THREE PHASE AND POLARI TY ENCODED SERI AL | NTERFACE
BACKGROUND Fi el d [0001] The present invention rel ates

w@eonsredd’y to hi gh speed serial communi cati on. PAVDUS2008/055566
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[0004]

[0005]

[0006]

particularly, the invention relates to three phase
nodul ati on data encodi ng schenes for high speed seria
communi cati on. Background [OOéZ] In the field of high
speed serial comrunication, demand for ever increasing

data rates continues to grow. [0003] Many conventi ona

hi i [ t

e R A D R A SR ACE
signals. This separation of the data and cl ock
signals, however, typically results in skew between
the two signals, Iinitin%AéﬁéﬁﬁﬁQNﬁhn1possible li nk

data rate of the interface. [0004] Typically,

de-skewing circuitry is used at the receiving end of
gp? serial interface to elimnate skew between the

§‘% and the clock signals. Consequently, both the

real estate requirenents and the link start-up tine of
the serial interface are increased, with the latter
beconirfg disadNARhASSE QL tedbBRea§ tb 'Tﬁ?’[ §e8 sb8alt@Gunication.
used intermttently at a | ow duty cycte to mnimze

Bt v idaiMely, ChR SURBit N relh@0 @6 thdehstiase Ghy®NiticiNdhta encoding
serial interface systens are nore i mmune to skew by

srdiengs dart gl speesltsenblecommgnaicstiolout still suffer from

skew probl ens when operating at high speeds. [0006]
Additionally, certain integrated receiver devices are
typically built with slower |ogic because they have
Bagkgaoundat ure sizes in order to drive high
vol tages. This is the case, for exanple, for integrated

LCD Controller- Driver circuits that are used to drive

iLfT:‘pE)I gﬁrgﬁ%esge]ﬁisogfﬁﬂglg é%%td s\é\%gi gorrkl)r%ugl:llcfatilorq,u ématlnod for ever increasing

data rates continues to grow.

Many conventional high speed serial interface systems use non-return to zero
(NRZ) data encoding with separate data and clock signals. This separation of the
data and clock signals, however, typically results in skew between the two signals,
limiting the maximum possible link data rate of the interface.

Typically, de-skewing circuitry is used at the receiving end of the serial
interface to eliminate skew between the data and the clock signals. Consequently,
both the real estate requirements and the link start-up time of the serial interface are
increased, with the latter becoming disadvantageous when the interface is being
used intermittently at a low duty cycle to minimize system power consumption.

Other conventional serial interface systems are more immune to skew by
using data and strobe signals, but still suffer from skew problems when operating at
high speeds.

Additionally, certain integrated receiver devices are typically built with

slower logic because they have larger feature sizes in order to drive high voltages.



serial interface for such devices using conventiona
systens. [0007] What is needed therefore is a high

wepmedowmes i al i nterface that resol ves the abovRCT/US2008/055566

[0007]

[0008]

[0009]

[0010]

[0011]

descri bed probl ens of conventional serial interface
systenms. Further, a high speeg serial interface with
i ncreased capacity and reduced power consunption
relative to conventional systens is needed. BRI EF

BAVVARYe Cse, THIE ek MWERNT FPNNEBPABE LATCORrsREEDHSEF Lidbuits that are

interface is provided herein. [0009] In one aspect,

tided ol GhvesinER gasielk. Als shth, &t haokl be @fffiault bs aepleh@sea high-speed
nodul ati on data encodi ng schene for jointly encodi ng

shatah iraedfac foc kudhndevicenuisiog codeaniotiahglstemst he need for
de-skewing circuitry at the receiving end of the

i nt er Wleg 15 greedédhiliaelote iy edugh ispepdi seriabdutetfdcd tlifg resolves the
start-up time and inproved |link efficiency and power )
laveudeperitad. Pronlesieo antieial sexigldnigriace spueys.s dprther, a high
interface.uses fewer .signal, conductors than .
BB G TRD AT G5 P o LA e PGS TUhHLER P gogsymption
A0Skl QLI IR O, 4 R.a0QL her embodi ment, ¢ he

serial interrace OWs for data to be transmitted at

any speed w thout the receiving end having any prior
know edge of the transm ssion data rate. [0010] In

anot her aspect, pRiver SirgVARTedF 988 B\VERTTeONace uses a
polarity encoded three phase nodul ati on data encodi ng

schene for jointly encoding data and cl ock
information. This, in addition to the above descri bed
advanfdygls spdedrsehdrinientace ageevidhe herank. capacity of the
serial interface by allowing for nore than one bit to '
be trkhone taﬁréfﬁt,itheépgh shasg| seriplaingeriave arsonp thijeghkpe medulation
a further aspect, the polarjty encoded three phase ]
dvasrardins sehieme for iuain gnerdingdat and slaskipiormarepe Accordingly,
I gh- ed serial interfaces for certagi eceiver . .. .
iR oC e Ry Bt B o e TER By BARETT s climinated.
t it transiti the jinterfaces i
LA P R Y A9 200 AR st pover
consumption. In one embodiment, the high speed serial interface uses fewer signal
conductors than conventional systems with separate conductors for data and clock
information. In another embodiment, the serial interface allows for data to be
transmitted at any speed without the receiving end having any prior knowledge of
the transmission data rate.

In another aspect, the high speed serial interface uses a polarity encoded
three phase modulation data encoding scheme for jointly encoding data and clock
information. This, in addition to the above described advantages, further increases
the link capacity of the serial interface by allowing for more than one bit to be
transmitted in any single baud interval.

In a further aspect, the polarity encoded three phase modulation data

encoding scheme is used to implement high-speed serial interfaces for certain

receiver drivers with slower logic circuits. By encoding at least two bits per



hal f of the nornmal serial data rate. [0012] A
hi gh- speed i nterface enpl oying the three phase

worp@shets7on dat a encodi ng schene provi ded her eP@I/US2008/055566
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[0014]

[0015]

[0016]

[0017]

[0018]

consunes half the current as other high-speed
interfaces using the sane driyers. This is because
only one driver output is act Pve at one time instead
of having two sinultaneously active outputs as is

EORTRGh ¥nthe ifiadsced, thObMUichahe alb®s HAC@sia (Andition rate to be
data and clock or data and strobe). This power

BafsfifRtidemat eHaC Hh@rates coupl ed with the ability of a
hi gh-speed interface enploying the three phase
nodul Athigh-spgeddaingertaadiengplsying e tlores phdsedabdulatiomtlata encoding
| east twice the rate of other serial interfaces.
jahens] prouideddrerembenismes ialff datawreant agrdherdbight wged interfaces
of the present invention, as well as the structure and .
BHEE &9 Bnodrivee VRS s lpscarp ahherg drigdr QuiBuipis@sERe at one time
i nvention, .are descrhbed iBrdetaiI bel ow with

n

instealenl R e THE SRRy o e REL 5pR gEnmonly the case in
é)tr’T;i%rCRsleEﬂ %%ﬁeg:&. [.)R'%i\:{l\[aN%d[ 88 4]orTHaetaagr?(f) %Prg)rmr"(r):' ggfhis power

C
awi ngs i ncor porated herein and

P(ﬁ{shm ) iohh e ﬁghf isc @&5 é‘\ﬁd t\hflthu?ﬁer %Bﬁit? hgf _r ﬁ@ﬁ%pteﬁgr interface

I nventi on and, together t he description,

SRPMEIRLrHRXBEA Fhalsd & daiul dnll 25 edfodit}eschBi@Mnb iséid afd at at least
to enable a person skilled in the pertinent art to

tmice tlanthtelsBothbesdriay anbifades. [ 0015] FIG 1 illustrates
exanple transitions in a 3-level differential data
encodFmghecembedin]cdfx] 6¢atites arktl hdvansigesioé sha préseguinyention, as
state diagram [0017] FIG 3 is an exanpl e that

Welluast ehet stgueturehpae qussaimotl thatvavaus smbodieeis my the present
schene. [0018] FIG 4 illustrates a serial interface ]
HVEREAN 28 dedsriberpite ekl Bgloy itk ereptrgaee to the accompanying

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated herein and form a part
of the specification, illustrate the present invention and, together with the
description, further serve to explain the principles of the invention and to enable a
person skilled in the pertinent art to make and use the invention.

FIG. 1 illustrates example transitions in a 3-level differential data encoding
scheme.

FIG. 2 illustrates a circular state diagram.

FIG. 3 is an example that illustrates a three phase modulation data encoding
scheme.

FIG. 4 illustrates a serial interface transmitter for implementing a three phase

modulation data encoding scheme.



nodul ati on data encodi ng schene.[0019] FIG 5
illustrates current flow scenarios that correspond to

wep@edings st ates according to a three phase noPI/ES$10081055566
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[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

data encodi ng schene. [0020] FIG 6 illustrates an
exanpl e data recovery circuit for a three phase

nmodul ati on data encodi ng scheffe. [0021] FIG 7
illustrates the inpact of timng offsets on the three

phas errp hi ialsh@ kst fene TRd sfhasio N @R @frrdsh&ad % encoding states
[0022] FIG 8 is an exanple state table of a polarity

envoedlag td helgee phasenodduliat Hon edaddEngBeiaialg schene.
[0023] FIG 9 is an exanple that illustrates a
pol ar F1§. éndbdedtes haeeexphpde dupd uleadvieon datudr docadithgee phase
schenme according to the state diagramof FIG 8.
fredeltior|data emogingwshqrrae-es an exanpl e i npl ement ati on
of si s_conductors on a printed wri g% board for

é

nal )
enabl %rfg % Rlusirpes ehg, HaRast o G1ag obfsets ghahe tbergi ifigse modulation
chenes,. [0025] E 1 illustrates an exanple
a?fﬁlegﬁ%f‘éf‘i%ﬂleo?ﬁgpg%'al conductors in a cable for
enabl | he_t hree;, phas dul atj on _dat a odi .
scnenbl? 8 anetEp S TRt R DhlRlly SR QAR B modulation

1:39hatniRs sdeRR arity encoded three phase nodul ation
at a enéo isng? schene. [0027] FIG 13 illustrates an

exanpir;.dat & LACYAHYeC A Uiltustfes 3a PROIAAIY ¥neHEdfBree phase
t hree phase nodul ation data encodi ng scherme. [0028]

Flo@ulatiénidataiaicodingschelde hi@adingeb keaisthieydigdrattvd FIG. 8.
exanpl e data recovery circuit of FIG 13. [0029] FI G
15 i | Fi{st tGtldstmresexarpirepldainzpld@endeionf off sigedo dbnductors on a
the output of the data recovery circuit of FIGs. 13 '
prdted4 wifipg dpjardhier prrabling ihev e ophaak | lnodeladen cidthegiicoding
with reference to the acconpanyi ng
schemes.

FIG. 11 illustrates an example implementation of signal conductors in a cable
for enabling the three phase modulation data encoding schemes.

FIG. 12 illustrates an example state diagram of a polarity encoded three phase
modulation data encoding scheme.

FIG. 13 illustrates an example data recovery circuit for a polarity encoded
three phase modulation data encoding scheme.

FIG. 14 illustrates additional circuitry of the example data recovery circuit of
FIG. 13.

FIG. 15 illustrates an example data decoder for decoding the output of the
data recovery circuit of FIGs. 13 and 14.

The present invention will be described with reference to the accompanying

drawings. The drawing in which an element first appears is typically indicated by

the leftmost digit(s) in the corresponding reference number.



draw ngs. The drawing in which an elenent first
appears is typically indicated by the | eftnost
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[0031]

[0032]

[0033]

nunber . DETAI LED DESCRI PTI ON [ 0031] This specification

di scl oses one or nore enbodi ments that incorporate the
features of this invention. TRe discl osed

enbodi ment (s) nerely exenplify the invention. The

scope of the inventippRTASLFODEICRIPEFIONO t he di scl osed
enbodi nent (s). The invention is defined by the clains
appended hereto. [0032] The enbodi nent(s) descri bed,

and references in the specification to "one
enbodThisnpecifitaiore dsoldsevemte or ‘haore exanplimeetsirbdi meotpgrate the
etc., indicate that the enbodi nent(s) described may
featiregiof dhparmvieatbar Thatdisdosedt ¢embediment(e)y merely exemplify the
characteristic, but everé enbodi nent . nma

HeesgQay ithy S‘F(HP@IOlﬁ dlee tvenfian fs Ie,qﬂlﬁmt?de%ﬁ fil@éhSChS?@ epppdiment(s).
% character }‘1 Ng\ ver, hd hrases are not
‘E&?QPF’P)}S Aigee ”t“ﬁép @i ment. Further,
ven EpRAhlh A SR R S BHR BT, g ppecffecion 1o ome
T i [ hS; WM 3hi 0t :
Em%h?ﬁg ?Ill toenrﬂeb% gﬁ?@edgﬁﬁe){a}gﬁ%lﬁﬁ% gl l-%tece{acsuc icate that the
Eﬁ%&h&rﬁent(%} I HEdcHibed @fayC hatcafteerd sphgiclr COaRBEL | QRucture, or
wi th ot her enbodi nents ‘whether or not explicitly
deseascetiatt, HR033ty Erbodiment maof ndtheedessdaint indludayhd@articular
i npl emented in hardware, firmvare, software, or any
famyenatrianrd, her ebiractenboidi Mentaeof sitdhe phrasentreomotrenecessarily
al so be inplenmented as instructions stored on a
redetiingetortha dailbk enrhediment. Whrthhr, maljerbe ppekglagrfgature, structure, or
executed by one_or nore processors. A machi ne-readabl e

ﬁ@dﬁ@}ﬁﬁlﬁws idqearihgd ﬂaﬁynﬂ%wanwh@flcﬁn@démﬁwg figh subrmitted that it

L an}l%ﬁle n%wle(% t | OFHB*HC}E\}I‘% ré;'? trogag&%g%% ;éturea structure, or
% Sst{c @‘g%%hﬁeg{ﬁ)qll WRWhA{M&%H&%@ ItPC{FrnEP%o}.[ explicitly

om access etic
gésgflgg@ msdl a, optical storage media; flash menory
devi ces; electrical, optical,

Embodiments of the invention may be implemented in hardware, firmware,

software, or any combination thereof. Embodiments of the invention may also be
implemented as instructions stored on a machine-readable medium, which may be
read and executed by one or more processors. A machine-readable medium may
include any mechanism for storing or transmitting information in a form readable
by a machine (e.g., a computing device). For example, a machine-readable medium
may include read only memory (ROM); random access memory (RAM); magnetic
disk storage media; optical storage media; flash memory devices; electrical, optical,
acoustical or other forms of propagated signals (e.g., carrier waves, infrared signals,
digital signals, etc.), and others. Further, firmware, software, routines, instructions
may be described herein as performing certain actions. However, it should be

appreciated that such descriptions are merely for convenience and that such actions



acoustical or other fornms of propagated signals (e.qg.,
carrier waves, infrared signals, digital signals,

wee@sjg4zhnd ot hers. Further, firmiare, softwarBCT/US2008/055566

[0034]

[0035]

[0036]

[0037]

[0038]

routines, instructions my be described herein as
perforn1ng certain actions. However, it should be
appreciated that such descrlpplons are nerely for
conveni ence and that such actionsin fact result from

GOTRYL JeBElt %C&ﬁn %%@ﬁ@éss pro8itdR] LekPoll@t, 6f Reker devices
devi ces executlng i rmvare, software, routlnes

bxehfibig thoftnweid sofmﬁx@ s, igstidionkrdeedded Ti mi ng
Information [ 0034] As di scussed above, in order to

el i m nate skew between data and cl ock signals or the
need for de-skew n C|rCU|tr in a serial interface,
Pataj Encgdinigraish &mbe %fiéd Fﬁm;n tigat a and cl ock
information (or enbed timng information in the data
signal). One common technique for realizing that is by

using,a.differential data encodin

da AR RN Sk SR CPHIAF bl BT THeryRE g At arAY clock signals
3t #Hen (fl Rs' dd q?eWIB c%rcsftﬁiglr? a S A0 e Q033 5 (ﬂesuable to jointly
na| or i of dittrerential data encodln SChents are

Eﬁ%ﬂg d Jtaf ;Il‘glrﬁgéli ﬂfor%?ﬂ?ﬁe(%r ehiied %Wlnatﬂqogr\r/l‘g{l&[?% hieoa signal).

are Ined In terns O anges 1 nt

OMR Aot HE® ke @nid e aledliANg (RAOR N)yShgﬂgla dlff@&%@]]al EA& encoding

1 illustrates exanple transitions | evel

sthiefrl eitiet ey dhad and ook Ilﬂili@rﬁﬁﬂ‘l@tﬁfﬁre ]Aﬁﬁt@r éhd@@ed tn e transitions
schenme of FIG 1, a signal level (voltage) transition
bfosimglesinbb 0 is a logic 0, from-Vto +Vis a logic

1, fromOto -Vis alogic O, fromO to +Vis a logic '
1, fr&he myajputy of sdiffetengiak data gpepding rhamesoarevlgvel glifferential
logic 0. [0037] Exanple transitjons, 102 and 104

thle%’?’r ‘é’thél’ft%s%‘iegﬁé?s”ll%% pree feffrad; i fermshel egngendn the level

h f V. T 102
P e e %@?a”%?iﬂgﬁ%%}ﬁ from -V to 0 fol| oved by a
seconghd r Iagﬁlshjap 1%% 4tr51931E10%9e ' tBr 1%051”&1% %nglail' figt% &codin g

sequence. rans ran

§dhRfe: Actcerd'i}{g E(Ptﬂerséﬂéf% bf ?Id}.qg'aglg}ial 1eve1 (voltage) transition from: -

V to 0is a logic 0, from -V to +V is a logic 1, from 0 to -V is a logic 0, from 0 to +V is
alogic 1, from +V to 0 is a logic 1, and from +V to -V is a logic 0.

Example transitions 102 and 104 illustrate two signal level transitions
whereby the signal level changes from -V to + V. Transition 102 includes a first
transition from -V to 0 followed by a second transition from O to +V, to transmit a 01
data sequence. Transition 104 includes a single transition from -V to +V to transmit
alogic 1.

However, as shown in FIG. 1, due to the signal slew rate being slow
compared with the response time of the data recovery circuitry at the receiving end,
both transitions 102 and 104 appear identical and are interpreted as 01 by the
recovery circuitry. Similar transition decoding problems occur on +V to -V
transitions in the case illustrated in FIG. 1, or when the slew rate is faster than the

response time of the data recovery circuit.



[ 0038] However, as shown in FIG 1, due to the signal
slew rate being slow conpared with the response tine
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[0039]

[0040]

[0041]

[0042]

both transitions 102 and 104 appear identical and are
interpreted as O 1 by the recgvery circuitry. Simlar
transiti on decodi ng probl ens dccur on +V to -V

transitions in the case illustrated in FIG 1, or when

the SHBRW amdifuitypirl aééo‘a[n(%i’c@ﬂ% R ARAPASE 1 hFBnRftrdnBRions that
data recovery circuit.[0039] This anmbiguity in

RO daky thicagk intemdsddidtonsales @Uerded haves®h a desired state. A
transitions that nust pass through internedi ate states
diffeoerdenl dava reemothing stbhenreedvigt dtieculdy'dsthfeetmnsitiahs dattherefore
encodi ng schenme with "circular" state transitions is
nérsied fro resoheadeigt@issexe Iraasitiahs Yubtferestial ¢ata encoding schemes.
transitions in differential data encodi ng schenes.
Differential Data Encoding with Crcular State

ransi ti.qus [L004 FI. 2 illustrates a circular state
HEGRuI305: ERpocihe B Gacylee it TaBRRES ot ot o
transitions in a differential data encodi ng schene.
According to state diagram 200, data is encoded based

on trafsi 3 nAREREINEEAILNGER (ﬁgg}taﬁlsZ@O, aic?gagcbebmt%geto define

that transition between any two states

SatelrhiRitonsGntaOdibferdhfaP dfta A0EdiGig sChdhhe, OACHEAirigoAstate diagram
single step without traversing internediate states. As

300; Rlatadis khesdadtbasdd datansinonsbagvesahbresthasgd, @nd c. Note that
state diagram 200 woul d be free of state transition

ttesodom dpepradn @ fwastatéssEussded abavie o £004d b, EltGi.c, 3nd ¢ to a)
illustrates a three phase nodul ati on data encodin ' '
gedusirl 3eMghkagep VGmhauidrayerseig Hitersneskiate gragey afrs 2@81 ¢ifferential
FIG 2. According to data encodi ng schene 300, a o
dataeaseding gelamesased ah 4136 djagranys 09 'waile be feee of state transition
aragsm'ttﬁg usi n(g three.conductors A, B, and C. The
FOSIERTOREMS 15 Hsts%d PV Eonduct ors A, B, and O that

make R%t : ﬁlu%?gggéeth%eg se %oe(%dl%ﬁoﬁpgﬂg eeﬁg?(liivwgts?%eq‘??i EOO based

si gnal b€l ng egrees out o ase re

@2% B Qfar #8e dﬁ%@:ﬁabOﬁtof LA KEcorgi)ﬁ%CtB!dﬁhat é’iﬁo@fng scheme 300,
uctors A, B, Tand C carry a signal,” with the

a 3-phase signal that rotates in two directions is transmitted using three conductors
A, B, and C. The three signals (carried by conductors A, B, and C) that make up the
3-phase signal are independent, with each signal being 120 degrees out of phase
relative to the remaining two.

At any time, exactly two of conductors A, B, and C carry a signal, with the
data encoding states being defined in terms of signal flow between conductors. In
one embodiment, three states (corresponding respectively to states a, b, c of FIG. 2)
are defined with signal flow from A to B, B to C, and C to A. Transitions between
the three states are then defined according to state diagram 200 to ensure circular
state transitions. In one embodiment, clockwise transitions (A to B) to (B to C), (B
to C) to (C to A), and (C to A) to (A to B) are used to transmit a logic 1, while

counter-clockwise transitions (B to C) to (A to B), (A to B) to (C to A), and (Cto A)

to (B to C) are used to transmit a logic 0.



data encodi ng states being defined in terns of signal
fl ow between conductors. In one enbodi nent, three

w@r@Baev4for respondi ng respectively to states BCT/D$2008/055566

[0043]

[0044]

[0045]

[0046]

of FIG T) are defined with signal flowfromAto B, B
to C, and Cto A Transitions_between the three states
are then defined according to®state diagram 200 to
ensure circular state transitions. In one enbodi nent,
cl ockpbgerihg sk th aNE. BGAat @at@)en‘b@diﬁg &@nfple ubiBgt®eGhree phase
to (Cto A, and (Cto A to (Ato B) are usedto
todOBifioh *hb@giic showihi $ign£1©802,e304; a0dk3d6SRIustrate voltage signals
transitions (Bto C to (Ato B), (Ato B) to (Cto
#Appliedno do@dtiotofy At B, @B 1@ rEpeativelyselit by timansnfitst @onductor is
l ogic 0.[0043] Referring back to FIG 3, a data

Y2 ersibipe QOhggm@\/g Her exanele)hasseombaendarciasris coupled to a
schene is shown. Signals 302, 304, and 306 illustrate .
Degatingeoliaghar's o5 pPRERle) o vdblsdthet timpimngghirdygonductor is open

respectivyely. any tinme, a.first conductor is

BRI Kb3pats FuRtivprisgls fEHmifgy tybpugient fow between

ﬁa%cf?rrs‘éjal%{’ NAUEH OLn i e GQURLE DIl %o%drlﬁ%aéﬂ Yeni et ane h-¥m), 8 w0
or exanp? eS’, TS YRe Ferar ni ng i T conc(i’uctt or \I's

gﬁ%ﬁd C ntg EA)tc%H -be'%ﬁlesé{%xtdnﬁfg ml%?é?&t‘é@ b?ts%é‘n%%s! 308 (A > B), 310 (B >

eter by the curre w bet ween’t irst and

E8GRRAB 10qHSCA Phwich block®is!sBRe RAhSohY Bledofd! YarRRB: fllogic 1 and
states (Ato B), (Bto C, and (Cto A can be true a

adhtéd- ol clasdisk Istays traatiedndysedl @nadisnd08 1¢dAc B. Bh, orlénb&liment,
> C), and 312 (Cto A, wth clockw se state
$ipeals 308,08, usdd3 1 ater gersmated aisimgge@mfararas that compare voltages
counter-clockwi se state transitions used to transnt a
raygssccopdugtarsoheB.amdddi ment, signals 308, 310, and 312
are generated using conparators that conpare voltages ]
acr os&echdlistrates anserpl infgefage TR el et 400 for implementing
i.llystrates a serial interface transm.tfer. ¢ircuit. 400 .
thsy Ui PR IR Re 194 SBchits SRRt I G hch Circu 400 is
n [ S of . 3. Cirgyit 400..1 .
FASPACIRCENER BBl Syl UL A0 yplgpencarions o

ECA o P! ' ' as .
CLEeW b TRLGERILAL) 5 B SHIRY uRal Y, p e ot
h&id.eachi ngs herein.

Circuit 400 includes a plurality of current sources 402a-f that can be coupled
using switches 404a-f to first ends of conductors A, B, and C. Second ends of
conductors A, B, and C are coupled together using termination impedances 406a-c.
In one embodiment, each of conductors A, B, and C has a natural impedance of
value Zo, with termination impedances 406a-c each having an impedance value of
3Zo.

At any time, exactly two of switches 404a-f are closed to cause a current flow
between exactly two of conductors A, B, and C. As such, a single current path exists
at any time in the circuit. Further, in accordance with encoding scheme 300,
current is only allowed to flow from conductor A to conductor B, from conductor B

to conductor C, or from conductor C to conductor A. These three current flow



[0045] Circuit 400 includes a plurality of current
sources 402a-f that can be coupl ed using swtches

waloehade94rd first ends of conductors A B, and PUT/BR10081055566

[0047]

[0048]

[0049]

[0050]

[0051]

ends of conductors A, B, and C are coupl ed toget her
using term nation i npedances 406a-c. In one

enbodi nent, each of conduct or € A, B, and C has a
nat ural inpedance of value Zo, with term nation

{TREHSN R PesiORBr S the @Ry AA¥E P8l BEndoARGAAREEVAIH Bn&fding scheme
3Zo. [0046] At any tine, exactly two of sw tches

300tand araliBusttaskih FIG. 6auiSe rép6diitd €filnsink ey e LIve0.
exactly two of conductors A, B, and C. As such, a
single current path exists at any tine in the circuit.
Further, in_accordance with encoding scheme 300,
PatarRevovery Girgujt al | owed to fl ow from conductor A to
conductor B, from conductor B to conductor C, or from
conductor C to conductor A These three current

fl owscenari os. corre dtothe only three valid. . .

e odhGS AP RE L PIIB theci BB e Bl aeEo il cfeitis used to

o468 v Dab R Bo s Gt RBEF tir B OR LR limen. voltages

£ @681 ekt BB rQiscbAOBE Ay drOh i A o IR @ S RERYEL ¥o detect
he y t he

clrcult Is used to decode t ata transmtte

Schenssfstd s, Fok Gidrhple! Ag@NesiaiTRed) BBALLs AW 3RRIBSC 310, and C>A
across termnation resistors 406a-b in transmtter

812 6UITIG. 400e géterated) Wheely o atletiartexatdy ené ofriekd signds is high,
For exanple, signals simlar to signals A>B 308, B>C
Btldcatimgdh CourrddterebdifgGtat8 are gener at ed, whereby at

any tinme exactly one of these signals is high,

i ndi cBiG-rfyilluseaies pnerpmelecdrdi merogemt ercyio@YBwhirihgangbe used to
i.llustrates an exanple data recovery circuit 600 which ]
geh9dp edais drisHIIHEE EOAS 10 raatBERer PRpeaedrlariag ¢asa gencoding
t hree phase dul ati on.data _encodi ng schene. .O her.

HER: BOpvEPRe e TN R TR GHOR &A1 419 et s grould be

0958 1P OGS SHPODK, B RSLAON, BIY ELAA G o1t

ase ngs her el ecover

circ ubtataqggoxjé:pf k668 600 frRiudes EEQNGcoM dnliRhird 1&)@%66 R0, 624, and
610, 624, an

638 of D flip flops and a multiplexer circuit 646.

Data recovery circuit 600 receives input signals A-to-B 602, B-to-C 604, and
C-to-A 606. At any time, exactly one of signals 602, 604, and 606 is high, indicating
the current encoding state being transmitted. Signals 602, 604, and 606 are input
respectively into first layer D flip flops 612, 614, and 616.

First layer D flip flops 612, 614, and 616 capture the most recent state
transition as indicated by signals 602, 604, and 606. Note that each of D flip flops
612, 614, and 616 has its D data input coupled to a logic 1 and is set whenever its
respective clock input 602, 604, or 606 experiences a rising edge transition. Also
note that whenever one of D flip flops 612, 614, and 616 is set, it asynchronously
resets the other two first layer D flip flops. In one embodiment, this is done by
coupling the Q output of each first layer D flip flop through a rising edge triggered

pulse circuit to the reset inputs of the other two first layer D flip flops. For example,



638 of Dflip flops and a nmultiplexer circuit 646.
[ 0050] Data recovery circuit 600 receives input

WG @RalE"7A-t 0- B 602, B-to-C 604, and C-to- A 60PCT/B820881955566

[0052]

[0053]

[0054]

time, exactly one of signals 602, 604, and 606 is

hi gh, indicating the current encoding state being
transmtted. Signals 602, 604¥)and 606 are input
respectively into first layer Dflip flops 612, 614,

Athe@lPbodiRRAbr Fid. % tHaWurpu I fP AGS 661 % cRpred @Rsligh OR

616 capture the nost recent state transition as

bared 620 @l 632 dspialvelyotdthe 60kt iaptds 600. fliNA®sthatan@®db. In an
of Dflip flops 612, 614, and 616 has its D data i nput
enbpdiecnt,o ta twgre thaand flip-Heps dl@nedids artds 616 are only reset
respective clock input 602, 604, or 606 experiences a
moziengardy geherr amontriespecting s@tmeotars, e Qubetpetseaf 19 dlép-dlops 612,
Dflip flops 612, 614, and 616 is set, it o )
a4 nardhcie cgupled éo SR Bater PhRr020nand £24 thioxgh grquitry, which

L 255 P AP SSTRRF. TR 0 05 B REBE BRI RS i

ri-sin dge tr.ioggered pulse,circuid4 to th esat .
PliBtRg BPOFRY RS Sl S RALE iy dor sl HREGenpagior D fip-

FIPEPEFstall % SRBISTED ol 1 ol A0SR @l hivs o
fpeReGtd @zleauypdtqanum%élg&atinb&pé&@eran hdeb flops 614

and 616. 1n an enbodinent, to ensure that D flip-flops

612, Sdebndamebr@1Bipflepo6ley 628Seld 6RONERBIcanfigyreastoggle flip flops

non-respective state occurs, the Q outputs of D

WithpthfeiroQs &l @ytpBsdconardcte8 116 thew 10 onplted A@otRnglyt escond layer

618, 620, and 622 through a circuitry, which ensures '

fliratlopROYat &8, 618, 6302®gslenit Bsing adgesonf (heyr sespeetvenflppk input
arrOM/Bositive pul se and _not .a cqnti nuqus si gna

¢
Saﬂa}@&n éd4’F%ﬂd e mpiase thﬁethga%%% @tii"éf m[f;smalgiﬁa%pé%gznd 606
i R . 620 622. AND .

PR o o B0 AR B R R 0 AR, e evacty
H R DL 58 URG G580 A0SRk SRERVE, B s 26,

32! QSIBQtBé%& il i ¢ tThterQi‘tgau.'(&,lll?@.[ts %Fh&rgé]éér:@%q? {%%E,e;qu 630 are

to their I nput's. Accordingly, second
fpRPentB 26hr&28puERORERE 630 Rndfaté b $bdade@dRRR R¥ Clk 636. Note

their respective clock input
that receiver clock 636 will toggle whenever any one of the Q bar outputs of flip
flops 626, 628, and 630 toggles, thereby generating a half rate clock.

Third layer D flip flops 640, 642, and 644 have clock inputs respectively
driven by signals A-to-B 602, B-to-C 604, and C-to-A 606. Their D inputs are cross-
coupled to Q outputs of the first layer, such that the Q output of first layer flip flop
616 is coupled to the D input of flip flop 640, the Q output of first layer flip flop 612
is coupled to the D input of flip flop 642, and the Q output of first layer flip flop 614
is coupled to the D input of flip flop 644.

As such, third layer flip flops 640, 642, and 644 capture C-to-A, A-to-B, and
B-to-C state occurrences, respectively, and output logic 1 for (C-to-A) to (A-to-B),
(A-to-B) to (B-to-C), and (B-to-C) to (C-to-A) transitions, respectively. These

transitions are clockwise transitions as indicated above with respect to FIG. 3. For



signal 602, 604, and 606. Note that the rising edges
in signals 602, 604, and 606 correspond to state

WO e@RaIuroONs i n the data encodi ng schene. As sSPCTS2008/055566
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since exactly one state transition may occur at any

time, only one of second layer Dflip flops 626, 628,

630 toggles at any tine. The ELbar outputs of flip

fl ops 626, 628, and 630 are input into a three input

SR satIecBRRe ttﬁangﬁiﬂ)%ﬁ,aﬂi% BopseB40l ¥8Y, £1d06ds K ot 836e 0. Note

Not e that receiver clock 636 will toggl e whenever any

e stfcetddacQ bae sttt prdrsiddn foaly dchPPs abi Gim&2dhly @@ of the Q

630 toggles, thereby generating a half rate cloci.

P D5 8] of Thp fldpsd G406 64D anldi@4fchobs 284gic 164 Any aimek. 644 have

clock inputs respectively driven by signals A-to-B

602, Bhe QLouepas dndipClers- B 062, Théi ¢44Datenippus iatoemultiplexer

crosscoupled to Q outputs of the first |ayer, such

eikait pHe vorh gha Rurutpats f1qm the Hyss flig flpp layep §1@ pepviding the select

coupled.to the D input of flip flop 40, th . out put

G ety dipieier T 058 csoduerioqut Balery SHOTON R drlaver of
| i 42, he output .of first |ayer [

ANDL el 1€ B O e D iR Bl GRS AND abhes 645,

: j I i 4f -

B30 200 005 PR bl YR st B R BiER <P 86p @ Binal 656 of

Q56 YEFFRRBRLSIrculi €60 CRIbMah Yo O@Eat Q656 i OYidgicll enever any one

(CGto-A to (A-to-B), (Ato-B) to (B-to-C), and

OBAND Gitet 648,&500aky 652 anghits ansgic Nespect bMBl yeculnes elockwise

transitions are clockwi se transitions as indicated

stbeveawitidnsy esgesctibedalbdve, AccoEbinglyuntigut cignek&its® a logic 1 for

transitions, flip flops 640, 642, and 644 all output o

tlogkwiso . stajet wansizanssik @ koghic O] fpr geentratleckevismsiate gransitions,

may occur, at an%,tine, only one of the Q outputs of

thereby heyag ko abEuy to grervsa Antosmapen gnceidcacrorting 49 the three

tinme. 55] The Q outputs of flip flops 640, 642,
Bhﬁe§%%g&F5LVﬁEEP% nto mul tiplexer circuit 646, with
the Qoutputs fromthe first flip flop |ayer 610

provi ding the select inputs of the nultiplexer. In one

EABRY o ®lthing ek BhPteEe PHGINIGI MGG @ | ayer of AND
gat es 648, §50, and 652 followed by a three input OR
gate 654. AND gates 648, 650, and 652 provide the

i nputs of OR gate 654, which provides output signa

656 OFIG. 7 is an example 700 that illustrates the impact of timing offsets on the

three phase modulation data encoding scheme. As shown in FIG. 7, a timing offset
between signals A 702, B 704, and C 706 of the 3-phase data and clock signal causes
phase overlaps in the 3-phase signal. Typically, this timing offset may be due to
differences in signal delays between conductors A, B, and C. As a result, ambiguous
conditions may appear in signals A>B 708, B>C 710, and C>A 712, which represent
the inputs of the data recovery circuit. Fortunately, however, these ambiguous
conditions can be resolved through the addition of a voltage or a current offset, as

illustrated in signals 714, 716, and 718.



data recovery circuit 600. Note that output signal 656
is alogic 1 whenever any one of AND gates 648, 650,

w@eesaaR7out puts a logic 1, which only occurs PCI/US2008/055566
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[0059]
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[0061]

cl ockwi se state transitions, as described above.
Accordingly, output signal 656 is a logic 1 for

cl ockwi se state transitions akd a logic O for
counter-cl ockwi se state transitions, thereby having

PERridPEhéddedThrE€PRARMbAISRE | On encoded according
to the three phase nodul ati on schenme. Inpact of Tim ng

O fset on Three Phase Mdul ation [0056] FIG 7 is an
exanple 700 that illustrates the inpact of timng
of f sefAs descrited dbbveehphhse phxde naddudaticiad @a emcodinggcheme uses
schenme. As shown in FIG 7, a timng offset between
gloglieiise atP02angtigyy o apdnMir 0@gisf onge a8dphasuenigliogkwise state
and cl ock signal causes phase overlaps in the 3-phase )
HRBHEPDS 1) sraRgmitylogihperopi nivh Ut faetl e pdaty (at fsptransmitted
giffere ces in sngnal d IayE)Eetmeen condu tgrs A B,
i Eeachtale FRERPD, WhETHSE GRS N AF CPURET MR agear | n
signal;s. A>B 708, B>C 7 d A 712 i.ch, represent

: however ;Q% ﬁaepaag O%Qhe e C%lase %10&*1%&% rdtaEan al{nceol%ii/r’pg scheme

the inputs o ata recovery Crircu

PR Bt R PR R B R PR BRAIRAIBE gp addivion
@Sthel diMslibahied diMestb @RdkiSiohd4 ,Re?e]fﬁn% M6k (d-BIEH, @bt b¥ample, the
Encoded Three Phase Mdul ation [0057] As descri bed

phlare; oft dikrdnlnifless @indscusad dopaidrare addithnahandidiig sabesih as A-
uses clockwi se state transitions to transmt |ogic
anBsp@riidvec dui-Br nedadovkwBae-G tpebigivey 8o immgstite C-to-A positive,
transmt |ogic zeros. As such, exactly one data bit is

i hsiorAtragadyg-i hlgvisgchvise shenumbespf penedingsatesr the number of
cl ockwi se or counter-clockw se. [0058] However, the
HalsarRyuens b RpUikCBHYs e Brmibat Pbattabls Eirtodinne encoded

chene can be further increase .exploiting the
BETSH Fa 1 BV BREGAT MG STATEL, T AT B ahigtorred to as
SLASSLLRMIN e g | ons, o errng ek e
gf o E' SPLG. IINERSEALE e?ﬂ%ﬂe is&@@kab@@@&ﬂ&@p(ﬁgﬁ{yeélcﬁﬁ&b tiff3e phase
modulation data encoding scheme. As understood by a person skilled in the art
based on the teachings herein, other state diagrams may also possible with varied but
equivalent mappings of state transitions to transmitted bits.

According to state table 800, two data bits are transmitted during each state
transition, resulting in a doubling of the capacity of the data encoding scheme of
FIG. 3. Also note that state transitions in state table 800 still conform to being
circular as illustrated in state diagram 200 of FIG. 2.

In other embodiments, state transitions in example state table 800 can be
further divided to generate additional transitions, thereby allowing for a further
increase in the capacity of the encoding scheme. For example, state transition (A-to-
B positive or negative to B-to-C positive) can be divided into two transitions (A-to-B
positive to B-to-C positive) and (A-to-B negative to B-to-C positive). For example,

from state A-to-B positive, the next state can be any one of the following five states:



B positive, A-to-B negative, B-to-C positive, B-to-C
negative, C-to-A positive, and C-to-A negative. Having

W Mo8r0ume nunber of encodi ng states, the nunbBCT/U82008/055566
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[0064]

[0065]

[0066]

[0067]

state transitions and, subsequently, the nunber of

data bits that can be encoded during each state

transition can be increased. 'his encodi ng schene is
referred to as polarity encoded three phase
DE@UB ahd (%ﬁve[ BORIE Fb&iv8 BlibUSthdhase2U-RXATBbELi®d &Jre C-to-A
table 8 of a polarlty encoded t hr ee phase nodul ati on
fétativentTad Alows MeS) dis apiitdeinsdtel9d2.BY16 b rsoimformation to be
skilled in the art based on the teachings herein,

etdogled st atsmgli sigrearansiteon. allsog piois sédbinéqua, fths pasrsﬂuéd tdercode 16
equi val ent mappi ngs of state transitions to
bKa@@nﬁﬂﬁ@@ODHngCOP&@BGYeﬂ@&UIdMMgﬁﬁo state table 800,

two data hits are transn1tted durjng each state

transififord2 Wesiantes 95 eRmplesiase i Hegram (H0 @&%&c@rﬁ yhggpolarity

t he dat n hene ,of FI G,. 3. so n
gl%faidsg PR oAss Mo ot dsodingos hene) MughERos al possible

)ck,j[ Csitr bbﬂw?e% %lt hereren%elgcod%r%sttat e diagram 200 of

e statetranS|t|ons

in eng@l §t Al Ed tg?}hE 990%09139611111&& suﬁt 51’1(]‘;7] gﬁ&jﬁgdttﬂree phase

gener ate a dl tion transitions, | owm ng

follHItBRIdatd G BASR scRethB Sc CRDAG It )ftaﬁaf dih nfsgmp&h Me. 8
schene. For exanple, state transition (A-to-

posi t Ave-phasdnsigaili shat trotaltest ir Gvpakitdctivay ic &ﬁnhﬁltted using three

divided into two transitions (A-to-B positive to

&H&MC(DIE)@S iB; aneé )C. ahlge (hike¢ sigBaln 802t 904e atd 986 (@fled by conductors
ositive % For exanple, fromstate A-to-B positive,

Ah@ nadt Cs that em@kamub ethar%mbzn;e segnal ee dependleny. mitheeach signal

states: A-to-B negative, B-to-C positive, B-to-C

h@gaﬂ?@ degrees Q}lt/S? ,Ebgfietrelﬁéws fto élft WIRINBGAVPve. This

TR S BRTIA GUGHLE s i
'dﬁt%‘% Afgg stakgg l%?né (HHIIH Lﬂgrmﬁ ¢ di né%a?: & S E’(—l:tgve%? conductors

enco orrra |on In Ive st

Eﬂ@'ﬂl?é Bbl‘aﬂ%f of 9;9@%1 thl &&BH C3 (ﬁﬂe%ggﬁg : to the state

state di agram 1200 ased on the polarity encode ree
phaseonP Y HatihQNiflatate BRGRAHH BO0SCHEBRe eWHodimsOWhockitise state

possi bl e

transitions (A-to-B to B-to-C, B-to-C to C-to-A, and C-to-A to A-to-B) are used to
transmit data sequences starting with a logic 1 (10 and 11) and counter-clockwise
state transitions (A-to-B to C-to-A, B-to-C to A-to-B, and C-to-A to B-to-C) are used
to transmit data sequences starting with a logic zero (00 and 01).

FIG. 13 illustrates an example data recovery circuit 1300 which can be used
to decode data transmitted according to a polarity encoded three phase modulation
data encoding scheme. Other data recovery circuit implementation can also be used
as would be understood by a person skilled in the art based on the teachings herein.
The operation of recovery circuit 1300 is described below.

Recovery circuit 1300 receives input signals 1302, 1304, 1306, 1308, 1310,

and 1312 from preceding analog circuits. At any time, only one of signals 1302,

1304, 1306, 1308, 1310, and 1312 can have a value of one, depending on which of



state transitions between the different encodi ng
states. [0063] FIG 9 is an exanple 900 that

WO Rdosgoxat es a polarity encoded three phase noPCI/ES10081055566
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data encodi ng schene according to state di agram 800 of
FIG 8. [0064] A 3-phase signal that rotates in two
directions is transmtted usi three conductors A, B,
and C. The three signals 902, 904, and 906 (carried by
e @i&%ﬁﬁfgsstﬁes Rist SR driel. tIh@hﬂl@K&thﬁoﬁ,hﬁ/eﬁaﬁJﬁéﬁ%&)s between the
signal are independent, wi th each signal belng 0
degileatapwcced Ippasesighilatildoe, t1804,he306nE8081 NG10Wand 1312 are
[0065] At any tine, exactly two of conductors A, B,
enspeddivelr cqupdedsiagiad clovk fdputhef Daflip fdopsddi-ify Ehet e6D flip flops
bei nﬂudefi ned both in ternms of signal flow between
tbribes os O davelinmve cpeplad ite ¢ lagic ga¢, dviiclynaises ito@. oudputto have a
encoding is done according to the state transitions as .
wdre abang whepeyes igirapeaiyadock 1pup gEpeEiepEes hifing edge transition,
| ockwi se ate transitions (A-to-B to B-1o-C B-to-C
o et 1 B flep 11 S VA e QP et by tinyppignal 1302
dat a. sequences startin ith a.logig 1 Q. and 1 and. ..
St ReBR DR LRl e B B O P R bosicve
s, & S P AGRA 194 GipfudeQnFichQrhe 8k b :
Bedu®s, Cal Quddgt I qu(gﬁ é Qiftute chﬁ’] q%le %o%talﬂg'sel@as dQs(t 6)(():curred

transmt S ces starting w grc zer

aehdhied thPORH reflderivd 3) bhdpUst 1320 e38N 1820 NBLE 1880.21332. Since
recovery circuit 1300 ich can be used to decode data

biilgnae $theccadCsRuelangny Ginge, REIlVbINE Wbf @ncaded32hrisa4, 1326, 1328,
phase nodul ati on data encodi ng schene. Ot her data

t 3HH\V8BY canrcvntinue npllavent wiliionf cae @l 81y bmeusas vad be further
woul d be understood by a person skilled in the art '
Bessebed helpie therg otillihgs thereoverlaprehasseenma e spfte occurs with the
recovery circuit 1300 is described. bel ow EOO67 ]
ReruipaisroriepRiding wodier @erany s&te apdithesngi gtage padohaving a value

04, 06, 1308, .1310, d 13 di |
APt or B BTG of Mt By FeBnane IS gRal . 1303, 1304
1306, \R;i?e%Sanﬁ/lgflt?le NEn i% %gﬁuge%g))h%ee?ﬁi) \eﬁ’silf) Jﬂﬁg? 1 198S¢he other flip

dependi ng on whi ch ofthe ‘encodi‘ng s

?ﬁ%“md"e lded Mph QIROE AN (hiQYiE ra'cﬁflé%e@ 'ﬁlsg%p%},{gg%t@@@fb, which

signals may occur. Inputs signals 1302,

33{M0ate 1308sighad or raffdcd3d B fApTlops 11-16. OR gates 1-6 each receives as
inputs pulses caused by rising edges on the Q outputs of D flip flops 11-16 except for

the Q output of its respective D flip-flop and a Reset signal 1314. For example, OR
gate 1 receives pulses caused by rising edges on the Q outputs 1324, 1326, 1328,
1330, and 1330 (but not Q output 1322 of its respective D flip flop 11) of D flip-flops
12-16 and Reset signal 1314. Accordingly, the output of OR gate 1 will be one
whenever any state other than A-to-B positive occurs or if Reset signal 1314 is
asserted. One the other hand, when state A-to-B positive occurs and Reset signal
1341 is not asserted, OR gate 1 will output a value of zero.

In an embodiment, to ensure that D flip-flops 11-16 are only reset
momentarily when a non-respective state occurs, the Q outputs of D flip-flops 11-16
are coupled to OR gates 1-6 through a circuitry, which ensures that OR gates 1-6 are

only provided with a pulse and not a continuous signal of value one. For example, Q



respectively coupled to the clock inputs of D flip
flops 11-16. Each of Dflip flops 11-16 has its D data

wo patioaekipl ed to a | ogi ¢ one, which causes i tBCT/US2008/055566
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Q output to have a val ue of one whenever its
respective clock input experiences a rising edge
transition. For exanple, D'H*%)flop 11 wll have a

Q out put of one whenever input signal 1302 experiences

8utpu 1P BEQLfi AGS 11 1iPRouREd BIWRY 88N 16/ shrBRGNEN KND gate 71.
state A-to-B positive occurs. As such, D flip flops

ANTI gate 3t rec & vhasCipafs Qhﬁtlﬁ.ltxl 390ahds désyddusiverted version of Q
occurred, as indicated by their respective Q outputs

a3PAL 13.2224N0fb312]ﬁt rigB2Befod3BU]ipHBRP1 1 Sipnoees anl A-totikpositive state
state can occur at any tine, only one of outputs 1322,
a@2arent2he ougRy of ﬁ?@%gatﬂézs gero heomse Kueutpt Adisgero (D flip-
val ue of one at any ti As wi |l be further described

Bep dhywaé hévembfrqn ns*éet@rg‘ﬁ@wlw@\@n thpotieshanerthy dglaed inverted
t at di to t
Eersoa it St & Vel ¢ h%len ewq’%Ppt:éé %Eﬁ?ﬂ?’ R B o output

?@p&{%r t % %%B%ﬁeo nd éﬁverg 361012 a@: alnéalgsa a %/alue 8f one for
ﬁ}’e 8{1 tﬁﬁ’l 5]? fehd Pir(]eue/o?% %flatét? bé/I Qte(?;](gzgs)h%[enflé tpas lggﬁ'ated before

e reset. it 130 i s achi eved usin

gteso 2o WobGAiE elodttRe IRSSiorS bO AR Hefa)f AND gate 71 will
respec ive Dflip flops 11-16. OR gates 1-6 éach

oepat ¥ esluasf bngurstiigl spiscoatiibdetiys flipsflog @dy®s on

the Qoutputs of Dflip flops 11-16 except for the

Q. out pulipelopistd -2espastd ve gdhdrhtep ddudybe datd rateRésdtsignal Rx_clk
i gnal 1314. For exanple, OR gate 1 receives pul ses

é%\lﬁséﬂhlﬁb ransitigpsengeneven a héWQnP@QtI?)@F@ﬂl@Q4 Dlﬂ%ﬂOPS 21-26

1328, . 1330, and 1330 (but not Q output 1322 of i

Feég‘ifé%m@%wﬂaﬁ 519k dppYt)inpyt sigials SSQ% gpe4 112’5%61%% 1310, and

5 1D B 83%%ﬁé§ﬁ5§§?&rﬁ%ﬁ%%§%ﬂaﬂelﬁi? RS FRFRS 13, each of
ggfﬁ {opS 2P RAaR 1810y iy SGGE £ R o kgb“datg A3RCAEHeh, for each

en-s OSI I've OcCcu

of pfﬁﬁsfg}p\? Z’lg)é@lg%}gegigg%ﬂ 1%3[ 1 ec:‘l'l;:’l%% %%Lﬁc%é%ggg% @?rag %Xﬂer‘f@r}cks a rising
edUirgnsidiét, ifd @l bR-dutpRSwill tdBleafr8mOthe/ td £&8tor from zero to one.
The Q_bar outputs of D flip-flops 21-26 are input together through XOR gates 35
and 36, as illustrated in FIG. 13. The outputs of XOR gates 35 and 36 are, in turn,
input together through XOR gate 37. XOR gate 37 will output a value of one
whenever an odd number of the Q_bar outputs of D flip-flops 21-26 have a value of
one. Since only one of the Q_bar outputs of D flip-flops 21-26 will toggle at any one
time while the others will maintain the same value, the output of XOR 37 will toggle
for each change in inputs 1302, 1304, 1306, 1308, 1310, and 1312. This generates
double data rate clock signal Rx_Clk 1316. In an embodiment, a delay element 62 is
used to ensure that Rx_Clk signal is in sync with the other signals that are output by
data recovery circuit 1300.

OR gate 31 generates Rx_Data_Polarity signal 1318, which indicates whether

the state that just occurred is of positive or negative polarity. OR gate 31 receives as



nonentarily when a non-respective state occurs, the
Qoutputs of Dflip-flops 11-16 are coupled to OR

W@2108409%47%6 t hrough a circuitry, which ensures PCHUSIOBS/055566
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gates 1-6 are only provided with a pulse and not a

conti nuous signal of value one. For exanple, Q output

1322 of Dflip-flop 11 is coulgﬁ ed to OR gates 2-6

through an AND gate 71. AND gate 7 1 receives as

1@% fhe@) QHpRUL13D3223NdnA 1806 aY el fipvRpE 84- 188 ﬁ'&:p@&ively. As

of Q output 1322. Note that right before D flip-flop

dukch¢ APR Yaes 3aNovphiB- B valf bf e SvBéfevee QU HbEeE poldiity (A-to-B

output of AND gate 7 1 is zero because Q output 1322

pssier, BT pbpfil@porl C-twell pbsitneg ibpenoc@set On the other hand,
reviously). On the other hand, the del ayed inverted
rRatanPpriy sigaal B318awilk heve aneluarbaetchwhentaonggative polarity

positive input occurs, Q output 1322 changes to one.

SR @WEMHyed i nverted version of Q maintains a val ue of

one f t he ti of the, dela enerated by a
ol ay OB Bfent? 55 4 Heve dPeh O BRIBIerearang WG e 2 & ip-A state
GEEPIE A Sl IR B LR o

B%—Z@ Statd d BsitivOBF n\]:%ftilf@ 'pg[agggp(lccgrsflje%ﬁgggg glis%(ﬁ;a'ﬁi%ﬁml:%ﬁ' fxample

used to generate a doubl arate

ORKgak3 BY. revhil 6ad 1iN& &)l SPuhEDBVAId B332€8Y DIRBLAIPS 13 and 16,
presented. D flip-flops 21-26 respectively receive as

edspedtivie NP UA S sudhp MR gatg 32l ditphd® 3, vahdOdf, ork30benehB08-to- A positive
1310, and 1312. D flip-flops 21-26 al so recei ve Reset
er grtatA hagativeAwcstsown in FIG 13, each of Dflip flops
21-26 has its Q bar output fed back to its D data '
i nput Thasueueto! @B gawadh-Mfarcounlpd £ dyssD datadgputs of D flip-flops
whenever. its r,esgect i ve input clock signal experiences .
4lApssiduearged it §Hai 15 obhe outpuipl@R gatr Hhits Grirpleditg glye & inputs
f one to,.zer rfr zero to aon he ar
o Doty fi 487 subaihA b8 iR Weugas Rpoupled to the D
rou te 6 il jn
RRLSO TR 40655, 30 29 SRl ASERLE A Flfed o e
i ft DGEHIRIps 4B X ime? i bt b flip-fl
6@9 Esfft) a vglqgfg So? aglﬁg‘_%\/\hgtr?élgég%ﬁ%%agn d%u%‘gtér 1rgpfz'u%lvkh)e 1PrHOPS
£ -18rareubipétaval ddupleldPof PR 230226308VE308, 1308i€132D, and 1312.

one. Since only one of the Q bar outputs of D
AktqrdidghpSordxatplayi D Flig-clgplde vall lary a@l6éutput of value one whenever
the previous state is C-to-A (regardless of polarity) and the current state is A-to-B
positive. Referring to FIG. 12, this corresponds to the clockwise transitions into the
state A-to-B positive from either of states C-to-A positive or C-to-A negative.
Similarly, D flip-flop 44 will have a Q output of value one whenever the previous
state is C-to-A (regardless of polarity) and the current state is A-to-B negative.
Referring to FIG. 12, this corresponds to the clockwise transitions into the state A-
to-B negative from either of states C-to-A positive or C-to-A negative. Accordingly,
D flip-flops 41-46 each captures one of the six clockwise transitions in state diagram
1200 in FIG. 12.

The Q outputs of D flip-flops 41-46 are input together with respective Q

outputs of D flip-flops 11-16 into respective AND gates 51-56, as illustrated in FIG.



time while the others will maintain the sane val ue,
the output of XOR 37 will toggle for each change in

w0 npete41802, 1304, 1306, 1308, 1310, and 1312PCTVOBM08/055566
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generates double data rate clock signal Rx Clk 1316.

In an enbodi nent, a delay elenent 62 is used to ensure

that Rx Clk signal is in syncrhﬁth the other signals

that are output by data recovery circuit 1300. [0071]

R &t Scadnple, 38R 8HGN BRDOXHASPL RId ihpuSicgBder H3dBihe Q output
whi ch indﬁ%atese%heﬁﬁér theﬁstgfe tha? j&gt occurredQ P
132206f PdEpifiopel bmtoegebigiee PRI ANT BateOR1 FH#t fedisdd to ensure that
receives asinputs the Q outputs 1322, 1324, and 1326
ofilylifd ofpthfel sipslotkwise, tramsspestis veflgctedAst sic hmeORImgather words,
3 1 outputs a value of one whenever a positive

palyamietof tiigouipus SN Pigates 5B-36ccag have atvialpe of one @t amy Ame. The
positive) input occurs. On the other hand,

rePpkst of PoYIArgetep Bli-gnare 180Y (Gsetherbpto anvaRugatefolzky generate
| it . 2] OR
858 BFRTSISE, B0 St hgbe SREPEE HeBiseckitlohss g ug of one

%htegé\érm 8t (‘:ak irs)g ? tslevt?ar?sgtio%egg tu!rél gn(P glvaa{ulet é/f) Zergl r(])(tjhervvise. Note
-to-B state (positive or negative polarity), and a

Brat %gID%tt?_tP%f'ageo 9?26 L€ 1Q0e negatd Y)F B & éitﬁ’e)r PCEW Rr-clockwise
regardl ess of polarity. For exanple gate 32

{RREHYE Dr @spdmgzt&ﬂg@ﬂﬁ@ Bhsse kARt e133R-18fB Bositive to A-to-B
flip-flops 13 and 16, respectively. As such, gat e
Begadivt Putadsiion adddarsof FonexatiglagetheCelirterd 101 ki A-@oB positive,
C-to-A negative occurs. [0073] The outputs of OR gates
BRoBeryarieutolif0edotld dulpuitDhdatmeiviahigs SoroRx [D4th | poliritypls318 and
41-46, as illustrated in FIG 13. The output of OR '
Batlaatgophase clizfl ddtheo nekie sPt¢ dput$odf MBERIY-oF | Hpo-B megative.
and 44. Simlarly, the output of OR gate 33 is coupled
{Berefprepadqigond grcutity| is geavispd ta digigush befrgpepp@dese types of
output of OR gate 34 is coupled to the D inputs of D
FAPPYPps 43 and 46. At the same tine, the clock

T T S e O
ASRHGNI Yt B RXAMR! f2000ntlddR-ihh@Psifnads W02, 13BYE1506, 1308,
Q out put of val ue one’whenever

1310, and 1312 and the Q outputs 1322, 1324, 1326, 1328, 1330, and 1332 of D flip-
flops 11-16. Circuitry 1400 includes D flip-flops 71-76, which are used to capture
polarity-only transitions. For example, D flip-flop 71 receives input signal 1302 as
clock input and Q output signal 1328 as D data input and is used to capture A-to-B
negative to A-to-B positive transitions. Note that when A-to-B negative occurs, Q
output 1328 will have a value of one. Subsequently, when A-to-B positive occurs, Q
output 1328 will continue to have a value of one for the duration of the delay
between the time when Q output 1322 changes value to one and the time when flip-
flops 12-16 are reset. During that delay duration, both input signal 1302 and Q
output 1328 will have a value of one, causing the Q output of D flip-flop 71 to
change to a value of one. This also causes the output of AND gate 81 to have a value

of one. The operation of D flip-flops 72-76 and respective AND gates 82-86 is

similar.



the previous state is C-to-A (regardless of polarity)
and the current state is A-to-B positive. Referring to

wWo-@s/14878 t hi s corresponds to the cl ockwi se trBeEUS10081855566
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into the state A-to-B positive fromeither of states
C-to-A positive or CGto-A negative. Simlarly, D
flip-flop 44 will have a Q outut of val ue one
whenever the previous state is Cto-A (regardl ess of

pol ar DypurdBe ANIS gatiisrean86 stdfnut Sofrh&- 1%tc51§ﬁf(9]k\g%te 87, which
Referring to FIG 12, this corresponds to th

ReXés Seolithansi §1grmhs RRt Datah@nd pheseAt A40B nega©ufspe1t signal
romeither of states C-to-A positive or Cto-A
RegattavemeApbasedi 403! ghus Mak [a palh e onélwhéneacany one of the six
captures one of the six clockwise transitions in state
posaiplapelangoonly @ raitiqro@rarsThes QchoBxpDae sfmdphase 1402
flip-flops 41-46 are input together with respective
&uv%e dgp deterpiine Phegher pirangition is pplasisEoniyer gaupter-clockwise,

tesS as, il ted.in E 13. For exanpl e
BsE8yer Koy Dt Bhass 182D P HrGytY 130025 axtite cEAR0her
\é\ﬁlt h Al B?e t% c1rg1iﬁ1§/6§4§)r%el(s)g) g’ ﬁ)l | fobt nsar By ﬁhl(il%]ttaoref':abl}'/% %}rgultIBOO

Qf‘ Fl@elss'ﬁﬁ cﬁhé{%\’}hgs el Kt bt Rgnﬁ?thﬁ% hﬁgs*e el‘%?%f Rﬂ%ultry 1400

tinme. In other wor one o tputs o

gapasidkt Et@%é%ﬁ& Ravie GurpalsURx0E1ONS 161 RBNatd PBlarifP€1318, and
out puts of AND gates 51-56 are input together into an

BR Dabeplthsd 1820 georcwit @ 30X tdatsabRhaser dadd@er stage for decoding, as
Accordi ngly, Rx_Data_Phase 1320 has a val ue of one

whlé he vbrstrated focther belophase transiti on occurs and a

val ue of zero otherwi se. Note that Rx Data_Phase 1320

can hilke 18 iyan gearpple earhodimeny 1598 10f a deenster P02 Hlne kan be used to
transition or a polarjty-only (sane phase_transition;

gegede the pypEISgEERIFIeE DY @%d%té rg:%@/a@lr%t) iljustgpfen in GHGs. 13 and
i f the cur t t

Be Beorer S0 ETERF vy e 0] Fbr 0BURr 3106 Ty 514 and

y .

(B, L PRS0 o, B DSBS R o i

BROAH HE- RxTTﬁEae%ﬁﬁs% R§d§ g&l%llt lahG H Détd Sarh 'aEeeQutputs of

to distinguls etvveent typés of transiti or

the data recovery circuit 111ustrated in FIGs. 13 and 14. Decoder 1502 decodes the

received seven 3-bit input sets to generate a 16-bit data output 1518. Other

variations of decoder 1502 are also possible as may be understood by a person skilled

in the art. For example, decoder 1502 may receive more or less than seven input sets

and/or generate a different length data output 1518.
Example Serial Interface Implementations

FIGs. 10 and 11 illustrate example serial interface implementations
employing the three phase modulation data encoding schemes of the present
invention. FIG. 10 illustrates an example implementation 1000 on a printed wiring
board. As shown, three conductors A, B, and C are interleaved with ground on an

upper layer with a dielectric core separating them from ground in a lower layer. In



[0075] FIG 14 illustrates additional circuitry 1400
for capturing polarity-only transitions. Inputs to

w@eoosaow4ry 1400 i ncl ude i nput signals 1302, 13Bd1/USB0E055566
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[0081]

1308, 1310, and 1312 and the Q outputs 1322, 1324,
1326, 1328, 1330, and 1332 of D flipflops 11-16.
Circuitry 1400 includes D fIiEﬁrops 71-76, which are
used to capture polarity-only transitions. For

6X@8RbEdintenk| the-iflpe@ante ¥rdif GRY V88RO EbaR@hadB39AudY0. FIG.
clock input and Q output sighal 1328 as D data i nput

andluserates afl ek@mpr{tipl@nénthGolB ] NEW@ihY € tWBted-thrid-d3ble.
p05|t|ve transitions. Note that when A-to-B negative
occurs, _output 1328 will have a val ue of one.
Subse uently, when A-to0-B positive occurs, Q_ output
as¢ Minglationdor Moile display Digitabnterface @{IDM)e
duratlon of the delay between the tine when Q _out put
1322 changes value to one and the tine when fIiprops

g Z‘ﬂé‘ﬁﬁ%@%ﬁé@%ﬁ Bt @9@%44 8?1%\F e oy power

of one a t he u ff D fI|
Suméft]togl ﬁraba {Jéneé: aoll%Iél 51%1 1'121(1) S Ve ?ﬁ"(lieseél&i 83&3 transfer

%ewﬂw ?P%eploﬁlﬁlmya%og AL "b%t\%e OQ%IS t Eﬁdoaoglﬁé{t' Oth certain

respective AND gates 82-86

ér%bédh‘iﬂén@J b ONEIDOULRIHR e Ona\NBeBidlte $roBd - 8@l @el AL phase
t oget her into an OR gate 87, Wwhich generates out put

fiodaRkioRxlatadraod Bige chdrasLof R0 Presehit iputnsdignal

Rx_Data_sane_phase 1402 thus has a val ue of one

whenelrepnanypeoneanoM DDk hestxmmo seinptise poé af is¢werandypes of devices

state transitions occurs. As such, Rx_Data_sanme_phase

o gaw hendfis frpregsing theteterngeding é@hﬁémeswftthapmsemdnvwlon For
olarlt%ﬁonl or counter-cl ockw se, whenev

Ranple - hp mesecoribbe %POEP\?]@&PFWt%SGGhﬁ Farmyohahapdhsld, laptop, or
No 40
5Bt mab PR PRy ot e bt a%ﬁbsﬁno]fpﬁ?ﬁﬁé%lfgm (PDA), 2

éfgi,ng% H?&lcg\ogioén Lp ?na \BH'%}I %:%tegph@th%ﬂgsa ﬁ‘% %Qe%ggtfively, the
E&f bajkb be @(B&@Bﬂe@ﬂlté}ulﬁﬁﬁeﬂg%? r@s@gta@&n%ﬁ’@epmeas a Iportable

320 of circ 1300 to a sequent decoder stage f
@ng O pldper, or a game playing device. Furthermore, the host can reside as a

host device or control element in a variety of other widely used or planned
commercial products for which a high speed communication link with a client is
desired. For example, a host could be used to transfer data at high rates from a video
recording device to a storage based client for improved response, or to a high
resolution larger screen for presentations. In general, those skilled in the art will
appreciate the wide variety of modern electronic devices and appliances that may
benefit from the use of this interface, as well as the ability to retrofit older devices
with higher data rate transport of information utilizing limited numbers of
conductors available in either newly added or existing connectors or cables. At the
same time, an MDDI client may comprise a variety of devices useful for presenting
information to an end user, or presenting information from a user to the host. For

example, a micro-display incorporated in goggles or glasses, a projection device built



will be illustrated further below. [0078] FIG 15 is
an exanpl e enbodi nent 1500 of a decoder 1502 that can

wheoossed78 o decode t he outputs generated by theCHESH08/055566

[0082]

recovery circuit illustrated in FIGs. 13 and 14.
Decoder 1502 receives seven input sets 1504, 1506,
1508, 1510, 1512, 1514, and 1¥16. In exanple

enbodi ment 1500, each input set is a 3-bit input with

016 alMat of REINRACHsRAN §REerRr BRtahB@SEhic element built into a vehicle,
Rx_Data_polarity, and Rx_Data_same_phase outputs of

sutd dah a wiedowasrywiidsleidid, of ViriGdsrspear ) lealipksne, b3 s@nifdl systems
14. Decoder 1502 decodes the received seven 3-bit
forppreseeing highgeuditptseund kG- niusicddDdheo ytrpaentatih8devices include
O her variations of decoder 1502 are al so possible as
pepyedsers Lovdprosaction dayices psedon mRéant édformatipe fgr tmeeFiggs, or for
exanpl e, decoder 1502 nmmy receive nore or |ess than
BRVEY dndpiplevanen Hélﬁﬂ?soroé‘éﬁe@(a%@l%f idchyder et useepfgtguch pads or
dat a. out put 1518. Exanple Seri I nterface
PRSI Tet VAT P o RS GBPBT HaNGPUL sleXigs ey iYL sPPaety and so forth
ﬁﬁ%%’éye e elual Jdiheld %%gsf‘ ! gapALall ons Gpd 9 bnrgat‘io%e from a
ree ‘phase no d%at i%n “d4ta en%odlng Schemed of Cthe

I@%\gfiﬁfe ??.{sﬂe\ﬁ@ Rk d:ORieh il e 3119131 I1hggﬁr&f1§tst}ﬁg t%ﬁg.f"ghgound from the

ation 1000 on a print W ring boar

SR {dAi€6h, CRRRIHG @Atfor foBco@pPllets AiE carkiey dre@dRdop kits and
with ground on an upper layer wth a dielectric core

Keldarsaot mdrdldse melbploineg mauyndtt ah iitetfovede i@y @6 enll RBAS or to other
enbodi nent, the inpedance from any conductor to ground
Hascea andl empipi@ent-h@d ebiploy leutber diess &ntpx@ompinput devices such as
i npl enentation 1100 using a twisted trio cable. Three

Phess o [osk taassish i gre WandlereofDlasp |eagechillyi where gl speedenetworks
(MVDDI) [0080] The Nobile Display Digital Interface.
fnoDivplved. dlwrseretirase tskilted }rbw\{%@wewvl@o%é%trﬁmmze that the
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ﬁ%gﬁfﬂﬁgw Ald QLR AneP GO LMo §F£}8f9’g§ 2 Ltrgﬁ?spefte&eﬁ{ terms of

1 on.
presentation at playback. The present invention is useful in increasing the data

throughput between various elements or devices to accommodate the high data rates

needed for realizing the desired user experience.
Conclusion

While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example
only, and not limitation. It will be apparent to persons skilled in the relevant art
that various changes in form and detail can be made therein without departing from
the spirit and scope of the invention. Thus, the breadth and scope of the present

invention should not be limited by any of the above-described exemplary



[0081] In one aspect, an MDDl host may conprise one of
several types of devices that can benefit from using
wao h@sdess28 encodi ng schenes of the present i nveP€T/U82008/055566
For exanple, the host could be a portable conputer in
the form of a handhel d, Iaptqg, or simlar nobile
conputing device. It could al<lo be a Personal Data
Assi stant (PDA), a paging device, or one of many
W b6dieshtd, Hue RRGNE el eIy ifab&rAtdev@lth th 8RR claims
could be a portable entertai nment or presentation
gevilee &evhl@gsa portable DVD or CD player, or a gane
pl ayi ng device. Furthernore, the host can reside as a
host device or control element in a variety of other
wi dely used or planned commercial products for which a
hi gh speed comunication link with a client is
desired. For exanple, a host could be used to transfer
data at high rates froma video recording device to a
storage based client for inproved response, or to a
hi gh resolution |arger screen for presentations. In
general, those skilled in the art will appreciate the
wi de variety of nodern el ectronic devices and
appl i ances that may benefit fromthe use of this
interface, as well as the ability to retrofit ol der
devices with higher data rate transport of information
utilizing limted nunbers of conductors available in
either newly added or existing connectors or cables.
At the sane tine, an MDDl client may conprise a
vari ety of devices useful for presenting informtion
to an end user, or presenting information froma user
to the host. For exanple, a mcro-display incorporated
in goggles or glasses, a projection device builtinto a
hat or helnmet, a small screen or even hol ographic
element built into a vehicle, such as in a w ndow or
wi ndshi el d, or various speaker, headphone, or sound
systens for presenting high quality sound or nusic.
O her presentation devices include projectors or
proj ection devices used to present information for
meetings, or for novies and tel evision i mages. O her
exanpl es i nclude the use of touch pads or sensitive
devi ces, voice recognition input devices, security
scanners, and so forth



that may be called upon to transfer a significant
anount of information froma device or system user
wWOowRaoR/109478 | e actual "input” other than touch oPCHUS2V08/055566

fromthe user. In addition, docking stations for

conputers and car kits or desk-top kits and hol ders

for wirel ess tel ephones may as interface devices

to end users or to other devices and equi pnent, and
WHATERRITQViVvgED her clients (output or input devices such as

m ce) or hosts to assist in the transfer of data,

especi ally where high speed networks are invol ved.

However, those skilled in the art will readily

recogni ze that the present inventionis not limted to

these devices, there being many other devices on the

bar ket), methad ferogros enicddong, gsmprisipgt are i nt ended to

provi de end users with high quality inmages and sound, )

ei thef®di n FARFRItBRS gt BrshdsahPetweasTs pypt ofofirstnsecepfs and third

of presentation at playback. The present invention is

Hgggﬁ‘ﬂﬁn i ncreasi ng the data throughput between

vario el ements..or devices. t ccommodat e-t he hj gh

dat a1t oo ERBRMEIEY or BHOEF ighfl, BERRTIASR 85 M8 e hecond. and

RELdRRCRrs;Concl usi on Wil e various enbodi nents of

the present 'invention have been descri bed above, it

shoul ghbeitodp St Remhel haksttdRaYeRBdRgheRs presented by

way of exanple only, and not limtation. It will be

appar eherdin s@eenbpdeinek hlsé®thdidatd frecod@lgavasianalr t t hat

various changes in formand detail can be nmade therein

Wi t howhedeparsticeegsive omutrtencs pif sieps Ga)cdnd ¢bpéefofestatsgate transition

I nvention. Thus, the breadth and scope of the present

imeedats omcediogl Watgodiagran,i wid e@tdhyraapiyiopf reppesenting a logic data

above- descri bed exenpl aryenbodi nents, but shoul d be

gredading only in accordance with the follow ng clains

and their equivalents. WHAT IS CLAIMED I S: 1. A nethod

for data encoding, conprising: (a) transmtting a

E.i rst TF% ?I[SE%O(P §f AEED l,t\X)Rel%En gaii(li Ahta e%%&%ﬂg 'sta%{]&iia%ﬁin{ 93 a circular

conduc
state diagram.

3. The method of claim 1, wherein a transition between any two data encoding
states of said data encoding state diagram occurs in a single step without traversing

intermediate data encoding states.

4. The method of claim 1, wherein step (a) comprises transmitting the first
signal between the first and second conductors and step (b) comprises transmitting
the second signal between the second and third conductors

5. The method of claim 4, wherein the state transition represents a logic 1.

6. The method of claim 4, wherein the second signal has a positive polarity,

thereby the state transition represents a logic 11.



(b) transmtting a second signal between two of said

first, second, and third conductors; wherein step (a)
waledosner7sa first data encodi ng state; wherei n BCEPSI00§/055566

defines a second data encodi ng state; and wherein a

successi ve occurrence of steps (a) and (b) defines a

state transition in a data eh%bding state di agram

said state transition representing a |ogic data

encodi ng. 2. The nethod of claim1, wherein said data

encodi ng state diagramis a circular state diagram 3.

The nBhéegethbd ©f aldiinl4, Wwheregh fhé sédoadsigriadmabatvegetive polarity,

any two data encodi ng states of said data encodi ng

dteatlsy theagrtamaosoon seprasemtsa logielt ep wi t hout

traversing internmedi ate data encoding states. 4. The

nmet hod of claim 1, wherein step (a) conprises

transmtting the first signal between the first and ]

8econdhe dﬁ‘i‘fg@@ ot sclaimy s (Vehereis) step iplt FOBTIsesaf IR i iRg) the first

t.he .gecond si gnal betyween,the, second,and ird . .

g erore: e e ERhBrG FoIEl o 47 ara b RO RESSs cpgmiting
easrégcl)rié a4 Jl%Q{v‘veg’e%L}%% tﬁ‘irh%gh %.rs]rcoﬁd dhg method of

Clalm 4, %l'lerel n e secona Ssigna ]ﬁas a pOSItIVG

polarity, thereby the state transition represents a
logic 11.7. The nethod of claim4, wherein the second

1 gnairhdafetRo60A4iVE, WRLralH fthstdtd e BBYoh Repradedk€a logic 1.
transition represents a logic 10. 8. The net hod of

claim1, wherein step (a) conprises transmtting the

first signal between the second and third conductors

dnd sThe nidthod eipliises, wharsmithe isagpridhggsddonc pogned polarity,
between the third and first conductors. 9. The nethod
dferehyaibmsgite iwansidpn represeditsa wgia bnsi tion represents a

logic 1. 10. The nethod of claim@8, wherein the second
signal has a positive polarity,

11.  The method of claim 8, wherein the second signal has a negative polarity,

thereby the state transition represents a logic 10.

12. The method of claim 1, wherein step (a) comprises transmitting the first
signal between the third and first conductors and step (b) comprises transmitting the
second signal between the first and second conductors.

13.  The method of claim 12, wherein the state transition represents a logic 1.

14.  The method of claim 12, wherein the second signal has a positive polarity,

thereby the state transition represents a logic 11.

15.  The method of claim 12, wherein the second signal has a negative polarity,

thereby the state transition represents a logic 10.



thereby the state transition represents a |logic 11.
11. The nmethod of claim@8, wherein the second signa
whamsaonegati ve polarity, thereby the state treeEUS10081055566

represents a logic 10. 12. The nethod of claim1,

wherein step (a) conprises transmtting the first

signal between the third and #rst conductors and step

(b) conprises transmtting the second signal between

the fThStmaREd SFCAMEh AORAMGERN Sep X3) cJhBris®t #Rkndtting the first

claim 12, wherein the state transition represents a

kig@dl betwed thelhigst ARE Recbrdf cobldattdrslZnd wWpr(B) forhpeses transmitting

second signal has a positive polarity, thereby the

gtesseeonid agisl beoveenape ebiediad firdt@gnduddrs. 15. The met hod

of claim 12, wherein the second signal has a negative

polarity, thereby the state transition represents a

|l ogic_10.16. The method of claim1l, wherein step 4;? )

E6mpr TBegethedhelglaim Hy wihexein the stase gangitig fepanishlogic 0.

first and second conductors and step (b) conprises

transmtting the second signal between the third and

oL 7PIUSARE bl 1 APTERTA gl Sy MRELL sy
f I md: ' econd signal has a

g%%??ﬂ?%sgg%g?ﬁ?ésngﬁ%?% ;p%ﬁgﬁgﬁéte transition

represents a logic 01. 19. The nethod of claim 16,

wherein the second signal has a negative polarity,

19er eblle hiehsd af elaih alits ivitie@einrtiprsessidt sigigalllagiacnd@tive polarity,

20. The nethod of claim1l, wherein step (a) conprises

theaelgnihetsiatg tiahgtibn represingnaloghe®reen t he third and

first conductors and step (b) conprises transmtting

t he second signal between the third and second

conductors. 21. The nethod of claim?20, wherein the ]

&P-at eThe anehed f ¢leipr dsavltazein stgpi(@) gompusesTRanyppiRg the first

af ¢l.ai m 20, erein the second signal -has a positive .

S Rbyect e By S dtcendtr oo a1 Ran ) Sproebi hising the

LR8h§ si%ijial between the third and second conductors.

21.  The method of claim 20, wherein the state transition represents a logic 0.

22.  The method of claim 20, wherein the second signal has a positive polarity,

thereby the state transition represents a logic O1.

23.  The method of claim 20, wherein the second signal has a negative polarity,

thereby the state transition represents a logic 00.
24.  The method of claim 1, wherein step (a) comprises transmitting the first
signal between the second and third conductors and step (b) comprises transmitting

the second signal between the first and second conductors.

25.  The method of claim 24, wherein the state transition represents a logic 0.



23. The nethod of claim 20, wherein the second signa
has a negative polarity, thereby the state transition
wo epsaerm s a | ogic 00. 24. The nethod of cl ai PETPS2008/055566
wherein step (a) conprises transmtting the first
si gnal between the second and third conductors and
step (b) conprises transn1tti%b t he second si gnal
between the first and second conductors. 25. The
nmet hod of claim 24, wherein the state transition
represents a logic 0.26. The nethod of claim 24,
26ier eThe tnh@hs& o Rthimi B avhdiam thepRsohid ¥ignplohard pysitive polarity,
thereby the state transition represents a |ogic 01.
therebhéhersettt adnsifion repriese2ds a loiger@li.n t he second si gnal
has a negative polarity, thereby the state transition
represents a logic 00. 28. The nethod of claim]1,
wherein a single data bit of informatjon is
£f-anshire meathpdof shaim %tV@W@P thegecorylesigial g agtesating pplarity,
ﬂ a% in tw data bits of 1nf tion are
tea rﬁhletséarﬁe Hé‘PSIB%&eI?rﬁieé’F%%\ 08! The method of claim
1, wherein steps (a) and (b) conprise jointly
transmtting a data signal and a clock signal across a

5¢r i afrpb nterfACGr aqueioywrh%&ﬂaﬁ' A0AkE ab &édaf dnfqrmation is

recovery circuit at e recelving en sal seri al

hﬁﬁﬁﬁﬁ@g%mr%éﬂiﬁn§§ﬁ]a| interface transn1tter circuit,
conprising: first, second, and third conductors each

having first and second ends, a plurality of current
sources; a plurality of swtches that selectively

2%upl €he heetherdt okdbing duwbesein owb hletaf bitssef infudtmacbnsaé transmitted
first, second, and third conductors; and a plurality

pér hawddaweneds that coupl e together the second ends of

the first, second, and third conductors; wherein

current in the circuit flows between exactly two of

(t)1 € fjl"fle met %OQ)?’ claim 1, wherein steps (a) and (b) comprise jointly
transmitting a data signal and a clock signal across a serial interface, thereby

reducing skew at a data recovery circuit at the receiving end of said serial interface.

31. A serial interface transmitter circuit, comprising:

first, second, and third conductors each having first and second ends;

a plurality of current sources;

a plurality of switches that selectively couple the current sources to the first
ends of said first, second, and third conductors; and

a plurality of impedances that couple together the second ends of the first,
second, and third conductors;

wherein current in the circuit flows between exactly two of the first, second,
and third conductors at any time, thereby generating a data transmission state of the

transmitter circuit.



and third conductors at any tinme, thereby generating a
data transm ssion state of the transmtter circuit. 32.

wah®ssenral i nterface transmtter circuit of cPEI/IBBA$/055566
wherein the transmtter circuit is used with a Mbile
Digital D splay Interface (I\/Dzl%l).

32. The serial interface transmitter circuit of claim 31, wherein the transmitter

circuit is used with a Mobile Digital Display Interface (MDDI).



