MULTI - HOST USE DEVI CE CONTROLLER . Priority O aim/[0001] This

application clains benefit of priority of provisional "‘application

Serial No. 601792,178 titled "Miulti-Host USE Device Controller",

filed on April 14, 2006, Wsd TIrNEST Vs PEeIABOONTROBOER and Ati sh

Ghosh, and which is hereby i ncO'f'ﬁb“r’“at'pgo‘m; aagherence as though fully

and corrpl etely set forth herein, BACKGROUND OF THE | NVENTION 10 Field

of the Invent I%A1] Bgo2prigton plegrnbenchy ehptiwiiy o8 Prrvesonsé sapligatign Beial No.

conmput er hard 3 £ I

(USB) cont ol oy PROifonanasy UsREbRie ool SRRl o2 RbhiP14, b6, whose
inventors are Mark. R Bohm and Atish Ghosh, and which is hereby incorporated by

5 reference as though fully and completely set forth herein.

BACKGROUND OF THE INVENTION

10  Field of the Invention

[6002] The present invention relates generally to computer hardware and, more

specifically, to Universal Serial Bus (USB) controllers.

Description of the Related Art

15
[0003] The Universal Serial Bus (USB) allows coupling of peripheral devices to a
computer system, USB is a serial cable bus for data exchange between a host computer
and a wide range of simultaneously accessible devices. The bus allows peripherals to be
attached, configured, used, and detached while the host is in operation. For example,
20 USB printers, scanners, digital cameras, storage devices, card readers, etc. may
communicate with a host computer system over USB. USB based systems may require
that a USB host controller be present in the host system, and that the operating system
{OS) of the host system support USB and USB Mass Storage Class Devices.
[0004] USB devices may communicate over the USB bus at low-speed (LS), full-speed
25 (FS), or high-speed (HS). A connection between the USB device and the host may be
established via digital interconnect such as Interchip USB, ULPI, UTMI, etc., or via a
four wire interface that includes a power line, a ground line, and a pair of data lines D+

and D-. When a USB device connects to the host, the USB device may first pull a D+
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[ 0003] The Universal Serial. Bus (USB) allows coupling of peripheral
devices to a conputer system USE is a serial cable bus for data
exchange between a host conputer and a wi de range of simultaneously
accessi bl e devices. The bus allows peripherals to be attached,
configured, uBgthiglandr detDChRA! Wi deeict ke ]b@ssbeédb‘deivite opetisal 4 Hull ug-@kistor on

exanpl e, 20 U E nters scanners, digital r stor Vi ces,,
card readers, fll?ﬁay f@oﬁ’ﬁ%ﬁ%%@“’%b{yﬁ%&“ﬂ’@ §§pﬁ?‘?’ %g*g‘f’&%?% cisa
USE. USB basest @gﬁée@ NFSHYBYi 6L 1SR Ubate Aal/Shi 0%& dﬁ@ﬁfgrfgé berhn@%lgh during
present in the host system and that the oper a system (OS t he

host system stippeet TSEoghasUSEP WEIS ﬂst“éhlagéwaltars'@teb@dma@% °f @:41]13 lines

USE devi ce C :
Ul 1 - speed 20 P SEr Ao b AR cltp reflovt e BREAR dckiknd gy
devi ce and t h@nkmasﬁcamg abhigégpﬁﬁl i\é’haddivcioandxtlggtmll—spcﬁded@msmmw reucie the
as Interchip U ULPI , .UT etc.,.0 erf

el Udos a poliih i gt 5956 RG e i sh B vids Wb ied e dees
Ui e D AL S s i page 1 Meyertons.  Hood. Kivlin.

pull a o age yertons 0 ivlin,
Kowert & Goet [:9@]15} AUB fhiubrmay by ceupleddo 4 U8B hdst carirdisvite allpw mulfiply USB
bapond by r eluitFt RELE cBig Hnt B8l St RiobelEnPli Be cHhEoR= o Hiicn
hi gh- speed USEheieUBBehube heaiUBB cdepled & ﬂ.’&yUSB Hiubptd mvmeladﬂﬂ@nalhﬁsmdemce

line high during the re The, host d t chirp" b
Ll ter et i eciats e BB USEIS BRtpidiat &7RRD A 4 i Gloh Rorhiigred s
then el ectroning@bleyy GEABY & Eﬁ%ﬁ\ﬁ@l‘éh'ﬂ@&céé@@d%ﬁé sQ%ﬂs RO tdoRY&ler. Consumers

comuni cati ng at hlgh speed en_di sconnecting, full-speed devices
may renove th&piseily dagpe mesimsyms dlexibdity, heé Py Wagkto have a simplejmepng py which to

B nee) 13 ooyl s ARAEH, ey Lben Bferbdd qoicBl b S BRY < Hhce
e
B i gt R A e R A Al S

to the USE hogbn<ORB wldcgés thhioreERe tal capdongy UBI3iteREE b ldetidt bokrebiSupstream
structured so_that ever% device is conflgured and accessed by a

singl e host cHABridst &onirellss uibess selipreaboweva dpit & Repgheimuitancous access to
flexibili %ar . Cijgrﬂi}{e%@e[l‘_ﬂqaf 2 &%ﬁr&f&f@g %u@%?ﬁﬁﬂa‘y WL gl Q%Vlc% is typically

cheaply s eV| ces ere are several swtc devi ces
currently al | smesedieydmesingie best siv tiobedd bébmassrm e P58 deiSEe lHasdiched, the

controllers, bhut the eV|ce can ed and accessed

by only a si ngﬁf"é“eﬁ%%# ate-ond R’rgﬁef?‘? 3@8"%} Feénag %qaﬁ?r%ﬁ ?‘fandal one
USE swi t ches Lpgﬁ% OVI de the ca{)abl li.t of SWI tchin ‘% a_devic

bet ween upstr eSS IuSH Selated, & thegyion rtowdl b?FBW@\Pé’Pa‘e’FT P one

to permt si n&&ﬁ@ﬂﬁ%@ aACERS SorhParing such prior art with the present invention as described

25  herein.
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20 the USE device that is downstream of the hub or swi.tch. The USB
device is typically accessed by one single host at a.tinme, and when
access to the USE device is switched, the device nust be

re-configured, thereby |osing i nternal state information. [ 0006]
Qther corresponding issues relSHMMARY QETHEINVINTION | becone

apparent to one skilled in the art after conparing such prior art
with the present invention as described 25herein. Atty. M. No.:
5707- 12701 Pagi@027INbyoee tsone, em’mdn';mem@i,wlsmgle KEheteic8 ol Faked Suh/ARYiple

OF THE | NVENT: 007 t ment s

devi ce may bébgﬁgégdga%?%§§gy ﬁﬁ’ ﬂgggﬁ (F§®@H?H%J%dﬁ%%ﬁmﬁﬁvggW?eﬂw

L e-confi : gur eduRtredue hesty mrﬂﬁledctﬁ&ﬁﬂ(} tadeSBVcEw;eI lsm@Lda& bodi E:.ss sie@mMineously
osts alternate acce USE devi ce. e .eac as .

si mul t aneous| %Pu@}?fﬂ?‘éf ti? B%VI?% PR RS 0 W@#éo Hﬁ'ﬁdb@dﬁacw@a@%@ deticscp the

and reconfi gufig mﬁlﬂl@mg%o@t@ kS anedviilytshk @ dike AQSLeFuiBon, fgor gxz}mple

si mul taneousl y share a single dévice/function, for exanple a
Et her net cont# Gigabit Etvimdt sonirpllen sVhge esmnst pmsynﬁ dmlmnbnwatahgmﬂseaejabwt that

host that is .caon ve Ft her cce n
0e oun £t horReP a8 b BRGAAEE NebaRERERA i d LR Lot ena
enbodi ments ofthtder yieheintvatinwenibodimehief Behessoat ingsmtios ﬂld”mk(erha switch may

repl aced by | ess e en ive and nore conpact multi-host USE
controller, Wfaﬁﬁfgé & RESA GEReTEiye got B taerapisEutielast SH sadplly, aljqying

anot her  set Oéacﬁfﬂég’tdﬂon&@és% thé LGS EdianFe Yl aRSmhaB: Re eﬁ%ﬁﬁ&ﬂfbegorage
with a multi-host USE controller to provide a USE based Network

Attached Stormedia @asys wey be eonfigrredcaith hanullidiost BS8genietiereiot providemUSB
15 multiple SE%EP% ork [&Paggédt ?%?)ﬁggi(Ngg? d%ar eg‘%‘éé glancﬁg syo% egre%uests from

mul ti-host cap evice con evice
si mul t anepus| yukiplf T$WIkheds.and accessed by two or nore USE hosts The
mul ti-host capabl e device nay.include separate buffers for each. host,

and may be coPPyreanopssnhornaiy Byriing §mubi-pest gaebleds vigerontedise srshared
frommore thagsg 'a%wlaé)ﬁfay bz@ﬁnultmeously configured and accessed by two or more USB hosts.

The multi-host capable device may include separate buffers for each host, and may be
configured with the capability to respond to USB requests from more than one host. The
20 device may maintain a dedicated address, configuration and response information for
gach host. Each host may therefore establish a dedicated USB connection with the
sharing device.
{00091 A USB device may be divided into three segments or blocks. The first block may
comprise a USB interface that includes the physical (PXIY) or digital link, USB Link layer
25  (SIB), and other circuitry necessary to send and/or receive data over the USB. The
second block may comprise an Endpoint Buffer Block, which may include the endpoint
buffers that are used by the first and third blocks to buffer data and control reads and
writes to/from the USB — transferred through the first block — and/or the Peripheral
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20 device may maintain a_.dedicated .address, configuration and
response information for each host. Each host may therefore establish-
a dedi cated USE connection with the sharing device. [0009] A USB
device may be divided into three segnents or blocks. The first block

nmay conprise randddh I niR5kace thiadh tHeChiigasodhe TRBWERE ModkPhiy)cobrise the
digital link, USE Link layer 25 (SIE), and other circuitry necessary

to send and/ oFeRbEE Vengion? iiseld rwmﬂeﬂ%ﬁlcl‘ﬂ‘?éh% SEGHEY BP%W’B&I the specific
conprise an ERgpaiile Bukbe rfoﬁ%ﬁﬁ%le M&EJ}%&‘%IL& Extérh?uﬁ: th etc.

buffers that are used by the sSto buf dat a
and control redd$ rapae satiof esibbdibfennite Ifestlllﬁﬁ:k-may b sdpdicated fmmaohl ghstream

the first /bl and or the heral (Atty. ... 9707-12701Pa
5 Veyer torts, TPRGAT RIS il tegeeca oftsi ey i rifiched R ol pdiepd fos
through the tobitrad wlllock.cadtheast,the extbhtQs kyhighyb 6ARPLE/SE pbitidns E’@ﬂienﬂtﬁkﬁbre
Function"” itself, which may i ncl ude the circui trérnecessary for the

speci fic USE repdiG e THAY YADY, Wad PRy USBKEEYISr dvnen EaerBirdh dlockeanay; Giregiond to the
printer, Vi d%me%at%ﬁ belsHAL0Ly hﬁ}}t&ﬁ@[ﬁﬁt}loﬁg AARed ABRES. Iécﬁt ed to be

first bI ock may be replicated for each upstream’s host port,

sone, or all duplcatede AsBovhdldsk ool bnfa@ddde tyepdllydetwatn oy fieshar ssr:p@tdr@@ﬂrs
host port..as well. |p _.eac ase,, t nt towhich blo

por ti ors 185 Che® Bitbeke B ther e i Magyat ofiist de g HeRefRVIR. Toe
type. The t hiiitenbll abkraity tRhHasRoR ERbleh@ch/BBsidevidesst Miatshitdelil Pebigheral
shared by nmultiple USE hosts, and may therefore not. need to be

dupl i cated. APSRt W sibeEKintalraERs éaﬁeﬁpcesseywcboﬁ ESNp et REBHIOP NS IFegH grant

and second blpgdse i@ map heﬁriﬁ%e %éths}sﬂé DR RBA A ibAdl Tada k) AGKSer

- configured as an arbitration he internal arbitration
mechani sm mayo/Gnabihe Sac e td’hacﬁ@egtsont b theh seeificPeretlphieralused may be

request ! goanteiipined (B Ae0R, (RE EPRERne Ury BhelfRl eF CTEr "
host conpl et g601a] Gascnd ératnaii@ents, M BptwidierohaheshatkMiegipherihmetion to each

sel ection of the specific rrechanl sm used % be 15det er m ned .
accor di ng t o MeHEuReERced Bomrdgdpiadev egihdoshegual %‘C%‘él Fryobpasralpdiments, the

100111 In sormn&ﬂeﬁ%m&ts {éaﬁcéa%emsgm B@Mde 8 AP SRR FRRGHCA may

function to each host ere duced i n order toalow
equal access. 6X¢€r¢ddltlﬂ1e¢ndmd$bdxf fienhest. Oltter lpsgrdisi oftthe peyent grvepgon edﬂlbe@me

because t bandwi.dt.h of. t he e i pher.al n X t
panaw dt oot PRECaet: Tipka? GobbPE e rboGh B FRAATOETE Wl Wiripes e
becone follow.
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20 apparent with reference to the drawi ngs and detai.l.ed description
of the drawings that follow Arty. Did. No.: 5707-12701Page 4
Meyertons, Hood, Kivlin, Kowert & Goetzel BRT.EF DESCRI PTI ON OF THE
DRAWNGS [0012] A better understanding of the present invention nmay

be obt ai ned when the foll opRIGF OESTRTEUIONSSE TEHE DRAWINGRSI dered in
conjunction with the following draw ngs, 5 in which: [001I3] FIG 1

shows a system diagram of a nulti-host capable USB device coupled to

mul tiple host goegCAr chiag ﬁ@er@t@ﬁdﬁ%@%&“ﬁrﬁm ﬂ-l%&%ﬂna?hﬁ o&aﬁlg&)%en the

mul ti - host capabl'e devices couplihg to multiple hosts according t
one enbodi nenfollowing ¢S |defRriGiioBissivosdered ingginindiiagwintief fodlowBE drawmgs,
mul ti-host dew&m according to one enbodi nent. 15 [0016] While the
cli
I nvention | S susceptl ble to various nodifications and alternative
forms, specific enbodiments thereof are shown by way of exanple in
t he dramnngs and. wil |
[0013] FIG 1 shows a system diagram of a multi-host capable USB device coupled to

multiple hosts according to one embodiment;

16 [0014] FIG. 2 shows multi-host capable devices coupling to multiple hosts according io

one embodiment; and

[0015} FIG. 3 shows a logic diagram of a USB multi-host device according to one
embodiment.
15

[0016] While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and will
20 ° hersin be described in detail. It should Be understood, however, that the drawings and
detailed description thereto are not infended to limit the invention to the particular form
disclosed, but on the confrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the present invention as defined by the
appended claims. Note, the headings are for organizational purposes only and are not
25 meant to be used to limit or interpret the description or claims. Furthermore, note that the
word “may” is used throughout this application in a permissive sense (s.g., having the

potential to or being able to in some embodiments), nol a mandatory sense (i.¢., must).
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20 herein be described in-detail. It should be understood, however,
that the draw ngs and detaifed description thereto are not intended
tolimt the invention to the particular formdisclosed, but on the
contrary, the intention is to cover all nodifications, equivalents,
and al ternati Ves feahl i"mglude't, hnd ddriratiqisr itheranidnsmopiéncdfdingdie bpr eweniimited
invention as defined. by. th ended al is.. te, the,headings are
for organi zat g’o'ngﬁe %ﬁ[?pg‘gsué%d?%% Saﬁgegt!’yeorﬁb@eg% Fﬁteqo be used to
limt or interpret the description or clains. Furthernore, note that
the word "may' is used throughout this application in a perm ssive
sense (e.g., having the potential to or being able to in sone

enbodi ments), not a mandatory sense (i.e., nust). Atty. D a No.:
5707-12701Page 5 Meyertons, Hood, Kivlin, Kowert 8c Goetzel The term
"include", and derivations thereof, nean "including, but not limted
to". The term "coupled" neans "directly or indirectly connected".
Atty. Did. No.: 5707-12701Page 6 Meyertons, Hood, 1C vlin, Kowert &
Goet ze' '
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [ 0017] In one set
of enbodi ments, a nulti-host USE device may provide nmaximum
flexibility and a sinple nmeans by which to cheaply share devices with
mul ti ple hosts, by 5 providing a separate configuration and access

interface for eacDhRIPSUBRDESCHIPTIOG O THE MISEFERERIAEMBODIMIRGISAM
of a multi-host device 106 contfigured wth a USE nulti-host device
controller 108, with nulti-host device 106 coupled to fast host 102
and second hombﬁaofﬂ orm,e@ Qf%ogﬁﬂéﬁtse%tﬁﬁ’ﬂtﬂh%?t 08Bt §liceMrth M&é @S dum

devi ce 106. shown in g exanpl es, nulti=host device
106 - confi guﬂ@@bllmt amdmnphlmmh :s;whd:b\m elesanly sb@mdmpmwﬁllwmmwhqsts by

R Y ey

ot her devi cesﬂlmya.téaea Blbm Hiapday mﬁmlguroeﬂdaﬁze mob confieséd detliacesB trhnat-host
i nclude a nmulti-host contr Il er t he, nupber and ty
of such devi c"é%”‘iescoﬁg? ]'r%gt ?ﬁ‘B@ e?ﬁ%\kﬁ@ﬁm}ﬁliji toztnb b@%é]ozlaﬁgé‘?‘iénd

embodi ment  of pdgp 4, wmtméso&ot%bﬁsh@&dn&gbwfé@fﬁh&ﬁh&s@@m&ﬂw Asnshﬁwm FIG.
3, 15 an upstreamport or PHY is configured for each host to be

connect ed. | n2tWi @aw@f‘s@cauméqsr@awﬂm? fevB3BA0p s wohgingd rﬁéﬂh USB multi-host device
Interf ace/)lé: oug ?rofl«% ltO%e %%% aggﬁéna i) Oal%ﬁ&ﬁ'{tgP]{) %r?- eg % ﬁgoqﬂ@/or a

in FIG 1 upst ream nfrgure i ALET el cotple

to the secondpﬂim&ﬂz()fshﬁre&hﬁlﬁﬁlsﬁlaﬂs eatider(PSY 12204hdH O VLS. | Wlakl Gthed Jevices may
Mul ti-host device 1l be addressed. separ at

ely by each host, and
may respond tB %@ﬁfqlﬁa I8 asrosmostyivices Bt elorlp mrfl@h%ﬂ gwwﬁmﬂw

devi ce cont rOidaeﬁndltﬂgn%}éeﬂa&l&?p@%ﬂ%h@%@ésfﬂﬁtﬁlﬁﬁﬁte@fﬁo BR3L sHRAMass ot o
fully service i nmediately, may either send not-ready packets in a

USE speci fic B@h¥ldr oue entvedignenbef mukithosiolor K shates)| dedice Oheshewstin FIG. 3,

R

drive, etc. -upsayamnQbrilBe2 mnﬁgméd tohigterfadelcoujlo st the ﬁmbbbu (fqr e@ﬁxnplbﬁrst host

USE 25 conponent,, and a standard off-the-shelf item 10019
VULt~ host " doUiEroTBoma: dbs SbeEeh PaurbA 'rvi SRl Mokt oapis tshe

buffers 306 andy30fst GBHPnREe MSFdMst {04\ Q8Hn deHIEE ) C RALEH:EdevikOG08 Riay
PHY 302 and PITY 304,

be addressed separately by each host, and may respond to each host within USB specified
20 limits. Multi-host device controller 108 may internally determine which host request to
fully service immediately, and may either send not-ready packets in a USB specific
manner to the other host, or may interleave the host requests. Peripheral Device/Function
312 — which may comprise the main consumer component, such as 2 Ethemet Confroller,
Mass-Storage drive, etc. — may not be aware of the multi-host capability of the USB
25  component, and may be a standard off-the-shelf item.
{0019] Multi-host device 106 may also be configured with Endpoint and status buffers
306 and 308, coupling USB multi-host device controller 108 to PHY 302 and PHY 304,
respectively. Endpoint buffers 306 and 308 may be used by upstream ports 302 and 304,
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respectively. Endpoint buffers 306 and 308 rmay be used by upstream
ports 302 and 304, Atty. Di.d. No.: 5707-12701Page 7 Méyertons, Hood,
KiyLin, Kowert & CGoetzel and USE nulti-host device controller 108 to
buffer data and control reads and wites to/from each respective host
cor r espondi ngatc UBHYm8BiZh@h detdYc@fidllerarid/ torbyifer idpfaeaél control reads and writes

devi ce/ functi on. 312 led to USE multi-h ' |l er 108.
10020] 111" ane LS GF BRI e OB T HYS L 207 a1 P phers

108 may be 5 gendd et 302 tbupadi to IS malki-Retidylabberoleed®ni sm t hat
may permt each host - first host 102 and second host 104, for

exanpl e - to 28D eny el op srbptiear. e puirhgstodeyiceerqotler 108 may be

interleaving Qé%ﬁfgm%ﬁ nteéPhal YbidRibh e@h&x@s%'ﬂ% ' [ —
structure that my hgﬁgj-s%ﬁn églﬁlaélaﬁbtl)stl Il e anot te%ﬁﬁg)gﬁ%gér?%mgﬁesﬁgt Bost
data transfer 1®%¢1ﬁr89mrﬁhas@w4dbv poeflamttacens Sfped Fhipheel faottionrd 12by sither
Specif o UsD HOGIEAnE Tt WPl o el LT Ete AR Rl ahp? foet oy bota-
embodi ment's, biterbasdwitiichnbhemdaheongdetped Hah atadfatox ce SEnrddvivd/fddkdon
to each host may be reduced _in order tq all ow each host equal access.

In ot her enboctdrehsselectian phwviverifc mashapsm wed may hee@nfigures according to the
bandwi dt h;@f : ' - i d i di. .
andwi dt h;® g&aﬁe%qggﬁﬁré@én%{)%%ggnﬁg@ %Bﬂ@sée%ﬁ%me%, thBandwidtn

host. [0021] I't shou e Fig. 3 shows 2 upstream
ports coupl i nfomchamt phrgsies)] déScedfimneion 2 teesmob dbstemyderaguchéin order to allow

configured '"wt re than t upstream port and. correspondi ngl vy,
Wt poss bl y o PR S Fhet e b P A S BAviES By BROE ik i€ e
t hose enbodi mediidis/idk ef e furch@yex@tds BRIBhOkRistthahest.

cont enpl at ed. _For exaq% e, a multi-host device (e.g. a keyboard) ma

be confi gur edOFINE shapld bs neterk thatgehilediie Sohers R lveptreas Reissoapling i fiveBosts,

or Tour Nost s SAnhaidis A0F 8022k Ak aHEN:bheURINAN RGkS: A anc

have been described in considerable de er versions are

possi bl e. Nunesrreagondmglatiitbrmssiblet modithancatd emdpoinit| dud beaborreufigpe)a reh twhile
to those skil*egleém Dtheﬁrgrt onfi t he; above di cloﬂiure is fully !
appreci at ed. 1755 FRGBHIRACORAS Ofvﬁeﬂ"%?rlsgﬁf’sfpgeﬁ TREOBETPREE: SPeptapre,
to enbrace al b mudhovaceatd eng andybmd)fheabeomnfigNel ewliie sR0t-hed device
headi ngs used herein are for organizational purposes only and are not

g
75meant to | i PAATOHEE gewls iohies AT rphastfetndierfeith or the cl ai ns

attached hereto. ) . ) i
20 [6022] Although the embodiments above have been described in considerable detail,

other versions are possible. Numerous variations and modifications will become apparent
to those skilled in the art once the above disclosure is fully appreciated. It is intended that
the following claims be interpreted to embrace all such variations and modifications.
Note the section headings used herein are for organizational purposes only and are not

25  meant to limit the description provided herein or the claims attached hereto.

Atty, Dkt. No.: 5707-12701 Page 8  Meyertons, Hood, Kivlin, Kowert & Goetzel



Atty. Dirt. No.: 5707-12701Page 8 Meyertons, Hood, Kivlin, Kowert &

GCoetze C ai ns: 1. AUSB nulti-host device conprising:
first and second upstream ports configured to couple to correspondi ng
first and second hosts; a USB function bl ock; and a mul ti-host

device controller coupling the USB function block to the first and
second upstream ports, wherein the nmulti-host device controller is
operabl e to est@hlhd:sh concurrent respective dedi cated USB connecti ons
bet ween the USB Tunction block and the first and second upstream
ports, to allow the corresponding first and second hosts to:

si mul t aneousl y; q@gﬁggﬁgﬁ;ﬂ%%ﬁgqggbgMLgn%he USB nul ti-host devi ce;
e

si mul t aneousl y access t devi ce; and

al ternat el y adoetssnd keondSBpftteast pots mntﬁgkledetdm@pl!t: tei toespandimgofirst hraf

first and seeﬁﬁ)thosts reconfiguring the USB nulti-host device each
time a dit Pt

one of the first and second hosts is given access to
t he USB f unct ionSBlreekion block; and2. The USB nul ti-host device of claim

I, further conpr|5|ng a first end oi nt_ buffer_ coupl ed bhetwee
first upstrearf POftIeHhdleyine cRiire #erwegreilrt@ekbﬁc[és%&wefrtev|léPck %&ea irst and

second endp@idnfipdaehih qfon@owg&eﬂ metlmemogth&v&ecmgowa&% rRAbROKL esBBfish
the multi-host deV|ce control USB nul ti -host device
conpri si nggncurrent respective dedlcated USB connections between the USB function block and the
first and second upstream ports, to allow the corresponding first and second hosts to:
simultancously enumerate and configure the USB multi-host device;
simultaneously access the USB muiti-host device; and
alternately access the USB function block, without either one of the first and
second hosts reconfiguring the USB multi-host device each time a different one of the first

and second hosts is given access to the USB function block.

2. The USB multi-host device of claim I, further comprising a first endpoint buffer
coupled between the first upstream port and the multi-host device controller, and a second
endpoint buffer coupled between the second upstream port and the multi-host device

controller.

3. A USB multi-host device comprising:

a UUSB function block; and

a multi-host device controller coupling the USB function block to a first host and a
second host, wherein the multi-host device controller is operable to establish a first
dedicated USB connection between the first host and the USB function block and a second
dedicated USB connection between the second host and the USB function block, wherein
the first dedicated USB connection and the second dedicated USB connection are
concurrent, to allow the first host and the second host to:

simultaneously enumerate and configure the USB multi-host device;

simultaneously access the USB multi-host device; and



a USB function block; and a multi-host device controller
coupling the USB function block to a first host and a second host,
wherein the nulti-host device controller is operable to establish a
first dedi cated USB connecti on between the first host and the USB
function bl ock and a second dedi cated USB connecti on between the
second host and the USB function bl ock, wherein the first dedi cated
USB connection and dlfethaste andssdie USBtfaetidbBleRwWiRledut @ithab@e of the first and

concurrent, to allow the first host and the second host_ to;

si mul t anedsh 1“&??11‘%9‘3%8“%3‘@&&% i*_@‘iff‘gostt H%‘”Fj’sﬁcﬁﬁ%“ﬁ 4 i‘g@t‘e“&i%‘i‘ﬁ ehe first
si mul t aneyks hid A6 SRS hHK | atkdds 1@ tu L HIne®on BB&k.

alternately access the USB function bl ock, w thout either one of the

first and second hosts reconfiguring the USB nulti-host device each
time a differept f i . C i i
accese 1o the DSHY ag g iagtee 8P ahinf 3 RN ARRFL RE3eHGY Bhot
of cl ai m &-envheraddeachaimailthe filsosost WBB thke vécord ihestnditermaes emassereathed/SB
each time.the first host and the second host alternate accessing the
USB functﬂ@ﬁ“%]%Bé? 5. The USB mul ti-host device of claim 3,
further conprising a first upstream port coupled between the first
host and the nmulti-host device controller, and a second upstream port
coupl ed bet weeh tTAe USEcihHi-irss devagsof imndy I frithes SMPHEDE @disigeirean Bort

6. The USE, mlitderAQptthdEMt G5t Qhd HehMithosd &%‘c@%'bnﬁ&@,rein%ian&c@ldf Lilﬂsfﬂeam
endpoi nt buffer coupled between first upstream port and the

mul t i - hosportlewiptsd bebwren dhd seondamdt andshe onbi-kesd poiier copubfierr coupl ed

bet ween the second upstream port and the nmulti-host device

controller. 7. A USB device conprising: a USB function bl ock

and a nub.t ThhOSB maleiliost okt wdblain 5clnhégongaising acirspdndpdibebudsB

function blog to a plurality of hos in the nmulti-host devicg
o)

s, wher ei
cont r ol | eFOUPEdbsivemY Brst 3%?@%[3%%&?&@#&5%?“ (Ag¥ise CoptiRlleteidca e

USB connegldpans RELMREmbIt SetddBn fHOGEIRD BsB6dm ask hite t Wudl-hdsy Rlice
hosts, to allow the plurality of hosts to: sinultaneously enunerate

and confi gut®llehe USB devi ce;

7. A USB device comprising:
a USE function block; and
a multi-host device controller configured to couple the USB function block to a
plurality of hosts, wherein the multi-host device controfler is operable to establish
concurrent respective dedicated USB connections between the USB function block and the
plurality of hosts, to allow the plurality of hosts to:
simultaneously enumerate and configure the USB device;
simultaneously access the USB device; and
alternately access the USB function block, without any of the plurality of
hosts reconfiguring the USB device each time a different one of the plurality of hosts is

given access to the USB function block.

8. The USB device of claim 7, wherein the multi-host device controller is operable

to simultaneously receive respective host requests from the plurality of hosts, wherein the

10



si mul t aneously access the USB device; and alternately
access the USB function block, wthout any of the plurality of hosts
reconfiguring the USB device each tine a different one of the
plurality of hosts is given access to the USB function bl ock.

8. The USB device of claim7, wherein the multi-host device
controller is operable to sinmultaneously receive respective host

request s fi@Phdsh@etedontrblist i9bpdigaé & inwhlQideetmige WRkH dF-thofkpadavd Bat
controller is operable to internally determ ne which of the

respect | vEIRGE O peiylredmEetigicdar vi ce” i medi at el . 9. The USB
device of claim@8, wherein the multi-host device controller is
operable to interl eave the respective host requests. 10. The

USB devi ce of @l aher/8B daiee ef platnh 8, whgrein-theosultidlessi deviesorpnirell¢ras opagable

oper abl e n in a USB specific manner to hosts
whose req%@g%qﬁggqﬁ§m&x%ﬁéﬁﬂ%f%ﬁggserV|ced 11. The USB device

of claim?7, mhereln the multi-host device controller conprises an

internal arbit hani,.sm igured to permt | ur al

host s to i mul 1Gne ws{ﬁgﬁ @afufeesﬁ a@easﬁ Vit iRe esgulﬁldwe{ i wcma@ l§§/ is
i nterl eavigaosd Seﬂ@%ﬁﬁeaﬂ?ghﬁéﬁsﬁn%nlgégrSEMﬁ FlaRger 2o BOEE®Whose request was
request/grant structure; wherei n the common request/grant

structuremﬁdWﬁWﬂ§€%Y8%@C%# the plurality of hosts being granted
access to the USB function bl ock while remaining ones of the
plurality of hosts are not considered for access to the USB function
bl ock until thel. oﬂ@ Id$BtclIa*e’cqabﬁJ¢laih1' T,wlwfeimdstmulﬁd@statmtﬂeebemoi@ccem&iismg
the USB funct] deV|ce claim1l

wher o i PR B on A SR cENEBRF g BTG ot i figTho bF hosts o
speci fic LpRlgesude fypet aciepy etk USH fgcliGB bidRChy amedaatlg host access
13. The USB device of claim?7, mhereln a bandw dth fronlthe USB
function BHBESK ang/s Ry HSNE & SeRMOPECBITE SRSHICIWE r al ity of hosts is

reduced to allQw.eache E@ﬁ]ﬂ@ﬁ’ﬁéq\ﬁ@st%%t Qtfruc,ItLh}'é' cgllnﬁflﬁs'otiﬁ O‘Ptheqﬂﬁtaﬁty%l{'@!;ts
access to the USB function device of “claim

13, wher ebsing Benisdrigadsdith thesUﬁBtfun@mludé@iclq Whuiq regecieg ones Wathelwiwiality of
the r eSpeﬁ(;sltsvaei\'e ﬂgteco%idyég f&l a%%égs It(]5 MlequSE??lﬁ{[cﬁoﬂ block until the one of the plurality

of hosts has completed accessing the USB function block.

2. The USB device of claim 11, wherein the arbitration mechanism is configured

according to a specific USB device type comprised in the USB function block.

13. The USB device of claim 7, wherein a bandwidth from the USB function block
to each respective one of the plurality of hosts is reduced to allow each respective one of

the plurality of hosts equal access to the USB function block.

14. The USB device of claim 13, wherein the bandwidth is not reduced if it

exceeds a bandwidth of the respective one of the plurality of hosts.

15. The USB device of claim 7, further comprising a respective upstream pott

coupled between the multi-host device controller and each of the plurality of hosts.



15. The USB device of claim7, further conprising a respective
upstream port coupl ed between the nmulti-host device controller and
each of the plurality of hosts. 16. The USB device of claim
15, further conprising a respective buffer coupled between each
respective upstream port and the multi-host device controller.

17. The USB device of clainv, wherein the nulti-host device
controller is configured to nmaintain respective dedi cated address,

configuration, and r onse infor ion for each of the pluralit f
host s, 5. ¢ PSSPl T | iDeRP BaOEa EueoBe PR el
hosts, t hetwedhaeh ﬁ:g;ﬁ@@fib@ bf@eam port an® Sl it $BENRY RO BEMFI RNt
respective dedi cated USB connections between a plurality of hosts and

a shared USB function conprised in the USB devi ce; two or nore
of the mul tiplg hoglSyghMiLyiaNeeLHli%7C WHERSAld I AR doGOMVIGUESNBIENS;
USB devi ce; receiving respective access requests to the shared

USB f unctéoofighrednia heaintamn oespeotie ofedichied phddregsi topnbgurhiost, s andangsponse

processi ng.the.respecti agce r ests, to allow the two or nore
of the plﬁ?ﬁr???]% eﬁ%§¥§“¥%m§ﬁégﬁﬁgg%ly access the shared USB
function w thout any of the two or nore of the plurality of hosts

reconfiguring the USB device each t] he USB function i s accesse
in response to'fa redffdiad (P& eSS ngu%‘svtcef YRR A BRTS.oHiE la?tﬂod
the two ofnifskgof the plurality of hosts. 19. The net hod of

claim 18, wherein said processing conprises determ ning which of the
respective accuulisherfiedtcyren rewmestiveededipmisdi (AR [conneghenssat wasi & glurahiat

respecti V& l%gt%%ﬁéagl%qébeégla funcéiiOH50%?1?363@1?‘(]%%‘%96\%6; claim19, wherein

sai d processing conprises hol access the 'shared USB
function by thesermespecttheveubiptaestsrsequiesteisthatunaraingatnd configuring the

USB device;

receiving respective access requests to the shared USB function from the two or
more of the plurality of hosts; and

processing the respective access requests, to allow the two or more of the plurality
of hosts to alternately access the shared USB function without any of the two or more of
the plurality of hosts reconfiguring the USB device each time the USB function is accessed
in response to a respective access request from a different one of the two or more of the

plurality of hosts.

[9. The method of claim |8, wherein said processing comprises determining which
of the respective access requests to service immediately, and servicing that respective

access request.

20. The method of claim 19, wherein said processing comprises holding off access

to the shared USB function by those respective access requests that are not



i medi ately serviced, until the shared USB function is no | onger
accessed by a given one of the two or nore of the plurality of hosts
fromwhich the serviced respective access request was received.

oi . The method of claim 18, wherein said processing conprises

interl eavin gesses requested by the respective access requests to
the shar ed“’%§% SHRECTHT 5 THREUND LFGE Do EX 58] FReed, by B giverhae of the two or
conpr i si ngmprapiealniing tetsdpacticybe dedidcateetilc adaress; weaafigur at i on,
and response information for each of -the plurality of hosts.

A USB nul ti - host ﬂdevmemawusmng whaelsmr &@esu%cogﬁwegﬂtchéag)&%accgsses

operable to ﬁ@es@i g}'tla% ANV cgesscrg)@%sltsgutgle 'Has‘gc}/ Tﬁw }cQI‘ ror € 0Sts

and a controller configure BHt respective
dedi cat ed USB connecti ons between the shared USE devi ce bl ock and the

two or nore USB oSt She %lﬁﬁcﬁbﬂ'bizlirhﬂa eietiis g &knlpﬁsr ing lﬁlx@afaﬁlﬁgalQLp%LLRQdéd%&gd ve
y

and respond I ne res tlve SS requests sent

the two or aacgeélj%ély'h%g §H '6rO8 1(‘:1 SL&f ?ngorﬁacﬂlﬁﬁ@fl?"ﬁﬂl%‘? "¢¥%e shared USE
devi ce bl ock. 24. The USB mul ti - host deV| ce of claim 23,
wherein in estabii ShlAﬂ@SE :hl@uﬁ&-ﬂ@édfcé &%ns‘ir@spsﬁ%&fz %%@%ﬁ@cﬁc\,\gﬁé&sﬁo be

connect i ons ﬁ%ﬁaneouq 1 dab ﬁ\“ £
USE hosts, the contft ol %”r’e 4 tgbé’f ‘H‘BT Sk BOSHB?“HtaéP'ﬁmPf‘éﬂﬂﬂf’@t‘W/@ wsablish
dedi cat ed adelcesst resgestife dgdipasdiLBB camekbtiie Spena ecishi@rUsBt deat: fiak agagh of

the two or m@nﬂsﬁsb%&ss vhercin 1] A device of
clai m23, whe U}Ege coniron er. conp rxs|oé5§§o]a@§ﬁcé% shd rBS‘JQI%IIPJ%@” aneos

i nterface C|rerS CC“V PECEa RV S ”F\?\‘iﬁ’ B MHHISE h??SE“H%FB‘& afhetive pfihceach

respective @SEdiUﬁBéMcacleckm rcuit enables the USB nulti-host device to
transmt and/or receive data over a USE bus; and a respective

endpoi nt buffer for efach of the two or nore USE hosts for storing
respective dedi ¢t ed 30U &L ey Aficy aF Atn g g fiesisbirsiee itafeormeni on
for each of réReivt wdicard PRF @rtdSbndiestea: the shded USE device block and the 1wo or more

USB hosts, the controller is operable to maintain respeciive dedicated address, configuration and

response {nformation for each of the two or more USB hosts.

25, The USB multi-host device of claim 23, wherein the controller comprises: a
respective USB interface circuit for each of the two or more USB hosts, wherein each respeciive
USB inferface circuit enables the USB multi-host device to transmit and/or receive data over a
USB bus; and a respective endpoint buffer for each of the twa or more USB hosts for storing

respective dedicated address, configuration and response information for each ol the two or more
USB hosts.



