;e3e@@j kTI R>-rm6. oTo_| A"~ WD U2/08U1 )08 PCT/USU2/ (11SS( METHOD AND
APPARATUS FOR | MPROVI NG TI ME CON mmm EXT ENDI NG LI M TED LENGTH @
CABLES | W a@oMdoiddsPLE- SPEED BUS Bﬂmmm | tion 5 Therumnegst
invention relates to conputer comuni ¢at dpn. More specifically, the present
invention relates to a systemthat provides for broadened tine constraints

under a Uni vesaopSai Atr A BNBUS(AdRBY pRO QNG oVie TONETRAING AND EXTENDRGSACt | ONns,
enabl i ng ext ended cabiLamspRDENGTHIC LGS IN OMULTTRESPEEPBOSf i ts. Present
invention is related to application titled, "Method and Apparatus for
Budget Devel opnment Under Universal Serial Bus Protocol in to a Miltiple
Speed Tr angggksdu@Ninkinafignnent ", filed on even date herewith. There are
several nethods for enabling comuni cation bet ween conput ers and between a

conput ey and peyhi PRERlinRYINGEEtel 1 doRPuRF dontREHAAtioENPoFBHEIELaRY, the
~ comuni cation utilizes the Universal Serial Bus (USB) protocol. USB

provi des a,EQAPHG oM didlesdo H@?s'fb?n fh@f proABBYYSY Yr e htd t)MéanHFblﬁté’urﬂd%? a devi ges

using a single, t 5 standardl zed communi cation schenme. USB version |

(USB Rev. Umv%r al@ l(?%(}%? I'Lzlﬁlrl lhpff'ar)sadtlﬁﬂsc @%theﬂé d¥d Ldbie? 1 N9

connecting ca ter S eac di stance

bet ween a Snca%HR%B ?5 otﬁ&%eﬁefys%rgsteﬁtj\%ﬁgo ST él&ﬁue{)%' Bl‘i"’c%%‘ Chyeaan be

i ncreased one e cohnected

?SLY’:QQF,;%%%W ”&s&agﬁ£°’ﬁﬁgqt§ﬁﬁa°ﬁﬁeﬁﬂt@gs?f " S b sfsfglc%a fihe
US
transmiSe) DR ULRECHee %?ra?csrﬁ"'swg%ml A D O e e SR ang 12 Mops

("Full™ Speed).  Extendin n beyond. the 30 neter reconmended
maxi mum  gi ven {HE &° %ﬁvigb“?fg‘?ﬂsgﬂrﬁ“?ﬁE‘ﬁ§ﬂ’?‘§‘§P‘8ﬁ‘°&“é’F\§V“%‘HH‘*&“"\F? HMate the
timng constraints inposed hy the protocol, causing potentially unreliable
z5 per f or n¥EAEEEn a compyiey wmedt?(aiéew@wwE%mdw Duemehed @ ent et hods have
been utilized for extending the maxi numcable span of USB 1.0. One nethod

i nvol ves teRIMyiAHOn M lgethe Univesak Serigh BusgH8BapooRolut VR pegidgya UsB 1.0 to
conpensate for |ossy cable environnents. Figure | provides an illustration
of how cabtompsier siifbiagreansfopeqrmyieating vith USB 127Clevigesusinggrsingle. art using t he
re-try characteristic. A5 conputer host 102 communicates with a peri pheral
devi ce 14 O4staridardizecd)SBnbudicasion seetico VSBressingh . &(LEdbRey. éxt ERBer 106. USB
utilizes a master/slave pattern of conmunication, wherein the host is the
mast er, i nintplednregys Bdrlimi Int & isaapablensf ufipzioy calineming astdesaf no dmeénthangd dat a 108) .
In a "data request' exanple under this scheme, a host 102 requesting data
108 from amelemsicach. 1Ihé tdthlrdidtanse bdeedn 4 lpkaombih@r mder UsBrattdchederipbgaient of

full/l owspeed bus 112 to full/lowspeed First-In/First-Qut'(FIFO buffers
114. The t@vasR cdrlbe inbrehdee By LgimgiGeak adrd ubs. 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

IEITARHAT

*150150%

25  performance.



what ever protocol is utilized by a following Iong cable 118, by a first far
transcei ver 116. The token noves along the I ong cable 118 to another far
transcei way oda¥dodso be transl ated back to USB 1.0 full/l owpspesshoiddse t oken
1 10 is next forwarded to the device 104 over a second full/low speed bus

| 22 by a packet repeater 124. Before response data 108 can be t5 delivered
fromthe devi ceDitf@snt Bethbds Haasteed Qlized €or ekfehdingtht araslpehint edblieespawaf | gur at i on,
the host is likely to tinme out 125 waiting for the data, after which the

host wi || U8B 1aCaBRimdth& ifhadl ds dkirk ardeﬁ'ﬁ)é%B%EthE@e-fr?G?Jrﬁtfoﬁtutili%ﬂﬂ-us-@"e host
102 wll, however, send at |east one token re-try |126. Because of this

confi gurat i 0f cohHeRsalddBr roﬁsgf%iamggn\fifoﬂﬂbﬁtﬁeﬁg@ﬁéil%ovl&@ aRtliusigioh Wk hé ow speed
FIFOs | 14 are stored at the FIFGs until the token re-try 126 is received

by 20 the EbRGxtchdidn i i b i iOKBNsirB . | KCs i 14
forward t healbdegti ée%%lér&%gﬁ&t"g&g ﬁjetp%\%ﬁ) lﬁlglg ,pF'Fr omsgrﬁéﬁ{%stb?@arlahggﬁge? spective,

the first w&mrkgfﬂM@émmﬁﬁ%m&%ﬁiagpgegpﬂgaefﬂtdgﬁféiﬁo@\%a UsB4 dRghamse of 11ne

| oss, etc.), and e data was r y 1 n response e token

L1, 25 AR, RO, Pl SR SRR, Pt
cabl | Lo B Mo R AT A T RRLRR o o o

return an ac ement Trdom hos ?ggered by
i pt of dat,a 108 t he host 1.02) bef devyi 104, ent
e out cbifh it DR ie ohePdiR Spent e ofulh? erbind Bup 08 0] 3o

acknow edgenent b to send to the device. This is done right_after the
packet rec%fq‘?‘;é“re @%%’W‘é@@?@ °R ﬁlso W4t e)f'b%serﬂmm‘{fﬁ\élﬁ@WaSé\??{@%Hé%ﬂO The “true'
acknow edgFrTﬁnt 128a is sent fromthe host 102 to the FIFOs 114 upon

recei pt'0 of iHevgated T Inirg-QuU (R Qe Ri&re bty ke faken 3 Bhisthen ygpslated War ded
beyond this point. The re-try schenme was established to maintain

communi cat Mb#eYes pioktsp] is pijlized %y afellowinglgng ¢able It youfimider kamsseiveekifensi on,

one (or nore) re-try in each transaction is used to for cabl e extension,

| eavi ng on&hqlekenypevsy alopg hedangeable i b toapeter fartnsesivgr 1200a de farstatedy
reliability is reduced. Further, when a transaction requires an

acknow edgeavksme UBP 1t lldewspseed.| Ok, tokdne! | acieat forwqrdest te thel ddicerligt ovgssent i al | y
“lie" in creating the fal se acknow edgenent 128b, and therefore, the device
wi || bel i eseepnd fmlldavebpeed husR2tby @mpackeh@peatdrd 24.r Befactesmnsadata Scerbsf ul
regardl ess of what really happened. This undermnes the t5 effective
reliabi it gelivtret fremshisdexive 15# rethé ost 109 ovesthisexendeipabld sodigurasiomvthe re-tri es.
If the configuration inplenents a shorter period between re-tries (or
doesn't prst BeikéiPho e biid 1S vaitinglfbr)the ddtg af@blitcH e pésheili g acddpithé y 1 S
reduced proportionately. As stated below, USB 2.0 (Revision 2.0; April 27,
2000), f ordfxaaxesponstitb tHieztas tohea N Thasdst [02-Will] RSvelEratend aslefsBbheytoke

cabl e-1 engt heni ng can be obtained through a method such as this. 20 A newer

ver si on of rlaB) fsaBb/ROoHAKRbETAFhIbA atal 108 CBREREEH thealehRE$0L4 RNt ages over
USB 1.0, including much accelerated data transmssion. Titled "USB 2. 0",

the new veminew-s't)éedmmmé &br¥d hiahd FIFDS RS hASKES relthane WiBeelved-by | t
transmits data at 480 Mops, called "high" speed (conpared to the 12 Mips of

USB 1.Q, fidlfirospged). Under the USB protocol, re-tries nmay occur
i mredi ately one after another. This, conbined with the 25 dramatically

R e T

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



i npossi ble for the above-nentioned, sinple "re-try' nmethod to enable cable
extension with the USB 2.0 protocol. The anount of tine between re-tries
under USKy@ofosososone-fortieth of that for USB 1.0. It is phE{S 1586
desirable to have a systemthat provides for broadened tine 5 constraints
under USB 2.0 protocol, enabling extended cable spans, in addition to other
benefits. tBI’rio&f/ayD&SdImh[ah ackhoWledddmenDfravitliegostli2 b hedevide aquipgersd an
illustration of how cable extension is perforned for USB 1.0 in the prior
art using rebeptiof tHeldytaQp8 hithé Badt 102) Befor: tBe PIvRéi1088ntars biiaw cdessmtithi on for a
USB 2.0 speed transl ation device utilizing split transactions. Figure 3

descri bes 1, BPpdcRE refdatt U Biist Sreltk GPREPARANIVAdREBPIILEER iR oD cable 15
ext ender under principles of the present invention. Figure 4 provides a

chart descddyReNGhik Reaoht rrgmgfte.ftheibafckarr@datveﬁr/ﬁm&.deetrrefaﬁtaqm%'t%\ of a
hi gh- speed to hi gh-speed cabl e extender under principles of the present

i nventi on. 45i.gyne ﬁ&rrey'a ;Lrﬁgrt%@a% & %mqhérroghm%ngﬁg FiFOs 114

full/l owspeed USB 2.0 cab e exten under principles of the present

| nvent i on. pﬁﬂr@egygﬁg% o8 4 e SURLMIESR! DA%, foffork Bk 06yRha £ L Fer ot

events in the op gh- spee omrspee cabl e

ext ender q%r ﬁhng an "N mcrofranme delay between start and conplete split
under prlnC|6Pes of the present i nvention. < Figure 7 provides a chart
descri bing the

ration o hi.gh,.speed to
Ful 11 ow apeed ety sPame M S Dyt map ?m%mr'ver'%w?%ma Bovi ng t he
effects of 25.transa t|? qs sour WO O /0800118
PCT/ US02/ df %@gﬁrwﬁwg et r@é&ns oG LB RESHBRREHTHG Y event s i n
the oper at a hi 2 eed Qﬁ 3/fu||/|omrspeed ca2¥e extender
it 1§ oy b Gt SRR e e %%Sﬁfea&j% BETPHE QPP LONFUSIE: of ¢ he two
devi ce transactlon del ayi sour ces gure 9 provides a chart describing
the tim ngebsbrdy isradusad. @{fg‘ﬁ'fa&hF‘hafrﬁea%@ér’%&“ifﬁ?ﬁwk@‘”f{?‘@ﬁm?ﬁé’é‘d‘°co
hi gh/full /] owspeed cabl e extender utilizing one frane §6Ight m cr of r anes)
of del ay WW@éE’* dheapacked pipeateral?d nushysbeatialls (e in crpadrg thefalseci pl es of the

present invention. Detailed Description
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. [f the
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 through a method such as this.

20 A newer 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



Figure 2 provides a flow description for a USB 2.0 speed translation device
utilizing split transactions. In order to provide a data transfer interface
bet ween gvdigekosieeed bus and full or |ow speed bus, speedpét/ae@laidcon 1s
necessary. To explain the principles of the present invention, it is
necessary to describe the operation of this USB 2.0 t5 speed transl ation
devi ce, a impoksitde af tHeudget nagiohédq viaadt rong hakodbieadbld @bResehdidedith n
application titled, "Method and Apparatus for Budget Devel opnent Under

Uni ver sal BeUsal2.BhstolsI0tTae ahoir ofitifvk bétivedrere SRAQHdFNABSID HSdnefortieth
Environnent”, filed on even date herewith. A host 202 that is, for exanple,
requesti ngofd@gt%ra%f_o_om a device 206, sends a 20 prelimnary nmessage,
called a "start split' 208 along a high speed bus 210 to a set of high
speed "First-ln, lslﬁ\ef'e?&re@e@lrablla% h&% 2 s{drnT il prg%aeswol: SbfteResmped transl ation

hub 21 4. The start split 208 containS an encoded representation of the data
requests t t ward the

t oken 216%?@{)%&2%0?59?8?er&9% Et(Flt)lr &%ﬁ?eﬁ%ﬁblg }-ansllggéoa?[ (%11% {h%s whi ch
coordi nat gs..tfe timng of the token 216 release to WO 02/ 0800118

PCT/ 1 JSI 1 2/ 8)1556 be appropriate for full/l ow speed. The token 216 is
forwarded via a full/low speed bus 220 to the device 206. In response, the
devi ce 206 sends the appropriate. data 204 back over the full/l ow speed bus
220, through the TT 218, and on to the FIFCs 212 to be held there. At this
point in time, a sinple, non-"split transaction' data request would have

| ong- si ncegtlf@d out O?ig E a that the device 206 is currently

unr eachabl Ssplit transaction protocol, a start split
208 is sent fromt host 202 in order to begin the process and t hen the
host 202 and hif r% BEy & *ﬂwaafméoffhoé”efablems@wb'ﬁﬁfr&rwe? fos pBBatP ons
(mul tipl exi ng) V\/m le aresult is being generated and transmtted by the
devi ce 206" R PrichAR USpHIG S IruPee#tid%e after sending the start split 208, the
host 202 sends a conplete split Z20 to the FIFGOs, in expectation of the
data 204 final IFjeuse? agvidees How descripiondaseUBB 2t0peddrapslaton dspicet 220, the

FI FOs 212 forward the data 204 to the host 202, and, if required, an
acknow edgéiteing spitaansastionst ur ned fromthe TT 218 (| ocal acknowl edgnent) Js
Note that at |east two conplete splits are provided in addition to the
first conpl et e Bpiré¢ 3 d¢soribesitlprapkratione e ahmhighr-speep telsgnsed USBRUhdble of
conplete splits plus two conplete splits), one per mcrofrane, in the

fol | owing extamdafindergsintiptes ef the presenc Oivertipn. For clarity, the additi onal
conplete splits will be described below with respect to figures 7 and 8. It
is worthy to ndtiguré hatoviiaya tleketesoribingithe fihg spéiffefenhtatntdh thoopeddi@n

enbodi nent” or 20 "an enbodi nent" nmeans that a particular feature,

struct ur e, ofarhighepeatioaiighsipeéd cABREKich®H uhder paRUNSIE df@iRe préseht ibati@iTbodi ment i's
included in at | east one enbodi nent of the invention. The appearances of
the phrase "in mgge ePRAMeERNbW diddranPsfiatiigh-sPeerO@Full/Pw-pResVSB Rf0i aBlki on are
not necessarily all referring to the sane enbodi nent. Figure 3 describes

t he oper at d@dpdb lgmé,qum@,pm GHhSPl%%‘]t i@edticgh- speed USB 2.0 cabl e 25 extender
under principles of the present invention. In one enbodi nent of the present
20 Figure 6 provides a chart describing the timing of different events in the operation
of a high-speed to high/full/low-speed cable extender utilizing an ‘N’ microframe delay
between start and complete split under principles of the present invention.
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

25  transaction delaying sources.



WO 02/11811U08 PCT/ US112/ U SSI invention, a host 302, requesting data, for
exanpl e, sends a start split 304, containing a data-requesting token 306,
via a firegdod@bosspeed bus 308 to a set of FIFOs 310. Theptpies/esg 1S then
sent along a long cable 312 to a transaction translator (TT) 314. Under one
enbodi nent, the long cable 312 can utilize various possible nedia utilizing
various 5 prot ae@irss pfoRldeex el describing tvetinyinp ogévesp @retie dpdratidnrofingfesr , a
fiber optic cable mght be utilized. An upstream far transceiver 316 and a

downst r eandpk@d tothiAraLAdw-efce 8dbldxeendaadliting & fitoteschimt tdekedavantagspect i vel y,
t he token 306 and other information to be conpliant w th whatever protocol

. s utilizede t@éct bhéhel 90 188 BB adsaction-gneyigidadesent, the TT 314 forwards

the data requesting token 306 to a device to 320 via a second hi gh-speed
bus 322. In respARs e prdviiRs HENNGRscHBMIRNGIRINDBE KifRRRAT QR & tRe BRfrAiod24. The

. data 324 is queued Iin the FIFGCs while waiting for a conplete split 326 to

be 1 ecel vedt it lieio il ufRy-6de cdth TBudrBkr ARARE LRLTAAL s%ig’hﬁcei pt under a

non-split tran Ion B scenario ong- sl ncé passe Upon recei pt of
t he conpl e | i fi: If an
acknomﬂedg@ﬁgﬁgmk%gﬁgghygaﬁggtgégﬁv??g?%%p% t gﬁ%?gﬁéﬁgﬁﬁgﬁ?ﬁg$$$&“
acknomﬂedgﬁgggﬁn328b is sent fromthe T 314 to the device 320 upon receipt
of the data at the TT 314. The host acknow edgenent 328a, simlar to
figure I, is not forwarded past the FIFGCs 310. Figure 4 provides a chart
describing the timng of different events in the operation of a high-speed
to hi gh-speed cabl e extender under principles of the present invention. zo
USB 1.0 utilizes a netric of time nmeasurenent known as a franme'. Because
USB 2.0 involves much greater speeds and thus, deals with rmuch shorter tine
spans, '& nBgladed Leseriplio peen created, called a “nmicroframe’. Under this
protocol, one mcrofrane is equal to |25 m croseconds (uSec.) and is 1/8
the length of aigyras®rovidss a ey descriptian opp Bt spees tanalatiat denitfet hat under
the USB 2.0 protocol, "periodic' transactions (i.e. |sochronous and 25

| nt errupt wtiliszingzsotis tansactipnsy Imardertgpeayideasigtagransferdnter s betreep phigh 809% of any
m cr of r ane. WO (12/U8110118 PCTI U S112/01 ssli The last 20% (25 uSec.)

i s devot edsiieed bysaind gl drdeiv epeed busaspeed ranstatipn isaecesznt. r'bt exaladn Bel k
transactions). Note that non-periodic transactions do utilize conventional
re-tries (pendplésed thereseatduvehtion, itiensesaary tegdstrike)the epgoation abthistihd pPesent

i nvention is nore advantageous for periodic transactions (which do not have
start gpli speederhrsiacion teviast a miethed of bddpeing itrandabigons foyrvddanis désonteadtin on can be
utilized for both periodic and non-periodic transactions. Looking at an
arbitrary appticafonaied,i“MetHodand Apparatss forBadgef Davatopmehi Gidentiyivesaical | ed
mcroframe O, a start split 402 in one enbodinent is sent froma host 404
(dat a requegrdal Bus Pdtcof i9h\WaIIG)le $padd rirsmtioh Egiiranprart, Hlus otdven dBecause of
the 80120 rule nentioned above, the start split 402 can be sent at any tine
during thepfwst 80%of tU microframe O, but no later. The high-speed FIFGCs
406 receive the start split 402 and forward the token 410 (or data, if it's

a data send rat Rps iR thatis 48t AamBRURShestiREdRS043rdnP A BeVei@iH06, sthdk 20n to the
TT 408. Under USB 2.0 protocol, the token 410 can be forwarded fromthe TT

408 to .4 dg%éilitﬁw%a@ ,%es(sx'egca%_eéses@dwspm’qbs §|Bﬁ§£ih#gu§pe%h 8ds 110 18@5dtbehighhan the

begi nni ng e ‘next m croframe. Further, the device transaction is

al | oved t Os&e%gu[firsﬁwtl’.r%ﬂulmfggs PIFERS 90w i b Qb de@ WansidTioh QS SATErRE (Wi th

exceptions expl ained below). Because'a start split 402 cannot be sent from
the host 404 duri the |as ] ol edsd: 12.5
uSec. is avalt HF@QF%?NE%%ﬁ% |rgc%ﬁ%ﬁ“%pm3€g§e ai%ﬁ%%?ﬂ?ﬂé 8ng agble even

i dering fhe worst- 0 i d hy § _ment i oned
par amet er o e e 2, TR FFDR 02 Rardm RORRE A CeRReAPR G Bai ore  ne 1 ast
20% of the microf he devi ce t tion taki full 125 us

i or of r e FTHPENAPSEOL LA b AN GO LA Bedtr T8I oRRe HOMEH e ol i o

"arrows (as opposed to the dashed arrows). In one enbodi nent, the

utilization of this 2.5 uSec. travel tinme (mninmm each direction) is
optim zed by adjusting the tine scale phase of the device 412. The device
zs 412 phase is adjusted such that the series of mcrofranmes is identical
to that of the host 404 s WO (12/08(1008 PCT/ US112/ U SSC



except that by the device's 412 perception, each mcroframe occurs 12.5
uSec. earlier than it does for the host 404. This alteration nmakes it

possi bl e wmotggsobdge wor st -case scenario for a token 41 0, gEpUSR/isfem t he
host 404, to arrive at the TT 408 at exactly the begi nning of the next
mcroframe (mcrofrane | here) and thus, be able to be instantly forwarded
to the deweapprdpitate fdr fillllewdpsddcBhedbRenthé sefoivaardudtvishiulitied speed bds22BuSec. of
travel tinme were needed for the selected | ong cable 414 configuration,
under the WeHeSfevic@3®.scenario, a reply 420 (data or acknow edgenent) woul d
not be received (fromthe device 412) at the TT 408 and forwarded until the

begi nni ng of af flspehsélitier 1T sehAChOAFpRIPRIa dafa0s bRXIVERI (RO fullhbe reply 420
woul d arrive at the FIFGs 406 12.5uSec. into mcroframe 2. If to a conplete

split 422 yas Hu@@@(i,‘(}ﬁgu%%héﬁﬁzﬁ,E@o@%ﬂﬁ’éﬁFb?@h tolbRficld RS 3kt thRPofmRY be
| ost there would have been no reply 420 in the FIFOCs 406 to have been

f d .at: ot Eij . OF GV | [ i gh- dt

U171 o <punh TPl s e e e e B Sy ol e

i nvention. ln. e [ 1.0 erational flo

Iof Vt heI hi g SA@B@QQ{@Q%‘{&I%P }og@%%@@g%ﬁﬁ@&%ﬁ%&rr, quhsde{ Jsﬂgf)}ggi cal : y the savr;/e
t he high- i gh- t L L 3. Th

o5 1t SR AP SRR RIS R FOAS RN EhBtee IS

difference 15 mation and t he device
504 i t d th d f t i 506. bet t he |
oabl & s SR BB Bk a0y R AR pRE A 20T SR e e o T Conver Led

between the | ang cable's 508, protqcol .and the full/l ow spee rot ocol ,

ot | zed Bpeatns (il dgRahiChEs a8 bedh conefinany pr GUiGHS e Bk
describing the timng of different events in t operatjon of a high-speed
to hi g f A%/ PSSR RRPEPEiats timedfitisadipg isiar‘fP'Hg%éﬁﬁe hest 34 éFQf{ﬁraarre del ay

bet ween start and conpl ete 58I i.t under pri nciPI es of the present invention.
Posi tive vioBIPiete iyl te de FIEOR ibewsctpiinn afthedataga fiapHydsinedhtre: Mescribed in
figure 6, N equals 2. In one enbodinent, a start split 602 is sent fromthe
host 604 tresponge iEiir@emels split2296the FHiQsH 3 ferwardsbesdagnddde fiedgst2fd first 80%
of mcrofrane 0. The token 610 is then WO 02/118011(18 PCT/ US02/ 111 SS(

f or war ded dndoifireghised-pF@kneQBdgementB 2l igewmgd fromsthe E 20 drlecatabl e 61 2. The
amount of time provided for transm ssion across the long cable 612 is

det er mi necackyovtlpdgmeat)ue of N. The greater the value of N, the |onger

di stance the | ong cable 612 can span. Each unitary increase in the val ue of
N provigdes for Nowe thact éasewd norsabte eplgpan paxyidad int aldvioe tdihk firsoforaplete cr of r ane
(I 25 uSec. / 2), representative of a one mcrofranme addition utilized for
two di r ectdptin@r @iicrofrannsspasisih®iepreddneatiVd n@ker s eevaie ldtdreplitOentwo EOmpletet he
device 615 via a high/full/low speed bus 618. Simlar to the enbodi nent
descri bed gplitsf,iogelp&r microfriie, i R dolwinid i@ icnd feanmes faxrBoit recovary. Fayclbrty of f set
sone time, 't', to optimze mcrofrane constraints. In one enbodi nent, the

to val ue ohe hddiRihalcdafplddeiphitsiined dbcribdichelon wigh Rbpedt @MTEutel @ ahd@g.ency i nposed
by the distance/speed of the long cable 612. In one enbodinent, a reply 616

i's then returnqgisfoafy E&%t@mxﬂaﬁgre@één@mmthtewﬁmm th SorleltenbbdiffeRt @96,

wher eupon a conplete split 620 Tfromthe host 604 is awaited. Upon receipt

of t hez&omkeehﬁo&meh{” 2k hﬁtr}%aﬁﬁma_y feRthfe, Lt?cﬁ@éﬂ)r tardcREstRQRLcBO4fin | S Figure

t
7 provides a chart describing the timng of events in the operation of a

hi gh speed_ {0 c}i% Mth%e%%gﬁneﬁpﬁﬁgl%ig%‘n\salt #hlcQRe gﬁwd@xﬁ?ﬂtﬁf HbevRstloar art and
showi ng the effects of transaction delayi ng sources. en conbined with a
wor st - casepscenari o ' L ML T GHOLS AR ; ces of
del ay cane-(l;lgfuaspg aéénrcee{)(%s}\{%iasg o!n%\ggg g?‘\)/\d/;'lrf”: eldms‘éggés nti %a'inlt{i/ g‘?g‘?ﬁ%;d an

w t hout these sources. IEO Thertgtl%re t\évr% Sciiﬂgri:tfi cant sources of device
* transact i ofic AeingsessaEivallisiring © e sgme cBpOiFeNts “and the other is " bus

I tion' . Bt ffi, i : {. t i
echaml on . 5L e DERSTIAL SRS R ST A, .
g | el e AR ool Sl T B IEAA e L couse

(PLL) systemcan remain attuned to the®tining 10



WO U2/ U8(I (1 (18 PCTILI S02/01 s51 of the data stream Bit stuffing can add
up to 16%to the nunber of bits required to transmt a given transaction. A
bus recl amavr/aoomour ce of del ay happens when the TT 720 nmpst/ue@idisdc0 send a
token (or data) to the device 702 because the full/l ow speed bus 722 is
already being s utilized for a non-periodic transaction. The non-periodic

t ransact i dnvamtign, alhestGoRpkatesihghiafapfoe exanlq smmidod start splandf4containingan be run.
This source of delay adds about an additional mcrofranme on top of the

al | owed m durearfenestng wkensX6] vioa fitst high-opect! bes TBvo 6 eet BORIF®BIB 18, TRdbNen

704,706, 708 to be returned. Because of potential delay caused by these
sources, USB i2thén genodlogod loag tadws3 1206 a kanshdiivh erahDatHE TV L4, PhRIecanep! et e
splits. The nunber of conplete splits provided is the nunber of mcrofranes

during whiebotifseend ehel 166 dabRMIIAGAT AMZOGKING pRki¥R hat: REZinkivamals conpl ete
splits. For exanple, if the device transaction spans no nore than one

m cr of r AMBprotol1€ EF of @AM S8, ForSRhy H &d BftO¥AARE alfibert ppl ete
splits 704,706,708 are ‘gen? otyt l%yﬂ{e he host 718a dﬁr?&n% C’?%—gﬁ?ﬁﬂ respecti ve

m Cr Of r AR Q). AGEQTDHRILPhEN fr B85 Bl EUMISEeoPrSRHEESR 8 s Hgygn, on

source, or both sources, affecting arrival tine o e rep 2,713 at

the FIFCs tZ%ﬁcodﬁaﬁoe&lcéfdc %%lech %/ t}{qulleY){BO& aL}d otlZe’]erfom%%{ |9|p % 15 C%Engtlgrﬂm t he

devi ce 702 tot FI FGs a situation whe YeViCe feeds
m ni mal ‘%@’S‘?Eﬁt‘é“&pg’% B! i lez‘%%%r GRS o cag?ﬁ‘i’) The reply( 1) 71 1 arrives

at the FIF ore e |nn| mcrofrane 2 and is stored zo

$Elte"re§)|h§< LR R *as?‘ﬁfai"rawagﬁs%%iarsﬂ%& rR) %?%idibclfslt?f*emﬁ
16%
i of of Fberé«?*’&?ae%ﬁsgoﬁ@& Lonet GR3Tons raperr Sy 220 e HRAGPERPHERY | ong t he

device 702, tr ti on akes re rep I (2). 712, won't arrive at the
FI FOs unt it as@ﬁe%‘? flala 3 15 Hbeui‘%’“ﬁ{‘fbl?'%py Al Z’a‘t‘r"g f‘?fﬁf"ﬁ‘&(?@ ISFEdo conpl et e
split-A 704 é end| ngﬁ on when conplete ~i W O 02/ 08000S PCT/ US02/ 111 CSC
split-A wd¥ rreved &an W st ?pzrﬁ‘l?r“éferfah%‘l)%ted detreresedpsiugderp nospitoul d ¢ hen

remain in the FIFGs until conplete split-B 706 is received. The reply(2)
712 i s t hefinpashoiaY déqeanaria bas Iongssincy passed) Upeit eceiphaf shescompletpaiptiy324r e

i nvolved, the reply, reply(3) 713, may be received at the FIFGs 716 well
i nt o mi cr dhe BiFEs Sorwprsighe daty 3 to dhe hostrbl ant askmyli¢dgeBeR O@nilasndsesaryfecei ved.
The reply(3) 713 nust then wait until the FIFOs 716 receive conpl ete
split-G 708 babastion,wel hapkneViedssadnt 328 sesehtdetm ROFT 3 guthe d&viger320i des a
chart describing the timng of events in the operation of a high speed to
hi gh/ f ul | /uponresgipedl tieadbita3 2t i dd@r3 14t iThe Bashgkaow leddergnis2BgEnilad td ake
advant age of the effect of one of the two device transaction-del aying
sour ces. Aigust hisdt forewidedisdsythe BEROR 3floane is conprised of eight

m crof rames. Al though transactions nay span between mcrofranmes wthin

singl e franes, FigoR £pldvidesad chardepribing Mettnihher dfferamichgnhtoih the cpagdeh | ons
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



s

fromone frame to the next (spanning mcrofranme 7 to the follow ng
mcroframe 0). Tinme constraints of the systemcan be inproved by taking
advant agev@b2/égidg property. Because no transaction wl | ey@f/Ug(gr,],tlgggue from
one frame to the following frame, it follows that at the very begi nning of
each frame (the beginning of each mcroframe 0), the high/full/low speed
bus 802 wiTHe lime2@8sgb3 adekd if devoted mnadeperioiR’ traRGdAS (i @NComubl aldesugiont i nui ng
fromthe previous mcrofrane, mcroframe 7). In order to take advantage of

this, in ormsenboeili NeRithat hbiepdriotR thasetidls db Deli#evh enti§Rd rel @B rd#ic806) i s
adjusted in phase to nake it so that a start split (token) 808 |eaving the

host 810 afrotibie foRsht s spasSidalteusnBEBRbent AN%AIRATIOHEre@BhnRloedlis §6:0f rame 0)
will arrive (the token 814) at the TT 806 (given the |ength/speed of the

| ong cabl ecBdd} treebhoids gmclb&gﬂdﬂHﬁd@gtaﬂfspm&éshguﬂ%s.Cﬁ?(\@eQér gfes as being

mcroframe 0 (phase shifted). Under this set-up, the token 814 will be

vai ting i Mt i;m::nggl@@anrb%%q}fzeﬁﬁor%ﬂf SRioliik afid n&r{-}ﬁa’?i%ﬁ:%rtra@{aftﬁ&g high/full/low

speed bus 802 of that franme. This elimnates the possi Ity of having the

one- m ot of 1 ATe g kRO B 25T AN E AR AL ShiTibaL ame of each

frame. Knowing there is this extra one t / US02101551
m cr of r ane t i st. due to dela I .a percentage
i ncrease iCrﬁiﬁ?oﬁ%pﬁﬁleewg&tﬂmsé}hépﬁ}n(%’gre kgo‘sglfn\?}gnls %eBteer?ﬂ'a OgﬁhgrﬁPear of

per formance deqgradation..ln enbodi nent, _the | ong.c 12 is increased
in length r? ucgtg)rrrggtf’horré@mlv@,aqﬁﬁ%H’S(?ﬁedf f‘ﬁ(érg‘?cﬁ‘éﬁﬁé’gg‘@%\%ﬁlr ©affect system
reliability. This increase ir ng cable 812 | ength causes the conplete
split-A 81%erit'8"‘?§!§°bﬂﬂ%H’elsg‘é's”[']ti‘{?glcgn B se %F"%@Pﬁ@gﬂ‘tgiq“i B L0 of one

enbodi nent, . the first c?ngl ege _SEI it rral_y be rempved because of it being
unnece¥sarficrotagsleby nglasei daghigh-spesd £1FQsAMirescivg therstaryspii 408 28¢  di 7 f er ent
events in the operation of a high-speed to high/full/low speed cabl e

ext ender inwqf%ﬁ*ﬁ&hqnﬂ}%%éate%@ﬁéd@aéwdfratawﬁt anq dafagrguess) agrofsadenss) of

del ay between start split and conplete split under tO principles of the
present i rfebliadidan tothe Bhd0%&nbodi nent, the start split 902 is sent fromthe
host 904 to the FIFOs 906 via the high-speed bus 908 during the first 80%
of microframe Ynder YSB2R pootoch ghettokeart 10 oan becforversdedtfeom i TTHOBeDd ) 910 i s
forwarded to the TT 912 across a super |long cable 914. The token 910 is

t hen sent ,devica4 B (viaghdetanld|highespesidesd 1 e cdditr theotht heginteng efahdeit wher eupon
areply 918 is generated and forwarded to the FIFOs 906. The t5 token 918

i s hel & untictoframe dfiypthert, theslplicd trdR&tibs israticeed/edealr ahitnddurios a 9%nd and t he
token 916 is sent on to the host 904. Note, as stated above, that nore than
one conpl ehiero$iaief mistdflamae (With kxceptbrk explSihédbel DMBRERSS 4 Qi sfilt kdd zi ng a

del ay between the start and conplete split that corresponds to a frane

I engt h of dahfe b Sine b Ad Bosr 9GRS thb RsETRUSE. FPEadiBiEOBERe, APRARN 2 30f t war e
changes 20 necessary for inplenentation as conpared to providing an N

mi cr of r ame,sdelidkailNid 19 bt dRetBh B trBFPRHS I I8naBle SRECIohLiEGInkYhd | | ust rat ed
and descri bed herein, it will be appreciated that nodifications and

vari at i onSy@i-cabtecBa88 GRboskMVEME | M eBti t : ~hi ngs and
within the putrcvi&gs\fv of th%osapp@ﬁdggﬂgl i Hs&%\%%%ﬁgﬁ?ysde@ﬁsrt??ﬁ)\é@?é om tthe spi rit

and i nfeendgg iﬁi%@ﬁteﬂf beldt€ tHe MEBIIY%: BPthe ficrdffame 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



wo ua/ usoous PCT/US02/Ul; SG Clainms: 1. A system for comunication between a
host and a device, conprising: a host coupled to a storage el enent by a

first hi gvospewoosbus; and a device coupled to a data forvggdiyRegkgment by
a second hi gh-speed bus; 5 wherein said data forwarding elenment 1's coupled

to said storage elenent via a data transm ssion nedium said device is to

recei ve a gxegltihat athy devissegla percoptidnh@ch asdrofrantoards 42 3e%kE Radisr théh send a
reply, in response to the prelimnary nmessage, for storage in to the

storage elied®stor thdiessed03. Fhis@fterationd RAGS it PESIHEHRIBARE WoPRSRAI&nhS REN from
the host to the storage elenent, said reply is to be sent fromthe storage

el ement t o tokéh 4105domirg frdrf eheSHost 40 @farrfie @t KL ITT 40B 8F ShltiytREb&ifkdgFnar y
nessage is a data request, the at | east one secondary nessadge i s a data

request fohé At HiboroRdtk (lIGofrSRE ¥ hird) aﬁ%d‘i‘lﬁfs?bera%gl tthf:]r?hstaF&Ffé)g\}g?rE%?o%e claimi,

wherein the prelimnary nessage is a data sen e a one

secondayy ARREAUP ireleHRL 2908 i{ AlLifledfhy BIISLNSEAER) Minl R data recel bt

acknow edgenent. 4. The syst of claim1l, whéerern irst "hi gh-speed bus

and the segond t9@§e$&?e%q?r%é&|§blga?f£9(§nﬁgyrﬁg§{ g}g(frlre;r) Yh%r\%?'%-_c?eri AariBus (USB)

protocol . 5. The system o alm Flsing. 20 8 FPrist
transceiveL, j.cat i u d(m%et en t.he stor el enent and the
data transm ggl oﬁ %é)g%%kﬁgkgﬁéﬁ%%b% 'H\{\gti Ugeili?l@fg't V@dgh Y iess o
second tr i \&r. COo ni.catiyvely. coupl,ed het ween the _dat ransni ssi on
medi um anﬁﬁ@ a\égthérw? %ﬁ“ﬁ?‘hegbeé\“ﬁ%?f g)l e a@&irﬁl‘c‘fofrf‘g‘f:%t({hésnscei ver and
sai d second transceiver et rovi de tocal translation, allow ng
non- USB pr%?'BB'gf ?Eearﬁg%“géiw(?ﬂ%& 'Wﬂég‘agﬁﬁ%@gﬂgﬁi’é@i B miserfme 515 6. The
systemof claiml, . rein the storage elenent is a First In, First Qut
(FI FO) moufafcé’F‘pgﬁ‘ﬁSpﬂ'h %dé"tséecleﬁ’te Y Hie A dF @ befirp that, ghedransagHammmey bmlost-ans| at or .
7. The systemof claim1, wherein theEpreI imnary nmessage is a start split
and the athirexsvlddave beg BoitsabyA2es he HHQsA08 to baysibesncforyardad at that tihe  syst em
of claim1, wherein the data transm ssion nediumis a data to transm ssion
cabl e. 9. The ${Etechvrevides afiay diagramenf eirightshesddefidl/lowssneadi S$B 26 catdei um i s a
wirel ess data transm ssion device. 10. The systemof claim1, wherein;
during a fexieaderphdar gfincipies efitheprpdentiavantin.olin amieaibodimantex thegaeshntni cr of r ame
having a t5 mcrofrane duration of equal value, the prelimnary nessage is
t o be sentinfenoon, thempbretionat flow of the high-speed to full/low-speed cable extender is
15 basically the same as the high-speed to high-speed cable extender 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-speed 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-speed 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 one 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 0. The token 610 is then
9



the storage elenent; the prelimnary nessage is to be sent fromthe data
forwarding elenent to the device and the reply is to be sent fromthe

devi ce t avd bgodadsa forwardi ng el ement during a second m cpefqRsand i s
WO (?2/08110118 PCT/ US112/ A sSI the at | east one secondary nessage is to be
sent fromthe host to the storage elenent and the reply is to be sent from
t he st or agfervedréstiefidm the FIP@s 60630 tHUTT 61g aarokdthe thnEice¥lOF 12aMhe almodnt ofhe system
of claim 10, wherein the data forwarding el ement and the device 5 maintain
a per cept i ifie providad for FamsndsicA@robN@E long casly 110 detbrhiffaas ahewnlgdrance amount
Wi th respect to the perception of each mcrofranme by the host and the

storage el Bieafiéater ik vahltadf Sl Se@8Agef disthritk Melidng WWBRI6ED Barf dpén. AR RRRar@TOUNT S
equal to ten percent of the mcrofrane duration. 13. The systemof claim]1,

wherei n: tigcabelime Jalik bBN pRvide® fr @ThcRhseAin RABIE &ah tyuaPlo IRk REIPHF AMeS, each
m croframe having a mcroframe duration of equal value, the prelimnary

messages | Smicth (e queE.qr@()j,FrQﬁesQﬁtgﬁvet& aldA€ s r?f’é fﬁ%'tlﬁ)ﬁgmiz'edtf wijevice is

coupled to the data forwardi ng el enent by a W speed bus; the

prelim nary . 0Bssa98adshidsRnPe sent fromthe data forwarding elenent to the i
5 device ang tﬁ% re%‘?sy l%Ssnto be sent fromthe device to the data forwarding

| duri ; beai ani Cneludi q
o orofram and dsild R WEERAEITE 2o&he IS VB MR F50B0, <ai g
second m cy

Fromthe HOg STBT KRS PRy RtuEREhe B RrE Moy o S P lme e om t ne
2t or sat dMSERToORE R arte o PRSP T F SO Py PSS SES S 14,
i it At AV S BRI GFCBART 65 TG AP PEnBUURAGERIF phase an -
advance ampunt with respect to the perception of each merofranme by the
host and tHuansespesyef Bredongseblef15. The system of claim 13, wherein "N is a
positive whole nunber. 5 5 16. The systemof claiml, wherein: during a
first host ni cribpregrebagiment,sireptabia iy then repimedfremkesdesice Bl hamd frane of a
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 number 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



plurality of frames, each mcrofranme having a mcroframe duration of equal
val ue, the prelimnary nessage is to be sent fromthe host to the storage
el ement ; wO@2devesce is coupled to the data forwardi ng el epepiyskyoidse

hi gh/full/l ow speed bus; to the data forwardi ng el enent and the device

mai ntain a perception of each mcrofranme that is advanced in phase an
advance anoifithé das §tieame Seiffit®cdnhdd D ECEPS foQke AimtRAcHbiRI&uatd @me by the
host and the storage el enent, such that the prelimnary nessage can be sent
fromthe deidmitrgvnhdiafgcdrement to the device at the beginning of a first
device mcroframe and the reply is to be sent fromthe device to the data

forwarding 15 el eietiafiidnBuR@blicidyhappedEWhGEETE70) (AR @R ddyhe at | east
one secondary nessage is to be sent fromthe host to the storage el enent

) 1 L ) ) ) until

IR S e L A D L R
at | east Oﬁlﬂizé@?o?gqgﬁ-gerfi@mgﬁdﬁn.tﬂwt%%n- BRI Larsh AP 1LS: OBl e

storage el ement once per mcroframe, starting w the third Ros

m crof r a”%eé%?}tﬂe&pg?i&?& Erﬁ%hé’t{o'n%ar( ?ecrglh.v ?gis ?%{réec\ﬁ dQl%s tadds%ou:t aé&icﬁé{n% 800(18

PCT/ US02/ e systemo aim erefrn he system

f claiml,. i.ght nicrof f aplurality of
m cr of  ane TR 0P bt Oy R iRl R TG o e hetr e

m crof rame_hawi.n j crofranme, duration of equal value 5 and each franme
consi sti ngreB@ ’Qﬁ%@&@‘%ﬁ%’f‘e f nicroframes, the preliminary nessage is to
be sent fromthe host _.to the storage el enent; the device is coupled to the
dat a forwar di ngbeéf’@ﬁ@ﬂ?c’twmhdq?ﬁygfﬁyﬁIb¥ Thedrsouises i SBuk Propeolatlams Hirnar y
message is to be sent fromthe data forwarding elenment to the device and
the reply theredobpmukiplsicomplsts sphis. dbs/nueber of qompletsplitsroevigadds g el enent
during a to second frame of said plurality of frames; and the at |east one
secondary MbsRglemiceofamepduringthighytberfiqvics tiapsactiqnoocere phis byaggditionalment  and
the reply is to be sent fromthe storage elenent to the host during a first
m cr of r anecagiplete sphity: Fof exameleoif theadedicp tramsagtionyspayk np mametban @@. The syst em of
claim19, wherein each frane consists of eight mcrofranes. 15 2s 21. A
devi ce formisorframsi thadeicomplaietshlita ateguevideddi ¢ 20levi ce to receive a prelimnary
nessage froma host via a storage el enent and a data forwardi ng devi ce and
to transmt a ripdeycompletesipbitsde, 706)708ardseat mn g ehetoarve B tluringtthdir at | east one
secondary nessage is received fromthe host, whereupon the reply is sent
fromthe sigreage mkefants loacidnendtiatt therbefi@tither 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(l
)711 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



 the data transm ssion nedium 24.

20 said host is coupled to said storage elenent by a first high-speed bus;
said device is coupled to said data forwardi ng el enent by a second

hi gh- speaxlo byegoo@nd ~s WO (12/05(1UUB PCT/ US02/ (11, 5C patRlstailidse
forwarding el ement is coupled to said storage elenent via a data

transm ssion nmedium 22. The device of claim?21, wherein the first
hi gh- speedspiitid wasdelelsed sabinmictoifigine 2 Bd rigug2ppenasigd thesl esmaiiinier sal  Seri al
Bus (USB) protocol. 5 s 23. The device of claim?22 further conprising: a

first tranBFiswuet amiaeipliaBineiyreeoup) Bhe REKEIM IshRenSbAVAGR elhement and
the data transm ssion nedium and a second transcei ver conmunicatively

coupl ed behoweBIs. thBoth aduccs bAMSAY 6 In08IvER dicuBpianeb 1§ 7 Bakay beraaidi 419
el ement; wherein to said first transceiver and sal d second transcei ver are

to provi dethpFH®CAk vellams nftioffme 2l o@éﬁblﬂgﬁé}(&@m%@ an@B%fhagtnbre etS\TBZf]' g“hggt
for comruni cat i

and a devi Fé@ew&pm@'r@dlﬂg) 718QURY} hBYwat DﬂﬁtthetIQF@s $lt60r‘§@£\ee c%}-ng)@@ hg& a first

hi gh- speed bus; coupli’ng a device to a data for Ing e y a second

hi gh- speed7mfor;§elg§>myagéago fRidsdasa forwarding el ement to said storage
element via a data transmssion medium receiving a prelim nary nmessage by

sai d device f rcem% grm,%g acm&&mﬂlgﬂ% t..Rtﬁg%%%ng thﬁ gbef?%$neogg¥éqhemnt

response to th |n1nary nmessage
condary nessage

d 2
?2 se(r)ItSfe P%Im&?tﬁw% ﬁ ”?‘L géel% or’{'gtreen Iag'Je tﬁl'ﬁ@ﬁfa“mé?ﬁ %ﬁﬁ?"é?) Ei‘feragm"fahﬁo t or age
I t to,th 02/ 18I PCT/ US02/ SSG 5. The system of
gl :P?r]n24 h e‘?eeclt ﬁﬁ?'ﬁz 0%3} etTNV%H%ﬁS/a"ﬁ@ 8%8%‘“( 88 WU ot By B’F"'Oi‘ﬂ%é at | east
d t f and the repl S a data
oE 3 BR Y R Sie  mFTR AP en Y i i &
data send, the at !Aﬁtﬁst one secondary nessage is a data send fol | owup, and

the reply igrofrangs Hingl r%“céclii%\%doé’(ﬂ%}%‘i%HEOh'bE?the'FH‘ﬁmS"ﬂélf EARsagtions ai m 24,

wherein the first high-speed bus and the. second hi ghspeed bus operate
under Uni vpr8 qne &aipg fy thepext (semm)nggristedenk 7 @ the fattingmiceafraste 01 ai m 24,

wherein the prelimnary nmessage is a start split and the at
Time constraints of the system can be improved by taking advantage of this

property. Because no transaction will ever continue from one frame to the following

Is  frame, 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



| east one secondary nessage is a conplete split. 29. A set of instructions
residing in a storage nedium said set of instructions capable of being
execut ed oy oog@cessor to comuni cate between a host andpargRY6i8&se
conprising: coupling a host to a storage elenent by a first high-speed bus;
coupling a device to a data forwarding el ement by a second hi gh-speed bus;
15 coupl i nyiselrahedmt fathe thaawdi mgbeloardanio dedayadlbds 5§ betagRe flceiBh via a data
transm ssion nmedium receiving a prelimnary nessage by said device from

sai d host ; loagcabsedidilagth (yr sgived spead) Gthoud fdabo pérfoimfant€8d2PM¥acor, © the
prelimnary nessage, for storage in the storage el enent; and 20 sendi ng, by

the storage el drent em@ddirRéntahe loR@ELbIOHNE i§ﬁ6@£¥g@-frﬁ/leﬁ§?§§)asgﬁ1eitl§eﬁgm atf rom the
host to the storage elenent, said reply fromthe storage elenent to the

host. 20 whith Grié/ ibd800 6bAIRAELUHAGH Klia6ifh2 CrnisTRGeRY 5 B Ahiaha! m 29,

- wherein the prelimnary message is a data request, e at”['east one
secondaj y RRSEH a&lRed the &)l’:ﬂﬂét@-sﬁl@ﬂuﬂ%ttoBph”lluay\fe%mkegrb(}le%?%eil})gBlil\‘{zeh.slna data

reply. 31. e systemof claim29, wherein the prel |dm nary gefssialge is a |
dat d, i r i . en ol | ow up, an
e, SoribOYASEE PR ABERLA N EISRAR ARSI

the reply is a data receipt s ac ! Sé 0
wherein the fir i - e.Sec i spee us operate under
Uni versal Seri e{ﬁ étﬁ%%ﬂ%@g?%}aﬁﬁg%ﬁﬂﬂgﬁ "%’éggélj'g?rgﬂﬂ ed’?"tﬁl“atF‘?‘r?Fféﬁ'oﬂhgr ein
hoeshoe | aHidh BELAUm Al AnD EREE o3 SlendRufiRe N gt il fach OO

. . LN N N AL A9, 1 0
4' '?‘S'CAS ' Af’raITﬁeA}’s eigﬁ\ mfg‘rsolfr'aéses)'o'%ﬁlélb%ét&%' s'tAéIFt' s'?)\ht é?\ld'cér%pleél_spﬁgunﬁegr#ﬂ;ul v ab
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, 1] FRW mhc? : _ al ca] ca] ca] ca] ca] ca] ca] ca] ca]calc
a% Jca] caiglc\;\(]roé%ﬂcoé l% g‘g%‘:@%’%a 62";]] tggiw%g%sg%]}i gg{é:@]éiuﬁﬂg Hiedisdt R0 of microframe

;I\ ltalo!l ~I1|w rrhl;d )%] c] ca] calU] ca] ca] ca] ca] cal ca] ca] cg} ca] ca] ca]ca]ca]caJca]c
((

a] ca] ca] c aPdemed JAp skee Areenresantaigrehgreef) 1) is Barwarded toshe RS2 across
$ESHORBM &&(((((((*F+++C T, , -a--{vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cald wagrdencubed] ¢aTeapka] Vajichircsht s adigrta)bay-smed aicH] cw] cal -
the device 916, whereupon a reply 918 is generated and forwarded to 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’ microframe 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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3. The system of claim 1, wherein the preliminary message is a data send, the at least
I5  one secondary 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:
20 a first transceiver communicatively coupled between the storage element and the

data transmission medium; and
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7. The system of claim 1, wherein the preliminary message is a start split and the at

least one secondary message is a complete split.

8. The system of claim 1, wherein the data transmission medium is a data

10 transmission cable.

9, The system of claim 1, wherein the data transmission medium is a wireless data

transmission device.

10.  The system of claim 1, wherein:
during a first microframe of a plurality of microframes, each microframe having a
15 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
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1. The system of claim 10, wherein the data forwarding element and the device
5 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.

12. The system of claim 11, wherein the advance amount is equal to ten percent of the

microframe duration,

13. The system of claim 1, wherein:

10 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 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

t5  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

20 microframe, ‘N’ microframes after said second microframe.
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110% & () - 1510%1&e 6ysterl&F claim 13, wherein ‘N is a positive whole number.
5
5 16. The system of claim 1, 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;
10 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
15 element during said first device microframe; and
the at least one secondary message is to be sent from the host to the storage

element once per microframe, starting with the third host microframe, until some value

‘M’ microframes have passed.

17. The system of claim 16, wherein the at least one secondary message is to be sent
20 from the host to the storage element once per microframe, starting with the third host

microframe, until the reply is received by the host.
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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
10 second frame of said plurality of frames; 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 first

microframe of a third frame of said plurality of frames.

20.  The system of claim 19, wherein each frame consists of eight microframes.

15
15  21. A device for communication with a host,
said device to receive a preliminary message from a host via a storage element and
a data forwarding device and to transmit a reply for storage in said storage element until at
least one secondary message is received from the host, whereupon the reply is sent from
the storage element to the host; wherein
20 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
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bus operate under Universal Serial Bus (USB) protocol.

5 23.  Thedevice of claim 22 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
10 said first transceiver and said second transceiver are to provide protocol

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

24. A method for communication between a host and a device, comprising:
coupling a host to a storage element by a first high-speed bus;
coupling a device to a data forwarding element by a second high-speed bus;
15 coupling said data forwarding element to said storage element via a data
transmission medium;
receiving a preliminary message by said device from said host; and
sending, by said device, a reply, in response to the preliminary message, for
storage in the storage element; and
20 sending by the storage element, after at least one secondary message is sent from

the host to the storage element, said reply from the storage element to the host.
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26. The system of claim 25, wherein the preliminary message is a data send, the at

least one secondary message is a data send follow-up, and the reply is a data receipt

5  acknowledgement.

27.  The system of claim 24, wherein the first high-speed bus and the second high-

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

28.  The system of claim 24, wherein the preliminary message is a start split and the at

least one secondary message is a complete split.

10 29. A setofinstructions 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 to a data forwarding element by a second high-speed bus;
15 coupling said data forwarding element to said storage element via a data
transmission medium;
receiving a preliminary message by said device from said host; and
sending, by said device, a reply, in response to the preliminary message, for
storage in the storage element; and
20 sending, by the storage element, after at least one secondary message is sent from

the host to the storage element, said reply from the storage element to the host.
20
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31. The system of claim 29, wherein the preliminary message is a data send, the at
least one secondary message is a data send follow-up, and the reply is a data receipt

5  acknowledgement.

32.  The system of claim 29, wherein the first high-speed bus and the second high-

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

33, The system of claim 29, wherein the preliminary message is a start split and the at
least one secondary message is a complete split.
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