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connect s Jr Qihfl@inBASTy adcbGitkSB AN G8e BRY alldvhsSperpbialsteo e lit'tdaﬁed“cgﬁﬁgured
(the D- line if the'device is a |ow speed device) using a pul

resi st or used, mhe d@achieql vdhile Threhdsb it in reggratiess pomdxiypplecE8B trrintprs, h@nzﬁs \giEstal
deVI Clélf %r?xe%gss%d evclehué:eﬁﬁ &acﬁlshgtgh?%h%gr?m%ﬁgdt%c ﬁ/ith Ia?‘l;%SettC§ %r l%%n over
may r espassB.t USBhasedapbtems nmidy réluire titdt €198 hadt tc&ﬂnﬁgeﬁ%q;r&bntaﬂdhd:host system,
| i nes high. The USB device then el ectronically renmpve the gul I lé}lj
resistor %ﬁ@%ﬁﬁ@ﬁ&@&ﬁﬁﬁ%@ﬁ%h&ft SKiteR SEReEd! SRphUSB Mass Storage Class
di sconnegid.ng, full -speed devices may renove the pull up resistor
fromthe D+ l'ine (i.e., "tri-state" the line), while high-speed 30
USB devi de804idiSR dévicst atag chmirtunichie der the &/SB-busiahmsy-speed (1S), full-speed (FS), or

20  high-speed (HS). A connection between the USB device and the host may be established via

digital interconnect such as Interchip USB, ULPI, UTMI, etc., or via a four wire interface that
includes a power line, a ground line, and a pair of data lines D+ and ID-. When a USB device
connects to the host, the USB device may first pull a D+ line high (the D- line if the device is a
low speed device) using a pull up resistor on the D+ line. The host may respond by resetting the
25  USB device. If the USB device is a high-speed USB device, the USB device may “chirp” by
driving the D- line high during the reset. The host may respond to the “chirp” by 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
30  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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control information such as a USB Reset. This would not work well in a2 USB environment

without substantial modification to the USB Device itself.

25  [0009] US Patent 4,847,867 defines use of a bidirectional data line, but the master sources the
clock at al’ times. The protocol uses the rising edge of the clock to send and the falling edge to
receive data.

[0010] US Patent 6,073,186 defines use of a bidirectional data line, but the master sources the
clock at all times. This would not provide a robust solution with a dual data rate scheme over

30  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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- 20  USB devices and/or controllers without using a USB PHY or USB cabling. The interconnected
devices and/or controllers may typically be non-removable, but may be — in certain embodiments
— removable modules such as smart cards or expansion “daughter” boards. In certain
embodiments, the simple low pin count interface is not used as a plug-and-play replacement for
standard USB, or IEEE1394, where peripherals are attached and/or detached routinely.

25  [0017] One embodiment comprises a 2-wire bidirectional bimodal bus that allows simultaneous
host and device connectivity over the same interface, allowing a USB device, e.g. a cell phone,
to appear as a USB device to an external PC, while also appearing 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.

30 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
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20 from the scrial data stream. Various embodiments of the invention may provide an easy reuse
mechanism for USB silicon by enabling a designer to remove the analog PHY and replace it with

a serial digital I/O transfer mechanism, while retaining the IP’s USB timers, and other protocol

specific features,

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0024] A better understanding of the present invention may be obtained when the following
detailed description is considered in conjunction with the following drawings, 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-
30  wire bidirer:itional bimodal bus; and
[0027] Figure 3 shows a sample timing diagram illustrating the data transfer, USB suspend, and

UJSB resume operations of the 2-wire bidirectional bimodal bus.



synchronous DDR data transfer mechanismw th static bus state
signaling to regl ace a conplex bus like USB with an eaﬁ{\é to
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a sanpl e tim.pg-diagramillustrating the data transfer operation of
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sanple timng diagramill ustrddERAILED DESGRIBPTAON er, USB suspend,

and USB operations.of the 2:wire bidiyectional . binodal bus.
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enbodi nents thereof are shown by way of exanple in the draw ngs and
wi || her érpleh@negeise malsdi 4 bidigeatianal clock Ehéulnelsignplandrtge gy wire may be a
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clock the data during transitions of the clock line. In one embodiment, the bus may comprise
one or mo ¢ double data rate (DDR) data lines, which may all be source synchronous with the
CLK line. Voltage levels may be process/device specific. Figure 1 illustrates a block diagram of
an exemplary system in which a 2-wire bidirectional bimodal bus 110 is used to couple a system
25  onachip (S0OC) 102 and a card reader (CR) 108 to a USB hub 104. A personal computing (PC)
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
30  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.
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[0033] In some embodiments, a wide frequency tolerance may allow for implementing the CLK

signal using simpler and/or easier mechanisms than a phase-locked loop (PLL), using, for
example, a ring oscillator instead. For example, for USB 2.0, a 400-480 Mb/s rate may be
achieved with a 200MHz — 240MHz clock tolerance for a DDR transfer mechanism. The
25  gpecified protocol for 2-wire bus 110 may especially be applicable to the upper USB protocol,
where error correction code (ECC), data corruption and data arbitration are handled (among
others), since only four basic states may be defined, namely USB Idle, USB Reset, USB
Resume/C onnect and USB Data Transfer, In preferred embodiments, 2-wire bus 110 may
generally be used for point-to-point interconnect, e.g. host to device, and may remain idle when
30  nodatais 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

6



CLK line and a data |line, where a conbination of states of the CLK

line and the data line may be configured to inplenent select
functi onal PW WL ow USB connectivity via the 2-w re BEE’USZOP—“BWOS”

Tneri 4t koL Pl taries O RS FIES GAt lpoie ACHSN GRS SR transter

Simlarl yrotbdoe WeBn BRIRL SindhRsiBRYs &ﬂxﬁléi@ltmtnﬁg retddh techhqm@gta&c’thhtyplcal
the CLK I'ine and the data line in a |ow state, and t he USB

Resune/ céﬁ@ewtenstpmlegmwowemn@getﬁerﬁewe IsgnetElyipARILes 188 2 agter ieiéos and ghe
| ow st at ﬁ&\ye}gée g\f/lerzﬂgg ﬂ' an%ia‘ga&e@me & bbed ¢ h&'t gﬁibél«te agx?i(‘:e ggﬁ e&%{eﬁaf dmvmglmgnal

Transmi t e operations nay e ac usi ng
to cbocktatatoa dhtaaomsaritiethed. dhe ershée\dI@t Iaaj plaea witdk gﬁpez](a Iwealo pﬁlenp oo the

i nsure co ance vvlth us Ore U|re nts e qU|red effe e

ata t+ SHEK PO 8 RIS T aGER] o B Wy HEapfisgne oo ree

bus 110 agq4 ﬁlag%@)ésthé"kéeﬁexs then Cldkaglg el oc@ﬁﬂsv%eﬁtda%g’men (NQO Bletous, the
r

stuffing may equi red, and by maintaining USB Reset/Resune
timng, @ERDSMiting devicemazplse frive e ﬁbzyk penal synghiedowtly witss dfatancu on

t h at nO:TE@SEKAa%PeQIPO%C%En% (Ploneds in a%g? Cl):) H\{ undr]ﬁatzgfansmlgno%l sta es 2 w1re%us 110

si gnal enera S source sync r onous sl maki

dat a 10at engpagsohfigiras to flebuppoit UMW Regea M8 ® Reduine) ﬂl&i EJSB Sﬁspend Theqe qtate%
enbodi ments the CLK signal nay be driven at 533MHz, which, in case of
a DDR tr&H¥ fbér’mP@ﬂ?PFe&LﬂséhV% gta??éya“&dﬂ?yeﬂ’/‘@r%eé]l’ff werls leepgrss Bermiting pfUSB

1066M/ s g it @rsgﬁcﬁ?WafkglhE%}g WAIIS 2R e&cﬂeg USBNosP @herd W) ROBALEH Wivake event. It
st andard DDR capabl e i nput /[out put /O pads, using spread spectrum

cl ock/ datsiould begoted thae d USS bpit ey sdnemiyoseeﬁ ettt & Bnagmemglml tcn@ evspenrded d 5B

(EM). Saur.ce synchrong Odaaandc ck si naswo

Spread sYRARE STSE RSBt ¢ LS wl G o REMR AL P I3ty siena
t ol enancenayay ddhiiewed @ bé MCASRIMY iidhticdle with khe maaindusmr@a sibfipkieén event
and/ or easi er nechanjsns than_a phase-|locked |oop (PLL), using, for

exanpl e, a&d then fpttes éndigaging 2 ﬁquéqeeglavenmpntexg%}ee3 SIhBY"S stample) tmgng diagram
400- 480 t;r?ﬁr%t%DRr@SﬁS %setaggB%g e L S%Oﬁé\éﬁlﬁe é;%fﬁ@l%? of h@ci(wue fbus in

t ol erance transfer mechani sm he 25 specified protocol
2-wi re buagdiidOtonthy Idds pechath Itrynmsmpmtatcﬁatﬂlmﬂarmf@ Luprpene busBlO may be in the

pr ot ocol wher e _.er [of0) n.c t.a r tion

fat o ar b Seron i GEK 08 < AARRER e marsde DEaTBiry MroF £ hre oo
stat @9 Npyridie, dgick ARGnd AR wewﬁﬁe lsd’ee:hedJaataRﬂ@aie sai:p@Bd at both the rising edges
Resume/ C. rmect and USB Data Transfer. tPlreferred enbodi nent s,

2-wi re bagd fallingngdges gfeeKgiang! HE- L@élewmsr pEEhEmpldsistan the ldle state may again
| nter pomﬁg%ﬂtereﬁ b? hgnﬁ)r?é ciR lﬁil@\ébg ﬁ1gheﬁ'ﬂg ﬂI&WM&@EW i Qlﬁﬁ@ﬁ%em?%o@@may be

data is transmt
entered by extending to 3ms the time period during which CLK line 202 is held high and Data

line 204 is held low, to match current USB specification requirements. USB Attach or Resume
25 mode may be entered by transitioning CLK line 202 from high to low, and transitioning Data
line 204 from low to high, maintaining the new states for at least 1ms to match current USB
specification requirements. As also illustrated in the timing diagram shown in Fig. 3, USB Reset
may be actuated by holding both CLK line 202 and Data line 204 low for 2.5us or 10ms, to
match current USB specification requirements. It should be noted that the respective timing
30  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.



[ 0034] Fig. 2 shows a sanple timng diagramillustrating the data
transfer o atlon of the 2- wire bus, with CLK Iine 202 _and Dat a
I igebZOi t %‘}Of 14393 ng froman Idle state, to a data tr%‘ﬁjélp%zr{mmg?s&fe,
and bac idle. st te at the end of the transfer. As shown t he
di agr am é“??éjaﬁ’aé"é‘e%ya B ROUD BT £SBBEIBIOR) (RSISBICET BiEsoHaY Eé:P i to
on both hHhe &dn%h:ﬂﬂ/c%ﬁ&‘olf s%itlahﬂgnﬁéiﬁﬁ%ra%mﬁ@@ oGbi0GK 1saﬂ1£fﬂhh@(@)98$ér%1@1 &Ris
transfer protocol. Wen the data transnmission is conplete, the bus
may ret uutrﬁnsm@tt@da withpet drivingea sigral (ypigag statissratesk ﬂémnt@pmn@gwus aaydsused
coupl i ng.t n I eraie d
devi ce o 6 errpall 8§° as&lgr %ﬁa\%ﬁd é%ll Cl% asaﬁﬁ S%J?O%Rﬁltsr@§%%d tg \%ﬁh%ﬂ) sotulf!:%s from
Sr e capabdrﬁmlgf EodtheVlegkﬁl geatanz s;ha:t es dilferdlat aprevdne lidseccbmnoﬂ' htmddgstan
evice may pl ace weak keepers (a weak pull-up on th clock line, and
a weak pefﬁ?rsreat{kamltém hengshakst laecrhél%l}l Grint prerseineghin 9a5s neLeee Fqbgeferant
idl e stai@,cuandARYnfoRIRIER hileKRRPEES oWARINR i
When dat a |Csmdr| vaen I(])r?to t he %ﬁ% th(g}% tor ansnm %%?%égtgeﬁ%%ﬁ%@&?ég% held
drive t héorgketgk ssch'meil tlrsq/mhad@nblmﬂj weirdsh stptirestefas beld f883in Agme periods may

|
P o bo By HepBREy g e 6] B JcukilE: A HB! AekhBRSIT 31 O

Resetiy) URK3IREELiTme e&ﬂﬁdiﬂﬁﬁt@ﬂﬁﬂﬁﬁﬂomﬁbﬂﬁs 1ﬁb@éoe$nayrmymbhmueﬂqeﬂ estep tediard
as driven states, and may qverdrive the weak keepers, permt 41(1%%? d
BH"

USB dev/OedivErss @fh@hanwh@emnf&t%q Yine opeyatiensasyEing éﬁnaéﬂvwoéﬁhe
preci pi t @l gy And'REE bSﬂﬁe&J b1d1r$ct1o§zho'ﬁa@1 B&sRPted dehhrign PR oRfLg ABYDDR

simlarly send out a Resune signal to a suspended USB  devi ce, vvakl ng
up the busheim (@ iscmaseafficencnet lowEhelsck weRisy une thei WIfreamilca mwlbesremo any
signal 15 may be nsi der.ed to. b ctional |y i

forner i Hﬁ’luﬁé?quﬁag go HEEY Y A i?@lﬁede?/fgeﬁ{]ve d‘g%i ﬂ}tfﬁ;!or 85? %lhc %ﬁn |r\é¥§%uqm%gts (ie.

devi ge dihien f&v Rt USEI 3B eMBIzS o Waitch wmln&ntdrmspgedduagmm on today s PC
illustrating the USB Reset, USB Suspend, and USB Resyne oper at s of
the 2-wi motiuRoayds, ctaddi fheEEORIRY busiFRSChINeHona ey thusihe s eaisio i‘&%t%@a“d

Simlar EOQYJ: HQF% ﬁwpéhmcfe s1 %hcl chﬁ‘zcbdaﬁcy' NEdy r}ﬁghek db@ ateat@nWht kindbilck

i ne 202 |ne 4 1's held "l ow for one or nore
clock 20 sqnarce etgienn the riuhn@eemfdiawf liteh enaly cdlse bs tm:teesqu amté@m/w@dli of the glatadipes

be sarrpled e Iis dge CLK si.gnal
202 Fol Fmtgonngrras biied Gtet e far IS EPEal s Rhil Bree
entengd ekl Ry GakpldthéiRatRA2 ddpegdendnghdDatag e B& %Oénﬂ Qewel As U&@ as the
Suspend node may be entered by extending to 3ns the tine perig

duri ng witiasiting devige apd thejreceiangidgyicgIoparts bap@patilsglage levels. hgproexample
| ow, qBStVC ngﬁ"ﬁ eHltay "3§Einﬁ)?e%(féntéd9%£f Q&Iﬁa%qg'Vroﬁ%nélﬁssey%gclﬁag a}%,%ay be

Resu rre
specified as well.

[0038] A device operating as a host when coupled to the interconnect bus may implement weak
25  bus keepers (i.e. apply weak pull-up/pull-down) to maintain a bus idle state when no active
transfers are in progress. The host device may temporarily remove the weak keepers while
transmitting and/or receiving data, In one set of embodiments this may be accomplished by the
device (i.e. the device that is not operating as a host) establishing an Idle state for a specified
number (e.g. 2) of clock cycles after final data transmission by driving the clock line high and
30 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 wealk 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
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25 node may be entered by transitioning CLK line 202 fromhigh to
|l ow, and transitioning Data |ine 204 fromlow to high, nalntalq ﬂ
the new st MQYPEP5t "1 east Ims to match current USB SB%T:IPF%OEE% Py

requi r ement As also illustrated in fhe tlm m sho in Fi
o o Ramehionfis, Py s BHOBS TP o DabH SRR 1 B Bon o i fhout

l'ine 204 girawnifyor s&né%xr%mh@ﬂﬁ,m dyabe RBbeMefid LeRE sWSBrapesitdiRatli®ports to
requirenents. "It should be noted that the respective timng 30

peri ods duttientpdwesi and/or piminatgtedlee oEMI| | ne 202 and the state of Data
l'ine 204 el.d ¢ r

Attach/ Ré %psﬁﬂ}f n?oc%ga‘%ﬂg?fsangnig{;%gtg eg%%%@%e&%%é% &g als{? %tt 2
be shert engde afpapae ft@rt]iﬂBCs&ﬂEﬁ hanae renin. viéw WD @QOH&!SELA@&&S Accordingly, this
PCT/ 1JS2007/ 070527 [ 0036] ﬂeneral a2-wre éﬁlnl

conf i gur ESCHRYON 11 e? E?jﬁﬁ'é‘?ﬁ asflustiRye By ashisifgihe gupgse Hfgaghing those skilled
command/ prmeraﬁ' thé ga{eﬁai hﬁBf?ér@fchx‘Pﬁné mnﬁe,r@n%rﬁfénomg td iseemﬁﬁfgeoohl the €15 forms
over which data i transmtted,” wthout driving a signal (i.e. using
static sththesinyerTioe shnweraodmin@@becbh@eme e bei sakgn a8 gmbpdigrenisol Hemetiepnd

t han USB to ign [ even

from 5wty o B atiful o il it iR B St ab Ba RO G ey
cont @pt i @8 rédvafsedigind @Brtaih fﬁaeﬁ@rﬁf/thminkzémion i@ Siidikel 1Ii’(&£1hadihn$1m ali 4s Wd’lldii be
i nt erconnect bus does_not have a_ request/grant stru&vure Statu

i nf or mat ABRRIFRAYC BB SEHGR YR theoHt #1HE MHipe thohiett oblis tipclRtes dit ﬁt é‘é’enﬁon
bei ng helghn o aﬁre&:t RAhfe HPEE ieldnfefl st deBBHRE RS withdut HePSTinYAOHSthe spirit and
static states hel'd for certain tinme periods may convey |Information

in the absmroétofinentbpakdeamibedin Bt fdlovedpdaimsf or mati on. 10 [0037] In
sone enbodi nents, the interconnect bus interface nay be inplenented
using standard 1/0 drivers, which may be tri-stated during operation
when (got being driven. The clock line and the data |ine nay both be
bidirectional. Data transfer nay be configured according to a DDR
schenme (to increase efficiency at |ower clock speeds), and the cl ock
frequency may be set to any value required to maintain a desired
effective data rate for specific transfer requirenents. (i.e. 15 6MHz
for FS USB, 533 MHz to nmatch DDR nenory speeds common on today's PC
not her boards, etc...). The interconnect bus specifications may thus

be extended to USB 3.0 and beyond, by sinply increasing the clock
frequency. For higher data rates with the sane clock source
frequency, the nunber of data |ines nmay al so be increased, and any or
all of the data Iines nay be configured as bidirectional data |ines.
In one set of enbodinments, the signaling voltage

?f the invention
, may



20 | evel used may inplenentation dependent, and nmay be set to any
level as long as the. transnitting device and the receiving device
operate at conpatible voltage |evels. For exanple, 1.8V signaling
may be inplenented, but alternative voltage classes, such as 1.2V,
may be specified as well. [0038] A device operating as a host when
coupled to the interconnect bus may inplenment weak 25 bus keepers
(i.e. apply weak pull-up/pull-down) to maintain a bus idle state when
no active transfers are in progress. The host device may temporarily
renove the weak keepers while transmitting and/or receiving data. In
one set of enbodinents 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 |ine
| ow - as shown for exanple in Figs.CRAEM® 3 - during which tine
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 Iing. én ongnﬁﬁgbe&mﬁﬂﬁﬁdb mRRkiag: a sinple spread spectrum
clicking heme may be used to reduce effects of EM since the data
and cl ock edges abidirattieapkclogk Wgs: 8h7/ 143695 PCT/ US2007/ 070527
synchronous to ea 1@@&ﬁﬁbbﬁﬂdmaary themin the
frequency donai n? &#?%ggg&lﬁﬂ?ghés?#ﬁj So errbog1 p ource

i mpl ement ed usi nezhedew a aﬂ@kc@mblﬁaéﬁnw PETt o u@%er Teduce
and/or elimnate ef{ects OHhﬁML ahggﬁgaoﬁyﬂkhﬁ&1MQﬂlflCatlOnS and

alternative enbo vari ous aspects of the |€¥len];IJ aﬁ mady
appar ent,gt o t hos e/hgtdid the dlataris sduapled at 1¢at afiadiwingredghPLing & S‘FFIE{‘. on.
Accordingly, this description i RsS Esed ms]_:, tdntRirdAddntel
only and is for tW%ﬁ’ﬁdETQTCSPn?ng{é 1Snge ﬂose skl | ed |n t he aglt t he

general nanner Ofsta@fnfdftﬂ%ﬂo@uf/eﬁﬂle c]onk/ém pachthe) data; line, yhewgin Fo8REERY G 0 g

that the forms of the invepti o Cilddad ahe ek Rodépond be
t aken as enbodi némf@maEP%%ﬂ%t erl alfjgﬁmay be substituted for

those illustrated, %ﬁe&ﬁéﬁS@&ﬂnﬁeﬁﬂdﬁtmmmmfmhsﬂocesses my 10 be
reversed, and certainh features of the invention nay be utilized

mdependmtly, all as would be apparent to one skilled in the art
after havi ng the 'f;;f‘e SItérE Bfoct BisS ofl @BER | IptileneinfUSH ecommang{cpaifpl state
Changes may e ln t e el ements described herein wthout
departing from t hmfcﬂ-pﬂnoncmm’lse&cope of the invention as described in

the Tollowng cl a\§B e state;
USB Attach/Resume state;
20 USB Suspend state; and
and USB Reset state.

3, The mterconnect bus of claim 2;

wherem the USB Idle state is conveyed by holdmg the clock line hlgh and
the data line low for a specified nuniber of clock periods; and/or

wherein the USB Attach/Resume state i3 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 conlveycd by holding the clock line high

25

and the data line low for a specified second time period; and/or



15 9 CLAIM5 5 1. An interconnect bus conprising: a bidirectional
clock line; and a bidirectional data |line operable to carry USB dat a;
wherein a clock signal transmtted over the clock:line is source
synchronous with data transmtted over the data line; 10 wherein the:
data is sanpled at |least at a rising edge of the clock signal; and
wherein the interconnect bus is operable to convey USB

command/ control state information over the clock line and the data
line, wherein reqspRelthy EISERERI etk isnaveykd by aoidingshearlosk Bre IoMe®e| ock

line and the data |ine correspond .respective USB comrmand/ contr ol
state informati 8 .daeding lowfer ?ﬂeﬁ'ﬁﬁéﬂ}‘fé@ %%egmé’f claim1, wherein USB

command/ control state information conprises: USB Idle state; USB

Attach/ Resunme state; 20 USB Suspend_state; and a ate.
3. The i nt é conAbetinteenesct Brsphflaim 3 wherelp &’ﬁ@pﬁéﬁg} gi e %gfféeloii
conveyed by hol di t L 8inkd gdiodN the spbeifitk setand timergeriodw f or
a specified nungéﬁg%'f B%I%%EEE%IFJ&%SS;. gér?d/pr ¥§erel ;dhe USRements
Attach/ Resume stad &leisse@ﬁed/@yédlweﬁéﬁmtﬁg"v_ SP:‘fcthb]cl? TR FOW 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 Q]iieqh and
the data lige | awef mrereonspachiusi eficleime dnavhersi e intgHdaceifa?REF% §

wherein the USB Reset;; st af.Gioks wiBUONSHE Rpihabdlioys (Bmy| @alor US® | ow

10 cables.

6. The interconnect bus of claim 1, wherein the data is sampled at the rising

edge and/or at a falling edge of the clock signal.

15 7 The interconnect bus of claim 1, wherein the clock signal is active only

during data transfer on the data line.

8. A method comprising:

transmitting USB data between a first USB device and a second ‘USB
20 device over an interconnect bus, wherein the interconnect bus comprises &
bidirectional clock line and a bidirectional data line operable to carry USB
data, wherein a clock signal transmitted over the clock line is source
synchronous with data transmitted over. the data line and wherein the data

_is sampled at least at a rising edge of the clock signal; and
25 - conveying USB command/control state information recognized by the first
USB device and the second USB device over the clock line and the data
line of the interconnect bus, wherein respective combinations of static
states of the clock line and the data ling correspond to respective USB

command/control state information.

30
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the data line low for a specified third tinme period. 4. The

i nterconnect bus of ¢claim3, wherein the specified nunber of clock 5
periods, the specified first tine period, the specified second tine
period, and the specified third tinme period satisfy USB.
specification requirenents. 5. The interconnect bus of claima1,
wherein the interface is operable to couple USB devices w thout
using a physical layer (PHY) and/or USB 10 cables. 6. The

i nt er conneas, bughefmethatl off claimdevterain thednigzronngos banpgyples tegetherdhe | -

rising edge and/or falli,ng edge e Si : ital The
i nt er connect bu@%ngﬁéfeFﬁcf,an&htgféF ngﬁﬁes%:h%gﬁggﬁglr?gjf qlagégc]%bi@sle only
during data trangfepiv) ideordiSmedtlese. 8. A method conprising:

transmtting USB data between a first USB device and a second USB 20
devi ce over an interconnect bus, wherein the interconnect bus

COMpri S&s 8y bi ‘dfhreﬁ}%étﬁm 1O ktedenBha tiest TSP diiviceds & IS hadedeyide ne
operabl e to Carry B data, whereij néﬁ%\%oi&ﬂsi gnal transr@tﬂ%&gupver
the clock Iine ithe swthodefurthsrrromsisBgnoirst gevipe, ARNIPE S8 P t he

data line and wher -'&»ﬂf L Btaih § (RISt o @RShtefontect bsd nherdge
of the clock si gur%ﬁlp%n ?g’%conveyi ng USB command/ control state

information recagnictiveddsy trasderftiles placepthgdptad@®and t he second USB
device over the clock line and the data |ine of the interconnect
bus, wherein respective conbinations of static states of the clock

| i ne angp t hel datphd imsthod of cleisp ddduttieer cowppeng thecUS B Rost dsHite ARt r ol

state information. 30 .11 9. The et _ The YhE! & 3 debdivin
i nt er connect bustewaf?ﬂi‘ér%‘bvé?%grw Fﬁ%gpﬁlﬁﬁg{pﬁggg%evi ce and the -
second USB devi cgdvértthrasthittisy diga an thbyistadiab. | ayer (PHY) and/or USB

cables. 5 10. The nethod of claim8, wherein the first USB device is
a USB host ' devi ce,

12.  The method of claim 8; further comprising:
15 transmitting a clock signal over the clock line; and
sampling data transmitted over the data line at a rising edge anq at a falling

edge of the clock signal.

13. Thé method of ¢laim 8, further comprising:

20 the first USB device and the second USB device each sending and/or
receiving data over the data line; and ‘
the first USB device and the second USB device cach sending a clock
signal over the clock line when performing said sending the data, in order

to produce a clock signal that is source synchronous with the data.

25 . . '
14.  The method of claim 8, wherein the interconnected bus further comprise a
plurality of bidirectional data lines.
15. The method of claim 8, further comprising:
30 coupling a USB hub between the first USB device and the second USB

device via the interconnect bus; and

12



" the nmethod further conprising the first USB device applying weak
pul | - up/pull-down to maintain a USB Idle state on the interconnect
bds when no active data transfer takes place on the data line. 10
11. ' The method of claim 10, further conprising the USB host device
operable tenporarily renoving the weak pull-up/pull-down when it is
receiving and/or transmtting data on the data line. 12. The net hod
of claim@8; further conprising: 15 transmtting a clock signal over

the clock line; anehlmaasBdosdalenict tooths ISH lnth, phercin the fitkh B deyéceat a
rising edge and at a falling

edge t he,cl ock .sign t
met hod of claim eppqatﬁ%Sr?eﬁle"é%rtﬁgp%zh"ébdeﬁh"& anlrE‘?“%*ﬁ %gx'??gg’%%r?d
the second USB d@yl &8, 06889enek.ng and/ or receiving data over the
data. line; and the first USB device and the second USB devi ce each

sending a clock signal over the clock |ine when performng said

sendi ng the datamp, k Qe td feénd UgBadevideaippearssasua ce
synchronﬁs / thqg]ﬁe%%%g.off% 12?3The rlrrgt hod of cl.ai.m 8, V\I;nerei n the
i nt er connect ed budsvicatd the fistdsB dewiee and ta the BB A9stViGe-di r ect i onal
data lines. 15. The nethod of claim@8, further conprising: 30 - -
.coupling a USB hub between the first USB device and_the secqnd l%gB
‘device via tf®e i mMuemeahsbet cliius] 5, abdretrpsaid epuphingfhe B hesseviesio the
device to the US ., Wherein the.fi I85R, i g Hue Vida
device to the Usgjﬁg’ﬂb&aﬁ’él@%é’ﬁ&&a tglgius as Sg%égggﬁoogf'to t he
second U§B devi Cetardadi@ssSFenneetidrod of clai m 15, wherein the second

USB device appears as a device to the fist USB device and to the USB
host devi ce. '

'18. A system comprising:
an interconnect bus comprising:
‘a bidirectional clock line;and
15 a bidirectional data line; _
wherein a2 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
wherein the interconnect bus is operable to transmit data over the data line
20 according to a bus brotocol configured with a handshake mechanism, to
intsinsically prevent bus contention;
wherein the interconnect bus is operable to convey command/control state
information of the bus protocol over the clock line and the data line,.
wherein respective combinations of static states' of the clock line and the
25 data line held for specified time periods correspond to respective

command/control state information,

19.  The system of claim 18, wherein the interconnect bus further comprises
one or more additional data 1i£1es.l
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17. The nethod of claim 15, wherein said coupling the USB host -device
t-o the USB hub'cofprises coupling the USB host device to the USB hub
via a 10 standard USB connection. 18. A ‘system conpr ising: an

i nterconnect bus conprising: a bidirectional clock line; and 15 a
bidirectional data line; wherein a clock signal transmtted over the
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-
cl ock signab; amde syhteneifclaie]s,nyiarcioiiee data v sampled e ihgoneng 6dge
transmt data over, the data lLin 2 c ing to a bus protocol

confi gur ed mﬁtha&yﬂ§ﬁ&§ﬁgf%eﬂ%%ﬁah?gﬂgéﬁéﬁgintrinsically prevent bus
contention; wherein the interconnect bus is operable to convey
command/ control state information of the bus protocol over the clock
line and the data line, wherein respective conbinations of static
states of the clock line and-the 25 data |line held for specified tine
periods correspond to respective comuand/control state information.
19. The system of claim 18, wherein the interconnect bus.further
conprises one or nore additional data lines. 30 13 20. The system of
claim 18, ‘wherein the data is sanpled at the rising edge and/or at a
~ falling edge of the clock signal 14
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