receivers for cycle encoded -

S|gnals and to rel ated systems. BACKGROUND ART: Inter

ﬁ&qthAﬁﬁggpe (1.S') degrades signal integrity .e"

roug superinposition 15 of pulses at varying - -

f r eqle pedsest. apphtAiopaht eppi&a%ﬁ hohi gh 1 r eqeeitleyd ‘mmmﬁtters .

are susceptible to 1S, gwer fregue uency pul ses nay
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'abs‘hraeqLe&mlcryalpMem su‘ﬁj&etdjaﬁé:ortl on to data patterns

~caused by ISl may lead to errors. The frequency at
~whi ch unconpensat ed random data patterns in -

E@ﬂﬁ@}t}l 'Iﬂg’E%?FI@'l‘ES be transnitted may be .
- IE Imte Eml%afg]g%jga i zati'on and Nyqui st signaling are

t woThelnvenitns rehatd tSlredeivis foa ¢gclbentbdefsipnakend to related systems.
Equal i zation is ‘a curve-fitting solution that attenpts :

to restore anplitude for higher frequency pulses in
suscepti ble data patterns. It seeks to anticipate | ost
data and restore it through pre-enphasizing the

| BASAKGROUMND &iRThar r ow pul ses. Di sadvant ages of 25

- frequgpcyplpesdgrdiBgioslpsy

equal i zation, include that it_is at best a _curve

fi t tsrgyadelintaerencrd il degrades signgl infegaity Hrough mpemnposmon
of BUEISEDEY BASTELE, BIUBRA 810 A gk PplRE! B oot

to ISGsKighsr frequensy ptikses mapphésb ehmﬂoﬁadrﬂeitﬂ@nﬁaie mdre eclative to lower

thus requiring tuning for predicted data patterns and
@%}n@ higher fie@gney,pulpgs when superimposed with
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Thesfiequency at wiinl unesnpensatedirandom-daonsangrmginaodventional mgnahng
ment ati ons, possibly never

: stem specific
Cani%ﬁ&'?é‘?@i f%"éep]tlmﬁaqllggb‘ﬂutu ons. 1 a WD 2005/ 011225

| Pmﬁ&ﬁ%ggtﬁdnmﬁqmst signaling are two solutions to ISI that have been

proposed. Equalization is a curve-fitting solution that attempits to restore amplitude for

higher frequency pulses in susceptible data patterns. It seeks to anticipate lost data and

" restore it through pre-emphasizing the amplitude on narrow ‘puiseé. Disadvantages of
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-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, t}_ius reqﬁiring
tuli_ing for predicted data pﬁtterns and for each custom system it is used in. Itis
susceptible to unpredicted data patterns and varying system transfer functions. The
iterative nature of such solutions fesults in time-consuming and system-specific

implementations, possibly never converging to optimal solutions.
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hyquist signaling is another prior art solution for
whi ch uses a raised cosine or sine function

WW“Q%@“F?T’ the tine domain to overcone |S|. ThePCT/US2004/021806
- conplexity to inplenent such functions is prohibitive

in practice. In Manchester encoding, the signal
i ncl.udes discontjnuities at a bit cell boundary

whi SYyaisy sigaaling i 2reler e agowelutiondqublc yhih; yses Ké3}$€iﬁlg°051ﬂe or

sm(: %ﬁ@t@%&%gs%% :ﬂgg@g[ﬁ?% {ﬁ/ ob&ierg rﬁ% Ifég} Iéﬂ%ly glfnzﬁe)?lér tg ntnplgmcnt .

suﬂﬁmhets@mtlsprcﬁlblﬂveihpi@dt@eval ue I n source synchronous
~signaling, data signals. and one.or _nore associ ated

cl odk h@nch@mr@m@orbn@ﬁbﬁ sigeal dndludes d‘iscgnﬁ@wtlcwsaﬁlt eal} boundary

i B St Bl St s ShEFleaRin SR kS ot o8l e

- avélhehséahﬁmﬁnwlm celibofifdRics bEMPSK Mkek @alHIbIUSEles b fépf&ent a0

i nformati on can be enbedded into the transmtted

"'Oféldgﬁallﬂl@nd recovered through a state machine. An‘

int ol at or cel ves ock or str -
L PR Snohf Bl o fing P Sen L o84 85K msepasapmated clock or
stréte) ﬁg&ﬁh‘ﬂs ark Q6 SFbrh @ @Rnsriiter fo%@é@iﬁr@ld ThE108k bﬁstiﬂb%%%gtnﬁl isused
sel ect - anmong or between the clock or strobe 15 signals o
by thecrgtsiwiggipjrcuit ¢o dﬂ:tcmlmtlme@to smblpthevdatresiphals.sel ect ed

cl ock or strbes nal to a cevert
cant P Sefie FEbieny Tale FGRAT cb b Mledimo e
trahsﬂiﬂ'tt@difﬁﬁth 3ign@lsnd rebévatdd tﬂﬂ)dgﬁfa%ﬁf@hia@ﬁnbs AR iarpigkot Peceives a
the data signal to get-the proper sanple timng before-
numbenoficlagktas sirebe $1€m§$rfmmeﬂ)r eXhpley aphawdockﬂddpmam odelayed
t he

ded f
ook PFioRg. bR KsoReret b fied fy ST aiBrgiiF RESHR SFbrigRy strobe
S1gh§ls Pé@:'éw‘é& e th@ﬁﬁerfa’@laioh BndBIINE the B18ded 8loek 8Rkeshd i8I to 2

the data signals of prior time. There are various
Tecewehie QQH@'QI mrplmm deti Ingommm datp sigriadr hasomem 1mpihmentatlons

| '. t['a]ttsl}BD/é,]}lgl% glhn ks ogl:da(?]gll tgle %&9 SE%IWPW %et ghﬁ Rrop%ﬁq; nn]e ngg before
“acthAl ARG htaﬁgmiu@d Mrhé bRinng hRERIAMEH San BE pRVIdY- ﬁ(ﬁn I@lﬁieﬂb time to

(one transmitter to one receiver) environment. The 2
keeprthesarpls tiorngrmln @bemmplmmtqnéﬁmmmgeqi@@mnm is not used but

the Syl e edi ol e B ot Ml D vepiges
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 teckriigudyl foReMBNRIMESRINESAEbrination. CPRESBNOBREI Y@ 14 aSwdlNRibwn

merely just O and 1. Noi se on signals on conductors
tec}imgu%ause the signals to be corrupt ed. A technique 30
cetheef ect .of noise t nsmt t Ay 1
on b HerlTortbf S el B B4 bt Sl AR Behatt e et
rec&yeﬂsP@ikadiﬂt RLpdiftgoflé &ﬁ@hﬁﬂ@ﬁtobﬁ&%‘i\&%ﬁ/eﬁ'ﬁ&lﬁ%ﬁkﬁﬁ dThe

~ signals rather than the
transmission may be vni-directional, sequcn’aal 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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Typically, one conductor carries a signal that is the :
WO pepef0se2df t he other conductor. BRI EF DESCRI PTY/OS2@H/021806

THE DRAW NGS 5 The inventions will be understood nore

fully fromthe detail ed description given -below and

from t he acconpanyi ng drawi ngs of enbodinents of the = o
absbmtemlu&nsrypiuaﬁp, onefvonenctor, cagits ul sigmab thab és thekemrsemf the other S

limt the inventions to the specific enbodi nents T .

congdd@er.i bed and shown, but are for expl anati on and -

understanding only. FIGS. | and 2 are each a block

~ diagramrepresentati on of a systemaccording to. 10 °
some enbodi nﬁiRBEIﬁBEﬂDRIPTI@éh@FdTHEDRABNIBIGSS a bl ock
di a ramrepresentatl n of .a systemincl

t r ahaginyenipong vkl be apdsrgiepd mergfudly frorg ?ﬁiﬂ%& Jegeriptipm given |

:belo &‘ 'fr%ﬁ{ltlhg ag&n Té}ﬁying %#’Llllgpgf e@ocalmén s%g ﬂlebiInQ&hlonis which,

I agr am r epr ese em I ncl udi ng exanpl e

hov@dvet, RRouldl hanisgnakémeto lanid theaﬁeemﬁns of thElspcific anbodidient: descnbed
to sone enbodi nents of the_ inventions. 15 FIG 5°'is a .

“andyshaagbwiasgios sxplauation gadandyrstandias 88lor di ng to sone

trangmitips sl Fepeiyer pﬁEIf{b SraceRrdingdp gaae cadofingys o

e ”bﬁ?}sm? N8 2%re eAdhG: dﬂl@é’kecgﬁgéxgﬂlsrepll: n@t%@()rlr‘le ﬁt; 325}@&%% ﬁc:é:t)?cﬁflé_to

shows Signal's accor o°sone e

sorriemfﬂmdnﬁaﬁs lo@m\?cnUSnﬂ timng diagramfor the
"~ receiver of FIG, 4 that shows signals accordl n 20.to

s ol G Ao ablRsk oG FeREeseRREAR PEASYStan anclndipg 3 fropfgier and
h
recenrﬁa%%%‘f@{ ijgéc%gcgﬂgg%épo@g  FhodiRis B B AL dioR. ULt Lhat

e recel vers o

10,Fland id & bﬁﬁk@ié@rﬂg répReseatitios bDa dyg@ntiscloding thanples of the
i nventions. FIG i s a bl-ock diagram repr esgnt ation

e dnvegfipps.
f G :
O s 182 BARE HlaQfn B AT STRAN AN B embodimonts of

the irvehtisiisng” an exanpl e of the receiver of FIG 3
according to sonme enbodi nents of the inve |ons %&
11 FIE. & it 7 phargthaf shomami g1 ACRTdmEdaisoMr FIEcdppests ghtbe
mv%l{qﬁhsshoms signals according to sone enbodi rrents of
inventions. 30 FIG 12 is a block diagram
I e[FIEs a1i§ atinong dfagansios tientcad carafifiG. 4 thas chews signals according

enbodi nents of the i nyentions. 3 WD 2005/011225
to smp@gé@mf g1nventions. _

FIG. 8 is a block diagram representation of a synchromzmg circuit that optlonally .
may coupled to the receivers of FIGS. 4, 10, and 12 according to some embodlments- 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 represéntation 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 s1gnals
according to some embodlme;lts of the inventions.

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

embodiments of the inventions.



s+ FIG 13 is a timng diagramthat shows signals

according to sone enbodi nents of the inventions.
WER@ES/011225and 15 are each a bl ock di agram PCT/US2004/021806

representation of a systemaccording to  sone

enbodi nents of the inventions. 5 DETAILED DESCRI PTI ON

A. Overview The inventions described herein include a

sysFKﬁn 1ai9 i migning Uragramihat showheignadnesgeding o meaembodlments of

-the %@%%l nto a cycle encoded signal (CES). ACESis

‘portions of different periodic encoding :
Si 9pRLS, 1%119“ 59€ e'&%rht HIBHOER N RpPREntaMBEhLA Bystih @céo‘idmg to

represented by 1.0 the encoding signals in datda tine.

sonsegnbodiments of fie: inyedtmnencoded signal . Sone of the.

“encodi ng signal s have : cy and/or
phase than ot hers of t@ﬁ%ﬁﬁ%é@%ﬁﬂ In a CES,
A, at ;evwwONME Of the data tinme segments do not include

nore than one cycle of a particular encoding signal. '
" | n -Zhé invientiS, deparited thardin e halegneysterhizeyinma transmaitier thaéencodes ‘
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nor e one cycl encodi ng si gnal
the GE&dingi agnals bedhta tnrmngmemts ofithsi dybleFnGSieddsigiz]. Spme Iﬁ the

empémg ntlaé’ﬁ avf H fu u%% %Wérgpﬁag%h%%fh%iggfs ‘ﬁﬁ 8’1“1031“1%

mgﬁaﬁ? " d éE? n:it}ie f‘?orﬁé‘&f’[ﬂb QG &HorRats S ihdHi% more than one

enbodi nents, ¢0ne encodi ng siI gnal

: cyctfmyf ebpartlsmiair emodagtmgmhl aInckafﬁlii @E&mo&h@mm seguhéritdrag ore than-

anoihe enco n the re

one el RO P SRR To ) CEaoER Ha e egts v more
thafy 811P Eﬁg@ Bﬁ%{ é/nc%ﬁﬁ}l%eslﬁﬁﬁ ﬁgﬂ:ﬁ& 49l tintdLdeRlentsSdoPhdt have more than
. The i nverntions

create so I nclude receivers to
ona ycki oftant dneodiiSsigaaid The GESTe desmibed imentnsclidewTTENS. 4, 5, 7,

1030155045 R B3 2 e oS SRS PSR P s, .5,

7, 1’6/ gl 23 %n% 15 8hdlRlis L9 RnERA IiMEL DA Def 8htd e seéﬁleth!n other

hi'gh frequency signals can réduce or elimnate
em%cﬁhmefﬂsem@t‘eﬁcadmg €lgasl mpebe nefddnped of @ data thonsemhenddwhile

LS S GRS BN BB B e
f r Eﬂ%ﬁlﬂé &ﬁbodﬁ%ﬁ& rd ﬁl@mgﬁﬁz éycl@en%}é&écﬁﬂgﬁﬂ (COHsydesso.
I p or

portion of a chip 1 d a chip “or portion
crem:éd aThé lrp/eﬁﬁonslaﬂsctmeludas&eewnm/m |rc¢e1‘m4tha RES] 6nd spsamaent
tions

embeyditnefit e PGR8BI recoet ittt b o SRERT RFEPG oh Hiverse of it
conge E%L 53 tsgécf\ﬁc ﬁ%g‘«%ncws (RO, gt@ ?rﬁtﬁcﬂf tﬁ&?ﬁﬁmﬂﬂ p%?lﬁai)s @hndom,

two con receivers 0 represent
low mcidiigk fizquehicasipnhistcen sed2Oe or elllﬁﬁlatfrl&lh dbe CES @dam@BS are
referre tlosés %Qnt(r: OITG% etq%l?cyzséllé/_\nalszbecause thef' 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 244, 24B ...

4
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WD 2005/ 011225 PCT/ US2004/ 021806 26A, 26B to _
receivers 28 ... 30. Transmitters 40 ... 42 represent .
WN209HEIt ters, conductors 44A, 44B ... 46A, PBRIS2004/021806
represent Msets of two conductors, and receivers 48
50 represent Mreceivers. Mnmay be the sanme nunber -
as N or a different nunber. -Transmitters 40.... 42

 264r26B thereGE®eradd C@ES Toansoditers d0or S2aapresant Bl rangpittens B

ol P LA B gl BT i

.. 58 ‘f@ph ¥RhEM ﬂeeeﬁé@ M mag 98 e Sndatis a8 ¥or-a diffdfedt number.
26B,” and 44A, ... 46A, .46B are shown as

Transputéars 491 n&Z @r@m@ SEf and C&Bfgdrcatidugiors 4, 443 . .. 46A, 46B to
rech P At o, TRt 0 ey Va6 HenEh tnat g §Eﬁ%’%‘j°f

tra:%‘i’x'iﬁtbﬁrénafrec]cﬂ;e?s chip 64 and a chip. or a portion of a

c I'p 66 in which transmitter/receivers 70 ... 72 are -
.. In FIG dypomedhctoss 244,240 t 1 A6A; 86B) aner444,84B. ... 407, 46B are.

't hrough bi. - di r ect |
s SR el P el BBt aliar 7. vimelB
corffucRi-{Mb{ PGS lib'r exathp1BChi FI02D; a HARNCEPERMIeRE cHFESE portion of

i'n connection with various encodi ig t echni ques such as
a clfh§5 GGtxinii@bchqnmmjpwrgon ﬁﬁe chiptt inrvdrigniransedttern coeigls 70s .. 72 are

' coup %&&%&eﬁwn@ é(? ﬁaéco ! emlyé:ﬁ{loqggﬁ efors 74A 74B
- 7649 '7@@” %e uafAdrRsieh R P/ He'?sEéi’Jé?iﬁE! Bilire@A6ndl bASinhil@Rsbus bi-

Two or three of these types of content
du@ﬁmnﬂnnds address, and traditional data) coul d be

I d ket Al.t t |
car ThF bESuRRER foed i PEAEEROT P ot SRS irbnleligs such as
8b/ PGP RO THL (fataetfﬁﬂhm@é?ﬂﬂl#‘@ES $s ndt UinRRdas dlprthmildrtdhtent or

one or two of these types of content are conveyed

me&rhngmu@hcmrﬂmgﬁEﬁ?e detta plthe ﬁH‘Eemgh@f:onm opymdafaddmﬁ@gt

int SRS AU, RSk S bl ROy ofncs
addr&G! éiﬂﬁiatﬁﬁiﬂ{a@ ashbuldbd ﬁﬁ&%lhﬁﬁxédwﬁﬁﬂok@lﬂ&dd @ﬂf&h&lﬁﬂély, CES

herein refer to transm ssion of data in a CES and

 carpangithese Br@aES:s ofisantedoenildbe kentsbratete onidfferspigromdyctors. It

confd i 4% Guf S 4B st o oT spitarcEs SRR Bl B RS, whil
othgﬁé%@%%s tc%nfcﬁﬂéx@ cBRvSRIRhGAENBIRIS typBbf AERIMG! T#is not

hat pass over conductors that at other
necessapsthetithe\CES BRSedin mm@amle@saﬂdwam signal s

SRR RS B b & pfpaces

andtﬁ‘gi‘ﬁhﬁ RECCES eq‘hatmoeﬁ&wxcﬁ@%%mes @igaaismrar@ﬁotm @hgor CCES
frequency signals, etc. 30 B. Transnmtter and receiver '

 behng pEss@] atDiber times over the conductors of FIGS. 1 and 2. For example, 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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" The pedodiof theptfenmot signalopay be thesemden thedime

4+ WO 2005/011225 PCT/ US2004/ 021806 FIG 3 illustrates a

transmtter 102 and a receiver 104, which are exanpl es
WQRrOOSH0ENET tter 20 and receiver 28 in FIG 1. RETArR2dng21806

to FIG 3, a periodic reference signal -‘source 110

provides a periodic reference signal, such as a clock

or strobe signal. Periodic signal source. 110 naybe

cr EK6 cHillustrateg h tastrisies 162 auda reseivai] A vichoats sz d@ples of

bS5 LB B . S ROBEAP 20 Ebrspso

et B 8R6 R8s hRAbdRasfoRenRa ElchSIUb RN ap hasekratlsaobesighalp Periodic
Sourvm('etﬁy?l%e dat gﬁi nput si gnal Tghr.(ecei ved by transmtter

‘ signdl0Bume 1dOmoncheorrested tosugiTyasioya clcuiineludingiarhagepcked loop

o353 3t T SR R SERES B, e

' 'perigcﬁn%ge LehiSe Q@mﬂhﬁs d3hAichlP phastir@iRAbnsMY With itiie @dth éfput signal -

Iments-they are not in phase. to The perjod of |
receivied byafamsmittee 162 gnabndnojor(d 10he Tha detadrput iigng] way be single

- length . of .a data bit . cell of. the gata.i . S| e
*ena o 18P iea R PRy PR e i

1o d 61 tiputt nifoditientsletiey it hotalphase.
the (%a\re%ﬁfgsm@i??g ?gﬁé%p%tﬁgﬁgldggﬁgiﬁgi&% er? codin fqﬁce?r cui ? 1 fhaso

. i, dgh i col of
the i W i) o SBRL R GGr g L i R et e ag e

hanH L4 hhg vikeenrand CCES. The CES and  CCES are
t bitee]ls _
thanjlrlig\[f%ﬁtﬂb@g g?i vers 122 and 124 to interconnects 24A and

| 24Bransesiftect(ietdesmaycle evoilingreireoi 1 1 Aand picompiementary cycle

oSSR i RSO ol AR
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refefdRsd Qigﬁg AnAHES AR the AfaGngilt sipubl infrkBe CRPdnt OEBS! Mhe CES and
val ue 0 of the data input 'signal that was encoded as

CCBSarc@EBeahy dEOES 123 andd3d e interoontiectséddt anshit By apsppetdvely, and
Si The data output (data out) signal may be

, gnal .
rece?‘@éﬂﬁﬁcal to the data input signal or have a known

r el At s Rhdiidify bhR6uil MU ecsiva @k CHSUMndEBE@RP lid prdiddes at least
data out signal "may be in the inverse of the data

one isignat tosietayatitcu(®f] 38 duresponseleretoa Lo gist tiepitidygsleformppss the value
to, deternmn e represent

of thegeda 1 t %_gna?lrtgqng&ﬁst g (ie,% ¥ zﬁeeﬁ%@g :Algd %facrﬁ Elyr RGN %?)zaé[rleast one

delag}a% Qilgglél? e datdSutpdr (Bata ohit) signahmay, bt edenditalftb @ data put signal

Illustrates a transmtter 150 and a receiver
or hi80a kndnive belati@nshipamthesinput signal.aRerexemple, fippdain qut signal may be

in s g o cats pavt vk OEriiven Mert iy S 60

detdr Q?%prgsen%e\faﬁ;epdfltheléﬁsiaﬁd@ICE@San e of periodic
signal source 110 in FIG 3. The PRSF may be -

si nusoi dal or non-sinusoidal. A cycle encoding
C. bR Aoy rs SRR il bePRE8U Y ol reuit

1. Transmitter of FIGS. 4-6.

FIG. 4 illusirates a iransmitter 150 and a receiver 180, which are examples of
transmitter 102 and receiver 104 in FIG. 3. Referring to FIG. 4, 2 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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 of @fle @Rodingrirguitiadd ae/134 in

6 WO 2005/ 011225 PCT/ US2004/ 021806 of cycle encoding -
circuits 112 and 114 in FIG 3. Cycle encoding circuit .
WagsAt2iides delay circuit 162, delay and i n\PEM{US2004/021806
circuit 164, delay and divide circuit 166, and del ay,

di vide, and invert circuit 168, and a multiplexer

(MJX)- 156. Circuits 162-'16\8Eiér£v§gce%g§c%§%jglrcgg Si né};icsludes
T ,

SF* f.r.eque n r
del%glr(g.ut? 1,6?618%1%@5 clﬂng(ert o QlFsg%t la V'%ﬂ)ﬁg éi%\ﬁd@é cgg’e 16%: ?ﬁd delay, -
diviele, amEvelrci#éuit 6% And ﬁ\fﬁﬂﬁpleﬁefr (ﬁﬁm) 1467 @ﬁ@m@%ﬂp]fﬁ provide -
the SF has the sane freqléjenc " as_the PRSF si anaI *has -

encedmcﬂlmglsﬁFg & s SR, argiSk lzsprflzere §E@as¢ﬁzqusw

: ﬁe(ﬁlfe?ggg gtaag i al%é’i%g ﬂggF %%%? % y ng bAP ﬁtortﬁérw?ge a11gned- |
wz’cﬁ%e Bhd SF/2* Bdiin invBdse BE SERS dn iR c@dair@ife gle 9¥ hik theeamt fietuency

ighals. Further, it . is not essential that circuit 166
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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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2. Receivers of FIGS. 4-7.

In FIG. 4, receiver 180 includes initial receiving circuit 182 and delay circuit 184,

b7

(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 o

the details shown in FIG. 4. Initial receiving circuit 182 may be a comparator that

g
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Data time segnents 1+ -

2F, 3+,
6+ correspond :

to ﬂﬁﬁ(ﬁlgbitﬁ@output of XOR 190 includes the correct data at data time segment t1,
2, 13, t4, 15, and 6, 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 t1,12,t3,

- 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 Ya T

delay and % T delay signals from delay circuit 184, the output of XOR gate 190, the Q1

aﬁd-.QZ outputs of flip-flops 196 and 198, and the output of AND gate 202 for data time
segments I+, 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 fime through driver 122, interconnect

24A, and initial receiving circuit 182. FIG. 7 follows the convention that a “0” represents



R

. segrrents 1-6in FIG 5 but are sli'ght'ly del ayed in
time through driver 122, interconnect 24A, and '
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éo X@ﬂ;ﬁ%ﬁ oqipgg Q. %ch@ﬁm% edgg’ oPﬂS%QQ&s ﬂtl]? ?1114 fod, odcﬁltﬁ\% as )2 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 4, 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 I. Q2 continues to be 1. Accordingly, the output of AND gate

202 continues to be a 1.

10
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( V\’hhﬁ Raf Be LR, 1BVBRE R ¥ ddie oﬂ%'i@aPHﬂIWSW{rélué Bf ﬂiem and

e data out signal, if desired. In sumary, fo
CCESeigmbeviden de]fay Bb stcmbedl hé&s mmpgmedoﬁvmhrdlffergnt Ioglc the data out

g e et S J5 BB e Brn st

(wllﬁé‘ﬂ iéQﬁe ﬁfvelts@ &f 4l dita SutFeerRBAAPhice of theldath cidsipnal, ifFddsired.

del ays are by amount's of /4 and % but 1n _other
en‘ohmmmmw, fod eheagseibgr oftF6r 4o ontpst efnitiel meeivimgpoircuit 182 is
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out and data out* signals between a first perjodic
In some embodiments, additional 01rcu1try 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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~ 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
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‘edges. Periodic 30-signal 2 nay have the sane

| with ety Aasanmampbb pesodinaignd] mayrhy a lkboek signal fl$e§r19 mther |

f Itiple of - di 1
Rt o™ et O
- C asf%’r% 51te \}a oﬁ{@fﬁ%&t r‘h%l& gﬁ‘%@@%& %%1;9 cﬁhgﬁ@ Grohitd8 c%n denve the

ase
periBGiE/ S50 0141/ 02 ﬂﬁ&&atedn etﬂbod&néntmbfﬁ’iﬁ SAperaIdue signal dgriving c1rcu1t

eriodic signal 2 may a cloc used. i n ot her .
20aes e T g Sl e feig oL U sigta B S ier
h periodic signal deriving circuit 206 can
Slg%ﬁ@llve,icﬁt":},:ﬂgaperlod|c signal. Inthe illustrated-
enbiid. ventsratds dnkGf t1&, mm@r paxdibbe Bnpgmbntaimnsmfrpgnodlc szgnal |

. circuit. 5 206 _uses the | T del ay Y)%éﬁ and t.h
%@ﬁaput*sﬁl |a§da :

mgna? f'ed%g@?frb'rﬁe(?k ofiteG629 A Aﬂlﬁj % AL 834 %Sweé thtehﬁt 1 oue v%nal and a

POSSI frentati ons eriodic
sigrfll Febhdk ﬂ@:ﬁ OR gafel264. XOR lgat%mélgarteevezctme 1 a"amlabesgnzﬂ end the

data oyt * | and | fedback f
sigmo edbach o a2 SEBiEIELINE AL g Aad te

o Slgﬁ ége%b(%%l{gﬁ?rh 61§%$‘%?8?ay Si %leggtgngg&ﬁes tﬁ(‘g?%tﬁg’h?“ d%ggd the
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30

outl.fn[t Q)ﬂ’nX(GR gg& eﬁﬂ GM@]C@?GSE&S'ESmeW est*tsignal affd thel cmjput of
st gnal an the signha e ac rom OR
XORAS 259 VB G810 ToFav et Wb IsoT U Sal ACiad 250 S evte 264
t
reoflesffioaRke Sm e AlAaTR0 CR0EIY38 biGuEahe plidic signal 1.

receives the outputs of AND gate 242 and 254. OR gate
264 15 rece| ves the outputs of AND gate 244 and 256.
D. or Rueweraf FGSpl¥dlt he periodic signal 1. D

Reclq ?6% tfthgisemﬂ&ﬂ'ﬂ:n Fr&c gi'v@rssim Rl ateferring to gIG 10,

enbo recervers 8 and 104. Referring to Fl ,
inltib.Drecellvmgtmﬂhlt Ba8 eéwhmhgnaw bethietsardd 8s QMItIBMyF Tbe 4i mewes CES

andRUES PO OB H LR RS BirERanHBeTeiP- RE8 ot 320
proﬁ'ﬁ?sr 1P del¥ sl g Hél y %@?gﬁlgd’ii “jﬁd%lﬁf didngle |&Vk®1§§tﬁé 332

del ay” si gnél ay signal. An XOR gate
provides a Slgﬂallt@i Esp- ﬂops mnd Bﬁmlrmpbhsqdn iB3B: mdc%:ﬂ@&ymgnals A

. No@%?%]fﬁ%rég@ggg §1{gg#31?s%ﬂg éﬁ%%g%l% S rgﬁla? tq 3p ?lgg}s mt E flip-
ﬂoﬁrfjﬁﬁd%ﬂtlﬂ%eﬁ 'F dQlfa QI thE(LL%P 1§€\‘§te? @§4 afn! @R%‘dﬁeeﬁ 0provides

ay signal rou vert OR gat €

a sipabd Vallieg (SI5 signal g:na!spdnaé ki a'rg(n(t@Et)(Qsl) gﬁﬂip—ﬂnp 836 poithe 1 T delay

s AR & St b B MBS e g B sn
outAR Lo RPoI R rdRt ENPFEatBBYY k&8 8 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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out put control signal. AND gate 342 receives the SF
signal and the fedback output control signal. OR gate
WEBYISBHIEA des the out put control signal in resPeTAES200d/021806
the output of AND gate 342 and the SR signal. MJXs
352 and 354 are controlled by the output control 30 -
si'gnal’.. MJUX 352 receives the Q and 2 signals and _
pr dIGd &% it htimiieg diagiam toiifuetrate theixperzgon pédwi tgesiver of FIG. 10 for

soms BaSHoRteni o Oike SRRl B g BY S g iRt srom
thatQEBRAITEIGS, 10 BRI B drdl (ROFMIOMBesBBRIARL ANbhdrbRS tRR0, ﬁ%—ﬂops

WD 2005/ 011225 PCT/ US2004/ 021806 FIG 11 is a timng
336md@B&met gsétisb dbat Al endt G2 awdéﬂawwottagﬁ) tithe vabiseiof R a@ﬂ SF

o g RRETT 2 By S SRR e B

| "rdata'cﬁltFk@al 10 -and 11 and the foll ow description. At or

before time t0, flip-flops 336 and 338 are reset so
t hattt tithe a]mh@Taia@ycmgﬂabw nistg, age Q1 dideQ ateuksp hht S@and SF

ot oA TS b R SELB1 8 B

| 338%9@%&10(;@ ﬁéﬂEE ‘&l and 02 réma_m@lWYth%Igﬁﬁh% IS tHel ohtpif control

are 0 so that SR and SF bofh’ri se.

' ﬂgl‘;Abﬁ’OlmdDhga’ge 344 is P- WitlpSB 36’5119&31&133 of ANID galgt3gatis of W@Rﬁhe

ot oot Signd feite LU OE 2 A Past R0 aB Bl bR

10 signat £ ey %@%‘ ﬁ%l\%‘fﬂoéssn&c 1ral¥itiBn, 36 therelif BotQuhieH in SF,
of "AND gat€ 342.is out put- control signal -

SR,IQEII QR ir theldepB5anteldiBEl pass OL and Ql .

o e e, T el e is iy anh 1, 6 3% 4 898 gt S ama s
both%ll Q\[c:cbﬁﬁn@yt ﬂfjﬁtﬂ&ﬁﬁ@’&bck%'tﬁé‘@ loutp'ﬁ{ &M@ B?Z td QQ ailld Hip-flop

del ay signa l'ing, and are 0 so

336 SRet cBik. JHSemo,t (al bad 2 ererleh)S;F bdmg,)O;‘ﬂho pu’@ssof AND

oSSR, 000 SR 0 AP e e i o 5

0. WRh Mk &Fspﬁtfb%naut Aphal BENANDMIIRE §584r%d 854 PassfEwr AdipD2+,

since S , the output of OR gate 344 (out put
r_espcctntd}ol signal) is 0. Wth the output control signal

rechidiste atyie T3y el obg i Sp@hon. 30 fhgre o notghapes n SF.

] SR, d% Q%gg;ﬂ{er@ﬁﬁﬁ%@@ols%at here is not change in SF,

@, or the output control. signal. At.tine t3,
t heAtgire tBeItlayl Tidgheasigre! isirisingy andid agd Q2w (G theteSRyand SF

iz’ fiseRbogRe - HoR pin ot 593 bY SR 332 (PR R p-tlop
338 33@5 ﬁ&%fodkOtHéﬂc@ 01 afieQ0 Sembdn (ANWitRRR BBE N, fhe OW;hlhcﬁi?tol

being 1, the outplt control
signal from OR gate 344 i is 1. With SF 1, the output of AND gate 342 is 1. With the

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

At time 3.5, the 1 T delay signal is falling and Q2 is 0 so SR falls. However, Q1

‘irs 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 ohtput 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 thé case of t3.5 and t4.5) or by blocking NOR gate 326 from changing
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., 25 signal fromOR gate 344 is 1. Wth SF 1, the output
of AND gate 342 is 1. Wth the output control signal _
wasiongiikzs MJUXs 352 and 354 pass Q and Q@ *,  PCT/US2004/021806
respectively. At tine t3.5, the 1 T delay signal is
falling and Q@ is 0 so SR falls. However, QI is 1
which forces SF to remai'n 1 even though the 1 T dela

SR ehanak i $ ahakld NG .defay et rigss (avsi thécasefdfipSy.| Wpth:ﬁﬁgeingi

e oot RSB b SR R e

s 08) Bie 0800 b ROPRASO UG g0 1 - scorent

whey tihe t45 tHe Hm’dieldyelglilaf1sdﬁ1@/antfs@@) ixad sé SR rsses a ﬂ1p-ﬂop 336"

- th f t3.5 and t4.5 Ki te 326
clodks g - rtaE g XORe PRS00 32 b Rihprass 9 0R Fos RO Higkever

VTS Cid i PO VIED Qtatdn b R0

that%ﬂmﬁkﬂi s%bam&mb aswdofatlﬁgy,lc{ﬁa f_E;:F;acBﬁEptfhsmsrhhc huetput)oﬁ)X@g{fZSZ o -
* respectively e qQu
QL seip-Togot decsimohelops. Hele, 1 gLty r%%ﬂm 3kt the

ool 88y Tl 5678 Mo bl p iy logtye

resﬁe@td‘reﬁjmﬂ‘ﬁe dutptib¥EAND, gate\b4hsthysThigel ay ri si ng SF vvouI d
be a1 evenif QI were 0. . Cutput and a(%]g 8.5,
so Atardfolimvinedinariddithe $lg@,@s atgd %%m?ﬁ 3 ang o Wﬁm
336 Pas I
£l Ifb ’?ngf:g]%egieajdggawn O%Hal W@Z §90 Cﬁcgthaﬁ‘gﬁ nsreg rTélccr:]or_dlngly,
ﬂ1pfﬂ EW’\)EIS;P@RS igd O guthut d&ﬂéOR(ﬁmathlc oWiithdhe Todeddy sigaalgising, SF
s 352 and 354 continue to pass %‘I@t@% 8R ¢
remﬂé@éé@ﬂu@%reynwﬁw‘é WiithRkt being Anie pufrt &4 foghUR gate
t £ S
5443 sy RRES 355 i B bt dhdoy Ry TBE Sublieat AND gate
342Tgt@@|1ﬂgh Si gnal is rising and Q@ is 0 so that SR rises.
Accordin g p-flop 33 asses the 0 ﬁ%Ut put PhX(R 'SF
Aot GRS Sifbe N T fiday Spnal doss behtEmaion; 29 (gt ot thaigt n SF,
r 10. Wth SR being 1, the
SR, @ﬁ?ﬁ] con%%logﬁsfg ?é‘om OR gate 15 343r is 1 and
IVUXS..t B2 16 BTAdepassgi@l isfaling, 4nd Qéspd Q2 arel0yso SR and SF
out ut of _AND 4 \ '
botl 1. dbrayaiaggn - fon 0o i d %%Ea’ﬁﬁygéégﬁéﬁ (2 grdfip-fop |
336‘:&])%5] gﬁt élg\ct:ks':ﬂenc@%.? gl% ngde to Phnd 0A rORhRMT0, Wﬁh@@bemg 0, the

€ 1 T delay signal is fall 4?
outpti’td)f@NB@dte@ZaB 6. Fusthert hiate %mﬁ,cthSléuthOoﬁ@Rrgafcgji 4 (output

oS g en 398 Plocks e LGRS B A6 o

bRy ot o 342 s 0. Further. sinco SR is 0,

t heAptingus.5pfhe QR gélte sigddl i§ asingand QPoistlrsol thati Sfhseys DsAs
me@@%é&%ﬁé@;%&g lﬁop%%%tfgo?rll clsf)c%%%l Skz?fleéeltgl 15’0 and the %512delay signal
is 0, SF changes to 1 and flip-flop 338 does not clock. Therefore, Q1 and Q2 remam 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 7, 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 fhp-ﬂop 336 does

5



. and Q*, respectively. 25 At tinme t6.5 the 1 T delay
nal is rising and @ is 1 so that SR stays 0. As
‘VQﬁ@ Y91858d, this blocks flip-flop-336 fron1cIoB€Tﬂ§2muﬂn1&m
Since Q is O and the 1 T delay signal is 0, SF
changes to 1 and flip-flop 338 does not cl ock.
Therefore, Q and Q2 renmain 0 and 1, respectively.

~ “not cgm dlarive, Q@ changes 6nd rd Qdirgmains fa3Vish SHbeor RS —

ANTRERE A2 e, FoRhsee R et S oRle! PRHERE Vi d owwe

- cont@'l‘glg%l ben'i Wé’ﬁyand@tﬂtp'am‘@ fnd (28, desfledliobRy

and i § soSFlsfallng SR .
al g‘be ffaitubsof thAd@tarcmt axgnga arg shoyvrf $dgeeBB® Bk ouipat eorirad signal in

P03 3R TR b s S Lot il PR 805 nd p¥0na

CCE@%HQ@%eIa? i sﬁDﬁﬁlﬂnofeecHﬁi D 8afd tinW¥ 4 ﬁt bek B&u@e (ﬁﬂé}ent logic

out put of ate 342 is 0. Furt since SRis 0,

S could beusasli srmhafdbﬁﬂabl ous pignalhas ﬁleG)ppWItdW&‘lﬁ@a&)ﬁhﬁ §2HS and CCES.
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- Cobt PSR el e AL T 87 B50aRER Pl shorey

- 'aﬂer%@bmi?ﬂﬂﬁﬁ%ﬁﬁe deBrichearducRits GPH feSporkk INSF fﬁlﬁn% shortly

can be seen, the output control sig

- afterttheebegimeng af datadisnd fvemEES Redei0aEs ovtilotksehel effaqt of ﬂnd-segmenf

ronsSjcnP ot S PP CES ot o sl SRR e e B 1 and

Q2 of A RadnkbEsigRAOsi te val ue as the CES and- CCES. In
surmary, the oufput control signal selects Q in

r eSywhsenitiog SRenit 200 in Bigh Btrhay beafitedrin chendstign mnthrrgcetwer 316.-
data time segnent and selects Q2 in response to SF
falling shortly 10 after the beginning of data tine

E. SepiBitoRal SBS&InEHLs 3 ltbosdRnt he ef fect of

m d- segnent transitions of CES and CCES that otherw se
wolihelinsieatiers ark gotlémised fooise mﬂammpltplqntamslgl@s ©ESuné CCES.

ror Gaplf; FRGVHE BB AR R B AP BieAT i Sl e ¥per 20 of
FIG. 1y whith AR driceBily R d52THA RotdsdehplethextaBl dyele diteding circuit

i nventi'ons are not limted to use with con&lemsntary

154 g9 thatdhe CBSSHutmet hErSCES Baroducatdp Receirsid 881w hishningn gxample of

receif i IR ) ool G it e GaviRg BEPHE R, BT bR,

com@%f@f QHB RHAEN cEHSAres BB THS 180G, refer&iléh signhb¥raD Advtexhhple, Vref
S but not the CCES is produced.. Receiver 388 (whic

mlghut be hetvescnapdiigh ed Ry Yodiege fastho€ESh Tol s@pw}lfﬁemut persibilifies, in

i,QitLal ei Vi circ 92, whi :
FIG. o 9ot ot S SigklbS m efioiit Ffeithce PRt Y B oLy g p i 4.

Si 'Bl‘i@invyﬁﬁ‘(ﬂns a6 naflifxaelee wheinly S0Pt then Y@@ﬁte@. For

hi gh and | ow voltage for the CES. To show erent

an;pdfséqil& 13 illussrates @ CES that can represent 9, 1, or 2. The chmce of which

encodm_g 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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“usechin the congiadeyiofi the dadaBing segment|
a defy G vt S5 e PG ‘et Deried 4l i Bipeptmprg o o+

-electrival sighalst Howebsr, vapousd

, FIG 12, a DLL 382 provides a periodic reference
si gnal rat her than a PLL as in FIG 4. The inventions
WQRWSHbE223 imited to use with only a 0 or 1 bei m'g?T/U82004/021806
represented. For 25 exanple, FIG 13 illustrates a
'CES that can represent O 1, or 2. The choi ce of which
‘encodi ng signal SF, SF*, SF/2 SF/ 2*, SF/ 4, and _SF/ 4*
maxirhei fregpemye fios egample, arsene qmpodizpents.the sucoding spnphemight

*ince Ehia wtF SR B B RRT AR H IO 20U L0 17e A

- T eGR{onRE ve9Ub néctietdanioRhBepREeAeVilha@naly. |0}Q§:UZJ 3)r1§to have -
t hrough for exanple, additional delays.. Al so

additionalovoitags vile, mﬁzeeﬂmomrd@éneluou lowi Fozgxample; %@twaiﬁpf FIG.

its could be added to rOV|de
5 aﬂéﬁ%"&lﬂo‘laﬁﬁﬁg@t?&ﬂ" pelosrl 0, 1, 2, and 3. The. -

en ievioditBatgs tss them (for
TR OB it o

' exarhp]eqhﬂif)akte ddfe timexagpient white etbeensadingisigmalsdiave n@erwd that is

B R N
| ﬁquél%gtdf @RSFBFFR?MW% th%sae!qaezg)y,nﬁ in FIG24 28] td ﬁadtuﬂ: the

tronal - voltage levels, rather than nmerely . .
freqhéry ofit th @w:atlﬁg onkyxeoms encoding S@nglﬁa [The gircwtst ar@cgogﬁ@lymg
13 cou have addition voI e | eve
receieg MRHLLOS D % tf—'&PtFﬁ}t S o f’abgér AgRTIS Plinghee
fregh&Rsest han (for  exanpl e, haI f) t he data time segrrent :

[ e ot her encoding signals have period that is '
equinthe GES's dgsa@itedin cmcncbmwdhtFéqu 4P, §fet;<helrls 12,3xd 13, there

ol oGRS o ncoam

mgngf fay fe A8 th DafiRFUCRLS thee d€hrhéngaMantahottier ichcdding signal may be
creating only some encoding S|gPaIs The circuits of

awggu@w than erp encedipgsignal in

valggbGS. 4, 5, 7, 10, 11, 12, and 13, there |s onIy one
encodi ng signal per data tine segnent. In
entindien®B8’s, destribedrin oonnegtion with B S, r?awb‘lel ége@dﬂé the

o i S PR SR i e

Var1§]ﬂ9 RRAL. Nigiynoo BRI er hldddvAl0es @ALDEH thgrebly gepbsdnited. 8
data tinme segnment can be used to represent nerely a O

‘or Thegnvantiongpeane Himitgd tea phlawulﬁv\bfpe\ﬂa iRfeEgonpget Pﬁ‘@’eﬁn the
ri.bed.in con
traniigites S50 iphr s, Fontab 9 e AP e, of e Bandpiehfhand
receiverOSHRY the TReFoRREtSas Beigy Q@étﬁcilloﬁﬁdﬁc&ml‘m camylcontanienal
a variable w dth. Merelﬁ/ﬁa O or 1 or 'nore val ues

rdypes P @tﬁrﬁoemﬁct%%ﬂ%beuwétmcludmg
clectrﬁglagnéjnctﬁte?c n%trzct:tls ft%lr g}Earrtl ewz(t)\]rce guu.lle% r(ﬁl%ﬂﬂﬁl‘fé ﬁﬁ’&ldﬁﬁgb and
radio-frequency (RF)). Merely as an example, FIG. 14 illustrates an electromagnetm
(EM) transmitter 450 in a transmitter 440 that provides an EM signal on a wave guide 458.
to BM receiver 452 in a teceiver 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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. transmitter and receiver. For exanple, the illustrated

wo B%hﬁgf of the transmtters and receivers show the
| At ef cofinect s as being el ectrical conductors pﬁggmzmmmznmﬁ
carry conventional 25 electrical signals. However,
various other types of interconnects could be used

§ nehad] 0y BLEELLOTBINELLE 1| B OPORAG Sk Al iter

er op

- 476 E@Q&iﬁnﬁﬁm§ﬁ RS trabhitey a:aBEmeemepm inFreGeivardi74 is a

“illustrates an electromagnetic (EM transmitter 450
wueﬁqr»s aeomv(@nsﬁstau@ﬁamm ihp pxgavh rgesban rEle diegaencydRE signal or

~ anoth %% 341%?3(1_:‘ &f%u%%\{/lﬁlés sgmfhral azf”] Sé;%r{%ltlegeo g{:/r\e/ffiﬁgrg%r include

w;;g@&mggve gui de. There coul d. aI so be such a EM
transmtter and receiver coupl ed through ~a wave guide
f oConflect@GRIA aryl 4B 205! gaces2EPEntiugeeoigpuBhigclude

- | f
- el St et Bl B ST Rl el Pl Sihac
' -. pouﬂlﬁlg%lt‘ﬂ’bﬁﬁl ﬁﬁﬁmbﬂf RSNk ts%[tcﬁ’iﬁg shoddr agRiMedntidAS mak be used in
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receiver 474 is"a wreless receiver. As an exarrpl e,

B -pomt—nepﬁm gitgynainechsystemsas rSh@iW@ irf FEaf elra;yi 4 meyhishghesp ime
. h t t tte
rocefyBeran gt ERGTORFT AU TGRS U0 208 COFSRh L e il Fhich a

mgnﬁqé‘ HHedriied fbth aﬁhdtréﬁ{éﬁn@érqo REfltiPle 6aeERLt.| Yhe DisiriNe® dicuits
but could include internediate circuits, vias etc.

may Tidudrordficemnt sireuiis shelc amiectrfaﬁam diselargo (ESIA) ¢igquitacenable

: mgnéﬁzg%‘ﬂc bt ho%[%ﬂg}fn :E}g%dlq q,‘f) Vr\%gllrx]fﬁ S\%gdcmrﬁ? {RE %%g ‘could be

carricd Hﬁféi'&ﬂ[h?l‘j}tonsﬁﬁ%t @NBuA6rs 208 WTES Il e c:]n@ﬂcﬂlﬁeﬂeﬁnally on two
which theré ' is one 10 receiver for each transmtter.

condfikiers. ibdge: trigaered subwitsahabobeplpsed with lavelysgesred Airgikisc Y oltage

| NEhy @&nﬁ@@é ORe mehisaHche MR 0 BvEltRE Idast S Bdllyccauses
- discharge (ESD) circuits, enable signal control

anothéntbingtos eventdalthovh gheshaieyde ofher &MSéﬁ flenthg ghing or event. Two

cnrcudﬁb W%g%g%lzn&f@ (ﬁ\r—e gE ﬁa Ct%lél'li%i %@u C 0%1%hdinf g%%%@&m%l c!n%mt

di phemestidiabhtis @R ithemiBtation Gﬂ@}laﬂilﬂe oEd@dntéritpger Reference in -
circuits may be replaced with level triggered

* the sppaifeation toVen eagedimssht Fesiel asebogimenty'r samecgrRadimenty ” or "other

ey S e RSt P SRR o

conmRB9S W RTth tthd éiﬁb@chm%ﬂ@ M incRided elgtedshSéiRe ﬁﬁﬂf)obﬁn@itdj &t not

causes for th tgbgor event. Two: circuits nmay be

necegsouify &l embaémtqnys of ouysnEens. nmer@muy APPRASUFGS 237
t t.. - !
e RalE S b e o bR ot Boersspebggoming

to thé Bamé Bﬁlb@&i@&'dnf:d Cat| on to "an enbodi msnt ," "one

enbodi nent, "some enbodi ments," or "other
endfdbie spavification stasestachip, afeqrt@net stoighuge, grechitacéeristic “may”,

“mlgﬁ o of t‘éjoru @ e in Pu%(sgl rp'a?t‘iclu arc 1Sp(,: E‘c':a er%i étlr']ucmre 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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. connection wth the enbodinents is included in at
| east some enbodi ments, but not necessarily all B
WeAsEAI¥Eht s, of the inventions. The various PCT/U32004/021306
appear ances "an 25 enbodinent," "one enbodi nent," or
"some enbodi nrents” are not necessarily all referrlng

Eﬁ.iﬁn@ﬁ"ﬁﬁge@&% SRsRie toghe BHARBGY P el g Tadka,
thoqte ?u < én th%raxt %the%r%n% Qrtids disclobdk vﬁﬂraﬁahfééﬁeﬁé tHal i‘n‘ﬁny other |

stru aracterlstlc I'S required

varfaRotdefrdm ﬁid&dﬁé@mﬂg‘ ddshépticpeaid draainige magrb eahaadenwrthme:hs scope of
to "a" or "an" elenent, that 30 does. not n? t here. S
the pressnt dpientens; h‘éCC@r@ﬁélﬁt it 1§ the dpllovang claims G ‘&fﬂn% Iy amer men"s
al" elenment, that does
thmﬁ%ﬁhﬁ(ggle ﬁ% e%%ghhgﬁg t han -ane- of the -
addi ti onal elenent 18 WD 2005/011225 = . .
PCT/ US2004/ 021806 The inventions are not restricted
to the particular details listed herein. |ndeed, those S
~skilled .in the art having the benefit of this
di scl osure -wil | appreci‘ate that many ot her vari ations -
fromthe foregoing description and drawings may be
made Wi thin the scope of .the present inventions.
Accordingly, it is the follow ng clains including ‘any
amendnents 5 thereto that define the scope of the
inventions. 19 20 dainms 1. A chip conprising: a
receiver to receive a full cycle encoded signal in .
which data is represented in data tinme segnents and -
no data time segnent has nore than one cycle, and
provides a data output signal responsive to the full
cycl e encoding signal, wherein the receiver is to
further receive a conplenentary full cycle encoded
signal -and wherein the receiver provides the data
out put signal responsive tao the full cycle encoded
signal and the conplenmentary full cycle encoded
signal, further conprising a synchronizing circuit to
synchroni ze 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 full cycle
encoded signal and wherein the first periodic signha
is wused in the synchronizing. 2. The chip of claiml,
wherein within sone of the data time segnents the full.
cycle encoded signal is the inverse of the cycle
encoded signal within others of the data tine
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segnents, and wherein within some of the data tine
segnents the full cycle encoded signal constitutes

one cycle and within others of the data tine segnments

the full cycle encoded signal constitutes a half

cycle. 3. The chip of claimyp, wherein the receiver
includes an initial receiving circuit to conpare the

full cycle encoded signal and the conplenentary ful
Ctyo$ e encoded signal to provide a received signal in
response thereto, and the receiver includes a del ay

1.ci r cMlichip domppisipgi de at | east two del ayed signals which

ar e sledcaivediovetaionFuldtydlbendode®@ieas iaiviitoh datadfekplesented in
ddi® fihfe epibts tand Qo REAMIAE sédhtent BhamBH PEA 0fé 8¢, and provides a
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pljoplﬁgg fite ﬁﬁa? al §és? th ﬁlllc % co%e&“s@n I and the
col %rﬁéﬂ?a& II'e &' en d{ ﬁ% al nm 'P §m¥3831¥i %ng circuit -to
sync mz
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SIgTS I FeSPAUSE O %P jof %re‘é‘ ¢ Higph periqdiqyignal is
used ghidR sy %&m%ﬁgnaJ and a %data tinme segnent del ay
signal . 7. The chip of claim3, wherein the |logic
2.¢i r chherchimed digies], avheesia withinsemoR! ghe data Bme segregniscthe fidl cycle
engpdddesgnal 1sbe deverspad the gyedd encader] sieal |wigiie othierscafi the data time
scgmehtgdasl Whersin wridinseoenat the idgta filng pegrments doefullecyale encoded
signal poristioftest e gxiel asli wehiORtgat ef drdddto timecepments e full cycle
encededisigd! Singtitates athalfeygdek i nputs of the first and
second flip-flops, wherein the first flip-flop is
clock on a rising edge and the second flip-flop is
3.cl ocRALMNoAChR 11| RHerfdd8e r&eivED ehchiliep aﬁ’fimﬁﬁl%é@lﬁ circuit to
co%%feeﬂhg hipe él@gﬁ&)d&l § 1tana@§é efaent 8 (e ded signal
R4 £ Pece J& E’_i hal. u‘? es b3 th0f, e?ﬁﬁctﬂé‘ ?ce v'er sta 951 circuit
g i ghAl a‘M ?) als%v U ed yer 1Fr?s c% signal,
A ittt to pr Vi Ha u H 1gnarl FdsPomsiVe to At cFe a %‘s:llénals
|nc?%des a st % ng at 3? es an ou u
con Si to ontr at. Ieast one l'tipl exe
R Ep B o P HHLDR 981G HENGHASD IB0T i GG datg output
“??—nwa first flip-flop or a second flip-flop. 10. The
chip of claim1, wherein the receiver includes an
5.0 ni tThalchrpe@%dwmé whereiyi the degic eerphresprade t¢ ghanges diegreceived
sigaplcd deibegingizg ofandhtatime Segreent.eus ngntel midelaga towé skgnrent changes
in thegedeired sggnghal in response thereto, and the receiver
- includes a delay circuit to provide at |east two
6. del ahedhipi @roddis IWiteleinte sy deddrsiigads @tluibe 4 data time
segf&f idviad sigh@nal a }R04la BmleQ@iBer idelyisignhid  provi de the
data out put signal responsive to the del ayed signals.
7.11. THB %hﬁ)l"éfpclﬁﬁn §| WhaRihGhe ‘MEEJ @1&&15 fReudls AfatiudWor gate to
reclfledle 18RRI éle'we& d&nats b Pt dbAc LirdEt 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.

8. The chip of claim 3, wherein the logic circuit includes an AND gate that receives
outputs of first and second flip-flops and the data output signal is an output of the AND
gate, :



segnent delay signal and a''/a data tinme segnent del ay
signal. 12. A chip conprising: a receiver to receive a
cycl e encoded signal in which data is represented in
data tinme segnents and at | east sone data tine
segnents do not have nore than one cycle, and to
provi de a data output signal responsive to the cycle
encoded signal; and a synchronizing circuit to
synchroni ze the data output signal to a second
9.per i Dk ehipséfgeiaim anavhereen ehd ldgie chyuic ichiez ianga®i mhadhide that
proigles) de Hutpup @bt istenal GNadnudeat YdaBOord m@MiplextOcircuit to control
whEBM (BEdAa bhthet sidal isFbnCa Fit® ARY-11bp of £SRORERipt Mot he
cycle encoded signal and wherein the first periodic
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del
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i ne E@Mf i 0 S o et O SO Sl s s data time
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constitutes one cycle and within others of the data
1% i meA sbigeempssingie full cycle encoded signal

const feteiverdo acdeiefa exetd encod&l sigha i tibichodata [saiepredchted in data
tinghsageientstaheé at legse swee data Glnedesmans dandtilake mesethan o cycle, and
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pr o\ gaclaotiemgiciedlt & ghahrohite HEsPRRNS@pltRmAL @, a &cond periodic
sighal 8y whereinithe §yRicRofvingeidah Mehties b Paadbdc Wahal At g circuit to
préghiay StstviehdiRNSerfl i REpdRe @b VR RIDARbIePiEnA 2h@Hierein the
first ﬂeﬁHHﬂé sieRalnk Q¥ddR tﬂe\rl\bgn&ﬁ‘&ﬁzﬁ gt signal responsive to

t he del ayed signal s I n¢l udes recovered data
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the data output signal is an output of the AND gate.
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16.  The chip of claim 15, wherein the logic circuit also provides an inverse of the data
“output signal.

17.  The chip of claim 15, 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.



20. The chip of claim 12, wherein the receiver further

receive a conplenentary cycle encoded signal and

wherein the receiver provides the data output signa

responsive to the cycle encoded signal and the

conpl ementary cycl e encodedjsignal. 21. The chip of

cl aim 20, wherein the receiver includes an initia

receiving circuit to conpare the cycle encoded signha
1&and Thechipofpdl@nelrs, svhyretiythe doghncdatédndidpah AND gpteavdt teeives
oitplite oL fime end sgoad flipaflsesapdnBedith etliosigminés dhéutput of the AND
gdi@cei ver includes a delay circuit to provide at |east

two del ayed signals which are del ayed versions of the
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dela ed sigpals and the logic circuit |ncludes first
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24. The chip of claim 12, further conprising a
225y NCIe@hipzbM@aigi 2 G Wiierdi® tiiyRERI ituE @cspbi® 8 Thange ifiteceived
sigalfahe b&ighiSEEONGaty BineQdinfiert] BRRbt ANHIARE €hd sé%%‘i‘ent changes
in Shenehi i fdap circuit includes a periodic signa

deriving circuit to provide a first periodic signal in
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25.  The chip of claim 12, wherein within some of the data time segments the cycle
encoded signal is at the same voltage at a beginning and an end of the data time
segments, and wherein within some of the data time segments the cycle encoded is at the
same voltage at a beginning, middle, and end of the data time segments, and wherein
‘within some of the data time segments the cycle encoded signal is an inverse of the cycle
encoded signal within others of the data time segments.



