MULTI - HOST USB DEVI CE CONTROLLER Priority O aim][0001], This application
clains benefit of priority -of provisional application Serial No. 60/792,178
titled "Milti-Host USB Device Controller", . filed on April 14, 2006, whose

i nventors are Mark. R Bohm Y S | hp eby i ncorporat ed
by 5 reference as though Pﬁp?‘ﬁa}figgf T 'EEﬁ@ség%?]Bng ei n. BACKGROUND
OF THE INVENTION 10 Field of the Invgfﬁ6 '&HEE%%Z] The present invention

rel ates geney@oly Thiy SMREET clBidiV@ Bt dPGriofiB) 6f poResdial Gaplichtioh Bekinl Mer sal
Serial Bus (USB) controllers. Description of the Related Art 15 &0003] The
Uni ver sal Sef{/dP2.Bu8 titlesBMuiifows Uddupeviag GontrpBen” phledain devi dés2409, ayhose
conputer system. USB i rdal cable.bus. for data .exchan bet ween host
comput er  andabpreiarer Yl B0 Gen Ry (ishSno R bl ol & R dEtotRRE Y

al  ows pesi phgerhé dsehhigsh @Bl asdeshple@nf debit@therdifed, and detached while the
host is in operation. For exanple, 20 USB printers, scanners, digital
caneras, storage devices, card readers, etc. may conmmunicate with a host
conput er system over USB. USB based systens may require that a USB host
controller be present in the host system and that the operating system

(OS) of the host system suppeACKSROIND WEBTHAS ENGEN YN Cl ass Devi ces.
[ 0004] USB devi ces may communi cate over the USB bus at Tow speed (LS),

full -speed 25 (FS), or high-speed (HS). A connection between the USB device
and the E](Smt F{Ta?&/oibtﬁeMVention '

[0002] 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 simmltaneously 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, a_.nd that the operating system
(OS) of the host system support USB and USB Mass Storage Class Devices.
{0004] USB devices may comnmunicate 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, ULPL, 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 conuects to the host, the USB device may first pull a D+
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established via digital interconnect such as Interchip USB, ULPI, UTM,

etc., or via a four wire innterface that includes a power line, a ground
line, and a pair of data lines D+ and D-. Wen a USB devi ce connects to the
host, the USB device may first pull-a D+ Atty. Dkt. No.: 5707-12701 Page 1

Meyertons, Heaghighki-vd the DKAWRIF the @aﬁt«:a@h 1dw Bseellidghice —Msﬁgwpﬁ:ﬂu réstdrf ord he
device is a |l ow s eed devi ce - using pul | up resistor on he | ine. The

host may respedat bper ddetoptngey F@P‘U@)ﬂ@w‘?@@g ther$3éieUSB c]%theéés]? gle‘ace isa

hi gh- speed t S G t
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renove the puIIh Jﬁ] resi stor and continue comrunicati nghjat hi gh speed. When
ghf uie

di sconnecti nBi BB dgvigemayvdhenalpcrapenlly remeve g pullipp resigier @d JORERYS he

Crivstate botdPhblaAEkEhich ecd, Mhen B0 Hibl HEREd AR Rl e
host contr ol hgll up Gesttdroforinthd DR 1neUBB, “HHOstgle tiede),oviie: igHbes USBdagichost

system t hrough the USB host controller. In addition, other USB hubs nmay be
coupled to th@Y@SBfamﬁmthtﬂl%Dtb\an@ID é}d@ﬁtl onal USB device connections to the

USB host con r ener | ficatio

that every dL({H%ELSI gsboﬂ ?ftj BPste t’f?&e’éﬁﬁ&@f’ E’r‘}it]rpgﬁf f@ﬂ?’
Consumer g; t Ma}u‘:‘e@'tb&bed&%ble% tﬁ%ﬁé EHEE‘ sfyét@ﬁ' tﬁfdugh)fhe B ABY BRAb1LO ]ﬂaa\i&tﬁn
sinpl e means by which to 15 cheaply Share devices. There are several

swi t chi ng deviheedI3Ehaubs urayebe Icyupalbd owtlze USH beb to proeids vadditvmd! bSBadenice
mul ti pl e USB Host co troI t evi ce c era con red
and accessedcweﬁtmr? ‘hgﬁzmﬁfo “Bﬁer ﬂ?{gﬁl?e@@n éflLl‘é‘ QP%S%’)?LE'%
stand- al onenl /5By gy cie%'ﬂf%%st&%g&feevdnﬁeactc&%e&B?aabhhgfe}%&i Wb B NBofsuifRW Ce

bet ween upstream
typically desire maximum flexibility, and may want to have a simple means by which to

15  cheaply share devices, There are several switching devices that currently allow a device
to be switched between multiple USB Host controllers, but the device can generally be
configured and accessed by only a single host at any given time. There also exist stand-
alone USB switches that provide the capability of switching a device between upstream
USB Host Controllers. These solutions, however, fail o permit simultaneous access to

20  the USB device that is downstream of the hub or switch. The USB device 1s typically
accessed by one single host at a time, and when access to the USB device is switched, the

device must be re-configured, thereby losing internal state information.

[0006] Other corresponding issues related to the prior art will become apparent to one
skilled in the art after comparing such prior art with the present invention as described
25  herein.
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USB Host Controllers. These solutions, however, fail to permt sinultaneous
access to 20 the USB device that is downstream of the hub or switch. The USB
device is typically accessed by one single host at a tine, and when access
to the USB device is switched, the device nust be re-configured, thereby

losing internal state informSWIMARYIAF THEINVENTEINondi ng i ssues rel ated

to the prior art will becone apparent to one skilled in the art after
conpari ng such pri or art wwth the present invention as described 25 herein.
Atty. Dkt. Féael ¢4 B c%%%ugeﬂ\@yaeé'lﬁél@ S0 S]ﬁ‘k?i‘égl’ce Kbyl b shalﬁéw"@éz{)ssgﬁ‘ngﬁ%ﬁez el
SUMVARY COF T E I ENTI ON [ 0007] I'n one set of enbodinents, a single US

devi ce nay bESShasedwydioru sseding td ipd re-cob§Biad ot se-wmiunharated vegddambeveny me the
re-configured or re-enunerated each an t he upstrea ost
T ot A o ek et G I G5tint 1 SEiceirach Boftiie sReuKargity
enuner at ed t B 0leN§ e &é’{%eetﬂé?é’mﬁ?bé‘ﬁo Reedtd Qslgt ﬁﬁ*}e@é?ﬂigh?&@l@fdegiéé %nttl*ibe

device on the fly. Miultiple USB hosts may sinultaneously share a single
devi ce/ f unct flpn MifltipledXSihlosts naay@rga]mnbomjn grmet soghd dolitedfuncii, Ifer ¢xampbst

S, e, TR SR P 0 ARk o o oSt M S
switch, in Vﬁréogﬂggl%g?(f)ﬂé\;%érngg ackl§ 1@%1‘?@&%]&11&&‘\%’1&‘ s%r? ﬁ&eﬁle?@&%@%le?%& ch

may be repl ace ess expensive and nore conpac

control | 8y, Bileawk Bgitcleag hatimstenibodacaessf thbpredSh itkention tid Ethemielysmtdh may
anot her set of enbodinents, storage _nedia devices may be configured with a

mul ti - host USBIawed &l less sxpsngive dad MapspoTpaaauitidias USBapenitrics aiowinge
(NAS) devi ce,l a3 PRG BB 8G8cd GAMES! S Liher iRt T¥hltRlafinéeB HQsLs-

media devices may be configured with a multi-host USB controller to provide a USB
based Network Attached Storage (NAS) device that can handle storage requests from
15  multiple USB hosts.
[0008] In various embodiments, by using a multi-host capable device controller, a shared
USB device may be simultaneously 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
each host. Each host may therefore estéblish a dedicated USB connection with the
sharing device.
[0009] A USB device may be divided into three segments or blocks. The first block may
comprise a USB interface that includes the physical (PHY) or digital link, USB Link layer
25  (SIE), and other circuifry 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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[0008] In various enbodi ments, by using a nulti-host—capabl e device
controller, a shared USB dew ce may be sinul taneously configured and
accessed by two or nore USB hosts. The multi-host capabl e device may

i ncl ude separate buffers for each host, and may be configured with the

capabi lity tmnemm&aﬁ@e&é%ﬁ&sﬂglﬁméﬂﬁfdomo@pr eThdaRir®NBodlOslay JhBp@ @evi ce
may nmaintain a dedi cated address, configuration and response |nformat| on for

each host. ERetiphesel Funelior’hisdf, ovhicle saavbinrlufe shedeieiuity sdcassmy donfectiedificwi t h |

h hari 09]. A USB, dev h
ool oo, "SSE Hege PR R RS P B e R RIS VR CHRER AES The
physi cal ( PHid10Mn b8! debf bnBEdinldaR, e krst 8MRk m#Pbd Rpfikateder @hdetipstream

circuitry necessary to send and/or receive data over the USB. The second
bl ock may cdwptpst ad SEMIQ,pQII all, OBﬂfefsenorB! ok mmbgmepmweﬁrfmmweea@muwl nt
buffers that_ are us

d he f d t K buf f
control read®Ta#td™ K i é%c %F‘Flrg t%ﬁt ‘9§§Llcgtb?°<f%§1aﬁ Pgao H’F]g{?éﬁﬁ? ﬁ]é)a?ﬁ &t
bl ock - and/gflidatid REY wﬂ@efaééd oMUSB d&dide tyPe.- The fifd bRERImBASSTEpMey &y thens,

Hood, Kivlin, Kowert ‘& Goetzel Function - ansferred t hr ough the third
bl ock. The tWBSB devico dat maly be shped by mlﬁ‘epleUS@h@ﬂ’aeraad nﬁtyntﬂmrccﬁn% not segdfte bahi ch

may include fhe circuitr ecessary fqr.the.specifi USB device f

for “exanpl e C{QHE ‘?fé%’ @)ﬁw}gma& © aﬂﬁ?dn’f Sﬂ’ma@?’ E’é@ﬂﬁ‘éaﬁ%? st gpg seco gg%@# S n
one set jf m@gJaﬁ%TteﬁheHB@ sEéJn%ltortlhﬂ&%ldEEé! %Pﬁ%@% %@%ﬁdaﬂﬁl% ﬁ%ibc PgtHEeam
5 host port sonme, or all, of the second e rep Icated for

each upst r eamehas tarbifretidn asechza:h&m thay eadile eage hodthie mcesesnthet shawdd ChriHesed k s

and/ or portions of the bl ocks are i cated vary based on USB device -
type. The tHIWaL%H Skeihey %Fl%@aerh?s{) SEGERRES: OBRYANG & CRERTGR F?quse?%ﬁ&r ed

by mul tiple JaBuhoshich 3 HBM-SHSETHREE WRAE MSEHr HosPEompletes a data transfer

to/from the shared device. The selection of the specific mechanism used may be
15  determined according to the specific USB device type that is being shared.

[0011] In some embodiments, the bandwidth from the shal;ed peripheral function to each

host may be reduced in order to allow each host equal access. In other embodiments, the

bandwidth may not be reduced because the bandwidth of the Peripheral Function may

exceed the bandwidth of the host. Other aspects of the present invention will become
20  apparent with reference to the drawings and detailed description of the drawings that

follow.
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duplicated. A fourth bl ock .nmay be added - typically between the first and
second bl ocks, 10 or as part of either the second or third bl ocks -
configured as an arbitration block. The -nternal arbitration nechani sm may
enabl e each host to access the shared Peripheral Function by either

i nterl eaving host accessesBRggFbEs@mI@Nngrm@iﬁgsant structure,
whi ch may hol d-of f one hos € ano conpletés a data transfer
to/fromthe shared device. The sel ecti on of the speci fi c mechani smused may
be 15 deter rd| 0 t.he specific SBd ice type i S, bei
ohar eq. {001 M1k A e B RS oTURE IBhBhI IR oY T Shidfisd Bart her a
function to &afék»mg]aéthﬂé@&eé@ﬁpﬁ&%%ﬂsﬁ&e@ﬁ@eénjh@c@nl%%M&%ﬁ &AM gs,
access. In other enbodinents, the bandwi dth nay not be reduced because t he
bandwi dt h5 of inWkicPer i pheral Function may exceed the bandwi dth of the host.
O her aspects of the present invention will becone 20 apparent with
reference to the drawi ngs and detail ed description of the draw ngs that

fol low. Att yEm%BE}SFI@O]L Shfd 4 %&ZH%&% oF MRYUEL-hORDaphile drSEKigelice ’cm?ﬁ&?f& &
Goet zel BRI E CRI PTI ON OF NGS [ 0012] A bétter understan

t he present imitgn¢ hosts mrdmgtmbm:meminbdum the follow ng detailed
description is considered in conjunction with the followng drawings, 5 in
which: [0013] FIG 1 shows a systemdiagramof a nulti-host capable USB

TP 5 SRR el enRsh o AR haRG ol IR R e d o0l

to one enboche@mnbodimes; 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 alfernative forms,
specific embodiments thereof are shown by way of example in the drawings and will

20 herein be described in detail, It should Be understood, however, that the drawings and
detailed description thereto are not intended to limit the mvention to the particular form

- disclosed, but on the contrary, the intention is fo 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 nof

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 (e.g., having the

potential to or being able to in some embodiments), not a mandatory sense (i.c., must).
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[0015] FIG 3 shows a logic diagramof a USB nulti-host device according to
one enbodi ment. 15 [00161 \Wile the invention is susceptible to various
nodi fications and alternative forns, specific enbodi nents thereof are shown
by way of exanmple in the drawings and will 20 herein be described in
detail. It sfibel terine 'incledst anld, dedhicaewer | thethaf, ntehe divehidigs oot det dirhiest
description thereto are not .intended to li.mt the invenfion to the

particul ar f8$n5§®?§31d?&ﬂ%d%HPmﬁﬁdﬁﬁggkﬂﬂgﬁngyCPﬁ@mf ention is to cover
all nodifications, equivalents, and alternatives falling within the spirit
and scope of the present invention as defined by the appended clains. Note,
the headi ngs are for organi zational purposes only and are not 25 neant to be
used to limt or interpret the description or clainms. 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 sonme enbodi mrents), not a
mandat ory sense (i.e., nmust). Any. Dkt. No.: 5707-12701 Page 5 Meyertons,
Hood, Kivlin, Kowert & Goetzel The term "include", and derivations thereof,
mean "including, but not limted to". The term "coupled" nmeans "directly or
indirectly connected". Atty. Dkt. No.: 5707-12701 Page 6 Meyertons, Hood,
Kivlin, Kowert & Goetzel DETAILED DESCRI PTI ON OF THE PREFERRED ENMBCODI MENTS
[0017] In one set of enbodinments, a nmulti-host USB device may provide

maxi mum flexibility and a sinple neans by which to cheaply share deviceés
with multiple hosts, by 5 providing a separate configuration and access
interface for each upstreamhost. FIG | illustrates a block diagramof a
mul ti-host device 106 configured with a USB nulti-host
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device controller 108, wth nulti-host device 106 coupled to first host 102
and second host 104, which nmay both establish control -with nmulti-host
device 106. As shown in FIG 2, by way of exanples, nulti-host device 106 -
configured with USB nmulti-host device 10 controller 108 - may be a personal
digital assistantpKPRfY) EDPESERIETION OF JAPE PHEFRRRED BMBODIMENTShar ed by
personal conputer (PC) 122 and PC 123. Nany ot her devices nay Dbe sinmlarly
configured as nulti-host devices that include a mult i -host device controller

108, and th d d t ted to th h
Frg. o1 ood MHTRELBE Grb SERRRee Bl Y Bert BP s R el et
shown in FI Gﬂeﬁblht%ﬁndiﬁ sHRYSTE M@y 99 ﬁhﬂu&lr toF&ﬁé’ gﬂ? sle8 (e eieLHith @hulgpRMobesty t 0

be connected. In this case upstreamport 302 Is configured to
i nt er f ace¥ coppivling atShpamtier@mﬁmtlolq fog a@@@éﬁmﬂlﬁ@fﬁcﬁ rfet ea'cchsmpstm@ta lsllﬁbv\BIG nl

Gecond hoat IRBFHES AMAE dinstams o, SRS 566 206, Sefg: R, AR DS BB st ce
106 may be a&kﬂéeemn%ﬁﬂ% a%ﬁh&n&lﬁ-l@@@&v’i&si% @d’t&‘ﬂéﬂﬁﬁb ﬁﬁ%lﬁ@&dwzoaﬁaééb st

within USB specified 20 Ilimts. Milti-host device controller 108 may
internal |y deosdfdehieh iy H@&B@waélthe@ltroﬂ G/Ithfmmltlyll@tadwm;ﬁel%mz&dslmm p Fl@nd

ot or may 2t BA GLORSFRBEHOGH Tk RRS DPOEphhalad YOI BB BalER DA o

whi ch nray() COHcBHtfo?l%r = '}Hé}“béé’g&'é&?di ng@HP&HQi%fbht (BYSH 188, Pl&oBsNEls and/or 2

Controlle Mass- St orage “driv may not be aware of the multi-h
capabi | i ty opmheleaBbﬁpemmsénmmpmaﬂ(B@ﬂZBanéPeEl hzﬁia]vﬁngfothdrldevwﬂehiy
item [0019]. Multj-host deV| ce 106 ma al,.so nf i ured wi t h Endpoi nt. and
status buf f eP$ Singelyfoafigwisd %dﬂlb‘Fl“h?é dESES IR 10l %@P&@S&gﬁ‘ﬂ%?%@ﬁ I$hg
to PHY 302 angs BHY 1myd SRR ALY Shot aHRAPRI 1IRHCH B Rod0lnAnth AR82 MY be
used by upstredm ports 302 an 8 ,

[0018] In one embodiment of multi-host (or USB sharing) device 106, shown in FIG. 3,

15  an upstream port or PHY is configured for each host to be comnected. In this case
upstream port 302 is configured to interface/couple to the first host (for example first host
102 shown in FIG. 1), and upstream port 304 is configured to interface/couple to the
second host (for example second host 104 shown in FIG. 1}. Multi-host device 106 may
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 a Ethernet Controller,
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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and USB nulti-host device controller 108 to buffer data and control reads
and wites to/fromeach respective host corresponding to PHY 302 and PHY
304, and/or peripheral device/function 312 coupled to USB nmulti-host device
control | er lasd S 2H]iti{hostodeyicetontiollemboi torboffsy dMSBmmﬂohi:rehmﬂs ded ivrétes

control |l er may be 5 configured with an er nmechani sm
that may per FH&}?O@af'c"‘ﬁ ﬁ@??cnvefhog%?oq%%‘im%@ éﬁg ?}E{gsqo 1 B OFf R PERE
- to access ﬁ@@&&ﬂm@ﬁ&ﬁ @i‘? nﬁ%léd%eﬁs%uﬁilﬁos%eﬁhé Q&{trol!ef‘?]@g.l eavi ng host

accesses, or by using n request/grant structure that may hol d- off
one host whi [(028hdd hme k‘ﬂlls:bf cmivpliateats, dJsiAt multi-larss f davideotbntariies hiE8e chay be

device/function, 312. The selection of the specific mechani smused may
confi gur el atRHIHFHGWLD apHate f@ﬁé‘éﬁ@ﬂdﬂ%@%@ﬂ@%\/ﬁh&m@w@m@lm koshgi fH@t host

shared. In o Ejgﬁ f 1.Qm, Q{aﬁ]ﬁ e -
devi ce/ funct ?%E%E&B%Egg%ﬁbﬁ%&m %e?(fge%ucg%@rleﬁlpg“u Qtﬁhﬁz c"rlﬁllmf'uost
equal accessintérieadingetiose atvesicspotts; usitrea b&mﬂmdfehudrdgraﬂﬁﬁmhﬁumﬁﬂat&ﬁdy héldt he
bandw dt h of the peripheral function exceeds the bandw dth of the host.

[0021] It shsffi @eﬁ@shwbﬂ@ apother gst pemplptss aglakhgapster todeom élaﬁ%é@‘flge/@@am ng
to two hOStsglz 1?3% 3%5@&} fﬁl@%ﬁg&ﬁ?ﬁ{&hﬁ%‘xngecfﬁ%"b%%oﬁﬂg# E%}&{% Q%t‘m

upst r eam por correspon p0| nt

and status bpdcEics)SBaksicehyjethattinbsiag @Hdae@ll E@ﬁeﬁseﬁbﬁeﬂbbmﬁﬁﬁwﬂthetﬂaﬁﬁwmlﬁ
possi bl e and are contenpl ated. For exarao H a multi-host device (e
6 S

keyboar d) nafronesh@tﬂéfp@mh@rgl dvige/ Bmetons CIUJéQﬁt @'@y begaducst e ﬂrdebi%@lpm e
to three or four sts, and s hthe
above have bet HacapTb ey BonBh i ar b pad ey apy PRGN e
possi bl e. NUB&’(@M&thV(ﬁTth@f)érﬁih%ra@ﬂﬂlcﬁ&db}ide@@stth@B&nde{h dragenBstappar ent

[0021] Tt should be noted that while Fig. 3 shows 2 upstream ports coupling to two hosts,

15 alternate embodiments may be configured with more than two upstream ports, (and
correspondingly with possibly more than two endpoint and status buffers), and while
those embodiments are not shown, they are possible and are contemplated. For example,
a multi-host device (e.g. a keyboard) may be configured with a multi-host device

controller to couple to three or four hosts, and so forth.

20  [0022] 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.
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to those skilled in the art once the above disclosure-is fully appreciated.
It is intended that the following clains be interpreteéd to enmbrace all such
variations and nodifications. Note the section headings used herein are for
organi zati onal purposes only and are not 25 neant to limt the description
provi ded her gydclaimt he clains attached hereto. Atty. Dkt. No.: 5707-12701
Page 8 Meyerfons, Hood, Kivlin, Kowert & CGoetzel W claim 1. A USB

mul ti-host device conprising: first and second upstream ports configured to

couple to correspondin i second .hosts; a USB device/function-
bl ock; and a nul tl?- hos?‘ggg ‘él?@’c?m‘f%’ﬁe eP™P0EPEI ng the USB devi ce/ function

block to the firstistand s%&ﬁﬁn@bsﬁﬁﬁhrp%@ﬁ‘d@ﬁﬁg&edw%%ﬂﬁ th R rEydnkim3oskt evi ce
controller is operable to establish a dedicated USB connection between the

USB devi c/ f egvond bestéil ock and t he 10 f| rst and second upstream ports,
wherein the USB de#gﬁ%d 2@' on |s1 econfl gured each time the first and
second hosts alt efrat @ tﬂﬂ 88 devi ce/ function bl ock. 2. The USB

mul ti-host devi Cea%ulﬁlh%btrﬂejncefdéhﬁbﬁér c%ﬁﬁ]ﬁ’ﬁdg &bﬂ%@dé\h&@lﬁﬁﬂ@ﬂ%{d&k to e 8¢
coupl ed between the first upstream port and the nmulti-host device

control | er, amil seconfi5usstrcamdpens pehercinbikf mnltcbesd| detidsecamenilet He apembledto
upstreamport d th |.t]-has devi ce contr.ol . 3. USB ti-host
devi ce conpr F%?ﬂﬁt}h a gecﬁ%éﬂ‘ijm%‘?%ﬁt&ni Ve L. bSEddWéfegﬁﬂ'EmI}%Bfé@ngém ce
control l g5 capplanB%hetdifl HRBARVHGER! RGN L PISECHei®/AnttitS s not reconfigured

each time the first and second hosts alternate accessing the USB device/function block.

2. The USB multi-host device of claim 1, further comprising a first endpoint
buffer coupled between the first upstream port and the multi-host device controller, and a
15 second endpoint buffer coupled between the second upstream port and the multi-host

device controller,

3. AUSB multi-host device comprising:
a USB device/function block; and
20 a multi-host device controller coupling the USB device/function block to a first
host and a second host, wherein the multi-host device controller is operable to establish a
dedicated USB connection between the first host and the USB device/function block and
between the second host and the USB | device/function block, wherein the USB
device/function is not reconfigured each time the first host and the second host alternate
25  accessing the USB device/function block. |
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host and a second host, wherein the nmulti-host device controller is operable
to establish a dedicated USB connection between the first host and the USB
devi ce/ function bl ock and between the second host and the USB

devi ce/ function bl ock, wherein the USB device/function is not reconfigured

each time the firgt hoghearsB gt geciomgideastclaht Brwadrein tBS (IR aseicatnttien USB
devi ce/ function block. Atty. Dkt. No.; 5707-12701 Page 9 Meyertons, Hood,

Kivlin, Koweitnrexsevmerated eaphdinygsthe fispihoshand thgsgrens! kst eltamaterecemniasdhn

the USB devi g@EBr o : re-enunerated each tinme the first host and
t he second hds %q%g‘%{fra\g%%dnz%ggési ng the USB device/function block. 5 5. The

USB nmul ti-host device of claim3, further conprising a first upstream port
coupl ed between the first _host and the multi-host device controller, and a

second udstream port dHaMEHE-Hedsevise obelabnd. Meher eerapHsag mirstWpsem
devi t |tq - | i t
compr st ng. abriFopp pEFedtThe st bosand e khEERGH doRetomolid Mte scomnd

and the mul t wpdiRain FEVESBIEUEY &l (RE secandlhést as@gRABIGNHRO ARt cddbnteTiercoupl ed
bet ween the second upstream port and the nmulti-host device controller. 7. A

device conprising: 15 a USB device/function block; and a nmulti-host device

controller configured | e . the B devigce/functiion black to a .

i urality of hostd wndPaio RetddivsteRsE Rt HE0n culibier PePpdiite s Bxlindarint o
establishoa pigsPeRplaceheLhs @ik hpieiint QBRI B nhetiViIReN dbNee b Broller, and a
devi ce/function block and each of the plurality of hosts, wherein the USB
devi ce/ f unct sesond sndpeint bufef cgwlekbewetn thensccond upstream port and the multi-host

device controller.

7. A device comprising:
15 a USB device/function block; and
a multi-host device controller conﬁguréd to couple the USB device/function block
to a plurality of hosts, wherein the multi-host device controller is operable to establish a
respective dedicated USB ¢onnection between the USB device/function block and each of
the plurality of hosts, wherein the USB device/function is not reconfigured each time the
20  plurality of hosts altemate accessing the USB device/functioﬁ block.

8. The device of claim 7, wherein the multi-host device controller is operable
to receive respective host requests from the plurality of hosts, wherein the multi-host
device controller is operable to internally determine which of the respective host requests

25  to service immediately.

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

to interleave the respective host requests.
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20 plurality of hosts alternate accessing the USB device/function bl ock. 8.
The device of claim 7, wherein the multi-host device cont roller is operable
to receive respective host requests fromthe plurali ty of hosts, wherein the
mul ti-host device controller is operable to internally determ ne which of
the respective host requests 25 to service imediately. 9. The device of
claim8, wherein the nulti-host device controller is operable to interleave
t he respective hoé@ refﬂléﬁﬁ‘@% of elgim Smrherﬂnthemwhqszzlemceagm@&rmmrab&ﬁms

Hood, Kivlin rt& evi. eof cl
ot - host i RO Rk baReiscth s I B S eonl R Foo Sh SedisbCon gt Lss
specific nanﬁﬁhealgtemmcywose request was not inmmediately serviced. 5 11.

The device of claim7, wherein the nmulti-host device controller conprises
an internal arbitration nmechani sm confi gured to pernit each of the plurality

of hosts to access the, USB .devjce/f terl eayi

accesses. and/ or fu5| ﬁa 18%91‘%7@%2 é ]lngtgg g%ﬁ Qe co uﬁe‘i‘)&mﬁ*%e
common requegt Erﬁéﬁﬁlt arbitFd#oh UhShaRieR donEguRA Qo Phrrh A adl U aiel Plirdly o ASHS to

bei ng granted access to the USB devi ce/Tuncti on bl ock while renal ni ng ones
of the pl uracessythef USBsdayicafendimindblofk bunnheﬂeavlm bost astesshe apd/ar by iusygof
hosts is done accessin the[ USB devi ce/function block. 15 12. The device of
claim 11, wheFBIRD FeAeS Bt SERCUEE rechani smis configured according to a

speci fi c1¢)SB devi GaelettP fae” B8R0 Sdqiddykiaf HRRbteVddnRhi«dn Chb A MeORlrality of
hosts being granted access to the USB device/function block while remaining ones of the
plurality of hosts are held off until the one of the plurality of hosts is done accessing the
USB device/function block. |

15 12.  The device of claim 11, wherein the arbitration mechanism is configured

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

20 one of the plurality of hosts equal access to the USB device/function block.

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

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

25 15.  The device of claim 7, further comprising a respective upstream port

coupled between the multi-host device controller and each of the plurality of hosts.
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13. The device of claim7,- wherein a bandwi dth fromthe USB device/function
bl ock to each respective one of the plurality of hosts’'is reduced.to allow
each respective 20 one of the plurality of hosts equal access to the USB

devi ce/function block. 14. The device of claim 13, wherein the bandwidth is

not reduced if itjgexcepgsdevicdanemindtils, Qﬁrtﬁe?&:oﬁ?ﬁi@ﬁ@td Y&petiBrebuffdicoupled

plurality of hosts. 25 15. The device of claim7, further conprising a
respective Uptveagaripespectiyeupstedriuriwelibe pulthhpstidenise corfeallege control | er
and each of the plurality of hosts. Atty. Dkt. No.: 5707-12701 Page 11
Meyertons, Hood, Kivlin, Kowerté& Goetzel 16. The device of claim15, further

conprising a respegcti VEhebdb¥ies fOuRiLd7, Belkwdenhe aaliltiesyeddviose coisdllee am
port and the multi-host device controller. 17. The device of claim7,

wher ei n £he oepfigirethde magdgincededentedrddsessi eonfigurabinni e wgpensenhionmation Hr
dedi cat ed addr.es nf .on, and response information for each of the
plurality ofeaﬁ%gf@?%%?htg%?r@%%d for sharing a device between nultiple
hosts, the nethod conprising: 10 establishing a respective dedi cated USB
connecti on between a shared USB device/function and each of a plurality of
hosts; receiving 18 t erhanethgd foesiherng e datice etwespuastdpleohedis thihamethodSB
device/function . fromtwo or nore of the plurality of hosts; and processing
t he alter natTHE™F®8pective access requests to access the shared USB 15

?ie\r/riecte/h ‘;l'éaggi on, JMABhigiRy taheeshiRBivdeNdBetddMEE QBnh&tiBAt bétReanfd auied ©ssh
device/function and each of a plurality of hosts;
receiving alternating respective access requests to the shared USB device/function
from two or more of the plurality of hosts; and
processing the alternating respective access requests to access the shared UUSB
15 device/function;
wherein the USB device/function is not reconfigured each time the USB

device/function is accessed.

19.  The method of claim 18, wherein said processing comprises determining
20  which of the alternating respective access requests to service immediately, and servicing

that respeciive access request.

20.  The method of claim 19, wherein said processing comprises holding off
access to the shared USB device/function by those alternating respective access requests
25  that are not immediately serviced, until the shared USB device/function is no longer

accessed by the serviced respective access request.
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device/function is accessed., 19. The nethod of claim 18, wherein said
processi ng conprises determ ning 20 which of the alternating respective
access requests to service imredi ately, and servicing that respective
access request. 20. The nethod of claim 19, wherein said processing
conprises hol di ng2bf f TaeceesBod of than IBawhedreldSEid @vocessifiglocmbrseskyitetlbndes
alternating respective access_requests 25 that are not i mediately
serviced, un@fIesIeRdegirsicdy byidbe AlisreEng JRPEFEIE ACCRD TPOIRgtsr to Hhec 83 URP t he
serviced resggﬁgg/ BGcess request. Atty. Dkt. No.: 5707-12701 Page 12
Meyertons, Hood, Kivlin, Kowert & CGoetzel 21. The nethod of claim18,
wherein said processing conprises interleaving accesses requested by the

alternating respective_access requests to the shared .USB devyi.ce/fyngtiopn. 5
22. The ndthod of 281 aj ﬂ:?‘ESIPG%Giit Flapp iy j furthey ﬁ%lﬁ%%%ifﬁ@m%%&iacﬁ?éam

of hosts. Aty ey Ml AEFRARIS. IR KRB BT BRoPbn, ouer

& Coet zel
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