2 7 SEP 2005 METHOD AND APPARATUS FOR | MPROVI NG TI ME CONSTRAI NTS @IPSEP 2[][]5
EXTENDI NG LI M TED LENGTH CABLES I N A MULTI PLE- SPEED Bus Backgrou
Information 5 The present invention relates to conputer communication. More
specifically, the present invention relates to a systemthat provides for
broadened time constraints under a Universal .Serial Bus (USB) protocol

utilizing sp t ended cable ans, in addition
to ot her beng PB{;%BE?&M.&%SF %@ f%ef rt? V?§§FFWN‘F|tIed
"Met hod and Appar at us ?‘or &t H{“T'U‘Fd EEB Wersal Serial Bus
Protocol in to a Miltiple Speed Transm ssion Environnent”, filed on even
date herevga%g ngqrg ar e several nmet hods for enabling communi cati on between
conput ers Bcomput er and peripheral devices in the art today.
One nethod of ﬁOI’m’UI’II cation utilizes the Universal Serial Bus (USB)
protocdl . USB P DRAFERELINEItieB AifiEsdP oo RUtergomBnisatiagr Maseranenifisalil g wi th up
to 127 devices ,using a single, 15 standardi zed communi cati on schene. USB
version 1.PEESERidREepion ‘e'fteito a gystem|thys peotvisias for brodaneddime nensiraints uodgyabl e of
utilizing connecti n? cables of no |onger than 5 neters each. The total

di stance. Wdysfwberial BsstUSBd mpiecet utdiaihg aplivsBraatticns reablingrekphdanble devi ce can
be increased by using one or nore hubs. Up to five hubs can be connected
bet ween c&B#rEsin@dditiorptotothef barefitye Pesant aaaitionisrelatedvd afplisationtialed, Maxi mum

cabl e span of 30 20 neters. This maxi num cable span is inposed by the

| at ency coMsthodiand 4 ppdrathier Be&el Dévelqpretiddaler UkiSEsdl Seridl Bus PRASILINOT
transm ssion speeds of 1.5 Megabits (Mips) ("Low' Speed) and 12 Mops

(" Ful | 10 Spdddlyiple Bpemrttamaissioa Ensibdnencapafilcd oy onrd dhl@crd3@itAet €r  recommended
maxi mum given the USB 1.0 maxi mumtransm ssion rate, would violate the

timng constraiThérs atersp@ss ehelhods e bR OEM muni@tSt RO RALBALLRIslaKd unrel i abl e
25 performance. | 2 7 SEP 2005

between a computer and peripheral devices in the art today. One method of

communication utilizes the Universa! Serial Bus (USB) protocol. USB provides a

computer with a means for communicating with up to 127 devices using a single,

15 standardized communication scheme. USB version 1.0 (USB Rev. 1.1; USB
Implementers Forum, Inc.) is capable of utilizing connecting cables of no tonger than 5
meters each. The total distance between a host computer and a USB-attached peripheral
device can be increased by using one or more hubs. Up to five hubs can be connected
between cables (of up to five meters each) to provide a total, maximum cable span of 30

20 meters. This maximum cable span is imposed by the latency constraints of the USB 1.0
protocol. USB 1.0 is.capable of transmission speeds of 1.5 Megabits (Mbps) (“Low”
Speed) and 12 Mbps (“Full” Speed). Extending the cable span beyond the 30 meter
recommended maximum, given the USB 1.0 maximum transmission rate, would violate
the timing constraints imposed by the protocol, causing potentially unreliable

25  performance.




Different nmethods have been utilized for extending the maxi nmea S
of USB 1.0. One nethod involves taking advantage of the re-try operatton
utilized by USB 1.0 to conpensate for |ossy cable environnents. Figure |
provides an illustration of how cable extension is perfornmed for USB 1.0
in the prior art using the re-try characteristic. A 5 conputer host 102

conmuni cat es Wh. eripheral devi.c 04 vi,a USB.1.0 cannecti.on through
a cabl e exten e‘rrféglfgk'%e‘bg%qﬁfﬁele%'éhﬁe% rsetxéet"flg'lggvé“%?‘f’@rc lg)|818':’*18é‘)’4rt\r'rruni cati on,
wherein t t.is t Jmaster, .initiating all interactions,(prqviding data
or recei vgsaqg);t%{‘e %%%.'“Y(ﬁveétd "'f“étﬁgfé‘gtthe r@ﬁ%’rﬁ?P’é‘“%Eﬁﬂze‘iéﬁgggchem, a
host 102 F%?uesti n&éﬁ}d@t@ﬁl% from a device 104 first sends a token 110
over the f{rtoney r lopsyreable epytpnesatsq Fisyee harovides anglingigation ¢flowpeed
"First-In/First-Qut' (FIFO buffers 114. The token 110.is then translated to
what ever b Stegsion is ngefprmegdder YSB 4.0rin thegiionart nengythe s tr chargteristjc. A f i r st f ar
transceiver 116. The token noves along the |ong cable 118 to another far
transcéi vermpuy how 192 commpritatgsarith bparipherel dosise 109 vinal UIB bicapedibn The t oken
110 is next forwarded to the device 104 over a second full/low speed bus
122 by a pevighe caldpedtmsier (64 USBeitiizes s espovidavegatan d0&noamidaton,5 del i ver ed
fromthe device 104 to the host 102 over this extended cable configuration,
t he host whereinitheeliost is thetmaster, GnitiathiRballnaietactionsf(providing ddat @ rec@fvirgrdatahi ch t he
host will not accept the data as a response to the first token. The host

102 wi | |, 168)whvedatagequest adxampraindentdistscieriz, a hest 10 red@Btindeea108dronf thi s
configuration, data 108 received fromthe device 104 at the full/low speed

FI FOs 114adecesitoarfis safds bbkefrll F5vdi i firstisBmé 6 LMIlNSwIspsed ba1 12501 ecei ved by
20 the FIFOs 114. Upon receipt of the token re-try 126, the FI FGCs 114

forwang t haldatspeckOBir@n/FRstRR (FIFDoulBe 1147 PRE hidg NOL then $AR1RARSPECt i Ve,

t
the first token 110 was never recei'ved by the device 104 (because of I|ine

| 0ss, et Cywhae@ddPrdidtdl Hatifzead9 218fowiR ﬁjnﬁgga@mﬁfbtg ﬂﬁgﬁg&ﬁﬁeﬁ& iihe token

re-try 126. Wth certain USB transaclio an ackno enent is expected

by 25 therflext&imd Q4 agﬁgmft@?gé%&%tziagggﬁd&tlﬁpﬁrﬂqgﬁgvg‘i b W6ErRhiatelie | ONG

cabl e 118, there woul
back to USB 1.0 full/low-speed. The token 110 is next forwarded to the device 104 over a

second full/low-speed bus 122 by a packet repeater 124. Before response data 108 can be
15 delivered from the device 104 to the host 102 over this extended cable configuration, the

host is likely to time out 125 waiting for the data, after which the host will not accept the

data as a response to the first token. The host 102 will, however, send at least one token

re-try 126. Because of this configuration, data 108 received from the device 104 at the

full/low-speed FIFOs 114 are stored at the FIFOs until the token re-try 126 is received by
20  the FIFOs 114.

Upon receipt of the token re-try 126, the FIFOs 114 forward the data 108 on to the
host 102. From the host’s 102 perspective, the first token 110 was never received by the
device 104 (because of line loss, etc.), and the data 108 was received only in response to
the token re-try 126. With certain USB transactions, an acknowledgement is expected by

25 the device 104 from the host. With the added distance of the long cable 118, there would
2




be no way to return an acknow edgenent fromthe host 102 to the qvggp 2005
(triggered by receipt of the data 108 at the host 102) before the device
104 enters a tinme out condition. Thus, the packet repeater 124 nust create
a “false' acknow edgenent 128b to send to the device. This is dene right
after the packet receiver 124 receives the data 108 fromthe 5 device 104.

The "t ' ' f t 102 to.the FIFOs 114
upon 1+ ecaiRToo hE AR PE e Geckiont B R {02 G By ety

f ded ' int, T - t h tablished t i nt ai

communi cat Fo poe e P you! [P bFoteile 446 Tha P SRR cekmaiiens enci on.
one (or m)fh%% tre-tgcé in e transact i‘tg{; Js used to for cable extension,

| eavi ng one She RS FERPREr TSt greqig p “false’ sicknavrledgempnt I28inoseriatiey

reliability is reduced. Further, when a transaction requires an

acknow edd&¥isit T 1sdqne right gfterdhe packetirersiver Hddaecaivep digrdeta 198 fromthe

essenti al I(}/ _lie in creating the false acknow edgement 128b, and

t her ef or e, 3¢V e | e ihectryg’ prknoailgdgeraent | 28ads samt fromrikeletst U1, to the &IF Qs 4
transacti on was successful, regardless of what really happened. This :
under ni nesUPPREEcaiBt Qffthedata 108. 1k trap hekinpyledgement 128p4¢ mmnforwanded beyond hi s schene
depends on “slow re-tries. lithe configuration inplenments a shorter

peri od betfs@pinke-tries (or doesn't provide for re-tries at all), the

cabl e-1engthening ability is reduced proportionately. As stated bel ow, USB
2.0 (Revi si onThe G-tramhehe 2as e20fed t6 oninesacphraynicstioh icigsliguoh f ast
re-tries that basically no cable-Ilengthening can be obtai ned through a
net hod suochiliasg this methadfoAcatsnetenspnsorerfochortlSB-thaa chdanngielal ioped t hat

i ncorporates various advantages over USB 1.0, including nuch accel erated

dat a t reansft ebleantendion, l@dingdBB(02 nbie) 1ésh - L Wr M6 BESRBY, ToaRiaWy At el y
forty tinmes faster than USB 1.0. It transmts data at 480 Mips, called

"hi gh" speethbfitpipedeed. turthbe when Mipsa@ion eBirds & ackiidtibdgefRRSY e Under the
USB protocol, re-tries nmay occur inmediately one after "another. This,

conbi ned Webide 1 1€ iR DablcRrREdiea4 Y : .0 and thus the.
ebvidc 1 18 (1R PalcaBbd; _srﬁgﬁg&:gdgégﬁ%&ggﬁg HoBI

i ncreased speed of re-tries, make it 3
acknowledgement 128b, and therefore, the device will believe, in each transaction, that the

transaction was successful, regardless of what really happened. This undermines the

15 effective reliability of the system. Finally, this scheme depends on ‘slow’ re-tries. [fthe
configuration implements a shorter period between re-tries (or doesn’t provide for re-tries
at all), the cable-lengthening ability is reduced proportionately. As stated below, USB 2.0
(Revision 2.0; April 27, 2000), for example, utilizes such fast re-tries that basically no
cable-lengthening can be obtained througﬁ a method such as this.

20 | A ncwer version of USB has been developed that incorporates various advantages
over USB 1.0, including much accelerated data transmission. Titled “USB 2.0, the new
version is approximately forty times faster than USB 1.0. It transmits data at 480 Mbps,
called “high” speed (compared to the 12 Mbps of USB 1.0, “full’ speed), Under the USB
protocol, re~tries may occur immediately one after another. This, combined with the

25 dramatically increased speed of USB 2.0 and thus the. increased speed of re-tries, make it
3




i mpossi bl e for the above-mentioned, sinple "re-try' method to enat}q SRP! 2005
extension with the USB 2.0 protocol. The anount of tinme between re-tries
under USB 2.0 is one-fortieth of that for USB LO It is therefore

desirable to have a systemthat provides for broadened tinme 5 constraints
under USB 2.0 protocol, enabling extended cable spans, in addition to other

benefits.. Bri ription he aw.ngs 10. Fi qure rovi.des.an

i |lustrat ll"ﬁ{?kso le 53v€ec%bg)w%m§9igélﬁas’-isbmﬁqf e F’Sﬁ}‘ﬂ%g’ ‘%gli’le Efégp%?%'s'of‘ Hmf‘he prior
art using,t restry o ation. FEi.gure 2 provides fl .description for a
b 50 bk U F holostf o iR e oEEeR i it Wdes VSRS Srerih g e 3
descri bez%ft ne @Hﬁé ﬁi on flow of a high-speed to high-speed USB 2.0 cable
15 exten Aofe I% Pnci pl es of the present invention. Figure 4 provides a
chart describing the timng of different events in the operation of a

hi gh- speed t o Thisghrrefpeecdss te haye aesyptem that geovidss fon bropdessd Bmet he present
invention. Figure 5 provides a flow diagram of a high-speed to

ful | /1 dweppeantyamiesr USBchd pewtasel, enpdbing enehded gablaspinsl paddifion tvether esent
invention. 20 Figure 6 provides a chart describing the timng of different
event s i nbangitsoperation of a high-speed to high/full/low speed cable
extender utilizing an "N mcrofrane delay between start and conplete
split under principles of the present invention. Figure 7 provides a chart
describing the timng of events in the operation of a high- speed to
full/l ow speed speed translation device in the prior art and show ng the
effects of 25 transaction delaying sources. 4 2 7 SEP 2005 Figure 8

provi des BriefdstrigtReacyfitHeMirakidgs ti ming of events in the operation of a

hi gh- speed to high/full/low speed cable extender utilizing a timng schene

to take advant@ggredfprovides an illustration of how cable extension is performed for USB 1.0

in the prior art using the re-try operation.
Figure 2 provides a flow description for a USB 2.0 speed translation device
utilizing split transactions.
Figure 3 describes the operation flow of a high-speed to high-speed USB 2.0 cable
15 extender under principles of the present invention.
Figure 4 provides a chart describing the timing of different events in the operaﬁon
of a high-speed to high-speed cable extender under principles of the present invention.
Figure 5 provides a flow diagram of a high-speed to full/low-speed USB 2.0 cable
extender under principles of the present invention.
20 Figure 6 provides a chart describing the timing of different ev;:nts in the operation
~of a high-speed to high/full/low-speed cable extender utilizing an ‘N’ microframe detay
between start and complete split under principles of the present invention.
Figure 7 provides a chart describing the timing of events in the operaiion of a high-
speed to full/low-speed speed translation device in the prior art and showing the effects of

25  transaction delaying sources.




the effect of one of the two device transaction-del aying sources. Fi guge 9
provides a chart describing the timng of different events in the 2) %2805
5 of a high-speed to high/full/l ow speed cabl e extender utilizing one frame
(eight mcrofranes) of delay between start split and conplete split under
principles of the pr esent invention. 10 Detailed Descri pt| on Figure 2

provides a flo dtra Iatl

utilizing spli }[M aoﬁt?!eg%gﬂa?{degcrft;ﬁ'%tgﬁ t(i)mmg §€ev8 %{’%W{ g? b}g%l nterface
bet ween a and_f ul 4 , ransl ation is
necessary. Jﬁl}&h p& Zﬁﬂ/l&ﬁ%peed ?abﬁec?x&nggr %‘ﬂz'P%EFB'I‘"ésséTﬁ“e't&Vgﬁf‘ﬁsvé‘ﬁtag?? is
necessary crlibe e operation aof this USB 2.0 15 speed transl ation
device, a thgflﬁ%:g f)?“ebthbceWPﬁ&v'?er%f‘r'i'%?gf’?'g‘i‘r’]@?“?g(ﬁoum ch is described in
application t| " I\/Et% raﬁus for Budget Devel opnent Under

Uni ver sal Serl ""%3?“151‘ fBElEﬂ“qef'Fr ngLihe Hrping o ferant eV es it tha prsption
Environnment”, filed on even date herewith. A host 202 that is, for

exanpl €, r‘@c(ﬁhé@t'?ﬂ?@d gVl dowsisad sabdecxtenderaibizing enecfeamse (eizbt prel i mi nary
nmessage, called a “start split’ 208 along a high speed bus 210 to a set of
hi gh spee@icratiames) qfilelagibetaeercsiart spiigarfdaompler) splisnder peinvipteh pfithe pepared
translation hub 214. The start split 208 contai ns an encoded

repr esent afiYeof the data request token 216 to be sent to the device 206.
The FIFGs 212 forward the token 216 (representation) on to a transaction
translator (TT) 218, which coordinates the timng of the token 216 rel ease
to 5 2 7 SEP 2005 be appropriate for full/low speed. The token 216 is
forwarded via a full/l ow speed bus 220 to the device 206. In response, the
devi ce 206 sends the appropriate data 204 back over the full/low speed bus

220, t hr ouD&lailddeDekdri@ibR, and on to the FIFGs 212 to be held there. At this
point 5 intinm, asinple, non-'split transaction' data request woul d have

| ong- si nce ti MAgdeR provides a flow description for a USB 2.0 speed translation device

utilizing spiit transactions. In order to provide a data transfer interface between a high.
speed bus and full or low speed bus, speed translation is necessary. To explain the
principles of the present invention, it is necessary to describe the operation of this USB 2.0

15 speed translation device, a method of budgeting transactions for which is described in
application titled, “Method and Apparatus for Budget Development Under Universal
Serial Bu; Protocol in a Multiple Speed Transmission Environment”, filed on even date
herewith.

A host 202 that is, for example, requesting data 204 from a device 206, sends a

20 preliminary message, called a ‘start split” 208 along a high speed bus 210 to a set of high
speed ‘First-In, First-Out’ buffers (FIFOs) 212 within a speed translation hub 214. The
start split 208 contains an encoded representation of the data request to-ken 216 to be sent

to the device 206. The FIFOs 212 forward the token 216 (representation) on to a

transaction translator (TT) 218, which coordinates the timing of the token 216 release to



assum ng that the device 206 is currently unreachabl e. However, unge" SEPe 2805
split transaction protocol, a start split 208 is sent fromthe host 202 in
order to begin the process, and-then the host 202 and hi gh speed bus 210
are freed to performother operations (nultiplexing) while a result is

bei ng generated and transmtted by the device in 206. At sonme appropriate

time aft I S| i «:Lhe hagst .20 nds c l ete
split 22?etagslftaﬁ}e&%ﬁr—'@{/I%%%Béeegp@(‘:etté;t(i&\on 60‘? W%raﬁé\‘f%ag‘aﬁ% isll?gef%lb)ysg ng there.
In requnaﬁﬁﬁokéggiconplete split 220, the FIFGs 212 forward the data 204
to the hoSt , nd, if required, an acknow edgenment 222b is returned
fromthe TT 218 (Il ocal, ackno dgnent). 15 Note that at |east two conplete
splits are pri@f%@?s‘?’ﬁheadgﬁ‘lc?' 5‘%65 faPRPRrigfe daadiddrgk oxep theduly/low

m crof rame-spanni ng representati ve nunber of conplete splits plus two

conpl et e SPe§st hus &30, thspughabs Th 8. and amio the RIRQs2 12 &) bedvaldhidensi & BHpOMEs f or
error recovery. For clarity, the additional conplete splits will be

descr ihedh BECohsIP lehnane'spIi transagtidn’ deta sequpst aveglddhave tongz-singptimpdouto not e t hat
any reference in the specification to "one enbodi nent” or 20 "an

enmbodi merfssunhipg it thtdevies 206 is quenahtdyr urfresshalle , Heweveg wodes theaplichar act eri sti c
described in connection with the enbodinment is included in at |east one
enbodi nertrangdctivinprofonglemstard split 208 & senFeeon tha hos 201 it drderphibasethéi N one

enbodi ment” in various places in the specification are not necessarily al
ref erri ngprocess, hed thermihe dod 007 aretitigh fpegdibies 23 0 dasfedet begerfona ogeer ati on fl ow of
a hi gh-speed to high-speed USB 2.0 cabl e 25 extender under principles of

t he presesperatiohe@iultiphexidghwhikca LEEIORILERR cetdratt D dRfaASRIed bPthe dévieEP 2005
invention, a host 302, requesting data, for exanple, sends a start split

304, @ontAENIAIGoe appedprinte ieaTiel RAdIME MR 0HIit Misand hbitad sdhdgh- speed bus
308 to a set of FIFOs 310. The token 306 is then sent along a | ong cable

312 to a adnqﬂbsagpuilm:brﬂeerm:@g%eipEE%tligﬂ&u&éWQMﬁHﬁuy6&9@9{&&?%, the |ong

cable 312 can utilize various possi media utilizing various s protocols.

Ece)r exanplkgonfb tﬁé%%pm&?ﬁ%?ﬁ% Gt 3123888 the Qath 2BSTo BPRsE262P! € mi ght

and, if required, an acknowledgement 222b is returned from the TT 218 (local
acknowledgment).

15 ~ Note that at least two complete splits are provided in addition to the first complete
split (or microframe-spanning representative number of complete splits plus two complete
éplits), one per microframe, in the following microframes for error recovery. For clarity,
the additional complete splits will be described below with respect to figures 7 and 8. -

It is worthy to note that any reference in the specification to “one embodiment™ or

20 “an embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the invention.
The appearances of the phrase “in one embodiment” in various places in the specification
are not necessarily ail referring to the same embodiment.

Figure 3 describes the operation flow of a high-speed to high-speed USB 2.0 cable

25 extender under principles of the present invention. In one embodiment of the present
' 6




utilized. An upstreamfar transceiver 3 16 and a downstream far td&ﬁsSEPw3m5
318 are used to encode and decode, respectively, the token 306 and ot her
information to be conpliant wth whatever protocol is utilized for the

| ong cabl e 312. In one enbodinment, the TT 314 forwards the data requesting
token 306 to a device i0 320 via a second hi gh-speed bus 322. In response,

the devi Candafio Hds PECKqRRR QR m é(amgﬁ:t ?enééazsgarg gb%tg@} %o.ﬁglfhn queued in

the FIFGs whil e vvaltlngfor a conplete spfit recelve fromthe

host 302 (4akaereauezﬁngteﬁen%96ﬁaEﬂrsﬁ@@s{?@&%%s%@g&Sfmﬁg)g 338 nJg, é{)gmggff‘f“ on

USB scenari o has | ohg-si'nce passe on receip

S onal is el S Abd: 4 05y BRI 78 bt [ lator r B SdRReE 9285 | s
sent from VIC ..320 ecei )f. the data 324 at the
~TT 314. The 5t e“ﬁé‘%n‘é g%@ﬂr@ﬁ‘i“ é%\"a“é’l’%?qs%{@*ef’lfdﬁf%“ g various s not

f or war ded t th F 10. Fi.qur provides a chart describing the
timi ngdsof %?‘Pf(g? elﬁq ‘Vﬁ? gor-v,q% ’t?ﬁgjr&ifﬁ astep p fikerptip callemight be hi gh- speed
cabl e exten e u der principles of the present invention. 20 USB 1.0
utilizes d" n ppstregnpfer H@'&gﬂY%ﬁ%Q“dI@rﬂ?\mﬁ@ﬁma‘af tanaggeiver 3 Heraussd USB 2. 0
i nvol ves nuch reater speeds and thus, deals with nmuch shorter tinme spans,
a new net r‘PE"CQﬁ'Sé"Cb‘é"éPﬁe@Feé%?Fé‘éP})’, dwitoker 386 ridcatlosr irdorstationrdercotipliant pr ot ocol
one mcrofrane is equal to 125 m croseconds (uSec.) and is 1/8 the Iength
of a frané““FUP@ﬁ@?Pﬂ$¥0héumﬁ§©ﬁ¥ﬁwﬂmubmbbﬁﬁkrstand that under the USB 2.0
protocol, 'periodic' transactions (i.e. Isochronous and 25 Interrupt
transact i ons) rayndembodimentyithet B igrfbrwactisthedptat rbquebting36kBOY6 & a ddvice
mcroframe. 7 The |last 20% (25 uSec.) is devoted to "~non-periodic’

transatt i o129 vid a scordonigh-speediing 3BU| k resporaaIBEddviza S0 seNas Back Aasrop@ite per i odi ¢
transactions do utilize conventional re-tries (re-tries provided for the

start spl idas)324aitic tdwd24 is heeupd mBNFIFOB WaNE iveiling for aRb@pRAAH BEeOUS for
periodi c transactions (which do not have start split re-tries to utilize).

However, theaeceiyed éeithe havy BOY (tHRMinRabr dxBedild datazedih afidp ahby-BaRi odi ¢ and
non- perlodlc transactions. Looking at an arbitrary mcrofrane in tinme, a
first m crigihsanes UsBiscdhafi®@lashéhg-since passed). Upon receipt of the compiete split 326,
the FIFOs forward the data 324 to the host. If an acknowledgement signal is necessary for
15  the transaction, a TT acknowledgement 328b is sent from the TT 314 to the device 320
upon receipt of the data 324 at the TT 314. The host acknowledgement 328a, similar to
figure 1, is not forwarded past the FIFOs 310.
Figure 4 provides a chart describing the timing of different events in the operation
of a high-speed to-high-speed cable extender under principles of the present invention,
20 USB 1.0 utilizes a metric of time measurement known as a ‘frame’. Because USB 2.0
involves much greater speeds and thus, deals with much shorter time spans, a new metric
has been created, called a “microframe’. Under this protocol, one microframe is equal to
125 microseconds (uSec.) and is 1/8 the length of a frame. Further, it is important to

understand that under the USB 2.0 protocol, ‘periodic’ transactions (i.e. Isochronous and

25 Interrupt transactions) may be transmitted only during the first 80% of any microframe.
7



called mcroframe 0, a start split 402 in one enbodinent is sent [gﬁgp 2085
host 404 (data request or data forward) via a first high-speed b 476. .
Because of the 80/20 rule nentioned above, the start split 402 can be sent

at any time during the first 80%of 10 mcrofrane O, but no later. The

hi gh-speed FI FOs 406 receive the start split 402 and forward the token 410

(or dat a, Theflask DO% (25 GEcd iSRG B MBh-pbitciic’ ot a | ong
cable 414 gnato trge TT 2(138 Uﬁder USg é(l) gﬁag%gﬁooﬁswﬁgﬁ%%%giﬁﬁﬁlo can be

f or war deddnsRabA)ENTE th Bo-PerfbdictPiissBiofk o il Widlespged bus
418) no egrnl ier gt?han t he lo)e E|;rnn|1 ng cs)é~c ?%e n“étﬁ'{z@c%aﬁnﬁgag?%%ﬁ urther, the
device tr f [ LG [ during. a second m crofrane,
m cr of ran@gﬁa%mog ﬁegégg ltltl ons t‘égsb;ageﬁéesaﬁgﬁeg\[}\ﬁ I BIOr Fryantasop Sa&’f split 402
cannot be_s: romthe h 404 during.the |l ast 25 uSec. of each

mi cr of ran%?lgg% tljlaré%%tt‘onigwlggﬁg%%%%aress%r\t/%h}t Khirss ?OdF‘%é%)cﬁl%&FFEéctP? on of travel
across, the | ong cabl e even,considering the worst-case scenario inposed by
t he absoveErﬁsgﬂtt‘ﬁBeﬁ'ganf)aé'r i ‘i’@gi g?thQerg“ldéfr“l"ds“ﬁﬁpf’r‘qﬂﬁt’%i’%'@"gz0 sent

i redi atel y bi_%gke t he | ast ZQWE?%]‘ the mcroframe and the device
transaction t g8 atangarhifrary sejciodagre iy imea sigmicrpfiage,whigh mawke scenario is
traced in figure 4 with the solid arrows (as_ opposed to the dashed
arrows) . TaHebmisrimnsdl: asiart sphidd2 e ppg emhodisrendis senifeoniPhest 4B8ddatat r avel time
(mninmum each direction) is optimzed by adjusting the tine scale phase
of the def@fisst orpipta fmardiend clrstighrspeed hesH 61 Seoatieisitbel3¢ULvle hat the series
of mcroframes is identical to that of the host 404 8 2 7 SEP 2005 except
that by thentipeed dwve thEiarpeplic4(R danrbe sadehanyitoreafuriagthedoa 0% of2.-5 uSec.
earlier than it does for the host 404. This alteration nmakes it possible

under 14 hemwoofsinedabet rodanarThe highrspeed FIoRe A06 dQeivehasng splitao? ke host 404,
to arrive at the TT 408 at exactly the beginning of the next mcrofrane

(m cr of r afvewdrd kiereenantl (dritig, if e Bdbtesch rdoer Haf habklryqubQy Wassdethno the 5
device 412. If the device 412 phase is not shifted and 12. 5uSec. of travel
ti me wer ecabirerrded tf ®& TH@gsel ected | ong cabl e 414 configuration, under the
wor st - case scenario, a

Under USB 2.0 protocol, the token 410 can be forwarded from the TT 408 to a
device 412 (via a second high-speed bus 418) no earlier than the beginning of the next
15 microframe. Further, the device transaction is allowed to occur anytime during a second
microframe, microframe 1 (with excgptions explained below). Because a start split 402
cannot be sent from the host 404 during the last 25 uSec. of each microframe, at least 12,5
uSec. is available for cach direction of travel across the long cable even considering the
worst-case scenario imposed by the above-mentioned parameters - the start split 402 being
20 sentiimmediately before the last 20% of the microframe and the device transaction taking
a full 125 uSec microframe. This worst-case scenario is traced in figure 4 with the solid
arrows (as opposed to the dashed arrows).
In one embodiment, the utilization of this 12.5 uSec. travel time (minimum, each
direction) is optimized by adjusting the time scale phase of the device 412. The device

25 412 phase is adjusted such that the series of microframes is identical to that of the host 404
' 8




reply 420 (data or acknow edgenent) would not be received (from th® Jd§FPc2iis
412) at the TT 408 and forwarded until the beginning of a third

mcroframe, mcrofrane 2 (this exanple). The reply 420 would arrive at the
FI FOs 406 12.5uSec. into mcrofranme 2. If to a conplete split 422 was
received by the FIFGs before that, the transaction nmay be lost - there

woul dhav e:xag that'by the BéteetL 2 ﬂ%r&cp(ﬁ;ovflf bdctiinidfta 90&:?]1'%32. p@c.%ﬁ?%\ﬁ%gﬁ d at

that tine. igure 5 provides a f di agram of a h-"spee

ful'l/1 ow spggd f&%%n%ﬂsp’-l(ﬁamh% a?té{aﬁé}gﬁl%kelg Ho5sible hri? %ﬁl%%?orﬁ{%@steggegglrécge fognt

invention. In an enbodi nent o presert inven nal flow

of the highs . I d. cabl e ex r is 15 basi.cally. the sane
as the hi SGL‘?E"-E‘Z‘@% ‘%"g“%ﬁ‘{‘é‘ﬁ%"?@bﬁ“&"&&%ﬁ&éﬁn‘gﬁ&\‘zﬁ@# the BeBiniane o

di fference,l s..t hat 4 nformation ssin et t he .host 502 and the device
504 is noteI hé Iie&%'\?‘zcrr?#é%"eb{m'f’ﬁh'algggg'ﬁ@ ?rglrtﬁ'fs? g%éﬂ%?"g’ér’"s?ﬁéy E‘E‘t"?f@%mt‘% | ong
cabl e' s, 50 r |, and th hi gh- speed protocol.. Rather, it is converted
bet weer’ thusvﬁf)%fggmegk‘é‘c%ﬂ)@ WE&@EB&%%&! apt 2-54Sgp- of fravel dmeasrepr ot ocol |
utilized b % ful h“/f‘l w spieed bus 510. 20 Figure 6 provides a chart '
descri bi nd%’f d for ctrc Jon g qabledi # cenfigyraion iinderdheperstaeabossenatip, & hi gh- speed
to high/full/low speed cable extender utilizing an "N microfranme del ay

bet ween st&RY 4%191@35&%17]@9@@6%%“%%@@ ngjrole mesejyed Eranf the devigrdpaitthd nvent i on.
Positive whol e values can _be chosen for N In one enbodi ment, described in
figure 6, N i Jorwarded ugtildhebagbuingentia thisd wiceaftamephicrof&ge 2i(thisent from t he
host 604 to the FIFOs 606 via 25 a high-speed bus 608 during the first 80%
of mi crof reampig)- Thereply@h veudl drgve didhe FIFQs 206553868 ntb eviaatse?.fifom t he
FIFOs 606 to the TT 614 across the long cable 612. The anmount of tinme

provi déd famompleamspiit $2% was recsi ad dy el IFOngeforithe, thd Ranssctide ey B edl by t he
value of N. The greater the value of N, the |onger distance the |ong cable

612 can sphee weakdhavnbeeany replyataasie FIROS es tabuicbead fdNvRiaVitdRstifer an
increase in cable span equal to one half of a s mcrofranme (125 uSec. / 2),

representati ve Fifures proeided £ ek dagRnbstti Higidgpetd iol fuBR-§REd 9B 2.0diabCt | Ons of
transm ssi on.

extender under principles of the present invention. In an embodiment of the present

ipvention, the operational flow of the high-speed to full/low-speed cable extender is

15 basically the same as the high-speed to high-speed cable cxten.der shown in figure-3. The
difference is that information passing between the host 502 and the device 504 is not
converted by the second far transceiver 506 between the long cable’s 508 protocol and the
high-specd protocol.. Rather, it is converted between the long cable’s 508 protocol and the
full/low-speed protocol, utilized by.a full/low speed bus 510.

20 Figure 6 provides a chart describing the timing of different events in the operation
of a high-specd to high/full/low-speed cable extender utilizing an ‘N’ microframe delay
between start and complete split under principles of the present invention. Positive whole
values can be chosen for N. In one embodiment, described in figure 6, N equals 2.

In onc embodiment, a start split 602 is sent from the host 604 to the FIFOs 606 via

25 ahigh-speed bus 608 during the first 80% of microframe 6. The token 610 is then
-9




The TT 614 sends the token 610 to the device 615 via a high/full/|B3y ggpegggs
bus 618. Simlar to the enbodi nent described in figure 4, the phase o
mcroframe timng may be offset sone tine, 't', to optimze mcrofrane
constraints. In one enbodinent, the 1 o value oft would be determ ned by
the value of N and the | atency inposed by the distance/speed of the |ong
cable 612. In one enbodinent, a reply 616 is then returned fromthe device
615 and forwarded to the FI FOs 606, whereupon a conplete split 620 from

t he host GO@W%thédFIFOEJéQﬁOtheJ@ ob# aqsgss the done eabdl R e Thapmounigf0, the reply
616 is sent to the host 604. 15 F| ure 7 provides a chart describing the
timng of elenprovided forgngpissienacips t 10@5%P8ﬁ12 is determined by the Mlvegt{Ns peed speed
transl ation_device in the prior art and showing the effects of transaction
del ayi ng solhcEeterfisealue efifthithrdenssi divense Weloas "3@%%2 RSPy E8CUWREY ce al | owed
a full mcrofrane t hese sources of delay can cause a repl 704 to be

f or war ded slﬁ‘ﬁ'?i‘%’i ‘ih%ﬂ’ﬂ"f)’ qf&%ﬁ’““i@ﬁg’tﬁa%“f’ﬁﬁﬁt“ cehie shan eqplip gee afﬁfﬁ‘ here are two
signi ficant sour ces evj.ce transac e soyrc " bi
stuffing® aFi‘éF’ F‘?@‘eé 2%é‘rs"' }s/h HRfESepTALYeE P‘i‘edﬁ"’“’?éf“’ta gt vy ﬁ@de ﬁ%“"’r‘?ecessary
where a daﬁrg. eag1 remai ns unchanged (remains at "0' or at '1') for a
certain nunb&H ST, Bit stuffing invol ves the insertion of a "0’

bit into the dat cIr al tr l.on an t he data
wires so that a—%ﬁase %se" “5“6}‘1“’“%1?%&% ev'ce M cCale a}’r 3hn/1liaolwn5p5 t'Uhed to the

timng 10 26 8 }ba%Qo tﬁe %bo&i%&&f&c@lb%&ﬂ ?gm 4%\6 ph%ste%ghle i e%q'anguD to 16%

to the nunber Its require ven transaction.” A bus
recl amation Yos 2 send a

t oken (or da?gyg‘?’%"t?sﬁ%‘gﬁ"é‘gu tcrelggtgg"n%ecaufs}%&'?ﬁ) ;‘lgi’l;uzs ?rf %V%IS‘]BM%E%J% 722 is
~already gei UQuéoﬂWoLlH%@ﬁieitérﬁ{fne@b v de U o RSP b by e non-peri odic

transaction nust be conpl e ore t he peri odic ransact| on can be run.

Thi's sour ce Rfndal éﬁoﬁqglﬁm?gg}étﬁ@n additional mcrofranme on top of the
allowed mcrofrane transaction tine of the device 702 for a

In one embodiment, a reply 616 is then returned from the device 615 and
forwarded to the FIFOs 606, whereupon a complete split 620 from the host 604 is awaited.
Upon receipt of the complete split 620, the reply 616 is sent to the host 604.

15 Figure 7 provides a chart describing the timing of events in the operation of a high-
speed to full/low-speed speed translation device in the prior art and showing the effects of
transaction delaying sources. When combined with a worst-case scenario (device allowed
a full microframe), these sources of delay can cause a reply 704 to be forwarded
substantially later than without these sources.

20 There are two significant sources of device transaction delay. One source is ‘bit
stuffing’ and the other is ‘bus reclamation’. Bit stuffing is necessary where a data stream
remains unchanged (remains at ‘0’ or at ‘1°) for a certain nuﬁber of bit units. Bit stuffing
involves the insertion of a ‘0’ bit into the data stream to cause an electrical transition on

the data wires so that a Phase Locked Loop (PLL) system can remain attuned to the timing

10
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reply 704,706,708 to be returned. Because of potential delay causetg ?ySEP 2395
these sources, USB 2.0 protocol allows for io there to be miltiple = _

conpl ete splits. The nunber of conplete splits provided is the nunber of "~ -
m crof rames during which the device transaction occurs plus two additional
conplete splits. For exanple, if the device transaction spans no nore than
one mcrofrane, three conplete splits are provided (1 + 2). Three conplete
splits 704,706,708 are sent out by the host 718 during their 15 respective
m cr of r ames of the dagzcronadBit suffihecas alibiprig 1625 tdbe nindesdbitcesuied tadel ay, one
source, or both sources, affecting arrival tine of the reply 711,712,713 at
the FI FOs 7IrénsmitA givepirgnsaciall.l ed 'reply(])' 711, may be sent fromthe device
702 to the FIFCs 716 under a situation where the device needs m ni nal
transaction ti meA bysecclamatienssouise ofdislen PapperFinden e T y2q musywdit @seridves at t he
FIFCs 716 before the beginning of mcroframe 2 and is stored 20 until the

FI FOs 716 r &ken (@edad) o the dayice dGhhsrasetheiviiflaw speesihyb 832ds alishdntbeikg704. The
reply(] )711 is then forwarded fromthe FIFOs 716 to the host 718. If only
one sour ée Bhlizgdfopgnenspesicdietransydien The nen-pasiodic gansgctiphgugt beogmpietedne

m croframe) or bus reclamation (one m.crofrane)), depending on how |long the
devi ce 702 befprgtheperiodifransacion cag P@“?-eﬂ‘%ourﬁéﬁﬁcg‘?@?dd?ﬂ?,m difiong} rj ve at the
FIFGs until so time d_ri\r%ﬂ 25 m'cqroframa 2. It gay have m ssed conpl ete
split-A 704 (FEFEREF I 6 HieqbRrrd Quspiamedrasastiop tigesf oip deyice JP7 for o was rel eased

wi thin mcrof '{ e reply(2) 712 would then remain in the FIFGs
until conpl é?@%%?@@é %63?”8’64/'%& ved. The reply(2) 712 is then forwarded
e 05 il B RAE 0RO B NS s SR eFSP L
pose! O etk R B 30 B8 856 e i 101 1(9), 739
EERERE ST O T T e N
complete splits. For example, if the device transaction spans no more than one
microframe, three complete splits are provided (1 + 2).
Three complete splits 704,706,708 are sent out by the host 718 during their
15 respective microframes to accommodate there being either no sources of delay, one
source, or both sources, affecting arrival time of the reply 711,712,713 at the FIFOs 716.
A reply, called ‘reply(1) 711, may be sent from the device 702 to the FIFOs 716 under a
situation where the device needs minimal transaction time {no sources of delay). The
reply(1) 711 arrives at the FIFOs 716 before the beginning of microframe 2 and is stored
20 until the FIFOs 716 receive the first complete split, complete split-A 704, The reply( i
Y711 is then forwarded from the FIFOs 716 to the host 718.
If only one source of delay is experienced (i.e. bit stuffing (16% of one
microframe) or bus reclamation (one microframe)), depending on how long the device 702
transaction takes, the reply, reply(2) 712, won’t arrive at the FIFOs until some time during

25 microframe 2. It may have missed complete split-A 704 (depending on when complete
11




speed to high/full/l ow speed cable extender utilizing a timnmng sch@*r‘p EP 2005
take advantage of the effect of one of the two device transaction-del ayin
sources. As stated previously, to each frame is conprised of eight '

m crof rames. Al though transactions nmay span between mnmicroframes within
single franes, USB 2.0 protocol prohibits the spanning of transactions

from one fsg,gg.]g w8 rdifRed Sithin mggﬁg@g% niih%rrg@g@ygggw@ﬁd {8 rdePdid 9{)&1@9

m cr of rame TIme constrain e sy e Inproved by taking

et 202 kol i coBRRSEYS BEFOUST IO Th ARSEAL OISO L

one frame to rame, 1 begi nni ng
f h f t i .nni f h m f 0 hi gh/ful I/l d
bus 502wt g Ia e Pietey S B0 B v znelken 1 Bf mapie s ERt | mut ng

fromthe eviou icrofrane, .mcrofr . In order to take advantage of
this, in %“e‘\‘[@ﬁgbg%hﬂ'}mM@O??%g’wéﬁbqgﬁg%wma@% PH-BOE6 banbeemT 806) s
adj usted in ph s% to ke it so that a start split (token) 808 |eaving the
host 8f0 echeE‘I‘?g- | B%E"ng”ﬂd%m%t@GW%WHG%‘B}J’Q@F&'@C«@mcmplmémw ame 0),
will arrive (the token 814) at the TT 806 (given the | ength/speed of the

| ong cabl /08 bolpraesiing rsleased thihgibasii’i® of what the device 804 sees as being
mcroframe O (phase shifted). Under this set-up, the token 814 wll be

wai ting in theFEPrgdprovidesaghariodebesibingghé timétg of ewends ie theafpetatien bf gfighi-ul | / | ow
speed bus 802 of that frame. This elimnates the possibility of having the
one- m cr ofspeaddo bigh/frlbbdvasmeed oable @Fended wifizokgraitinging buberhe istakaadvaahgeote of
each frane. Knowing there is this extra one 12 2 7 SEP 2005 m crof rane per
frame t hatthekffdct ofodnclo theawd deliee tramssieibadela)ihgvauraespas ekt PpeSidublgy ease in

| ong cable 812 length (for a given speed) w thout fear of perfornmance

degr admt i agach frame Beomiptisdi ofeight midisfranRBIAGBAIH 13 ciichsine paskivédn | engt h
to sone threshold, at which further increase would affect system

reliabilitiicroffaings Witinaffe frdindsO0IB QAYr6to8d DrohibiBNe: dPpa §BudnBRtiGRT! et e
split-A 816 to be nuch less likely of ever being utilized. In one

enbodi Ment frork Bk frih&io 1FORB BbShnkkY thicrdtBihea0 &&%M&Qngﬁﬁ@rﬁﬁaﬂeb). I t being
unnecessary. Figure 9 provides a chart describing the timng of different
events in the GRRERLdsARints of the system can be improved by taking advantage of this
property. Because no transaction will ever continue from one frame to the following
15 f{ramc, it follows that at the very beginning of each frame (the beginning of each
microframe 0), the high/full/low speed bus 802 will be available for transfer (no
transaction will be continuing from the previous microframe, microframe 7). In order to
take advantage of this, in one embodiment, the time base of the device 804 (and TT 806) is
adjusted in phase to make it so that a start split (token) 808 leaving the host 810 at the last
20 possible moment (20% before end of microframe 0), will arrive (the token 814) at the TT
806 (given the length/speed of the long cable 812) before the beginning of what the device
804 sees as being microframe 0 (phase shifted). Under this set-up, the token 814 will be
waiting in the TT 806, ready to be the first transfer of the high/full/low speed bus 802 of

that frame. This eliminates the possibility of having the one-microframe bus reclamation

25 delay during the first microframe of each frame. Knowing there is this extra one
12




of a high-speed to high/full/l ow speed cable extender utilizing N 7asepdzﬂus
(where each frane is eight mcrofranmes) of delay between start split an
conplete split under to principles of the present invention. In one

enbodi ment, the start split 902 is sent fromthe host 904 to the FIFGCs 906
via the high-speed bus 908 during the first 80%of mcrofrane 7 in frane

0. The to nt ation.thereof) 910 (s forwarded to the TT 912

acr 0ss aiﬁg{sj}gée@ﬁ? Eﬁgxag%gﬁ'aiwélhﬁo? hﬁll(g{ &lﬁ‘l&' ﬂelgﬁﬁ\qv‘és YREF@ghINCIeRsE ip

hi gh/ful | /] ow- b 11,. to the .device 916, whereupon a reply 918 is
gener at ed ‘%‘%&@%?%\ﬁg@ﬁ(@gﬂ gixen W?‘gg”‘g‘eﬁfeaméP%@rm@k@&ew@mg held until a
conpl ete spli tl 920 ifw{.ecei ed at the FIFGCs 906, and the token 916 is sent
on to the host g8 SMRE{RCNt,Ge iangcable § ol éncreapeghin haneth to eme tireshaddapl et e
split “"'ng tilized for error conpensation. Utilizing a delay between
the start “Jiff REHH nsteasesuld affashiysenreliabiindEhis inceease ineng daldm@th of ti ne
potentially reduces the anount of hardware and/or software changes 20
necessdr y !f8h cprssh dgEpmpleiesplitad 8tdlopmmenthess fikady bfévagbeiig utiizedyilar of r ame
delay. Although several enbodinments are specifically illustrated and
descr i bed onegrabadimerg, thefiist cohpleapypliemanbedniohat berme bi &t dkihg bmeadishryar i at i ons
of the present invention are covered by the above teachings and within the

purvi ew of t heFigpodmuwddeslaaharsdestAitingithe deingy dfidiferedt Odhtd il ehespbrafidn and
i ntended scope of the invention. 25 2 7 SEP 2005 Clainms: 1. A systemfor

comuni cabf ohighepasd enhigh/Rdidbwapebdaable vktsier G 19 iitafhes (wheltQath coupl ed to a
storage elenent by a first high-speed bus; and a device coupled to a data

f or var di ndrask évegitt niigroRaries oIy t@hvesR 08 s Snd cHRREE PSRl dat a
forwarding el ement is coupled to said storage elenent via a data
t r ansnios sipfifcipiesdfURE present invention. In one embodiment, the start split 902 is sent from the
host 904 to the FIFOs 906 via the high.-speed bus 908 during the first 80% of microframe
7in frame 0. The token (or representation thereof) 910 is forwarded to the TT 912 across
a super long cable 914. The token 910 is then sent, via a high/full/low-speed bus 911, to
the device 916, whereupon a reply 918 is generated and forwarded fo the FIFOs 906. The
15 token 918 is held until a complete split 920 is received at the FIFOs 906, and the token
916 is sent on to the host 904. Note, as stated above, that more than one complete split
will be utilized for error compensation.
Utilizing a delay between the start and complete split that corresponds to a frame
length of time potentially reduces the amount of hardware and/or software changes
20 necessary for implementation as compared to providing an ‘N’ mi-croframc delay.
Although several embodiments are specifically illustrated and described herein, it
will be appreciated that modifications and variations of the present invention are covered
by the above teachings and within the purview of the appended claims without departing
from the spirit and intended scope of the invention.

25
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said device is to receive a start nessage of a split transaction fgd]nsgpegﬂ%
host; and said device is to send a reply, in response to the start nessag€,
for storage in the storage elenent; wherein after a conpletion nessage of
a split transaction is sent fromthe host to the storage el enent, said
reply is to be sent fromthe storage elenent to the host. 2. The system of
claim1l, erein the start nessage is a data request, the conpletion
nmessage i ata request followup, and the reply is a data reply. 3. The
systemof claiml1l, wherein the start nessage is a data send, the

conpl etion nmessage is a data send followup, and the reply is a data

recei pt hcknoMsgsigmfentommuniTiitondyetvenm adfostnal anlevicenb@mptifing:he fir st

hi gh- speed bus_and th econd hi gh- speed.bus. operat,e _under Universal .
Serial Bus (U Osgﬁ%?pg%d;ﬁo.a%?ra% e@%@é’rﬁ %ﬁ“gyﬁllgg’lsﬁ?e l?lﬁr?’r%gr conprising: a
first transceiygévieorouptideshidual fyrvendink @bniat WeeBedoRe hidhoypegEb®), ement  and
the data transm ssion nmedium and a second transcei ver comrunicatively

coupl ed b®h¢len the data transnission medium and the data forwarding

o eTent wher el Sk o RASECL el ALf TSI TRES 3 e 0

t ransm ssiranosidd@ediama transm ssion nmedium 6. The systemof claim1,

wherein the storage elenment iis a First In, First Qut (FIFO buffer and the

dat a f orwar di nﬁ@g%wews fosregeiys & ftc st PhASPHE BrnsastionThamdde hgsh of ¢l ai m

1, whereijp,fhe data transm ssion nediumis a data transm ssion cable. 8.

The systemof claim1l, wherein the data transm ssion nediumis a wreless
said device is to send a reply, in response to the start message, for storage in

the storage element; wherein after a completion message of a split transaction is sent
from the host to the storage element, said reply is to be sent from the storage element

to the host.

2. The system of claim 1, wherein the start message is a data request, the

completion message is a data request follow-up, and the reply is a data reply.

3. The system of claim 1, wherein the start message is a data send, the
completion message is a data send follow-up, and the reply is a data receipt

acknowledgement.

4, The system of claim 1, wherein the first high-speed bus and the second high-

speed bus operate under Universal Serial Bus (USB) protocol.

5. The system of claim 4 further comprising:

a first transceiver communicatively coupled between the storage element and
the data transmission medium; and

a second transceiver communicatively coupled between the data transmission
medium and the data forwarding element; wherein

said first transceiver and said second transceiver are to provide protocol

14




data transm ssion device. 9. A system for comunicati on between a host_and
a device conprising: a host coupled to a storage elenent by a fiZ ¢tSEP 2005
hi gh- speed bus; and a device coupled to a data forwardi ng el ement by a
second hi gh-speed bus, wherein said data forwarding elenent is coupled to
said storage element via a data transm ssion nedium said device is to
receive a prelimnary nessage fromthe host; and said device is to send a
reply, in response to the prelimnary nessage, for storage in the storage

el enent ; whetion, Aldwiig Adn-USRSIro06] EREMNEi RRHIAYEath Srabfiiksibd MRivkhe host
to the storage elenent, said reply is to be sent fromthe storage el enent

to the host; wherein: during a first mcroframe of a plurality of

m crofrangs, eagh Jugh el IR 1 QHLRG @e Wdih f%l@fﬁﬁntd#re?i:lrg[nlnﬁ)%'rgtqéﬁ{ val ue,
the prelimnary nmessage is to ’be sent fronithe hos o the s%orage

el enent ; (MEOpbefférnind alie/davefsagelingelémekids s enbhsabti@mridstatetat a f or war di ng

el enment to the device and the reply is to be sent fromthe device to the
data forwardi ng el enent during a second mcrofranme; and the at |east one

secondary7 TesSRRE sysehCoPBlafif M, {hQWn IR %ﬁé ttrén@mﬁs@ﬁmsﬁlgﬂiﬁﬂle is &l ggpnt and

the reply is to be"sent fromthe storage elenent to the host during a third
m cr of r anansigssion7caBEP 2005 10. The systemof claim 9, wherein the data

forwardi ng el ement and the device nmaintain a perception of each m crofrane
that is advanced in phase an advance amount with respect to the perception

of each ngcr of TRMBydm tdfRINRSt, RAGeinhBe Hall RERMIGIENMBREum is a wireless

data transmission device.

9. A system for communication between a host and a device comprising:

a host coupled to a storage element by a first high-speed bus; and

a device coupled to a data forwarding element by a second high-speed bus,
wherein

said data forwarding element is coupled to said storage element via a data
transmission medium;

said device is to receive a preliminary message from the host; and

said device is to send a reply, in response to the preliminary message, for
storage in the storage element; wherein after at least one second message is sent from
the host to the storage element, said reply is to be sent from the storage element to the
host; wherein:

during a first microframe of a plurality of microframes, each microframe
having a microframe duration of equal value, the preliminary message is to be sent
from the host to the storage element;

the preliminary message is to be sent from the data forwarding element to the
device and the reply is to be sent from the device to the data forwarding element
during a second microframe; and

the at least one secondary message is to be sent from the host to the storage
element and the reply is to be sent from the storage element to the host during a third
microframe.

15




11. The system of claim 10, wherein the advance anmount is equal toZt%rSEp 2005
percent of the mcroframe duration. 12. A system for comruni cation between
a host and a device, conprising: a host coupled to a storage el enent by a
first high-speed bus; and a device coupled to a data forwardi ng el enent by

a second hi gh-speed bus; wherein said data forwarding element is coupled

to said storage elenent via a data transm ssion nedium said device is to
receive a prelimnary nessage fromthe host; said device is to send a

reply, inig.espDifsgystedn bhelaphel, ivldieh ¥herasis a86varliah eldhai age thd)déhie st or age
el ement; wherein after at |east one secondary nessage is sent fromthe

host to tMHangp@apRcitonesl cadamicrpépng thy scadyancednin phrase anhedvanesr age

el enent . X W1K i . i i r lurality
oot o SR O DR, LR B by THE RO Tl

val ue, thdempem i m nary nessage is to be sent fromthe host to the storage
el enment; the device is coupled to the data forwardi ng el enent by a

hi gh/full/l ow speed bus; the prelimnary nmessage is to be sent fromthe

data for di j i fromthe
WRY nggﬁ;@@pafa ‘?%f‘% 6 wikedth R ARgadeNEnduniPlsYeq 3 t{)i?e Bieg,p%% o

device to the g ‘el ement uring a span o
and i ncl uthe mgcafemedstditivner of rame and continuing until sone value 'N -1

m croframes after said second mcrofranme; and the at | east one secondary
message is to be sent fromthe host to the storage elenment and the reply

is to be gent A @MLDRrILANAREBLE FBRNeeh @ hbiienh adfevdE I dofifprRiggast
mcroframe, 'N mcrofranes after said second mcrofrane. 16 13. The system
of claim12, whbesticouplpdtotastarageelsmedi yga 6fséhightspagibushandevi ce
a device coupled to a data forwarding element by a second high-speed bus;
wherein
said data forwarding element is coupled to said storage element via a data
transmission medium;
said device is to receive a preliminary message from the host;
said device is to send a reply, in response to the preliminary message, for
storage in the storage element; wherein after at least one secondary message is sent
from the host to the storage element, said reply is to be sent from the storage element
to the host; and wherein:
during a first microframe of a plurality of microframes, each microframe
having a microframe duration of equal value, the preliminary rﬁessage is to be sent
from the host to the storage element;
the device is coupled to the data forwarding element by a high/full/low-speed
bus;
the preliminary message is to be sent from the data forwarding element to the
device and the reply is to be sent from the device to the data forwarding element
during a span of time beginning at and including a second microframe and continuing
until some value 'N'-1 microframes after said second microframe; and
the at least one secondary message is to be sent from the host to the storage
element and the reply is to be sent from the storage element to the host during a last
microframe, 'N' microframes after said second microframe.
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mai ntain a perception of each mcroframe that is advanced in pha52 359
~advance anpunt with respect to the perception of each mcrofrane g@ eZME
host and the storage elenment. 14. The systemof claim 12, wherein 'N is a
positive whol e nunber. 15. A system for conmuni cati on between a host and a
device, conprising: a host coupled to a storage elenent by a first

hi gh- speed bus; and a device coupled to a data forwardi ng el enent by a
second hi gh-speed bus; wherein said date forwarding elenent is coupled to

said storage elTRaBRteny b cRird aARawhbfeAN 81 8d HRWHRIHUNEmERA hddBY de8cd s tO
receive a prelimnary nessage fromthe host; said device is to send a

reply, inmeEsdBmsecceptidieoheadh mierafigmaetbataigeadvaneed it phasgean advahee st or age
el enent ; i ol t_one secondary nessage.i s sent . fromthe
bost 1o t PAGHR MRS B e SRk BF o R RIREE R RS bl R Moo bp g

el ement ¢lemkfe host; and wherein: during a first host microfrane of a
plurality of mcrofranmes within a frane of a plurality of franmes, each
m croframe having a m croframe duration of equal value, the prelimnary

message iggto 3 . . . t; the device is
coupled to the @%%@Q%%§§§g%%E%‘ﬂ?%%%ﬁ?‘%gﬁ%aﬁﬁ%ﬁﬁﬁﬁﬁ %gﬁfspeed bus; the
data forwarding el enent and the device maintain a perception of each

m crofranmg_t hat, i s adyanced in _haEe an a%éancg amount with respect to the
percept i ofrof EhBRH &PW&HE“"@E‘O’E‘ BIWrER £ C¥CBr RgrEigeNnt , such

that the prel5%&%@1@@@@1&&%@@1@%@@%ﬁis&ﬂ{glh}:%eecﬁmsaﬁ@rwardi ng el enent

to the device at the  beginning of a first de mcroframe and the reply
is to be sent #&ndenicekeupleditce date fariverdilag elefrentvby di segorel Bighsspeadubisng sai d
first devk&gﬁg}crofrane; and
said date forwarding element is coupled to said storage element via a data
transmission medium;
said device is to receive a preliminary message from the host;
said device is to send a reply, in response to the preliminary message, for
storage in the storage element; wherein after at least one secondary message is sent
from the host to the storage element, said reply is to be sent from the storage element
to the host; and
wherein:
during a first host microframe of a plurality of microframes within a frame of
a plurality of frames, each microframe having a microframe duration of equal value,
the preliminary message is to be sent from the host to the storage element;
the device is coupled to the data forwarding element by a high/full/low-speed
bus;
the data forwarding element and the device maintain a perception of each
microframe that is advanced in phase an advance amount with respect to the
perception of each microframe by the host and the storage element, such that the
preliminary message can be sent from the data forwarding element to the device at the
beginning of a first device microframe and the reply is to be sent from the device to

the data forwarding element during said first device microframe; and
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17 2 7 SEP 2005 the at |east one secondary nessage is to be sent %?r’%ﬂbﬁ?uus
host to the storage elenent once per mcroframe, starting with t thr'r
host m crofrane, until some value 'M mcrofranmes have passed. 16. The
system of claim 15, wherein (heat |east one secondary nessage is to be

sent fromthe host to the storage el enment once per mcrofranme, starting
with the third host mcroframe, until the reply is received by the host.

17. The systemof claim 16, wherein 'M = 3. 18. A system for conmunication

bet ween a hostthandldstdend &eond:@fRIek$igBds to Be RS troP ! Rt it stdr@dcage
elenment by a first high-speed bus; and a device coupled to a data

f or war di ngjeBpringive By raicselrsral StArtre spBetheptiyd hoshareioframg gntilasoane

f orwar di ng, gl Wﬁﬂ&oiﬁ%m%ggmr g[?/asge% said storage el enent via a data

transm ssi on nediuny sai deNi'ce is to receive a prelimnary nmessage from
the host; and said device is to send a reply, in response to the

prelim nar% nmessage, for storage in_ the storage elenent; wherein after at
| east onel&ecoharypione o6 shjami . sdistein (ha loag nsstccenslapnhBessige ialedel enent ,

sai d repl ot fohOhlBos&Pihd &8 lefenﬂﬁﬁ)n%opek Hﬁcﬁ%r%&%?@aﬁhgr%@ﬁ thb Qnit1e  host:

wher ei n: %lfurlng an elgﬁtthmcr %rarreo plurality o anes wthin a
first franestmérofrapewmal theyreplfy inteceiobd byrde, hostach m crof rane having a

m crof rame duration of equal value and each frame consisting of an equal
nunber of mcrofranes, the prelimnary nessage is to be sent fromthe host

to the stoyagerrl SRR of dikigr 08 \iHfeih McoOypl ed to the data forwarding
~element by a high/full/low speed bus; the prelimnary nessage is to be sent

fromthe data forwarding el enent to the

18. A system for communication between a host and a device, comprising:

a host coupled to a storage element by a first high-speed bus; and

a device coupled to a data forwarding element by a second high-speed bus;
wherein

said data forwarding element is coupled to said storage element via a data
transmission medium;

said device is to receive a preliminary message from the host; and said device
is to send a reply, in response to the preliminary message, for storage in the storage
element; wherein after at least one secondary message is sent from the host to the
storage element, said reply is to be sent from the host to the storage element to the
host; wherein:

during an eight microframe of a plurality of microframes within a first frame
of a plurality of microframes, each microframe having a microframe duration of equal
value and each frame consisting of an equal number of microframes, the preliminary
message 18 to be sent from the host to the storage element;

the device is coupled to the data forwarding element by a high/full/low-speed
bus;

the preliminary message is to be sent from the data forwarding element to the
device and the reply is to be sent from the device to the data forwarding element

during a second frame of said plurality of frames; and
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device and the reply is to be sent fromthe device to the data fow%gggﬂ[ﬁ
el ement during a second frane of said plurality of franes; and 1 E
2005 the at | east one secondary nessage is to be sent fromthe host to the
storage elenent and the reply is to be sent fromthe storage el enent to

the host during a first microframe of a third frame of said plurality of
frames. 19. The system of claim 18, wherein each frane consists of eight

m crof rames. 20. A device for comunication with a host, said device to

receive a star ’éhe@&éa@ggn@&c@n&a@&'rﬁesEz[g%%@&‘bb QntffF AR Mtto VeAst@ragSt OF age
el ement and a data forwarding device and to transmt a reply for storage in

sai d st or elgece| andethe reply iy todlﬁrwn’éfrpmﬁhﬂé‘@%eﬂme@ i Piej host duringaecfitsbn i s
received fr { . vvher [ is sent fromthe storage
oS Rl R LRSS FERL

el enent to ?Jspl ed to said storage el enent
by a first high-speed bus; sal d device is coupled to said data forwarding
el ement by a second hi gh-speed bus; and said data forwarding elenent is
coupl ed ti sai dbesxsiayeal @ﬂ@ﬁé&twmr@nﬁa@aﬁane eonsisshofoigty migiodiaoss. 21. The
device of claim 20, wherein the first high-speed bus and the second hi gh-
speed bus operate under Universal Serial Bus (USB) protocol. 22. The device
of claim20 fuAtdeicedongmimimigaticn Witli shodty anscei ver conmuni cati vel y coupl ed

bet ween the storage el enent. and the data transm ssiQn di u and a second
transcei ver coFﬂ"r%%F%‘a? I BHIVE GupRE deretaRe’dr? 1kt tansastien ﬁgﬂrﬁg]%ﬁitam@anedi um

R R T G S S R T e
prot ocol sads®mrgssiloncndmntih @odmi@;on magssagesdiaaplitredisaction is received from
the host, whereupon the reply is sent from the storage element to the host; wherein
said host is coupled to said storage element by a first high-speed bus;
said device is coupled to said data forwarding element by a second high-speed
bus; and
said data forwarding element is coupled to said storage element via a data

transmission medium.

21.  The device of claim 20, wherein the first high-speed bus and the second high-

speed bus operate under Universal Serial Bus (USB) protocol.

22.  The device of claim 21 further comprising:

a first transceiver communicatively coupled between the storage element and
the data transmission medium; and

a second transceiver communicatively coupled between the data transmission
medium and the data forwarding element; wherein

said first transceiver and said second transceiver are to provide protocol

translation, allowing non-USB protocol transmission on the data transmission medium.

23. A method for communication between a host and a device, comprising:

coupling a host to a storage element by a first high-speed bus;
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23. A nethod for communication between a host and a device, conpri sgqgsgg 2005
coupling a host to a storage elenent by a first high-speed bus; 19 7 P
2005 coupling a device to a data forwardi ng el enent by a second hi gh-speed
bus; coupling said data forwarding elenent to said storage elenent via a
data transm ssion nedium receiving a start nessage of a split transaction
by said device fromsaid host; and sending, by said device, a reply, in
response to the start nessage, for storage in the storage el enent; and
sendi ng by t hecaipbinggeletice rentata frivardifg clomphely OsecoREhigBepedd usspl i t
transaction is sent fromthe host to the storage elenent, said reply from
the storage efRIPbAE il dife fepeardingsclempnl iy said mlerpee eleman 3ie whddtai n t he
start nmesgage kS Amd@la: request, the conpletion nmessage is a data request
fol | ow up, and t%e reply is a data reply. 25. The system of clai m 24,

wherei n the stmctivingsssige messareddtaaspdie ndnsactien be eaigldeticodfromesddgestt s a dat a
send fol Ig‘ﬁup, and the reply is a data receipt acknow edgenent. 26. The
syst em of aim 23, wherein the first high-speed bus and the second hi gh-
speed bus oper 4N Al " ( set of

i nstructions r%sni%g%éhgf?aﬁygbﬁg%?gg%§%di@%r%m§t§i&gg%egga%%’gﬁof 6%{%8@%

capabl e othelstirpgy edsrpenit @l by a processor to communi cate between a host and

a device, co erni Si ng: Qu Iin\g‘g hostt aé‘tg a storage elenent hy a E rst
hi gh- speed bus} 488 ?’_n%‘ea HEWE e a G & ORGP NG EFEHENt 2P second
hi gh- speegaddistion Boep! irbm ®Baindsidatde kRENRr difshies8medly trRns alcdislaps age
el enent via a data
element to the host.

24.  The system of claim 23, wherein the start message is a data request, the

completion message is a data request follow-up, and the reply is a data reply.

25. The system of claim 24, wherein the start message is a data send, the

completion message is a data send follow-up, and the reply is a data receipt

acknowledgement.

26.  The system of claim 23, wherein the first high-speed bus and the second high-
speed bus operate under Universal Serial Bus (USB) protocol.

27. A set of instructions residing in a storage medium, said set of instructions
capable of being executed by a processor to communicate between a host and a device,
comprising:

coupling a host to a storage element by a first high-speed bus;

coupling a device lo a data forwarding element by a second high-speed bus;

coupling said data forwarding element to said storage element via a data
transmission medium;

receiving a start message of a split transaction by said device from said host;
and

sending, by said device, a reply, in response to the start message, for storage
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transm ssion medium receiving a start message of a split transacti®iy BEP 2005
said device fromsaid host; and sending, by said device, a reply, in

response to the start nessage, for storage 20 2 7 SEP 2005 in the storage

el enent; and sending, by the storage elenent, after a conpletion nessage of

a split transaction is sent fromthe host to the storage el enent, said

reply fromthe storage elenent to the host. 28. The system of claim 27,
wherein the start nmessage is a data request, the conpletion nessage is a

dat a requ'msthefstotdgewfanpm and the reply is a data reply. 29. 'The system of
claim 27, V\,herel st.art rress e S data send, the conpletion nessage
is a data sendsefn 3@5'& étr%agteh }F“QBTI yaaffeg 3 CQRPLEtoR WESPEe K khdRitbdgenent .

30. The sysisarddfis Csl‘—:ﬁ*ﬂ b fthe WOGT 181 the kid@ade! diShedtl @hd %ﬁoﬁﬂﬁwaﬂ'ﬁﬁaé@e second
hi gh- spee}d bus ohpeﬂate under Universal Serial Bus (USB) protocol. 21
element to the host

28.  The system of claim 27, wherein the start message is a data request, the

completion message is a data request follow-up, and the reply is a data reply.
29.  The system of claim 27, wherein the start message is a data send, the

completion message is a data send follow-up, and the reply is a data receipt

acknowledgement.

30. The system of claim 27, wherein the first high-speed bus and the second high-

speed bus operate under Universal Serial Bus (USB) protocol.
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