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WO 2007/ 143695 PCT/ US2007/ 070527 LOW POAER AND LOW
PI' N COUNT BI - DI RECTI ONAL DUAL DATA RATE DEVI CE

WO MDERCGMNECT | NTERFACE BACKGROUND 5 Fiel d of P€H®S2007/070527
I nvention [0002] The present invention relates

LOWeP@WEBR ANBDILA WaPINI €O URTI B BIRECAYIONKID DUXE DATA RATE

specifically pDRVIOVIRTERCONNE ENTERFA CR
i nterconnect USB devices on a circuit board. 10

Description of the Rel 3] The Uni versal
Serial Bus (USB) allo eﬁ&é RO peri pheral devices
to a conputer system USB is a serial cable bus for
~data exchange between a host conputer and a w de range
Field of the lpyentieheous| y accessi bl e devi ces. The bus al | ows
000255 BREER! B th 600 GBRAPUE Rl R, e soeiniaty
to lowsiB cBlihth@Ffices 36 aEBShecIBdalicdPort ABRAAGhoakd, OF age

evi ces, card readers, etc. nay communicate with a
host conputer systemover USB. USB based systens may

Descr uire t ttcell USB host controller be present in the

%@Fé@&—@ﬂ?—%ese R i that the operating system (0OS) of

[ooosg)efm_e hositersyS$Sm BIRAOSB) WEBwaNGubSR, MapsrisHepdl aQice! @58 computer
vices. [0004] USB devices may communi cate over the

systerySB'SBUis aaserihlosebipmesdor 48 ex¢hange begtmedn ¢ AS)t, coppute2@nd a wide range

of smglla.}glrr]léﬁg?}ﬁg%c%% C@él%ggt cl Pgﬁq a e\%/,ﬁwﬁgrri]]?ﬁehqi ;J(Ps%eda%t\zlll:l?e%, configured,
used, hfld QEGAMAGEHHEi1SHE ModSis h@bg&%@ ESBxaldbll USBIMinte&! Scanners, digital
or via a four wire interface that includes a power

cametas,rqrage dpvasgndeard regderangic.anpa¢amofinidat avithi meest Demputdr system over
en, a USB devi ce. conn s . to the host, the USB
USB. QU5 Sy PP SESpiAr e Bk KIS G RE CDPrepFian fe host systemn,
d tHaP e Pp¥abiRe bitdn (O9YHRE BG:t AGNEA Rhppbt DIBANRYIB Midss S Cl
o tresieg)?ora o% ’i%ﬁe E)+ Y\(i)ne. Tsﬁe%\rfost I?r%b; respgnd by 5 Storage L1ass
Devicegsetting the 25 USB device. If the USB device is a

L gh- speed USB devi ce, the USB device may "chirp" hy
l0004$#%1ﬁ iy gen &gy ComIpRnIFRty AV UPY Né%t‘i’i@ %té%wpeeﬁr{é«sﬁcfgﬁ-speed (FS), or
o oRd " e OL L P I I VA : :

high ﬁé’daglg@g_ RI ﬁinggét i%g e?\%l_eﬁletha S S% éi%lﬁf::g %ITIT(E >t/1¥et %(gsr'% nYdy'¥sk Llished via
digitablreatomorccaich yas reemheg USB, pllPAl, UPMIr esi, 9 oia afichir wire interface that

] conti nue_comruni cating at high speed. \Wen ]
includgs aontes dinp g eropf lingpdp Bl PEdda lingy Drteligvig- t Mehep i YSB device

' r i i Er te": t h .
cone 058 81070 88 W05l (eI, o HpURLS, 1l avice
low sjxetkletice) WingapulDap kdsives.on[tBO 0&] lireniddded: magreepsidadl @setting the

products are often inplemented with a USB interface =
USB davdeusH tBe Usthdpyicgbpuhighispged HpBudsvicsupisoy®B device may “chirp” by

drivini&kr)ﬁv}g\r/ﬁ;—gﬁ{eaﬁgl id‘il}éng?[alge fe@ét?‘t Tﬁeehés?%agzor%gpo%% SR dceﬁ/lfpe’e[%/ alternately

driving the D+ and D- lines high. The USB device may then electronically remove the pull up

resistor and continue communicating at high speed. When disconnecting, full-speed devices
may remove the pull up resistor from the D+ line (i.e., “tri-state” the line), while high-speed
USB devices may tri-state both the D+ and D- lines.

[0005] Embedded and portable products are often implemented with a USB interface because of
their popularity, driver support, interoperability and relative low cost of USB devices. However,
standard USB devices include an analog physical layer (PHY) component, along with pull-up

and pull-down resistors that constantly consume power (even when in suspend or standby).
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standard USB devi ces include an anal og physical |ayer
(PHY) conponent, along with pull-up and pull-down
WO 2®784393 t hat constantly consune power (evenP@iTEs200T070527
suspend or standby). 1 WO 2007/143695
TheseREPESA00T B &k A7 lessT resetiaspgotrer obnstioBs embeddet! deeigss, particularly
attractive to power conscious enbedded devi ces,
those Ba@r@p% frapy a}/batfeﬁbsét I@Eé]peéf:ﬁoppgchp% desimahle &t 9rov1dp USB connectivity,
w1tho%t{}§% g{l:c?ed OQ\%’? Qggvﬁmuﬁﬁg’lhfé %F %@I%Pdlggg\é%cg ulp§g ﬁ%(lij Prpl down ref-smtors
[00062maL OUSBHYS (888 piblenéptea dFpuihn) - domed r 88l $¢164s8d an Interchip 1.0
[ 0006] The USB-1F (USB I npl ementers Forun) created and '
specificafian gédfessng wr@rq,fnhfpamal@ BHé’p‘é%l'ﬁfﬁ pEHBPBondid cﬂheégfgrqw@ore attractive
for po%t?lﬁ% f' Esh 9tr111§|1n z‘fc’:'é'\{sh t Efblg Ehlgﬁ ﬁe{ed? H%% trans%r %peeds and

Ve e deV|c
retaink ﬂkQﬁffé&@ﬁtldlSiathDWBF)ai@b&t @f USSB, Ghighysie@8teqhl®B eye diagrams, clock
transfer speeds, and retains fhe di erentlal dat a
IeCOVEIPHNG- §ynalsr|99@tat1@1 Udss ingrigases thepearaplexity efjiha &gplepentation over a

saie U ARy 5 P TR il T R RS B 10 e or

less. Rlals@ingdieb RVeRy @ febiudt b @hrrf lecdchamnd t6lageibm tp@ﬁfa@&ﬁlce and
limts the transm ssion length to 10 cmor 10 | ess.

[0007] Vagbeo inteifes saluti@syhajief bqeouimplcmemg& rapd t frpgossd hente past. For

examigy (1RO A5 TR o P Rt ST GHB8ah of el data lines.

This B@sifes cfRk re@%aRPINA s WSy Rhigiio hidBRipIFEB ‘i’@fehﬁ? f #SBmRhtions. It is
Manchest er encodi ng over d|fferent|al data |i nes.

also cphitsuataslqta remect Umklpl@dovlewt@ndher,smsﬁeaw of |t1m p@unt toepomt structure
limtations,

nt e USB terms
inheregf e[S et o Datendn tncins 167 woeitbied® pigbrafe” F8 indicac

colllslbﬂs&e?e%goﬁfan& %ll@QIhﬁt J QEoBQY Nhawkt ﬂth%ﬁ)Hft? t&%ohﬁﬁﬁ(&&t US8 Reset, or
uses pull-ups to indicate idle state, and uses

USB dteh;eme stithbic "ans igtysning prothcoht evhicholWwaudd omnmtedzsezuﬂy oburden the
and val i sn t hav t.he abilit

implemsptation- Cgtlsgailggieﬁgg(g? itgtion f_légélaﬁ,‘@n %‘H{:’(P uppecessary since it is

IreadyReBRYER 9B RpRL-ER) prophtiofh woul d unnecessarily burden
e ?'he I mpl enen{)gétrl on. PR sg the defined arbitration

[0008irEiShi2ane s 15, 1988,998 delimevekepanedessapylinsi to (aﬁowt“slaSC” devices to operate

al read defl ned in_USB upper | evel protocol. 20 OOOﬁ%
on a byg Wity the; ping emwrgétsa tefaiies 2 goRERar sp@ensh dvcipi 2 Raglet protocol
that vJlelcﬁHsQMﬁal &Y gs a%% de(f &S aPQJ@@ %ra?ﬁ@ or Wb 99&1 W lgéqusteHQO transmit

singl e master. so defines a conmand sequence,
contrdM’ithlﬂmHlSorﬁsMCzisezt uﬁB)ReSPmI THih aoultondtdvekseell imhl YSBEhvironment
header to all USB traffic, or would need to be

withopdi g 4 mglafigation &the A61B PRYisF iflf-on such as a USB
[00095;%&%3&?& %43#‘%17{ (?eaf{]l% %}:‘P?I Cgﬁlll%:ﬁﬁ aft d?]&%[ﬂ% W&tﬂ@'ﬁ% er sources the

clock iat slektifnes.2Thé PRA&]o] UsesRA¢ eiping 4d 84 df, ﬁ@%ld&kftb R&sl aiglehefalAng edge to
_bidirectional data Iine, but the master sources the
receivg|dgtak at all times. The protocol uses the rising edge

[OOIOSEIJtStaPEﬁeI%l é?%,f%% c?e%ﬂl%s %Qedo% Q %l(fll%lctllélﬁ.g dgtqqﬁlef But & %%{s&:? sources the

clock at all times. This would not provide a robust solution with a dual data rate scheme over
longer circuit trace lengths. It would therefore not be viable for certain applications. Also, no
provision is made for static signaling such as USB Reset and Resume.

[0011] US Patent 7,003,585 B2 defines use of a transceiver scheme for clock extraction, and

defines a transport protocol for the interface that is redundant in a USB environment. This is not
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[0010] US Patent 6,073,186 defines use of a
bi directional data line, but the master sources the
wW@b@ch4mds al | tines. This would not provide a PODUS1007/070527
solution with a dual data rate schenme over 30 | onger
a digiedl repladentenaseial ®ngtdrsUSBI anbuwbdldt theesire Ihet mett the requirements for a
viable for certain applications. Also provi sion
portable dprge il depighec majndy, 50ri lApe salle raps LBBC?R@&&% ofdd is given in the
back UME.idQ011] US Patent 7,003,585 B2 defines use of a
ranscel V&r scheme for clock extracti on, and defines
[00123 US BN&ROLI70[096tdes@lbef @but fteudhit ®efwaes ohd@fasteSand one or many slave
~redundant_in a USB environment. This is not 2 WO
devicggoo ¥y dagebes prTlloscaniriarosag the diajict enditiqsl gt éieefiterface, but no
pr0V151oen 1s macf%% {sjgjfé li‘@% Or%‘gltll’\ﬁ% ﬂlerg%%lhs% E:f s?zit?s onotthaes(:“t the

iremen ora |gned
[0013W§1P¥teﬁphptﬁ)¢’h@ioﬁ abs$ ezoome%{ﬂn ﬁX&IE@&Iﬂ)e@fan735nalngseﬁHaY@ﬁta transfer
In the background section). [0012] US Patent
scheng a7 Qlog@6t appdictoi digitnl serinl srastfengct ur e bet ween one nast er

001 B8 PR THE “Do4Rob AT drshiofr S e TP iiion syseem
that cﬁHtalsﬂ)osuﬁMP}éb@bloﬁohﬁ a NBARMiRlon URrdRe&reh r8deifd@S URBocuses on power
t hrough st'atic states on the bus. [0013] US Patent

delivesppihd d@ftsnmprwez%@d §0©5 5t 1UMB Reectarilbds Rasunamalt @tpo wouldn’t map

' data t f h d ' ly t
sucee il Bafle 1 S iicpeR ' Falsta b8 BLISC Aoy | cat i on
[0015Y0RQQ4H04R 33T i Ae dRSRE] Qetﬁe Briseirk ¥ill §8ddne apparent to one skilled in

ransm ssion system 10 that can al so supply power
the arf afeimcampararesyvich piionars eith¢ke proseat myertioneas. dek¢ritfed hases

on power delive ﬁ Eﬂg gagég i | tic states
for USB Reset oré Hmm&nt map
165 VGBS EMbA Y mefes 15 S t MRS EpReRRTEr USB BRhAS hout th
100 6£Q§iln dar dMUSBm ?8015?%%& Yilfélgr rles Q ngr Pgsues ity without the
addedr pbate dotismniption pof tanalagtPI\WlsIankiepmlﬂrapamphrpahtdom onestors.  Some

killed in the art after conparing such prior ar )
embO%eﬁtSt PP s P! ﬁvl@WfI?lBrFO&gP HESEE R JINHET WAt EI%B devices on a
§WR
circui or Eﬁs(géts-grgfvéen%/@%&%\loa{/ ? %d&é{@a{g yﬁla %g?#f\%@{%@t&ﬁlterconnect
USB «Mvﬁch:@ uhd/oh eontedidescw jlowe rusia@rasusi tEbn ooUSBn@Ibh'gg .PHNS interconnected

ul I - up and pull-down resistors. Sone  enbodi nents
deV1cQ§ spntgp geirsr@p\é txpgwllb OR ne%-tgc;ﬁlo‘{am«?e brtyaay bg)— in certain embodiments
_ eyl e S >l
renjl(ﬂltaﬁ%f e WE%% é&%ﬁt% \églﬁ S\ﬂé%?se "’béi g%l{ag#b{l) ﬁ%ﬂe BoflE€ I certain
embodiaithtsgtheadimple 1owipgii connentrf2e WHBt dedias aSplﬁ@fdﬂchlay replacement for
controllers wthout using a USB PHY or USB cabl i ng

standapf & SE, & Helghhidd ¢ where penjplicsdls asayttaehed sneiop ripté?lsedﬁavmely
[0017L¥981' G blo}ﬁ%nt?&lt Qg&gﬁgeqoabf‘ l\)Vneé bd&#%ctlgﬁz}/l 1%oda1 bus ?lft aﬁbws simultaneous

€s suc
host 2@ dex]pansmmmldﬁu%ttﬁé ariO Rt face| dlloﬁ)&&ﬁg @IUSB device, e.g. a cell phone,
enbodi nents, the sinple | ow pin count Interface is not

to appgaiedd BYSH dfgtmyg_tgﬁ@ exterl Pepvade pspappagring as a USB host to a connected

peripheral, such as a card reader. In one set of embodiments, the 2-wire bidirectional bimodal

bus may be a 2-wire serial 240Mhz DDR interconnect with one clock line, and one data line.
The clock and data may only transition during an active transfer. The data may be clocked on
rising and falling edges of the clock, thus a 480Mbit USB High-Speed data rate can be

maintained. The clock may be source synchronous with the data. This may simplify the design



10

15

20

25

30

standard USB, or |EEE1394, where peripherals are
attached and/ or detached routinely. 25 [0017] One
Wepivod#sent conprises a 2-wire bidirectional bPeDT82007/070527

bus that allows sinultaneous host and device
of bothotheelCr's hd riawedrcitdh@ twars ¢comimiskade syathovomigiredJSBh the 2-wire

devi ce, a cell phone, to appear as a USB device
bldlreﬁ‘é"@hb@i&dé?h PC, while al so appearing as a USB host
[00181%&@%& s?zﬂ@ o&ﬁ;% dc? 07 Ic{a&e{r%mlgsyv%mhggt%%%aa%?léec {:(Sng'%gl?erd to Row for the

follovhhgrl)}@afun&man@y be a 2-wire serial 240Whz DDR
i nterconnect with one clock |line, and one data |ine.

[00193&/Shhidlec((dARCTanie digha DdelA bing iovorfank pr mere ek pryiogs

0020551 Sy Gy G s Mol e BATS S BisTuiot g macen current

USB {je8ificsiRaedqsiadientat € can be mai nt ai ned The cl ock may
be source synchronous with the data. This may sinplify

[00211 h@Hjésspgnd igenoab @Oiflcl #3@9butPOT HuB200A0NEH BT 3ofs tbandch current
s and r|nted circuit boards conprised in

USB ngtﬁgﬁtéonc%ﬂ'flf Blth the 2-wire bidirectional
[0022!3 iUSEIREseP %@LO{IROH&] lowt BIATA ﬁh@i(ﬁ@ foPP. SPQ of Y & At current USB

ransm ssion states may be configured to allow for the
spec1ﬂcrahbqu|ugeIUSBsf unctionality: 5 [0019] USB IdI e (CLCI:K

ne h| DATA |ine | ow) .for or nore cl eri :
[0023ﬁ @}b@%}]@r Ba&wafakbogiam%% Qfnthe @Lvezfﬂ@q A% P Hq? lock source

synchﬂingm DOt %nsﬁepnﬁgﬁacﬁli‘sn? With&tic bSBtP st %hﬁlh%a&)'r@ﬂace a complex
requi renents; [0021] USB Suspend, i1dentic
bus lik¢ BSOS, whlitin bh&y tbiimplepemnt drgltahgﬁrllabln&mortnoctl’tmsc Ahiéumpag pliminate the
. USB speC| ficatjon requirenents; 10 [0022] ~USB
varioygeRu- iR eIHeRTTTANG FeoWorRemIIER e 1ty adopnablestie gptesgpppgect bus to
| U t
opera{f:q%ﬂﬁ?lﬁ%nggfé% gé}g éés%arﬁ?lgg\gleéngowil%nltﬁlgﬂloffdkeﬁgg Sr data transmission
state. i Allesftthe mequirgd dombionglitg saynid @nplemektesd aingeonly two 51gna1 pins. The

synchronous DDR data_transfer nechanismw th stat

mtercm&ec"s?%t Basrlgn &Nty sHigor spntes fgr EonphBthatsigaol .%ur%é’LL since
t
the ot e RSVt epl THE BIFEM ALl SELhAY il £ 5RATE be recovered
from fhiel seriglodta ktegingt Vasioneeibddithents oSk inaaeticenaby erdvid an easy reuse
i nterconnect bus to operate with little or no | eakage

mechanisy &4tUSR sihicomby prpbling ajdgsigperite)renavedheanalps Ry and rgplace it with
a serlﬁlrcﬁ&gzmlﬁf tr ﬂ]sfern[%@%lgmsﬁ Iwh(?l r&tgﬁl mg%'ﬂ’%%@y Q‘fﬁérgllghlo‘lyer protocol

e |n'p using only signal “prn
specifidfeguégnnect bus rmy al so enable silicon solutions for
HS USB that do not uire a PLL, since the clock nay

be provi ded BRIEE.DES RTION OF THE PRAWINGS, t hus
[00242%t bgtﬁe?d grspa%d g ng%\ltglr r%re%egt v ?%t h%l ebr | &tal%g(ﬁ when the following

arl ous eiln entlon
detail@f @4LERticANs @a%yddi@Limeonjunction with the following drawmgs in which:

[0025] Figure 1 is a block diagram of one embodiment in which a 2-wire bidirectional bimodal
bus is used to couple a system on a chip (SOC) and a card reader (CR) to a USB hub;

[0026] Figure 2 shows a sample timing diagram illustrating the data transfer operation of the 2-
wire bidirectional bimodal bus; and

[0027] Figure 3 shows a sample timing diagram illustrating the data transfer, USB suspend, and

USB resume operations of the 2-wire bidirectional bimodal bus.
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mechani smfor USB silicon by enabling a designer to
renove the analog PHY and replace it with a serial
waele@irtigdedsl/ O transfer nmechani sm whil e retai ni PGI/UB®07/070527
IP's USB tiners, and other protocol specific
[0028] &alil eife iBRhEdn DESGRIBHbIONOvarldils RIRAWINGESH2 and Qﬂ@ﬂ”]atlve forms,
A better understandi ng of the present invention may
specifigheraborbiarenis dbereqfeare shaovenbngyay péexamels ia é%f‘cﬁﬁamm&ﬁrﬁnﬂswﬂl herein be
h LI
descrlggcp %@e?%?d[[t 6%%@? B{;HQ%{%@@d,}NS&VEV%r %gL&’l dgg{)n}llg% %{(ﬁ%@ﬁ%&% description
theret@ l’dﬂ@dﬂoﬂ&ﬁt&ndeﬂ Mllﬁlﬁt ﬂlezin%ﬂtfbnbiodt}feep‘drtl@ﬂa{ fdemn@dabsed, but on the
bus is used to couple a systemon a chip (SOC) and a o
contraggrthe Arerfen is eRrovay adl ms@flﬁ%m{ cnmﬂlerm dad eltorngpsasfalling within
the spua {T’gn séorPe ?r}giih% agsre%gl Ivlelné’I Gc' P 196({ B}’) atﬁp Ei%g l%fagms Note, the

pera Mﬁre I rec
headn@%@daré Q&Y 2of barfti Gioh & dﬁ:rﬁcﬁ}s@%n@ apd Botl hBAnAGo B AGEEIH limit or interpret
Iustratl ng the ta transfer, USB suspend, and USB
the d¢8é§9tn@ @pe‘»ﬂaam onEurﬁfennh@ 2o(g that b]ildeOé‘ét mﬁalls bise dlzioughout this
applic ﬁ 1 .1 5 0 200871/él'4é3695 e USIZIOOtK/ OZ)e 1 2[?% W]giﬁ: to in some
PPUEHRT i"RVeRETOR* T S 8‘&?&%&1 e o v IoUs Modl fieh it

embo@iﬂién@?lt abnatl invdh@F senseSPEL] nnkstienragi @BAt Snélbeseoid derivations
are shown by way of exanple in the draw ngs and Wil |

theredfemedm"ipdudigeshitinge timifed de't. allie tetn “edpplddd heans “directly or indirectly
pg,er st ood, however, that the drawi ngs and detail ed
“OMC&Scription thereto are not intended to linmit the
invention to the ppETAHED DESCRPERONSed, but on the
5 contrary, the infentron 1s to cover all
[0029ibuipihe A oF embodieuisy alenirs (orateast Z—B/rlmhthguelsblfsaha}i byconfigured to
. Wi t hi the spiriit and scope of the ent vent i
intercganegl, PSR devi g capBRidaa theal HEnE V'SP Hwecalfatks; (RHY) or USB
cable. arCﬁlef Wire ¥ 5 ¥idiRRAbnP %[&R%@il@ﬂhdé/ﬁg}ﬁl ah& tROSthBERE may be a
be usedto Iimt or interpret he description or
bldlrecﬂlmahsiataFUmd/hgmaiDrh, cartire enibathrrtdnts wor dlotkeygnal snaysedy be active
t hr oughou his appljcation in.a S|ve sen
durln% a d@ta ragster, ﬁl&dldﬁgl (ﬁ%{ E‘?]f ogled, g risin é]’ll(!r‘:% I eéig{e%oﬁs ﬁe clock, thereby
1mple§19mf'ng19 dethe Qh{ﬁelﬁfes(bDIgP&arﬂfé}gﬂ%E&r yl“h%et%ﬁmgt'tm deyice may source
. The term "I ncl derivations thereof,
the Chﬁa;rgnal mniuhdmamgslylaud symihrdnomlyefdth the¢ dathhehile thim recelvmg device may

‘coupl ed”. neans "dire indirectly conne d". )
clock gherdte By pESaRI T e@ i d s erttoriBsT ot iz comprise
one of"n%];é’vh&?olé gﬁtae}‘éte émi) (i-)a'té’\'hﬁgs) v &gﬁr aﬁl’b% sBBe kg?nchronous with the

conf i gur ed i nt’er connect USB devi ces and
CLK bontYaolkdge nsfew hinobi prosesafedict§icifiyy digat 1lilyeratesRYgck diagram of

or USB cable. One wire may be a bidirectignal clock
an exe(r@@pé)y qyptﬁ@ylglvgﬂ%h Ay pidirggtipaal W}oga]tw BQ iused to couple a system

ona cﬂhjgdos(gﬁ;?e Oth%h a%}cgﬁela&ﬁqgﬁégg?ko a b@Bclﬁfbt ersonal computing (PC)

nts, the may on e ac lve
system 106 may also be coupled to USB hub 104 through a standard USB connection 112.

[0030] In one set of embodiments, SOC 102 (which may be comprised in a cell phone) may be
docked to PC 106 through HUB 104 as a peripheral USB device, while also operating as a USB
host to another connected peripheral USB device, in this case CR 108. By coupling CR 108 to
USB hub 104 via 2-wire bidirectional bimodal bus 110, and also coupling SOC 102 to USB hub
104 via 2-wire bidirectional bimodal bus 110, CR 108 may be recognized as a peripheral USB
device by both PC 106 and SOC 102, while SOC 102 may be recognized as a peripheral USB
device by PC 106, and as a USB host by CR 108.



10

15

20

25

30

during a data transfer, and data may be cl ocked on
rising and falling edges of the cl ock, thereby
WO ppl7a#wps i ng a doubl e data rate (DDR) transfePCI/US2007/070527
protocol. The transmtting device may source 20 the
[00310AK satgdabosd, Muvirantgditgtiyna dmsyachiso@d Usteyfasd) t 0t M@y comprise a
data, while the receiving devi ct ?éthed ock the data
5

CLK Wng ﬁmﬁiga datahae-tvhsisa ermbinatien ¢owa {ChKolire and the data line may be

confi ?%)a : g}%ﬁ]enzeﬂ&)@ %L'L?S nrcl:glglqﬁft o zhllonp?JS ciorfqgéc%vﬂg%@t fhie 2-wire bus.

For eyl EHROUSB Vil htdté ﬁmy@eﬁrﬂ;ﬂleﬁﬁenté&bi ﬁ@lﬂlﬂgeﬂﬂe ICL.KHiMe BEa high state
process/device specific. Figure 1 illustrates a bl ock

while @,o};@m&;hediata bpe @quhap‘{ gtlay: @g}gl@ﬂy,, the WB: Resgt stafg ay be implemented
by hopdug% bSH Eg ﬁK I? g%gg (tléecgta %16% ina %%vegtate 5P g%&?S% &s)sume/Connect

carue
state ﬂa@ﬁ bk ngleﬁﬁﬁtehlﬁy HCQA‘IH Ah@@[ﬁ@ﬁﬂé ufJQWtsta&gwﬁﬁé:}loldmg data line in a
system 106 may al so be coupled to USB hub 104 through
high saat@t Eidlpata G%lsef@m@c@wempeaamns map 8 @Fhipyeddneusieg thefCLK signal to
V\,hl ch may be conprised in a cell

Clo*g%%ﬁ%‘}ls%&?aﬁée FHARETS be 106 ¢ hr ough HUB 104 as a

[0032ﬁ§{ bRRke rt@'médﬁBcQﬁléhﬁﬁe Wit U b $0req RREAEN ) Ghd FequilddBffective data
ost to another connected peripheral USB device, in

transfu‘rm@ @fa@?é)l\ms 108. beBychmgqb by irgpieRenteg LovisobussH thasn DRR bus with

the ng r ] tg%g)?\{ﬁg tn?gt&n\% e%%q?&niegnd cﬂ)? ?naintaining USB

Reset@le@ﬁrﬁ@ ;@ﬁrh di %xﬁﬁhﬁ@ﬂ’t@fnapﬁﬁleﬂsjtga bRl Q&dBaYa PSB function that normally
recogni zed as a peri pheral USQ devi ce by both PC 106

conneatsdomanmﬂd RthJ e E@@ELHZSlgm@/ ab@ dawcogmil zeay be ganerated as source
h er i her devi b}}/ ,_and .as an USB hoslt by
SYnChgRoy élgn% S*\/\Bal B8 7 4 tﬁ@?ﬁ ﬁﬁéﬁ@‘?‘ff'@ﬂ Of o8 e-AL
embo@h&Jth@ROVR s gk Qé Qh(f@ﬂ:tai @@ﬁ{/lffi' WG, iRWase 8f a DDR transfer
interface) 110 nmay conprise a Iine and a data
configurate®n, whgraeh@ve @n‘mfﬁeatnveodlatmfratsto&tlé%Mb/st hiatetfaked fon€-wire bus 110

and hedtalln figured to jnplenment
may bedpmg Yith é???ﬂﬁhé)@ C%Hilgfﬂ P QuEnit Z%QEE?;‘{E Si 5198/ SRypagl spectrum
clock/dgt% lgqeé’\‘cd' I%dﬁ’ééss ike6 Qe %&m}o?na h&ﬁ: H@%elréﬂllcg (Eﬂ/@)t eSo'ﬁPc)é synchronous
be i npl ement ed by hol di ng t he CL [1Tne 1n a high st at e
data abd whoick eighak aiongl bdik splasdsynchienowslya | ow st at e.

Simlarly, the USB Reset state nay be inpl epented
[0033) & sampgyeBbediments. &vidq frepmengnnioleraicganay alione qrﬁmale mg the CLK

mgnal?ﬁﬁ ’31 taE@/otJ‘%Fs&I ng Fﬁz{%%ﬁlﬁﬁlne%}h%eglo W St (ePLL) using, for

exampﬂb,l h elnlgoéﬁlll’ag)rdattaad i frer Ieﬁarﬁplehfcg‘l’USBaZ@, a ZU&BLLBﬁth/S rate may be

Transmi t/ Recei ve oBerat ons may be achi eved by us %
achieyedenii SPME + #+OMte Kloghtgletang 4 AtIARRoyaI e @echanism.  The

t 0, r
speciffi frolgefi fffé b SIS I SFhg S B £ FPEP A, USB protocol,
wheret eiadrsE@rectian @odd (HEQMasa ﬂﬂy‘uﬂlﬁ)naﬂhﬂl émedutiigration are handled (among
impl ementing 2-wire bus 110 as a DDR bus W|th the CLK

othersd; e oghy (@ BasicoHowrzmaNGe fafingd, uﬁ*fm‘ﬁ@ ol Mte. USB Reset, USB
Resurﬁ&&giuge%g an&@S@?}P&[?!ﬂ%@gf@. ngy g§§err§F i gﬁ%ﬁ:&%{v% W 110 may

eXS|ng|n ern Iners nmay e re-use
generdlnisd iR fo@dint@r pdkhtl iMterconnect, e.g. host to device, and may remain idle when

one set of

no data is transmitted.
[0034] Fig. 2 shows a sample timing diagram illustrating the data transfer operation of the 2-
wire bus, with CLK line 202 and Data line 204 transitioning from an Idle state, to a data transfer

state, and back to an idle state at the end of the transfer. As shown in the diagram, the data may
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connects to a standard PHY. The CLK signal and data
signal may be generated as source 15 synchronous
WGQ@nak®9s maki ng any data rate possible as regRECT/E82007/070527
For exanple, in one set of enbodinments the CLK signa
be clogkyd @ Bbth (e ridingSa@Matlingnbdgeb of i the case, dhplambhiitig a DDR transfer
transfer configuration achi eve an effective data )
protogoht ¥hen tli@ém/&/agsmlﬁ ﬂ%rw@@etﬁ dhe busyinpe refyrd tg ap idlggtpte. In typical

USB %S% e&?ﬁggggg}t aﬁ gos‘#c&gbh?ht %a({eg%c?%}ngrgﬁfgé‘%?fa ?é’lg n%g H{:Vlce and the
device ephiges sph kRse dblﬁcé Q)ueb@tthtth@H&g nad ilee devierdrecgner of driving signal
(EM). Source synchronous‘ 20 data and cl ock signals
states @5 flath Qe Hhes vaeaEh%Wéhém@w placg a3k keppesp feweak pull-up on the
clock %IIQ ogldrrae p?]]l]\ﬁ"o%ﬁ tﬁg ldgtgcl}/nei 811 %ﬂ QI?S Y]ﬁgyth%é)}lgv% In the idle state,

1enent|n

and nﬁ§l$¢rﬁbvd’mﬁ@ fkaépesmhérhaﬂata tﬂh@féﬁoé@ﬁ% eWhle@ dma(Plitiyen onto the bus, the
usi ng, for exa le, aring oscillator instead. For

transr@%amﬂeélcefrw rpveghe gloglg %n@@ymm@qualwewlﬁwe ata.

o0 EE8 GV B o SOV oL B LS SPRS IS o b 10

may t% d’MnflguﬂéH&o Y52 sﬁ'ﬁ?orﬁ%%R@ée’t YUSE %@\Wnb Cal @SB Bulspéhd. These states
USB pr ot oco where error correction code

may lr(eE@(p)lem@m ag drivampstiten amddnaatrerdiivi theavéabrkeapers, permitting a USB

deV1c yseggd a’g%ml.ajgmgq?gher 33%@‘3@3["?%1? IﬁeéBtfh &%Bfae%@%g utlggjl g wake event. It

should88 WORA GRANECE Bamslt Hﬁ? skl Ayl R0 Tue - RdsBmBrs@fn@l te4l suspended USB
enbodi nents, 2-wire bus 110 nmay generally be used for

devicpovaking op ;dm s inre englenmeener. ellgis, Addssume sm‘a] ami a Jnake-up signal

may t[eO%)élﬁ g}faglfigtolbgl %t@gglggy é(gﬁi%?@d?vlt gf«g{{r%gflg atlng a host driven event

and thd 14&} iAdibAhet QQile%E adriveAnSeRf. IR [gfr@t?i Mov¥ af dfpke timing diagram
wire bus, with CLK |ine 202 and line 204

illustratizg ghet UBRi Regef, rlgoB suspatide asd 41598 Resurse da¢rat1®rrsa<bfstﬂle r2-wire bus in

T S ST AT N T Y
Idle S%@%ﬁﬂé@@%’llfgéi@%gyﬁﬁﬂ Qlﬁg bé@ﬁhﬁé 96K ?sqle‘?(p 1RPEd} dnB®r more clock

rising and falling edgeS of the clock, inplenenting a
penodBDF@Itqeahs égt of the ddloctike is\Whehed, htata:ilattﬁbt sanplad ssbah thesrising edges

ot RPN DS e BB e Ml e oy agan
be entgf‘e\ﬁ'lfé% opeg RECRIK MnOPGS %ﬁ%n@@a@a IRSi@rodevA @BBa%ﬁEllﬁ?mode may be

devi ates as a slave device, but both the
enteredryy ¢xtenditeyiocinathe toapablicl ddrirgy witich@IK ¢ginal203 ishad éseh and Data
) data onto the bus. e Host. device may plac ak
tine 2% i 10% eBplcipeHTTent b %%Sﬂeﬁlélcaté‘?l’o’i?ﬂmlf‘?fﬂ@m ab§BAgsgyer Resume
)
mode QHA)J ll';]éj Qﬂ@ﬁegrbsyi tgiﬁlgg%%é dtfr]fgym%g%r(gjvgm?h% %\,‘eae goe\;r/ gﬁldbtyzﬁlsitﬁ)mng Data
line 2ﬂatfﬂ)nh &n 3 eiigho aeaintaininphehe redat states feir atvieast dntsoothatch current USB
bus, the transnmitting device may al so drive the clock
spec1fgqa§ﬂ1éreq§$;ﬁ@ﬁlpténél§§4s§; ftedHda tl@fatllrgmg[(@e{gg:g]l shewn in Fig. 3 USB Reset

may R fc\(ﬁa%)(? {)?/ hgﬁ%é ko rhn%dfbgt zin‘?in?%tg ! Ba2iad, E&t%ps or 10ms, to
transm ssi on st-ates, ere us

match current USB specification requirements. It should be noted that the respective timing

periods during which the state of CLK line 202 and the state of Data line 204 are held constant

for respectively conveying USB Attach/Resume state, USB Suspend state and/or USB Reset

state, may be shortened for performance enhancement.
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10 may be configured to al so support USB Reset, USB
Resunme, and USB Suspend. These states nmay be
WO ppl7aewps ed as driven states, and nmay over dr i RET/UB07/070527
weak keepers, permitting a USB device to send a
[0036Y\k @entpals iaghaliret @nidirsws penfgehatisB Mestonnthiehigbyiay be configured to
precipitating a wake event. It should be noted that a
have ¢gmpmppd/goniig) Sﬁtemnfalﬂwlogetrﬁdw@ufedaomghﬁréar%@ YAe(®) pyeravhich data is

n v

transrﬁlﬂ&?fg\?/fél%%h Hﬁvmgqﬁe n&ﬁél.e\éviﬁglﬁggtaﬂg alape%%tﬁe nter@on%egt]l llu% dmay be used

for pro®yol &t NBArdB8Bd a$ Wwnlgeasf i pidtodvalid Meshgiﬁﬂttb Qﬂéventl\kvtz& sources from
__the fornmer indicating a host driven event and the

writingatq ¢he i b gatthngamedé&viec or drtha@see pevent bug u@Qélt@tlon through an

1nhere§p/81\iﬁt 1%6%%8%1&6 tnllen}lntgs %gsfég terconHectt W34 dogs %ot ?a a request/grant

uspen perations
struct@rerStzﬁu@ﬂﬁoﬁn{htloﬂ(ﬂfﬂytbe%ntf@eﬂhﬁ th@I irﬁer@@fﬁleaalﬁ@ by line states being held
transm ssion states. Simlar to Fig. 1, 2-wire bus 110
for certaip specifipd time Peflé‘life I@t(ﬁ]@@ vvmd$ etage iktatgseldpp cpigaip dimg periods may

hi. d Data | w for .one or nore

convegifdy SR s oottt aned s i s e B Slal e | s

[0037] ﬁﬁﬁ?ﬁé’emﬁ&ﬁﬁheﬂ@)’th@ %té{@ﬂﬂ{e@ﬁb@tm@%& ﬁlﬁfbé lrﬁf)l@ﬂleﬁl@@ @8ing standard
and falling edges of CLK signal 202. Follow ng

1/0 difieess, v@adpﬂn@yj bel &1i-atatedivuring loperation gvhmayo@wmg]dnm The clock line and

the ofgfRE Ryl She Buelivti Hi Better B “pyefe LRGN © DR
schen{eC(tcsﬁi'éretaEbeefflbeﬁc)pﬁrlb@gr HH(FZKOﬁﬂeM 1 b Klokk Req@ey | 'rr§.1y be set to any

hel d high and Ddata 1ine is held [ow, to match
value gefquired tto USBne pet idedicsdt diteative duih metednt specligBiratsfeaaghquwrements. (i.e.

Resu be enter ytran5|t| ni ng CLK ,
OMHS 15 T35S ot hiNGHz 6 RO SR HPSHGR, PG oL on today's PC
mothe!rb&@dsz Qf& ¥ Omel iAW doAnEdt Bls s pRRIEhabH A8y (e b BWeSdcALEIISB 3.0 and

for at least 1ms to match current USB~ specification

beyondemmsrmaptg nogeasig thesodkl frepienat. efloi highéreddta mategwith the same clock

ram shown jn FEig. .3, USB et. may be actuat )
sourcq PRy B MTebdk of 152 % a3 BE RS e S04 i FLr (e data lines
may b% C%ﬁfl re&-g%ldutegtloﬂ'ﬁﬁhgtg 1nHs." W&ne%?o?%ﬁbélhl%ﬁ{s' @8 si nahng voltage
requi fenents. It should be noted that the respecti
level tulseri mgpy3 @mplemeocisonl udepaiglenh) i ot tniny bt aee tof angLKEvE] ae long as the
and.the state of ta line 204 are hel d const

nt
transmlarngrf&gtf@@@w%fr gﬁcela V5§ obSBtedtcaRpARIS YREass Iy Y% For example,
1.8V yﬁﬁalﬁ? H‘g@ Erﬁ%l@ éof)utuﬁﬁnﬁﬁﬁ/@t Volt%g@tc?asséga)éugleas 1.2V, may be
ortened for ornance enhancenent
spec1f&@1(h§/\x21e413695 PCT/ US2007/ 070527 [0036] In gener al, a
(m ni mum canfiguration) interconnect bus may

[00381: Mqvg%wrwg B ANOSCHRTRFRIPLSHP méftrawe?trh%%mm%ement weak
bus ktEeI(_pg %ag]glyo\}f&ﬂﬁ’]}glhﬁu - dt){x/ﬂﬁoc’ )ma?l)[t?ﬁl( %(\,‘ng I?(li}g%%age \When no active

IVIng a Sl
transfers adré (in giradres, ) THh@ostndeRiceomme edm fussrilyay mdee ke tvealk deepers while

protocols other than USB, as |long as the protocol is
trans i eRRElPTirecehyiny Epe. 1hONS 8o €1bPAIBIANG: WS iy Be Aesoppdished by the

dev1cérJ Eis e ctlglf?c %gPlS %&%ﬁgfanﬁ% '3?" V11 ?@w { ?f_{?ﬂﬁ% gﬁ?ﬁlﬁ af(a(tee for a specified

ntentron t roug eren
numb&E@zan) siclock citles hfiérefioaaRatanbussdbaas ddtingeeeclack line high and

request/ grant
the data line low — as shown for example in Figs. 2 and 3 — during which time period the device
operating as a host may apply the Idle state weak keepers, effectively pulling up the clock line
and pulling down the data line. In one set of embodiments, a simple spread spectrum clicking

scheme may be used to reduce effects of EMI since the data and clock edges are always

8
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15

structure. Status information may be conveyed on the
i nterconnect bus by line states being held for
Ww@enrasxIspeci fied tine periods. In other wordBCT/ES2007/€70527
states held for certain tinme periods may convey
synchird’mfoﬁi R tachnother, hekigb ggnsbef toavay ek ameHeofreqichey domain without
ge i nformatjon. 10 [0037] In sone _enbodi nents, the

dlfflcliﬂm ePeBKrEBkodbTENt ot badwplerenisd wRg slseniasd C%trq%]gd /O ports to
furthef'}e%ﬂg?gr%/oﬂf\’{w%n%t%\é &s ofl\ﬁ%ﬁ.h may be tri-stat .ed during
elng riven. The clock |ine and

[00391 Fﬁrtﬂélrt Bodifiogion yanb afllerlaevd ieshbbeididnenatl varlait aspdctnst &k invention
may be configured according to a DDR schene (to
may b @ppaady tef thogd slgtgd dp thewer incVisek o5 ﬂ@éd@)}crlmwa t fecordingly, this

descnﬁag ks t]:)rb%%u gsr{ﬁ%dggﬁl ?ratsl orgl {1] Ys fof Rurpos%uolf teaf;hlng those skilled

tarn a aesit 4 rate
in thetaito¥As keRerilafatinet BEEHrSing ¢ d)thhe ﬁﬁeﬁMﬂz Tk & tofb3 dda&sto%a?zhat the forms
MHz to match DDR wenoiy peeds common on today's PC
of thenipvpretidioshond, ansk described Irprein; e de dgriakast ashegbodiments.  Elements and

f h ded SB. 3.
o SR 0 AR VPR My s o
be revei@heinddRt@in Rt s W ke thhéntmaMBayChOsized ttlcpendently, all as would be

frequency, the nunber of data lines may al so be
appar¢midp ems e;{ljﬂleé nd thegrtaftenhpvig the benthit of |this elsscripgipn o the invention.

configured .as dlrectlo al one s 0 .
CranggS i e g S e e SR RSB Bt 5 oul Bt vy spirit and
scope'om&Mﬁl@h'a@ﬁes@ﬁﬁ&[‘ﬁiﬁﬁ& folmrég’@}imb@ set to any |evel

as long as the transmtting device and the receiving

devi ce operate at conpatible voltage |evels. For
exanple, 1.8V signaling may be inpl enented, but
alternative vol tage cl asses, such as 1.2V, may be
specified as well. [0038] A device operating as a host
when coupled to the interconnect bus nmay inpl enent
weak 25 bus keepers (i.e. apply weak

pul | -up/pull-down) to maintain a bus idle state when

no active transfers are in progress. The host device

may tenporarily renove the weak keepers while

transm tting and/or receiving data. In one set of

enbodi nents this may be acconplished by the device

(i.e. the device that is not operating as a host)

establishing an Idle state for a specified nunber

(e.g. 2) of clock cycles after final data transm ssion

by driving the clock line high and 30 the data line

| ow - as shown for exanple in Figs. 2 and 3 - during

which tine period the device operating as a host nay

apply the Idle state weak keepers, effectively pulling
up the clock Iine and pulling down the data line. In
one set of enbodi nents, a sinple spread spectrum
clicking schene may be used to reduce effects of EM
since the data and cl ock edges are always 8 WO

2007/ 143695 PCT/ US2007/ 070527 synchronous to each

other, making it possible to vary themin the

frequency domain without difficulty. Some enbodi nments

may be inplenented using slewrate controlled 1/0

ports to
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further reduce and/or elimnate effects of EM. [0039]
Further nodifications and alternative enbodi nents of
wo a07oes9Rspect s of the invention 5 nmay be app@r/esi00t/e70527

those skilled in the art in view of this description.
WHAAIOCUATMED Ishis description is to be construed as

IllTustrative only and is for the purpose of teaching

those skilled in the art the general manner of

carryi . N is to be understood

tﬁat tEgngg%ﬁéggghugﬁgghgn%%tlon shown and descri bed

hamb@lirecasel tch@nté.alkgn as enbodi nents. El enents and

materials may be substituted for those illustrated and

dé@&lreﬁté@mh dptailifie operiable tapdrpPoBeltes may 10 be

L it re 1 g cloc% 51%naﬁ ttl%{l?mltt%gltol%:re ﬁleoglocitkhﬁ%e 1svs%ﬂ}ce ngn(g:la ¥nou% with data
qmmmummak@hh@&nannéhe art after having the beneflt of

this descrlptlon of the invention. Changes may be

md!léremnthte IWatadh sarepled adeast af Haeingedas of the elpgdusignal; and

e arti nven

Bkt s R nires*Phl 15 tREE I mor s S hBontrol state
1nforrgﬂf%ﬁ/ oMBB8 21 RE TSRO le:/&?é)@?e7 wh%ﬁq-rrels&c@bé\bmnhtﬁms bf static states

An interconnect bus conprising: a bidirectional clock
of th¢ johesgk Hnel aBd athbi diits diei emepspelut to Irgspectojse/all eommand/control state
nf %rry USB data; wherein a clock signal transmtted
OIS t he clock line is source synchronous with data
transmtted over the data line; wherein the data is
sanpled at |least at a rising edge of the clock signal;
add whdhei mte¢rhenriept dnsohedtinbus, iwhesger B ¢commaniepptrol state
nf U%B command/ control state 10 information over the
IIOTISLKOMPHE®and the data |ine, wherein respective
coryy @l {epps of static states of the clock Iine and
the data |ine correspond to respective USB
c bivlaAdiddResuole ssttat e i nformation. 2. The
igéﬁggonn t bus of claim1l, wherein USB
C HPEShMG1 2%k ate 15 information conprises: USB
I dheushataer gB Attach/ Resune state; USB Suspend
state; and and USB Reset state.

3. The interconnect bus of claim 2;

wherein the USB Idle state is conveyed by holding the clock line high and the data line
low for a specified number of clock periods; and/or

wherein the USB Attach/Resume state is conveyed by holding the clock line low and the
data line high for a specified first time period; and/or

wherein the USB Suspend state is conveyed by holding the clock line high and the data
line low for a specified second time period; and/or

wherein the USB Reset state is conveyed by holding the clock line low and the data line

low for a specified third time period.

4. The interconnect bus of claim 3, wherein the specified number of clock periods,
the specified first time period, the specified second time period, and the specified third time

period satisfy USB specification requirements.

10



10

15

20

25

30

20 3. The interconnect bus of claim?2; wherein the USB

Idle state is conveyed by holding the clock Iine high
waee7tkss9tiata line |ow for a specified nunberP@f/US100TK0527

peri ods; and/or wherein the USB Attach/ Resune state is

conveyed by holding the clock line | ow and the 25

data line high for a specified first tinme period,

afd/ or Thp&HeicANasebysE gk ivhes¢inthe inkeragn iregpsmbis, to couple USB
. A . : ' ' a l|line low for

deVIC%qlélgllédgl?P %lggagégsg%é h@?ﬁ@%@k%&? %%?%?és\'/\her ein the USB

Reset state is conveyed by holding the clock line | ow

and the data line low for a specified third tine o

pér i od Thgdntarcompest bpg ef elginde whistpdn e ¢ataismampleghat i pising edge

ifie cl ock periods, the specified
anmb#%%gﬁﬂﬁgﬁgbigﬁﬁgggs%ﬁ%LQDecified second tinme period
and the specified third time period satisfy USB
sggcification requi renents. 10 WO 2007/143695 , ,
PCT/ Usbe mterrosert Bus phelajmile mdsraieghe plagk signgl igjagtivg only during

wherein.the i.nterface is operable to couple USB
dman&%@%%%%&ﬁﬁ?ﬁﬂﬁF'using a physical layer (PHY) and/or

USB cables. 5 6. The interconnect bus of claim1,
wherein the data is sanpled at the rising edge and/or
aB. a f & mpthgd edgerisfigt he cl ock signal. 7. The

i nt erconne b f claim.1 rrei.n the cloc Lgnal .

| BSSRERURT Gy i BTl (IAFERA BRE el BSP Riice over an
intercdtheBe bis, RhdIGEH GOMREI®hAE: Huk *BEIPrkes Ao UBBdtatsinal lines coupling

between a first USB device and a second USB devi ce

togethgy e fant USBtdsvisorand dhe ngend Wivdr ddvicet wighdut ueing @rplwsical layer (PHY)
d/ bg conpprises two or nore signal lines coupling
and/ok ngﬁ St E€ first USB device and the second USB

deyheSing! U610 WondsinaoRrSN sk GAlorh AV retbEiYded Byoth@THOUSB device
USB cabl'es; and conveyi ng USB command/ control ‘state

and thenbomad!$ 1 deviez ogmitizedtdygonnbe bup MsthowSBlycé Wiiectevo @rmgore signal lines
bei t he SEfqh HSB devi ce over the interconnect bus
eing v e BY C12R5F9518 e two or nore signal lines being
driven by cl ocked signals.
9. The method of claim 8, wherein one of the two or more signal lines is a
bidirectional clock line and at least one of remaining ones of the two or more signal lines is a

bidirectional data line.

10. The method of claim 9, wherein the first USB device is a USB host device, the
method further comprising the first USB device applying weak pull-up/pull-down to maintain a

USB Idle state on the interconnect bus when no active data transfer takes place on the data line.

11. The method of claim 10, further comprising the USB host device operable
temporarily removing the weak pull-up/pull-down when it is receiving and/or transmitting data

on the data line.

12. The method of claim 9, further comprising:

transmitting a clock signal over the clock line; and

11
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20 9. The nethod of claim8, wherein one of the two or

nmore signal lines is a bidirectional clock Iine and
W@roo7aewds one of remaining ones of the two or P@F/ES2007/070527
signal lines is a bidirectional data line. 10. The

neihplthgodate brahsmifted whar e datalimefat aaisiddSRigdemti ce aifsiliag edge of the
USB host device, the 25 nethod further conprising the
clockpighagk USB devi ce appl yi ng weak pul | -up/ pul | -down to
maintain a USB Idle state on the interconnect bus
when no active data transfer takes place on the data
| i1Be. The mEftedraEtchoe 0 furtleatompdsing:ur t her conpri si ng
the USB host device operable tenporarily renmoving the
waKisUP P Bidsrisaland ghoviscoiseHS Brdeyise eaheiopiling aas@r gceiving data over
thed&% gh&tlng data 30 on the data line. 12. The net hod
a|n19 further conprising: transmtting a clock
Slth}ﬂﬁfst USH déh&: edd ke detdRl USBAdevick dAEh %&Qﬁl/églé%@&ﬁ signal over the
PCT/ US2007/ 070527 sanpling data transm tted over the
clock d@@awhqlhﬁerﬁlman& byl rgn@ng dheadefaatn ardenlke prrglueelgecledk signal that is
Souﬂﬁs dnongggwﬁ g?§it 13. The method of claim9, further
nprising: % ‘e ¥irst USB device and the second USB
deV|ce each sending and/or receiving data over the
data line; and the first USB device and the second USB
dééu‘ ce Teaatethashefi ¢lgina 9cwb@1@insli'egmalingwe¢s efrtbe tep @¢ knore signal lines
wh ormn id sending the data, in order
Comp]fl%e apl?lblf]aﬁ&ye&gbl ]Irecélﬁn%dé’ﬁa "®hat is source synchronous
with the data. 10 14. The nethod of claim9, wherein
remai ni ng ones of the two or nore signal lines
céﬁvpr i Jbe alephqqlrcélciaim Sofurbiiedrereptisingial data |ines.

b 5B Wle Tha et e el i Sﬁ%ﬁc@% (e via i

HumCH§QCQQ£Lg§1V|a the interconnect bus and coupling a
USB hosf device to the USB hub, mhereln the first USB
devipdimgapd8Briwsadevice el BB outt, ivehetydi trroitst HEBI dyicermppears as a

devicRBRRL SRR Do et hors Pt LS EhEodBesHa LRP BV b

appears as a device to the fist USB device and to the
USB host devi ce.
16. The method of claim 15, wherein the second USB device appears as a device to

the fist USB device and to the USB host device.

17. The method of claim 15, wherein said coupling the USB host device to the USB
hub comprises coupling the USB host device to the USB hub via a standard USB connection.

18. A system comprising:
an interconnect bus comprising:
a bidirectional clock line; and
a bidirectional data line;
wherein a clock signal transmitted over the clock line is source synchronous with data
transmitted over the data line;

wherein the data is sampled at least at a rising edge of the clock signal; and

12
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17. The nmethod of claim 15, wherein said coupling the
USB host device to the USB hub conprises coupling the
wWQ3B7hewds device to the USB hub via a standar drai8BS2007/070527

connection. 25 18. A system conprising: an

| RtheretiDtheaaterdotisect buPisicpengle ta thnsthit dataicvadhe dh@die according to a

line; and a bidirectional data line; 30 wherein a
bus profesekeaifighend witthih Bdshake nerrBanisRetodNGERICRI Ry ent Syt Femgention;

Sm%&ﬁ) l‘ff?te}g' H?ecg %sals n%%ladgl%rq)t f)l?\degf % minla?cogégla’stgtté rlﬁormatlon of

wherein a IS sa ed a east at a rising edge
the busfprotaeoladver thesdl@ikaliie @idcthe H2ta\WRe 208k BGRtive combinations of static

PCT/ US2007/ 070527 wherein the interconnect bus is '
states g rcadpek King and4he gpte lggihgldofos spacHéeddtineg perierls copesnog g respective
comrntagd/ﬁoﬁyosl S&Eﬁ‘t lth?oci' atlgﬁ)nf : gur ed Wi t h a handShake

nec ntrinsically prevent bus contention;

wherein the |nterconnect bus is operable to convey

command/ control state information of the bus protocol

over t Hée sygerr afidkimahy wirseig dhe intprigenneghbysefuither comprises one or
Inmfaf d&gh%onblnatlons of static 5 states of the

Fhe '4Rd the data line held for specified tine

perlods correspond to respective comand/ contro

state information. 19. The system of claim 18, wherein

t ﬁ@ i nilee @mﬁm@f claus 1Buwhdrein thodyfe iswenplereatdhe ripipg edge and/or at a
ﬁﬂhn |t| nal K | nes. 10 20. The system of cl ai m 18,

e Gle é?glls sanpl ed at the rising edge and/or
at a falllng edge of the clock signal. 13
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