SYSTEM AND METHOD FOR UNI VERSAL SERI AL BUS HUB PORT REVERSAL Field of the
I nvention [0001] The present invention relates to the field of Universal
Serial Bus (USB) hubs and nore particularly to a system and method for
reversing logic in USB hubs. 5 Description of the Related Art [0002] In
recent years, the electronics marketplace has seen a-proliferation of

Uni versal Serial Bus (USB) el ectronics and devices. These devices and

el ectronics have given the common user access to a plethora of devices,
e.g., that co ﬁX@E%M AND MHEFHOD FORUNIVERSA LaSER AL GUESTHIUB POR TSt |

keyboards, m ce, audi o devices, di REEERSAReras, digital video-recorders, to

cell phon C players, power supplies, storage devices,
recording Eaﬁﬂ%ﬁgéﬁﬂmggﬁ% signal converters, anong ot hers. Because of the

W despr ead[ogeq The petineiBehfi@ielfesdidChe ﬂEIHW%W&bﬂ%MPBHFF@SEﬁEﬁb@%@et ween
devices, wthout t need of a host conputer, has been iInplenented using

t he USB Z.mOIa])aﬂth:ala@y t¢ @'ﬁ}emmabmémoéformwermbgem UsBeubst wo USB devi ces
comuni cate using the OTG specification, a first device nust act as a 15
host controller and the other device nust act as a USB (peripheral) device.
Because. OT, I.S.cdual -role capability, an anbiguity as to

whi ch ?ew?%scgﬁﬁ}]ﬁgg%ﬂgga%ﬁhﬁt controller results. For exanple, it may

be desi r abjoe0z]oin mc@tlt Wedlrs d‘&x\éldlwroﬂlcg marietgigde haehese a frolifdaion $oThivémalone
si tuation, inting a picture taken on_the cell phone, and a

peri pher al S‘?YH*? BalﬁéUﬁBP elegtropics gslaiFvissai ﬂ@cm"éﬁeﬁ eBtheleciaries h@‘(ﬁpﬂt’@? theTo

deal th OT | e def d h ot i at

pr ot ol“ol (bRPob TG0 etk B B A P AR ia Bk § ng
cabl e, i.ean cidh® lﬁ?ﬂh@lekb%rﬂwrd@lﬂ&eoiudﬁ@@eﬁ@m(ﬁgﬁﬁ%hﬂ@ﬁk Sdighaldedubktorest and
perlpheral devi ce However, the OIG suppl enent doeés not define a

protoctt feall piwinng digitsl musiceplaykesyiposer supplies, SBragendevices, recaidinguéduipmenhat
al I ows USB Cdos%{'clzgn%teﬁe%g, a?nno%rg]%ther el t]éé%ause of the widespread use of USB electronics and

methods, direct communication between devices, without the need of a host computer, has
_been implemented using the USB 2.0 On-The-Go (OTG) specification. However, when
two USB devices communicate using the OTG specification, a first dévi_ce must act as a
15 host controller and the other device must act as a USB (peﬁpheral) device. Because OTG
devices have this dual-role capability, an ambiguity as to which device will act as the host
controller results. For example, it may be desirable for a given device, e.g., a cell phone, to
be a host in one situation, é.g., printing a picture taken on the cell phone, and a peripheral in
another, e.g., downloadiﬁg music from a host computer. To deal with this issue, the OTG
20 supplement has defined a host negotiation protocol (I-INP) as well as a default configuration
based on the connecting cable, i.e., the connecting pins of the cable designates a defanlt host .
and peripheral device. |
[0003] However, the OTG supplement does not define a protocol for using dual-role
devices in a USB hub, i.e., circuitry that allows USB communication among niultiple
25  devices. USB hubs, in general, have upstream logic associated with a port for
communicating with a host or host con'trollér, and downstream logics associated with ports
for comununicating with a plurality of USB devices. One prior art approach allows one of
the USB devices.to act as a host to the previous host controller (now acting as a device).

However, this method does not allow dual-role devices to act as hosts to the other devices
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25 devices. USB hubs, in general, have upstream | ogic associated with a port
for communicating with a host or host controller, and downstream | ogi cs
associated with ports for comunicating with a plurality of USB devi ces.
One prior art approach allows one of the . USB devices to act as a host to

t he previous host controller (now acting as a device). However, this nethod
does not allow dual -role devices to act as hosts to the other devices Atty.
Dkt. No.: 5707-12000 Page 1 Meyertons, Hood, Kivlin, -Kowert & CGoet zel
connected to the hub. In other words, the USB hub becones a two-way

comuni cation path between the new host and the old host, and ignores
comuni cation to the other connected devices. [0004] Thus, inproved systens

and netho \/ n ty.
20 15 Oy i EME BuE TP Bk o USSR WMl & o5 Syl
Su rrmar y ofpatlheeﬂwmm nthé aew|KB302hd e bldubose ndaddigrenst s:onfmm&msh g tandtheet hod

for reversing |l o |c in USB hubs are presented herein. 5 [0006] According to
one enbodi$ABRECHEdoVitEs. pr esent i nvention, a USB hub may include upstream

| ogic for and recei vin h troller,
donnst 1 earOr0: ooy o8 ahd bBESh i3 ebie PRk bR A GURT oS Bt st

devi ce,s a giai@l ity of ports each operable to couple to upstream or
downstream | ogi ¢ and one or nore USB devices, and switching |ogic operable
to switch upstream and downstream | ogic 10 betmeen a first port and a second
port. In sone enbodi nents, input may be received to the USB hub specifying
a change in control of one or nore devices coupled to the. USB hub by a
first device, e.g., coupled to a first port, to control by a second device,
e.g., coupled to a second port. For exanple, if one of the devices is an
on-the-go (OTG or dual-role device, it may request, or be instructed, to
act as the host controller of the USB hub. In this
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15 exanpl e, the input may be received fromany of a variety of sources, and
may set or invoke a switching condition, which nmay then be detected by the
USB hub. [0007] In some enbodi ments, the switching condition may be invoked
mechani cal ly, such as, for exanple, by flipping, i.e., switching on or off,
a nmechanical switch on the USB hub, or, alternatively; if the USB hub is
included in a device, a switch on the device. In one .20 enbodi nent, the
switching condition may include a change in orientation of the connecting
cables. Mre specifically, in the current USB OTG specification, the USB
connecting cable may have a default host controller connection (on one end)

and a def aé‘“n %?yioff‘he(ig@%]et?otninon (on the other end). In this case; the

swi t chi ng 2ondity on may be Tnvoked by reversing these two connections,
e.g., via fopeschanes dniboﬁhﬁ@zt@éﬁ@@s@ﬁpﬂlm&ﬂﬂo@ﬁsrrf}_e@rsiﬁg?o%@ﬁﬁ@SB%ﬁs g@ each
25 end of the cable may invoke the sw tching condition” [0008]

Al t er nat i vplesentedrhergiieli ti onal |y, a user or other system may invoke the
switching condition via electronic neans; for exanple, the user may choose
froma plurality of possible buttons or options, e.g., depending on the
nunber pof i I BintdnB . SRR & Ut e i's

i ncl ude% i ﬂﬁgbgéﬁ?dgﬁggﬁ%aé\%%g e. g.Ot: ﬁ%b%g%:eﬂf brﬁ’)éne, %Alr%.h }H}t m%cmﬁ%
5707- 12000uf3agen Slohey for t @nding Hoddreciink i inforitans tto &n@ofbaeh Mo comtiddlegr a
digital nusic player, anong others, the user may be presented with a

plurality wesFemBnegienor sending prjecevinghinigmeationde and deam e USRddewise. ianvoke
th i t ching.: L | ect | f the avail abl tions.
Vor e speci PR O 80 oberde Bl o Wi TP by et B B8 8" £ 1
the USB hubspt B&/idtsebndTeyitsihe bgié Ripsrable BNHvitcd- Gpstredhdardl §bWhitamVREfke

activation, and/or a keypad, anong others neans, and select from one or
nmore opd i ohetween & fivsbRert andpeesiohd port hEraperel ambodingnts; input niey Herreasiveddo thee

condi 11 on, USEghb sPeiiiaeschigenbranyial d6ut pi BOiF RyisTs SOIBNG DY MSE Do a
devi ce coupked ot ey USRpliito o 09931 AuRBIEy ERDRAHTRDLS, o LDERR BU> ™Y

automati call'y detect
second port. For example, if one of the devices is an on-the-go (OTG) or dual-role device,

it may request, or be instructed, to act as the host confroller of the USB hub. In this
15  example, the input may be received from any of a variety of sources, and may set or invoke
a switching condition, which may then be detected by the USB hub.
[0007] In some embodiments, the switching condition may be invoked mechanically, such
as, fof example, by flipping, i.e., switching on or off, a mechanical switch on the USB hub,
or, alternatively, if the USB hub is included in a device, a switch on the device, In onei
20  embodiment, the switching condition may include a change 1n orientation of the connecting
cables. More specifically, in the current USB OTG specification, the USB connecting cable
may have a default host controller connection (on one end) and a default device connection
(on the other end). In this case, the switching condition may be invoked by revefsing these
two connections, e.g., via the change in pins associated with each of the connéctors on each
25  end of the cable may invoke the switching condition.
[0008] Alternatively, or additionally, a user or othier system may invoke the switching
condition via electronic means; for example, the user may choose from a plurality of
possible buttons or options, e.g., depending on the number of devices coupled to the USB

hub. For example, if the USB hub is included in a peripheral device, e.g., a cell phone,
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10 condition; For exanple, the USB hub may have a sensing nechanism e.g.,
present in the physical |ayer (PHY) of connections to the USB hub,
specifically for detecting the swi tching condition. In one enbodi nent, the
switching condition may include a change of inpedance in one or nore pins
of one of the connections. to the USB hub, e.g., one-dr nore of the ports.
For exanple, in one enbodinent, the invoked swtching condition, e.g., via
15 the neans descri bed above, may include a change in inpedance on the D+
and D- pins of the USB cable, e.g., connected to the peripheral device that
I's requesting logic reversal. As a specific.exanple, normally two of the
pins in the PHY may have an inpedance of 15 kGChns, and after ‘tying, for
exanpl e, tWeApAREOL dgdigial rmusin Plavey caRATEOthE. HecHBRRAN Be PresenRapyith 2
Cor r espondj : . | AR 0, e dhe 20
sui ey mg. Kot of ol WP AR et bl GRIARA chey EREEORERARbE®

swi t chi ng edidiohi B selestitigt ahd P rAorehege. availkigidptibfis. t Nelofd BpeciiRANP) thé t
shoul d be noted that in various enbodi nents where there are a plurality of
upst r eam | pgipberaldaviceasayontludedmens essearied with dresUSB hybj the usermeay sallestidhispeci f y
which of the 25 couglﬁg deuicq&va.e tqﬂbe,ﬁont&olled by the seco&d qgvice.
I'n othet wWoFdk S8axs’f AGHES EYCAATENOT ABY OISR APRIATgOIERMCTS IHERS 4PF £5/6%0f  host

cont rol I er fome@ehor A Aplibfdt idVBRP ALt Bbst! 3%, CBy RARRe: Ces.
possi bly overl app?ng, a(rzng tlﬁg i%lput ma eslpgc(%?géﬁ{lat S(')’ng'ego’rw%re ?Mtbhe
coupl ed dewichmgbeunmiittonhogltenntitelpl the nserf oy dondkeothe i swjtohidgecordition| eg.,

devi ces, possibly including the old host caontrollers. In sone_enbodi nents,

(o npu Rayspethgflombls oloe o S brmstotmagaed SRR oo,
e 1l "Eg 20y _
the now nolPolof Pk cboalinge B, REP RS R, AEYHRERI nEe Be Rl = ™

cont r olg of cddagiod! Worlekdntplef the QISH Bb Alay hewrsa BRsiap aneBshita, dg., pRMerd @i thef host
controllers, and each of the new and/or old host controllers may control a

new r especphysisak dayset(PHY )t ofe comngpliong @ethecUSB Bull, oppreificaliy don Watectingethenput
the met hOdg\}vitc ndg ctorrll ition, th(%glllg gmg'g dlcrtltl, gséwgtgl%ﬁé Ich?dﬁjticpnerrngly Incliat a change of

impedance in one or more pins of one of the connections to the USB hub, e.g., one or more

of the ports. For example, in one embodiment, the invoked switching condition, e.g., via -
15 the means described above, may include a change in impedance on the D+ and D- pins of
the USB cable, é. g., connected to the peripheral device that is requesting logic reversal. As
a specific example, normally two of the pins in the PHY may have an impedance of 15
kOhms, and after tying, for example, two pins toggther, the impedance may decrease to 7.5
kOhms. Correspondingly, the USB hub may detect this change in impedance as the
70 switching condition. Thus, the USB hub may receive input invoking a éwitching condition

indicating a change in logic in the hub.

[0010] It should be noted that m various embodiments where there are a plu:rality‘ of
upstream logics with associated host controllers, the input may also specify which of the
25 coupled devices are to be controlled by the second device. In other words, as indicated
above, the USB hub may have a plurality of host controllers, each controlling a respective
subset of the coupled devices, possibly overlapping, and the input may specify that one or |
more of the coupled devices become host controllers for controlling other coupled devices,

pbssibly including the old host controllers. In some embodiments, the input may specify a
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al so apply to the above description regarding the nmultiple host controllers.
For exanple, the input naybe received nechanically, e.g., simlar to above,
via a switch, but in this case, the switch may have a plurality of options
each associated with the new and old host controller(s) and the new
controll ed subset(s) of "'the coupled devices. Alternatively, or 10
additionally, the input may be received electronically using the menus and
nmet hods described above. Note further that the above described swtching
conditions, and invoking thereof, are exenplary only and that other nethods
and swtching conditions are envisioned. Thus, the USB hub may receive

i nput speciif.yi &Q@ggﬁ i - 41 Vi led to
t he USB huh%%%ﬁ%%%e or ngkgsﬁ%@%&g%ﬁﬁg%%Pé?@g#%@J%%ygﬁﬁﬁ%ge'égﬁig&ﬁggt 15
contr ol | erway, ehedinputph @y speuisy thadedrtny ofthe RRIThlh oF abuplay i ehses HeQBdmded kiraone
enbodi nent, the upstreaml|ogic included in the USB hub may be switched from
recei vi ng Raf mt@ﬁﬁpmonwmr&, lead paghsef thepew apd/er olddmspremirallsrs may edrdrohast
controller, to rﬁceiéiqg 'nfoh@qiion fromthe second port, i.e., coupled to
the new hod§" FEEFET TRFC Of ReSPHFd 90'S%r ds, the USB hub may change contr ol

of the gevjgeq N@de!Iﬂﬁa@%etiﬁpl%tﬂgieB%Jdﬁ,%ﬁ%&ﬂ%ﬂn%%on&iﬁoﬁ@@és%ed Hbréil%ﬁﬁ?”se to

the received input, e.g., i nputs descri bed above. In one enbodl néent,

t he hub nealsqeaplyotorthd dtove démariporaygatding tipd multjplehestfdongtliger Fof exampiehthe
upstream | ogi ¢, decoupling the second part fromthe downstream| ogic, and
coupl i ng tHEU ECRGEC mm?%lamﬁ%lﬁ'usgp s fuRhoEe: ik s8Heh. dhbBdFeAtsthet he

hub may al I I h h t I 1 a ri evi ce
o the now RS “RoS, £ gfreity OF Lol S Sloddled HhulTuf rBF bTBIE oS! €

downst r eankdnagiler(s) nd.- the hbe ERWOBET QiR HWfahé baiplabdevisad Biteitagvelsagond
port, to the first port. Thus, the upstream and downstream | ogic may be
ef f ect i¥el 3ddizmaliphibg bprvews be menstved ofleqtiohicelly asigathgernenes and methods

Co di, ngl. i i i t Aty .. No. ... 5707-12000. P 5
Veyer t one. SRUGRFS PV | o R Hie HAbo 3o oot el e oS P P Bt as
host to ot fRfeodl %Yé-béi%glplfy Snly aﬁ@ﬁﬁi Ghet théibdddGhd gwft&ﬁl'l%’é&dli‘tﬁﬁfs arEQRIsiRka.er .

coupled to the hub, e’ g., each wth associ ated downstream | ogi c.

Thus, the USB hub may receive input specifying a change in control of the plurality of
devices coupled to the USB hub from one or more host controllers to one or more other host

15  controllers, e.g., previously acting as peripheral devices.

[0012] In one embodiment, the upstream logic included in the USB hub may be switched
from receiving information from the first port, i.e., coupled to the old host controller, to
receiving infofmation from the second port, i.e., coupled to the new host controller. In other
20 words, the USB hub may change control of the devices coupled to the hub from one device
to another in response to the received input, e.g., the inputs described above. In one
embodiment, thé hub may perform this change by découph'ng the first poﬁ from the
upstream logic, decoﬁpling the second port from the downstream. logic, and .coupling the
second port to the upstream logic. In some embodiments, the hub may also allow the old
25 host controller to act as a peripheral device to the new host controller; in other words, the
hub may couple the downstream logic, €.g., the downstream logic that was used by the
second port, to the first port. Thus, the upstream and downstréam logic may be effectively

switched between a host controller and a device. Correspondingly, in various embodiments,
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[0013] It should be noted that the above described switching is not limted
to any particular two ports included in the hub, and, in fact, any of a
plurality of |ogics associated with 5 various ports nay be sw tched
according to nethods descri bed above, anong others. Thus, in one enbodi nent,
any downstream | ogic, upstream |l ogic, and/or other togics included in the
USB hub may be switched. [0014] Thus, using the methods described herein,
the USB hub may switch the upstream and downstream | ogic(s) according to
the received input. 10 Atty. Dkt. No.: 5707-12000 Page 6 Meyertons, Hood,
Kivlin, Kowert & Goetzel Brief Description of the Draw ngs [0015] A better

R s T e e b E L

conj uncti Oébn‘fz'otla' Edpledo R Ve, Q?eﬂh%&h@%ma“téﬁ SRireReanh (O] Figures 1 and 2
illustrate exenpiary systens sui for inplenenting various enbodi nents

of the i nviil3]okhsh{rdd ]bé’ hoted that &hedbiee @aacré:)eérmhta]nmg i ront kindied do amy pdrficndetrr at i ng

one enbodi nent of . a_ USB hub; [0018] Fltgure is a flowhart di ag{r am,
i |1 ustrati At BeRsS Bivbuad iRiae beb. fugetnirgt By of roplyialite Af IRpiesogseeiated ylt@ss

Hub, acgcor e 5 1

egerrpl asfy gﬁ%&bg"%@r% QJQ\{Q%}[E? o?cl.;l]%é Igon%l eé@ﬁ%&s%ﬁgﬁaﬁ?&@%’g@ﬁ%@m i nc? uded
in a USB dﬁ‘lVér&EBmtﬂidlﬂnérﬁoﬁ@]doﬁhﬁw&i fogics upiireemaBEl 2drd/d? | oBeds 16Hi@dihadded in
illustrating one enbodi nent of a USB hub included in a USB device which is

coupl ed t oths Eghivih wey by switthed.15 [0021] Wiile the invention is susceptible
to various cations, and.al.t i ve f.or ecific e i men
ter oot ar IVIRAL TS ysiaTnd eaiban G2 Rbed FreR o iR s B ﬁﬁfaaya%“oﬁetﬁ%alﬂmem

and downstream logice(s) according to the received input.

10
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described in detail. It should be understood, however, that the draw ngs and
detailed description thereto are not intended to limt the invention to the
particular formdisclosed, 20 but on the contrary, the intention is to cover
all nodifications, equivalents and alternatives falling within the spirit
and scope of the present invention as defined by the appended clains. Atty.
Dkt. No.: 5707-12000 Page 7 Meyertons, Hood, Kivlin, Kowert & Coetzel
Det ai | ed Description of the. Invention Incorporations Reference: [0022) The
followi ng references are hereby incorporated by reference in their entirety
as 5 though fully and conpletely set forth herein: [0023] U S. Patent

Appl i cat i OByR¢ Deddripton ok ONPaviies titled "Universal Serial Bus Switchi ng’
Hub," filed Septenber 14, 2004, whose inventors are Henry Wirzburg, Janes E.

Bow es, Robert E. Hollingsworth, Mark R Bohm and Drew J. Dutton; and
[0024] U. S, P t | jcation Serial . 11/100, 299, titled "Peripheral
Shari ng US@OISL%:%?&FAPF%@%@@%PW% Bvenfoncat bR eBIHRsASY ‘R/qu‘%wﬁlg Bohm
Mark Fu, ke Robertde ' t b Dr ew
0 Dut o, R LR of JESEEE] el Eliderd B PR MIE D he
pr esent s ap@blicedig dawifg@lnethiddenory Medi um - Any of various types of nenory
devices or storage devices. The term"nmenory nmediunt is intended to include
an i nst al | 40016h Figsarsulangd . % illusgatesxemplaponystemsoppipblgi &1 simpdementing t wgeus

device; a co ter system nenory or random access nenory such as DRAM DDR
RAM SRAM e@%&ws. %ﬁﬁ‘ﬁeg%%lvl etc.; or a non- volatile nenory such as a

magnetic _mFGﬁlQ'! Feue 3 1senERefpiFy) M6ek @hgr@RiMGRhtR HeaBfhodinhBR of TRITE Mipredi um
‘may conprise other types of nernory as well, or conbinations thereof. [In
addi tion, {6 ShEFnmry 4nmisdi uinwohgrt bbadram aillestraling aonki enshodimepubfr methehifoh t he
Progr ar{g ars%itchjng logic in a USB Hub, according to one embodiment of the invention; |
[0019] Figure 5 is an exemplary block diagram illustrating one embodiment. of a USB hub
included in a USB device; and
[0020] Figure 6 is an exemplary block diagfam illustrating one embodiﬁent of 2 USB hub
included in a USB device which is couipled to a computer system.
15
[0021] While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and are herein
described in detail. It should be understood, however, that the drawings and detailed
description thereto are not intended to limit the invention to the particular form disclosed,
20 but on the contrary, the intentibn is to cover all modifications, equivalents and alternatives

falling within the spirit and scope‘of the ﬁresent invention as defined by the appended

claims.

Atty. Dkt. No.: 5707-12000 Page7  Meyertons, Hood, Kivlin, Kowert & Goetzel



25 executed, or may be located in a second different conputer which connects
to the first conputer over a network, such as the Internet. In the latter

i nstance, the second conputer nay provide programinstructions to the first
conputer for execution. The term "nenory mediunt may include two or nore
menory medi uns which may .reside in different locations, e.g., in different
conputers that are connectied over a network. 30 Atty. Dkt. No.; 5707-12000
Page 8 Meyertons, Hood, Kivlin, Kowert & Goetzel [0027] Carrier Medium- a
menory nedi um as descri bed above, as well as signals such as electrical,

el ectromagnetic, or digital signals, conveyed via a comunication nmedi um
such as a bus, network and/or a wireless link. 5 [0028] Medium - includes
one or nor detdiled Daserpiormelibedpvensioni er nedi um and/or  programmabl e

har dwar e el enent; enconpasses various types of nmediuns that can either
store programinstructions / data structures or can be configured with a
hardware ¢opldgicatlyREREREr am For exanple, a nmediumthat is "configured
to performa function or T1nplenment a software object” may be 1) a nenory
medi um or ¢@022{ dihe felliwing tréfatensdscare bereby prcogpozated big tefaehtonsthesumtireabhad t he

program i nstructions are executable by a processor to performthe function
or inpléne Ougﬁ%ﬂg'ﬁ‘fl&ﬁm@ﬁ@%?‘?m%ﬂ%mnedi umcarrying signals that are

i nvol ved wj (o] Nar il Ckil [ ting,t sof twar e j ect;
and/ or 3) émﬁf %$'a%%‘gﬁgé& #ﬁ?%r g%ﬁeﬁé‘ntl@éﬁ%ﬁ g’ub@gdvﬁ? Vgsﬂ\gg%%ﬁs
confi gur at Sedtching $Tud(h filed Sprehberm4t 2004f Whedel iBvens bdH SR Wurthifg SRk RS €,

object. 15 [0029}%@C0r$uter. System - any of various types of conputing or
pr ocessi ngBeydeseRabert E.ddollingswgrh, M@ﬂcsfbrﬁqhnc@n@mmlﬁmmcm) ,. nmai nfrane

rorbonal ctBn SobsEiihbPRisnad SHE Sof 2PshA2E et SEihedd NpeRre S8 st em
or othep denboeried MERIHY, 2865, RsOfnvetfids GESMalkR FME, Ak IRC HeRY Wurzburg,
James E. Bowles, Robert E. Hollingsworth and Drew J. Dutton.

15 Terms

{0025] The following is a glossary of terms used in the present application:

[0026] Memory Medium — Any of various types of memory devices or storage devices.
The term “memory medium” is intended fo include an installation medium, e.g., a CD-

20 ROM, floppy disks 104, or tape device; a computer systeni mMemory or random access
memory such as DRAM, DDR RAM, SRAM, EDO RAM, Rambus RAM, etc.; or a non-
volatile memory such as a magnetic media, e.g., a hard drive, or optical storage. . The
memory medium may comprise other types of memory as well, or combinations thersof. In
addition, the memory medium may be located in a first computer in which the programs are

25  executed, or may be located in a second different computer which connects to the first

| computer over a network, such as the Internet. In the latter instance, the second computer
may provide program instructions to the first computer for execution. The term “memory
medium” may include two or more memory mediums which may reside in different
locations, e.g., in different computers that are connected over a network.

30
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20 "conputer systeni can be broadly defined to enconpass any device (or

conbi nation of devices) having at | east one processor that executes
instructions froma nenory nedium Figures | and 2 - Exenplary USB Systens
25 [0030] Figure 1 illustrates an exenplary system suitable for .inplenenting
various enbodi nents of the current invention. As shown, a device, e.g.,

devi ce 50, maybe coupled ‘to a Universal Serial Bus (USB) hub, e.g., USB hub
80, which may in turn be coupled to a host conputer system e.g., conputer
system 82. In sone enbodi nents, the device. and/or the conputer system may
be coupled to each other, e.g., via the hub, via a network. For Any. Dkt

No.: 5707- rton Hoo Ki vl t & Cogtzel exa
t he conput i(?{ﬁ%) gﬁ?’é&%}éﬁ thrrémgev dﬁ%c?bsrg\'\géver Ehdte % 8ERTT & s) and
may coupl ea$ ele&ﬁ@musﬁc@ﬂaa@@uw@ @ ﬂﬂtsmmls cdhvlyed VAR d SirhRbskatial Wedilkm a
wi de-area network (WAN), the Internet, etc. [00311 The device 50 nay be any
of nurrerousu@@sra@Q&WWMbB@d/Mam@e@dﬁﬁum cation; for 5 exanple, the device
50 may be or include a personal digital assistant (PDA), a portable digital
nmusi ¢ pl ayer, e.g., an | PODTM as provi ded by Apple Conputer Cor porati on, a

cel |~ phonggpa Mécﬂﬁlﬁr u?chﬂieg'oh@'or%r@aﬁeﬂo HleH u?r)’ecraméi”}rré’&l&g aflfY! ce,

recordi ng evrce . digital voice recor a persona eo recorder
(PVR), a S@togr@mhiﬂx haﬂ]rwarmelamentr BM@@asmowmomwésyoﬂME&)mwahma -esther age
device, e.g., a hard drive, a zip drive, a nenory to nedium e.

flash nenpfipre ProBURHIGRTSHENS dt éa’fa S&T%Woar gan abenﬁa%%gurad 1%%@ erwa?e -
communt cat COMAEE BroGatl Eolodifs B APl R oA S RelRPY B e, -

conver g sl

addi tional j B sEtwQEBYIEr” mBYSd BN nehd B@iﬂint & carﬁéﬂ}ﬁ@dlﬁhhﬁét%toréd?
preferred enbodi nents, the device may be a dual- role device, e.g., a USB

OTG deviice progove mm@hqrﬁeswbdh@t the grogedm mma: amex@p@bleoby a PBOCEEsOT tes i s
a1 onal Ryt BRCa R Bp LAY 5 e eE AR wRREtSait e thes
For are nvolved with pe1formmg the function or unplementmg the software object; and/or 3} a
programmable hardware element configured with a hardware conﬁguratioh program to
perform the function or implement the software object.
15 |
[0029] Compufer System — any of various types of computing or processing systems,
including a personal computer system (PC), mainframe computer system; workstation,
network appliance, Internet appliance, personal digital assistant (PDA), television system,
grid computing system, or other device or combinations of devices. In general, the term
20 "computer system" can be broadly defined to enc.orripas;s any device (or combination of

devices) having at least one processor that executes instructions from a memory medium.

Fieures 1 and 2 — Exemplary USB Systems

25 [0030] Figwe 1 illustrates an exemplary system suitable for implementing various
embodiments of the current invention. As shown, a device, e.g., device 50, may be coupled
to a Universal Serial Bus (USB) hub, e.g., USB hub 80, which may in turn be coupled to a
host computer system, e.g.,‘ computér system 82. In some embodiments, the device and/or

the computer system may be coupled to each other, e.g., via the hub, via a network. For
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exanpl e, the conputer system 82 include at |east one nmenory nedi um on which
one or nore conputer prograns or software conponents may be stored. The
menory nmedium nay al so store operating systemsoftware, as well as other
software for operation of the 20 conputer system Various enbodi ments
further include receiving or storing instructions .and/or data inplenented
in accordance with the foregoing description upon a carrier nedium As
shown, the conputer system 82 may include one or nore coupl ed input

devices, e.g., a keyboard and nouse, as well as other input devices, and a
di spl ay device for displaying graphics associated with software conponents
executing on th uter system 25 82. [00331 In various enbodi nents, the

USB hub soe’F?é%p ‘béﬁgﬁ B\‘%%ﬁﬂ%h& rader theglevisg ARpnay be gheemstp loqaiom®) #dy be
an externaj, by ? péézetogmhe U%@%u%rﬁQXnMﬂ?E LS é%%ﬁ}'raﬁgt 6 ik ey Cc?e-flirg%m%gg/ or the

conput er sys control one evi

hub. In o P&ﬁb&dbﬂﬁﬂbﬁe&he USB hub 80 may be a root hub Addltlonally or
alternatively, the Att No.: 5707-12000 Page 10 Meyertons, Hood,
Kivlin, Komaﬂ &h @@’tl(zee% r@,@@m S oumesaye deviess waeable of WHB camwitnicaon;dor t he

comput et Sekeh & dEek: SEIBLE of %%Mg.eatvﬁ’%%&”félgﬂgﬁgc SIEDTURA T Rl
devi ce may gigitgehiisié PRide, ga AHIBOMTR £ Qo e ﬁ'lg ¢ tBeCOIg ugg,va![ ﬁegls

e.g., the conputer System82 or a hub’in each o t he devi ce
conputer s pkmzieml Biuter; a ldigi wheanearh adiideerlgyet, lae aluiB davibe, magcirdmguddeicare. ha a

Fhe. USB nuBEis Rege BEOfss 14 6uePien I8 Feeibr (VB ega@@%é@%%t%t?rﬂi’%%pw?ﬁ
E T M e e
variousgo epfediimieng.s fakh then@yr & éblimb rdtﬂ’et kel a ksy@tamm infbubké, Al i @ysBck, the
devi ce 50 maybe coupled, to the USB hub 80 whi ch may in turn be coupled to
anot her degpmunisaiion deyisgi e&., 2B uetpgth dayice, an Ethemet device, etc., a communication
converter device, e.g,, for converting signal formats, an additional USB hub, a computer
system, and ﬁmonitor, among others. In preferred embodiments, the device may be a dual- .
role device, e.g, a USB OTG device. Note that the above list of devices and types of
15 devices is exemplary only, and that other devices are also enwsmned
[0032] Addmona]ly, the computer system 82 may be any of various computer types. For
example, the computer system 82 include at least one memory medium on which one or
more computer programs or software components may be stored. The memory medium
may also store operating system software, as well as other software for operation of the
20 computer system. Various embodiments further include receiving or storing instructions
and/or data implemented in accordance with the foregoing description upon a carrier
medium. As shown, the computer system 82 may include one or more coupled input
devices, e.g., a keyboard and mouse, as well as other input devices, and a display device for
displaying graphics associated with software components executing on the computer system
25 82, | |
[0033] In various embodiments, the USB hub 80 may be any of various hubs. For example,
the USB hub 80 may be an external hub,. e.g., one whereby a host, such as the device 50
and/or the computer system 82, may control one or more other devices coupled to the hub.

In one embodiment, the USB hub 80 may be a root hub. Additionally, or alternatively, the
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to above, the USB hub may be included in one or both of the device 50 and
the device 75, 1i.e., one of the devices may include the USB hub, and the
ot her device may also include a 15 simlar USB hub; additionally, the device
75 may be or include any of the above enunerated devices capable of USB
comuni cati on, anong others. [0035] Furthernore, in,one enbodi nent, the
device 75 and the USB hub 80 may be internal to the device 50. For exanpl e,
t he device 50 may be a peripheral device such as a cell phone, a PDA,

and/ or -a portable nmusic player, anmong others, that includes the USB hub 80
20 for conmmunication with internal and external devices. The cell phone, for
exanpl e, may have any of nunerous internal devices that may be coupled to
t he. USB hUBBsubHROasasebe inclndedin the dexicd S@ror the compateo system B2 nboyexmaghiaithe a

et oot  GEtL o &L L e BN e B e UL o g
this exa”phl%emétﬁély?ﬁﬂe'dleﬁlﬁé’ﬁﬁ g@éﬁfﬁa@ BL & Ush ﬁihi%%{:&h@@t&nﬁ\é%%&%&%&hﬁb

PDA, 25 and an internal devite, such as a digital camera, via't

housed i nskge tlaf confpater eydtern |32 on e hubNot each bthetdseicabOwurd teswiipned sgyah 821 S)
are exenpl ary only, .and ot her devices .and, systens are envisioned such as

t hose déscH Bae erBpdiment, b MeBohwemey inglade oke & nqgilon gf @ 7USB oomPPSitFeon |

Meyert ons, i.v]in, K t . On - e 1 .h

[ 0036] Fi gﬁ‘?‘%g‘g”%dﬁe&lscﬁ %gégi@%lt% .é@%f @%ﬁggng@xéﬁr?%gﬁéﬁl%& % 9.,
the USB huBevi&or W@'sgﬁeﬁp BREPRIP OSBRI 2848 sfdﬂﬁn@ﬁv@ﬁ%@fdeéo?ﬂﬁ@@m £Bre | N
sone enbodi nents, peripheral device(s) may couple to the USB hub through
i nterface(djtail Belowexanpl e, the 5 USB hub may irncl ude physical (PHY)
interfaces, and/or other interfaces, e.g. USB 2.0 Transceiver Macrocell
Interface (UTM) or UM+ Low Pin Interface (ULPI), anong others. In onée

enbodi nt i ‘ i : ; : 10,
350, 5a0a, (OsaE ek D fiRer S @ity Bt slab RO Smpflrentin WabiBus® - o

devi ces, ecgbpdiniehes of éhei cmerebilinvdntion. dAv sleevi/in, Figurel 2 othe detiee 5@ enaly be ¢siplede. g. ,
using the iton%h%rI}SaBC}%fb QO?S%Ecihbn?aqyin turn be coupleci'to another device, e.g., device ’}5. Similar
to above, the USB hub may be included in one or both of the device 50 and the device 75,
i.e., one of the devices may include the USB hub, and the other device may also include a
15 similar USB hub; additionally, the device 75 may be or include any of the above
| enumerated devices capable of USB communication, among others.
[0035] Furthermore, in one embodiment, fhe device 75 and the USB hub 80 may be internal
to the device 50. For example, the device 50- may be a peripheral device such as a cell
pilone, a PDA, and/or a portable music player, among others, that includes the USB hub 80
20 for communication with internal and external devices. The cell phone, for example, may
have any of mumerous internal devices that may be coupled to the USB hub such as a
camera, a hard drive or another memory medium, a Bluetooth device, a digital music file
player, or any of various appropriate devices such as those described above, among others.
Following this example, the cell phone may couple to an external system, such as a PDA,
25 and an intemai device, such as a digital camera, via the USB hub housed inside of the cgll

phone. Note that the above-described system(s) are exemplary only, and other devices and

systems are envisioned such as those described herein, among others.
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1o above, anong others. Each port may be coupled to logic for interpreting
and transmtting signals to and fromthe devices. For exanple, a host
controller may be coupled to upstream logic, e.g., upstream port |ogic 315,
whi ch may be operable to transmt and receive information specific to
devices acting as hosts. Conversely, a device may be coupled to downstream
| ogic, e.g., downstream port |ogics 325, 335A, 335B, and 335C, which nay be
15 operable to transmt and receive information specific to devices acting

as peripheral devices. It should be noted that the hub may include one or
nore of each of these |ogics, anobng others. For exanple, in one enbodinent,
the USB hub,. may. have a1 I ﬂligy of upstream | ogics associated with one or
nor e host whi ch may have separate or overl apping

contr ol ovgodel %éjﬁ@ﬂ KhGRS SR GlrkAl dEfIE ¢ @P%psgg@inbg 631 3ht ViR 20

I ndi cat ed above may have a plura am ['ogi'cs

associ at ed 8§ atcording toronmemb@chmienﬂ‘lef athe qbﬁasememvexitmm?]xn Fistrieh embbdifents) Some
enbodi ments, .the USB hub nmay include hub | og ~ logic 340, for

recei vi ng, PERBRhes devices) me%ﬁcpoupl@é@ @%Uﬁﬁghumfbmughtmwﬁa@%s)anﬂorf ¢>@mp& theeast

operabr s 1 o5 otk ol ARt RIS B dhPre R TR b Rr st Bets b T R o
the apprOprl‘rﬁ{s@eﬁé%rm&roélﬁl\/M&fﬁ@%%\’@Tﬁ@- wmna qhRthde (@m)ha{ﬁoﬂ gic

may be operable to resolve signal licts and collisions, e.g., S|gnals
sent from mthers. plneond ewibodisneat, ﬂsmUSBaimblm&y mchﬂeamwqu@ortt re. g)nﬂ)rts 310,

mbodi nent S l,ud h d/ t chi
Fogi o) 380gB0Rsq R anRg R BT EOVGeB Renis SB0BID Bpe P FTE SRS Shal or
swi tch upstgeamiqr so Aht ﬂeg@ét'?ﬁ' New/or «thgr%e;v%ggg 89 xé% theYRELQAS de§2:'89éh

Kivliu, Kowert & Goeét zel ownst r eam wth two or nore

devi cesloas abovd, amenglethers Heath iportmayebedetupled to ﬂ)@l@fmr mtetlﬁeﬂﬂpzndtMSmmmg: hi ng
|l ogic may be separated into nultjiple conmponents, such as, for exanple, the
two conpondigalsdhanhiom tig dayiess. 3F0r<ﬂxa@a1¢ba h@&ﬂ corfrallenmay hgcauned OAWRERIT | ogi ¢

| (r:Tg(rjr})lcj)nment logug et natu'p\s{t%aﬁ ptogelozlw Sf{' vrk}l%c ay F ol c}f)era%lesEoortFagsﬁurt] A" BV
information specific to devices acting as hosts. Conversely, a device may be coupled to
downstream logic, e.g., downstream port logics 325, 335A, 3358, and 335C, which may be
15 operable to transmit and receive information specific to devices acting as peripheral devices.
It should be noted that the hub may include one or more of each of these logics, among
others. For example, in one embodiment, the USB hub may have a plurality of upstream
logics associated with one or more host controllers, each of which may ha*;fe separate or
overlapping control over the USB devices coupled to the USB hub. Additionally,. as
20  indicated above, the USB hub may have a plurality of downstream logics associated with
one or more peripheral devices,
[0037] Furthermore, in some embodiments, the USB hub Iﬁay include hub logic, e.g., hub
logic 340, for receiving, transfnitting, and interpreting information to and from at least one
host controller and the devices. For'examp'lé, the hub logic 340 may be operable to
25  intelligently route information from the host controller to the appropriate target device and
vice-versa, additionally, the hub logic may be operable to resolve signal coriflicts and
collisions, e.g., signals sent from multiple devices at substantially the same time. In one
embodiment, the USB hub may include one or more switches and/or switching logic(s),

e.g., switching logics 350A and 350B, operable fo couple and/or switch upstream or
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5 and/or distributed throughout the USB hub. Note that, as shown in Figure
3, the switching logic may be associated with a first port, e.g., the port
310, and a second port, e.g., the port 320; however, this configuration is
exenplary only, and, in fact, other systens and designs are contenpl ated.
For exanple, the switching |loegic may be associated with any or all of the
ports included in the USB hub thus allow ng any of the included | ogics to be
switched, e.g., to during operation. [0038] As an exanple, in sone

enbodi nents, the USB hub may include a first port coupled to a host
controller wth associ ated upstream | ogic and a second port coupled to a
USB devi ceq W o agéa\/\@ | s - N 'ﬁ%ﬁﬁ may
be one or -dwsgeﬁﬁgﬁs?ﬁﬁﬁl evigﬁegﬁ%?ullgp%(f& %ﬂ gész%éewglrgﬁ%ér\sgna |1(:-:1‘Ii1 Ogﬁgﬁﬁlgorts

i ncl uded i elévhe Nd&Bthhtuthe sbiicHihg dogid iney be sdparateitiniol heltipieagonesunesie, sueh as,
plurality of USB devices, e.g., by using the hub |qgic  described above. If
one of t hefoUSkAaRIG: e &V9 SOmPERFATS shawa 1B &iguEe3, qricombynaddgtnoa single syatching

request ed . b he, .contral l.eg. of i , aa L trol the
ot her - Uss el eER et Bk, 60T Bihg ol Gl tR el feS88 B 4
Exenpl a5y MevdraskstiinutedSivduphbitghé USBhubD Notd BB, kb bndWR0B 98 igiedIe svitchin
illustrates an exenplary nethod for switching logic in a USB hub, sucﬁ as

the USB hulogisfm#s fruaseocgatedrwith mefirbiquorts Bguihei portrd Igusand atserand pertusgdthis port
conjunctio Lth any.of fhe conputer tens Qr. devic describ herein,
aong ot het 20" bbetsiy s Font R Rk Feo R D" BE R SRbethg Y ERT S By
be perf or .c%%ﬁ{afe@ﬂ%i’gmﬂgfbl@ﬂ?e%ﬂkﬁén%ﬁ ¥ 98 5ssh %d%@ﬂ:}é‘éshy QL1 BR¥he D

e
omtted. Addition met ho erfent s .may ~also0 _ge pertorme esired. As
shown, t hi gorteih¢todbdmayholiSBatub thas allowingvasy of h@46dludead 148125 td epewtitchred; eleg
received to the USB hub, e.g., USB hub 80, specifying a change in control
of onelbr MYME WER SRS coupled to the USB hub 80 (e.g., via ports 330A:

3300 by ARSLAS PR SR ENERR e PRl BepSeCERERRG “hy

a second deipled to a host controller with associated upstream logic and a second port coupled to a

USB device with associated downstream logic. As indicated above, there may be one or
more additional devices coupled to one or more additional ports included in the USB hub.
15 Thus, the host controller may control a plurality of USB devices, e.g., by using the hub logic
described above. If one of the USB devices is a dual-role device, it may request or be
requested to become the host controller of the hub, e.g., to control the other USB devices
coupled to the USB hub as described below. : '

20 Figure 4 — Exemplary Method for Switching Logic in 2 USB Hub

{0039] Figure 4 illustrates an exemplary method for switching logic in a USB hub, such as

the USB hub of Figure 3. The method shown in Figﬁre 4 may be used in conjunction with

~ any of the computer systems or devices described herein, among others. - In various
embodiments, some of the method elements shown may be performed conéunently, ina

25 different order than showr, or may be omitted. Additional method elements may also be

performed as desired. As shown, this method may operate as follows.

[0040] In 402, input may be received to the USB hub, e.g., USB hub 80, specifying a
change in control of one or more devices coupled to the USB hub 80 (e.g., via ports 330A-
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e.g., coupled to the second port 320. For exanple, follow ng the
descriptions above, if one of the devices is an OIG or dual-role device, it
may request, or be instructed, to act as the host controller of the USB
hub. In this exanple, the input may be received fromany of a 5 variety of
sources, and may set or. invoke a sw tching condition, which may then be
detected by the USB hub. '[0041] In sone enbodi nents, the switching
condition may be invoked nechanically, such . as, for exanple, by flipping,
i.e., switching on or off, a mechanical switch on the USB hub, or,
alternatively, if the USB hub is included in a device, 'a switch on the

device. In 10 .ermhodi ment, the .t ching c ition y include a change
in orient a%m yfa ﬁ"fgg?:vd%&gc’i RYP e%z%%sé}sﬁ\ﬂqr%gggéﬁ i@?@&ﬁﬂ&/? sepond d8¥ie&t ed
above, in the thdd3Bg Cifd L 0B, : @%{Si may
have a def guff&t\bgidtecac%ntroﬁrﬁﬁéﬂgnniog??%d]nﬁ?’ofﬁﬁgﬁggﬁegg&gﬁ a agg‘feggﬁ)gdevi ce
connect i onof tha detieesds he O Ehd) dual-4ole dedces; dismay teljeess wirtveihstencedneli 4ct anthery be

i nvoked by reversi.ng ese twg connections, e.g., via the change in pins
associ at ednq epptrojist %&a&lﬁ B b IadHiexemps, Ge e mrke gecivofblremimy ofay

I nvoke { he | | Lt1.00. ' nat hvel y...or _additi.onal | a
user o of FaPL G REes B0l Stor kKA G A v B ahen ORIl
means; forbpe#lnTdBhutt he user may choose froma plurality of possible

buttons or options, e.g., depending on the nunber of devices coupled to the
USB hub. F9dllekasepicesmbodimenss, U8sswitchingsonditibn deg berineoked mqpheniedllydauchce,
e.g., a cell .phone 0 PDA, and/or. a. digital_ nusi | ayer, ammgn thers, the
user may b# 5‘5&%‘?@]&1 PROS: 19 W@ﬁ‘i"‘gfgﬁ offpt Wﬁgmﬁ‘f??tg%dﬂ?ggle%%pu@he
peri pheral jdeyLe8@Rd ; i i wh e hi iy 11 ' ect. one
ornore -ofot’heérggtéi %6@0%%%&21 leglrug s%ggid??ig%fﬂoggt%%gﬂ ﬂ;@e?éﬁ%r% evi ce:
may i ncd udembodiment, the seitchihg donditidn mineintltBe bulengt e otiqetiotpyf thet@mbctingi s
menu, via a stylus, Vvoice activation, and/or a keeﬁ%g, anong ot hers
e

means, eéﬁdf’&@é@ﬁegbﬂowpﬁqiﬁhalbmés Bylicaisd abeys, e wrrenhliSkeOAsyreeificationg Hignge i n
nglt : ns;)EéUtS%co'g@M&t%?h P:%lélteg'ge%y d;ﬁﬁegiﬁ&éf%{gtg ﬁ(%'f' %ﬁ&cﬁl@t cé‘lnntegﬁ&ﬁénvglllé/ encf) rz‘aﬁd yser |
default device connection (on the other end). In this case, the switching condition may be
invoked by reversing these two connections, e.g., via the change in pins associated with
15 each of the connectors on each end of the cable may invoke the switching condition.
[0042) Alternatively, or additionally, a user or other system may invoke the switching
condition via electronic means; for example, the user may choose from a plurality of
‘possiblc buttons or options, ¢.g., depending on the number of devices coﬁpled to the USB
hub. For example, if the USB hub is included in a peripheral device, e.g., a cell phone,

20 PDA, and/or a digital music player, among others, the user méy be presented with a
plurality of options on the display of the peripheral device and may invoke the switching
condition by selecting one or more of the available options. More speciﬁca}ly, the
peripheral device may include a menu associated with the USB hub; the user may select this
menu, €.g., via a stylus, voice activation, and/or a keypad, among others means, and select

25 from one or more options to invoke a specific change in host, e.g., by invoking the
switching condition. Alternatively, the user may. invoke the switching condition, e.g.,
similar to methods described above, among others, from a device coupled to the USB hub.

[0043] In some embodiments, the USB hub may automatically detect the switching

condition. For example, the USB hub may have a sensing mechanism, e.g., present in the
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simlar to methods descri bed above, anong others, froma device coupled to
the USB hub. [0043] In sone enbodi nents, the USB hub may automatically
detect the switching condition. For exanple, the USB hub nay have a sensing.
mechanism e.g., present in the Atty. Dkt. No.: 5707-12000 Page 14
Meyertons, Hood, Kivlin, 'Kowert & Goetzel physical 1ayer (PHY) of
connections to the TJSB hub, specifically for detecting the swtching
condition. In one enbodi nent, the switching.condition may include a change
of inpedance in one or nore pins of one of the connections to the USB hub,
‘e.g., one or nore of the ports. For exanple, in one enbodinent, the invoked
swi t ching hit | Ny VL S stk bed.: , L.hcl ude a
change in ﬁ%gglalrll. el, on t eo%g&gﬁ?ﬁ § tg?ﬁlg T()Ifﬁl)E @Ililﬂé %gﬁﬁggléféf?@&aéf@%c%ﬁgnect ed
to the per swilhirg conditione hi bad ermbodimentethit iswitching bondittitemapinchils a chaggeedi fic
exanple, normally two of the pins in _the PHY may have an i npedance of 15
kOhns, andiBFea@cely PRYOr Mete RiNEeRsME of thEsoppestionstgdhmePB hubee Enpatioiinerenay

d , i ngl: | b.may detect this. ch
T rpedandet dopie Mipefc AR AR Senh, e iyt R Ths G ton Shorl e
i nput i NVOokieNBeads S¥ickiBET MbveOme tricRide ai ek gedh iAPedintd N R DR 2h@P-Gidsbit he

hub. [0044] 1t should be noted that in various enbodi nents where there are a
plurality tie Ushsablaazm.|coghestedrotihe pesipberalxdayibetias is requtstiog fegicteversa. iAsput

may al so specify which of t 15 upl.ed, devi are to be controlled by
Tho seconds gatiileSple oamain i of e Hirkiin Be AT DsRcka e BUBOHIS Yy have
a pluralit t 10@,;]{0 : | ¥ ' of

t he coupl egogltgsfraglgsaﬁgp s§i’ E‘ﬁg‘%’\}%@@%& ng, é%h%f’ ?}%eﬁtl P %ﬁlag%‘éf\ﬁggg%??@%?hat'
one or nokehmt. tOerepupliegy dtie UEB hoconp dwst teorhingd & smpeanskond el | i:ng
other coupl ed devices, possibl {Kﬂi ncl uding the old host contrallers., In sone

enbodi Atnt 8Witees sandiitonngirugfhe UBH habamaycisegivieinpwt inveides 8 syitchiag pendifionhat

are controll.ed.. new ho rollers. Said another .way, the input may
specify th5{¢°c8gn¥?%$§‘§?lﬁvyﬁgl°§‘}‘f}}%gﬂ%ty of coupl ed devi ces be changed to a
new set of host controllers, and each of the new and/or old host controllers
may control a

[0044] Tt should be noted that in various embodiments where there are a plurality of

upstream logics with associated host controllers, the input may also specify which of the
15 coupled devices are to be controlled by the second device. In other words, as indicated
above, the USB hub may have a plurality of host controllers, each controlling a respective
subset of the coupled dévices, possibly overlapping, and the input may specify that one or
more of the coupled devices become host controllers for controlling other coupled devices,
possibly including the old host controllers. In some embodﬁnents, the input may specify a
20  change in subseté of devices that are controlled by the new host controllers. Said another
way, the mnput maiy specify that control of the plurality of coupled devices be changed to a
new set of host controllers, and each of the new and/or old host controllers may control a

new respective subset of the coupled devices. |
- [0045] For example, the USB hub may first include two host controllers, such as a
25 computer and a PDA, and a plurality of pcripheral devices, such as a cell phone, a printer,
and a digital camera. In this example, the computer may control the priﬁter and the cell
phone, and the PDA may control the digital camera. Subsequently, the USB hub may
receive input specifying that the cell phone become a new host controller, e.g., taking the
place of the PDA, e.g., in order to print a picture. In this case, the input may specify that the
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new respective subset of the coupled devices. [0045] For exanple, the USB
hub may first include two host controllers, such as a 25 conputer and a
PDA, and a plurality of peripheral devices, such as a cell phone, a printer,
and a digital canera. In this exanple, the conputer may control the printer

and the cell phone, and the PDA nmay control the digital canera.
Subsequently, the USB hub may receive input specifying that the cell phone
beconme a new host controlter, e.g., taking the place of the PDA e.g., in

order to print a picture. In this case, the input my specify that the
Atty. Dkt. No.: 5707- 12000 Page 15 Meyertons, Hood, Kivlin, Kowert & Coetzel
new host controller, i.e., the cell phoné, control the printer and the

di gi t al t. A, T th t
gt tel SRR R ARG o TSNS LRI Bla DB PR s Bm e Ryt o
case,  t he BBRomp@cORRO! the®DA. OTishBe Bt AR Etkify @ Ch&RS in bhuttdlifdm &R%R, the

cel l phone Additionally, the |nput may specify a new control set for each
of the 5 newredwstgonitplsrs, in @ugcase,tthfePBéL to quiron@mozwe tho periplygral evipes, mtthis and

the digital d th troll th 046

e 51901 LS RELAL oS MBS e SORL SR IR AR A B
f d I
S S S0k o o s 0 <

t he USB hutommyerrcentesliieg theltA.10 specifying that upstream|ogic for
controlli n&]the keyboard be coupl ed to the PDA, and that the digital nusic

pl ayer conti0AfkeA ﬁéseaﬂ%% pRAmRle dhef/§B thyb may geepls tncphast orsentlsT al 2 plralily afisp
hub. -Thus, (4 &e%{CEgst'%O&“d{m’}%Pe dlgl duﬁfc“@ﬁg@yde%eg%éﬂ&‘dpe le?gta &uQFro% PBA“%' host

controller a new su t he

digital videe omﬁce{cﬁ@ﬁl iaNdided RRorRY BOMs @)&ﬂipﬂ@'th@USB)HﬁH ﬁia &eéameﬁn @cubset
e.g., the keyboard 15g[10047] Note that the input, the net hods and the

swi t chilhg epaidying Sias upiersemilogd fdreoeﬁ'wlhmaghe keylmrdalpmcyaplad to fee BB Ayend that
deceri U1 o F oA ARSI R SR n BB, oo R e,
but i n thi§;£a8Gus in some embodiments, the mput may specify that the original host controlier
~ may control a new subset of the coupled devices, e.g., only the digital video recorder, and
the new host controller centrol anoﬂler subset, e.g., the keyboard.

15 [0047] Note that the input, the methods, and the switching conditions described herein may
also apply to the above descriptiens regarding the multiple host controllers. For example,
the input may be received mechanically, e.g., similar to abevc, via a switch, but in this case,
the switch may have a plurality of options each associated with the new and old host
controller(s) and the new controlled subset(s) of the coupled devices. Alternatively, or,

20  additionally, the input may be received electronically using the menus and methods
described above. Note further that the above described switching conditions, and invoking
thereof, are exemplary only and that other methods and switching conditions are envisioned.

Thus, the USB hub rﬁay receive input specifying a change in control of the plurality of
devices coupled to the USB hub from one or more host controllers to one or more other host

25  controllers, e.g., previously acting as peripheral devices.

[0048] In 404, the upstream logic included in the USB hub may be switched from receiving
information from the first port, ie., coupled to the old host controller, to receiving

information from the second port, i.e., coupled to the new host controller. In other words,
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the switch may have a plurality of options each associated with the new and
old host <controller(s) and the new controll ed subset(s) of the coupled
devices. Alternatively, or, 20 additionally, the input may be received

el ectronically using the nenus and nmet hods described above. Note further

t hat the above described switching conditions, and i-nvoking thereof, are
exenpl ary only and that other nethods and switching conditions are

envi sioned. Thus; the USB hub may receive input specifying a change in
control of the plurality of devices coupled to the USB hub fromone or nore
host controllers to one or nore other host 25 controllers, e.g., previously

acting as per.i ral _devices. [004 I n 404, the tre | ogi ¢ i ncluded in
t he USB huB® r"@l ﬁ'éb &ﬁyt'(}éﬁjé%e ?‘?’&ﬁ?? Pgbﬁ @T’H’ﬁs c?‘??ﬁ?fjr #E eo}f‘}l%fnﬁ% qqx;edechp 49 port,
i.e., cou t I'a o OfHeCHRl NI 4, ff ti om

t he, secoﬁ%ﬁgﬁ ?n rfé é).ﬁ!,;éjé&c:tc}%% é%g{%at &’ng\'g"htcggt ﬁl?gerét @%IC?%@ Qllr)(ﬁ;%'ot %grofn\émr ds,
Atty. Dkt .enNedim&i0thel RO Mdvapeioht ity eliingady dodplidg tHei first owefrém&theoet zel

the USB hub nmay change control of the devices coupled to the hub from one
devi ce to up&ﬂ'%%i?@?arﬁeep@@&aa@ #5080t ROt drogy {heflavsiieam dogje, andrf@uplinguths

descri hed Lient rfar ' ey
decouplh"‘leng&?ﬁ}édemr{r {s})tt?lggﬁn%gﬂnﬁgﬁgﬁ S?Jpg'?lrnggwégéi Q{% }I gc@&%@%iaﬁ%]ﬁéﬁ%soelgond
port from lidsecstamtist ot @@etphetdd detiot ) fheGetidsbea@ouBE ipother Words@e

upstream logic. In sone enbodinents, the hub may also allow the old host
cont r ol | erhibomay: cove dhp dewpdigaml logiew £-ge thodewmstigany lneist thatowes vseddry: then

ot her words, the _hu coupl,.e the downstream | ogic,.e.qg., the.d st ream
ogi ¢ ¢ hat S Dk By TEHaPort oL e AP THCR o eV i ek hE S

upst r eam agH ey HSve&RTho L GbrttrdiBYarld& /I8 C beféég)sndiﬁgfﬂ %\Eﬁp&e&ﬁ‘&ﬂﬂn&ﬁ%t
controller and a device. Correspondingly, in variouS enbodi nents, 1 o'the

new host cthetewlhoatrconmyllaaiayast d3dmtt tb othet Heviced garg cpsssibly pcindingdisd dibl ost
including the old host controller, coupled to the hub, e.g., each wth

associ at ed*WHRHS CQEHPE J9i S BBbr £18ercach Rith pEsocigted: fowRiiRAR clagity €rhe

descri bed '293{&) j ; el Joted that the above

descri bed ‘Iévm c{?:%rﬁ grﬁ% gjﬂlrt%]?[% \?I\#ﬂ %eec%gé%kg%mp%%#%ﬁ% gor\ﬂ ~
[0049] It should be noted that the above described switching is not limited to any particular

two ports included in the hub, and, in fact, any of a plurality of logics associated with
15 .various ports may be switched according to methods described above, among others. Thus,
n one embodiment, any downstream logid may be switched with any upstream logic and/or
other logics included in the USB hub.
[0050] Following the example above regarding the computer, the PDA, and the cell phone,
the USB hub may switch the upstream and downstream logic associated with the PDA and
20 the cell phone respectively. The USB hub may also switch the control of the peripherals,
' e.g., the printer being controlled by the computer to being controlled by the cell phone, by
rerouting the signals from the upstream logic of the coinputer to the upstream logic of the
cell phone. In other words, the downstream logic associated with the printer may be
switched from receiving signals from ﬂle computer to receiving signals from the cell phone.
25 - Thus, after the logic is switched; the cell phone may control the printer and the digital
camera, and the computer may control the PDA. Further details regarding the changing of
controlied subsets of devices in USB hubs can be found in U.S. Applications-10/940,406

and 11/100,299 which were incorporated by reference above.
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two ports included in the hub, and, in fact, any of a plurality of |ogics
associated with 15 various ports nmay be sw tched according to nethods
descri bed above, anong others. Thus, in one, enbodinment,. any downstream

|l ogic may be switched with any upstream | ogic and/or other |ogics included
in the USB hub. [0050] Foll ow ng the exanpl e above regardi ng the conputer,
the PDA, and the cell phone, the USB hub may switch the upstream and
downstream | ogi ¢ associated with the PDA and 20 the cell phone
respectively. The USB hub may al so switch the control of the peripherals,
e.g., the printer being controlled by the conmputer to being controlled by

the cell phone llb]y rerouting the signals fromthe upstream| ogic of the
conput er t 04SAL T, P segihe dgdescried haeip, HadAEB hpb repyheritohdhel spstiera
downstream i ' i ' ny be switched fromreceiving
signal s frgjrln&)?ﬂgng@%%gE‘%%ér@?ag%rg{égitt@/ﬁ]ﬁg&g%ﬁapsqﬁfromthe cell phone. 25 Thus,
after the logic is switched, the cell phone may control the printer and the
digital capera, and the conputer control_the PDA. Further details
regarding ¢ eshaagiongEEsamplagy A ptncinded s &UBB [sideces in USB hubs can be
found ip U |ications.l0/940, 406, a 1100, 29 I.ch r .
incorpo?at é@% F%’feé?ge (g%a}ﬂ%%t %ew}arbﬁg)p%%ﬁgymg%aggméuﬁgﬁﬁu na
Meyer t ons, (g0 devidd, ¥lol MieviteWBH! o€ ayld0n Shetl ' > ahiads
descri bed her el eﬁv,l fhegl’Ugg hub m@eggmﬁtcﬁga#h%oﬁ%%lrgﬁ%y gﬁgﬁgﬁ/}\g‘ggéﬁg}éﬁ#

| ogi c(s) adewdrel rg.ta Gdseribeic eitii adspeatptat the Fibgue elsscribad iFigures, Exemmgl athsts.USB
Hub I ncluded in a USB Device 5 [0052] Fi Igures 5 and 6 illustrate_exenplary
bl ock di agraRarde agovssthe BB el Wdeady kwelide gobralayicd@orle, 42, THEFNePBE0. The
devi ce may OF ¢ Q,@? . ' ' '

descri bed v?nl?? ﬁ&; gls%@cdtu&t 0 %%Ré%%s{)@ 62%@\(:5%%@%8@3{3?@05%{%&%%% %‘fesﬁgdrﬁst,r.‘)ﬁgr

Sim | ariot 0 ;o€ or inbe: ABBhEDINRBs. MAY alsb destdiBedatidvie] tkidodpled dpEEdsSnayehed .-
reversi ble ports 510 and 514 and downstream ports 516 and 518, for coupling

to at | eastintormel oroateradrie thsl USB devican@ho8Balevica meaypiaelugn togid fonevitedling As
al so descri e\?ig:esaa%(avfgf M%Jlt]lge asa gé)r}p%grapc?e\%c%?esf g.?&&lal-?cﬁe host controller block 504, which

may be coupled to or included in a system-on-a-chip (SoC) 502 that controls the peripheral

device. In some embodiments, the Iieripheral devicé may include a mass-storage device,

15 e.g.,llﬁass-storage 506, e.g., a hard drive, for storing information. As shown, the mass

' storage device may be coupled to the SoC 502 outside of the USB hub S_()S;'altematively,

the mass storage device may be coupled to the USB hub as an internal or external device,

e.g, USB device 520, 522, or 524. Furthermore, similar to above, the USB hub may
inctude hub logic 512, e.g., for routing signals between the host controller and the coupled |

20 devices. ‘ | |

[0053] As also shown, the USB hub may reverse at least two of the ports, e.g., reversible

ports 510 and 514, e.g., using switching logic methods and‘conditions'described above,

among others. Note that, this particular system is exemplary only, and, in fact, further

embodiments are envisioned where any of the ports included in the USB hub may be

25  reversible.

[0054] 'Figure 6 illustrates the USB device, e.g., the device 500, coupled to a computer

system, e.g., computer system 602, e.g., similar to the computer system 82 described above.

The computer system may include a USB host controller, e.g., USB host dontr011er 604, for

managing and/or communicating with devices (e.g., USB devices 522 and 524) coupled to

Atty. Dkt. No.: 5707-12000 Page 18 Meyertons, Hood, Kivlin, Kowert & Goetzel



internal or external to the USB device. The USB device may include |logic for
controlling devices and for acting as a peripheral device, e.g., dual-role
host controller block 504, which may be coupled to or included in a
systemon-a-chip (SoC) 502 that controls the peripheral device. In sone
enbodi nents, the peripheral device may include a nass-storage device, 15
e.g., mass-storage 506, e.g., a hard drive, for storing information. As
shown, the nass storage device nay be coupled to the SoC 502 outside of the
USB hub 508; alternatively,. the mass storage device may be coupled to the
USB hub as an internal. or external device, e.g., USE device 520, 522, or
524. Furthernore ub | o c 512,

..Simlar. 1o above, the USB hu
e g., for 8&9@8&%%&%&} SThE PRGNS e ooZ B Prbibar both i e g e 20
devi ces. [Q8B3evfits, AL SOpsHRE. TS, LS ¥ A the
ports, e.g., reeverSS| b? ports 510 an%SlAtﬁ@I Orﬁﬁﬁglrs?y’n%é&gn!l tc |Rgm@otg|£c
met hods anpktiphembid¢viansiadis diShadb abdvegy altemmtg aohbstr contidtitreof tirt coupled s
particul ar systemls exenﬁbary only, and, in fact, further errbodl ments are

envi si oneddSi#EF S04 R5ViSE ﬂﬁ?d?"ﬁ%"‘i’ﬁ%“ﬁﬂé’@hidﬁd imdhe pesinherl feyicpe Inmper
ggger si l ew?jlld?%élco hlgu{ gyrs{%lﬂ Md{&%@%‘éé_ﬁoa%a%o%{lgr‘éﬂesgﬁcu% gwe{sg& dgvirce.

coupled t'o a €co ,S|mlar

to the conpyidediceyslisied f2the €1E hlde dn ahowabodid b, 1he ¥Bitbafer S%ﬁdr@ﬂia?ﬁé’cabad ude
a USB host controller, @]etg USE host controller 604, for managli ng and/ or

comuni cat hasy anil meeycheuirelethe msgstoraglsse‘d@a/m@@ S dn@tmmordwlpﬁ @mrtutf:r Atty.

Dkt . No.: 5707 12000 P ert.ons Kivlin owe zel the
conput er s$EEBRHE g’r‘?ﬁ‘fﬁséﬁt éﬁg?g‘ﬂ?wgﬁe ﬁl@%c?%aﬂ% “ﬁér&t‘%% l'i ng
to other éﬂ%’ocﬁ'ﬁ&tcﬁé Sd@ﬂlyuﬁ’c&@}et@@@cor;ﬁﬂ%s aAd sSAOWhres gaﬁmﬁ © BRHGhdsSY St em
may- coupl e to the " peripheral device via the USB hub and nmay alternate as
host comt r thielneass etbrdgh éeviow fiireht cotgwiteresystemnd Iulembodimantshwhdre theasbss standgeol | er

i ncl uded |n t he, peri pheral devi [n other 5 words, the corrputer system
and/ or . t hedB3E BUPUREY 1B IRt 1P ﬁ@%ﬁge@m&l%%g@#@r TSlemnmay epmirol the mass

storage device without using the SoC. :
[0055] As an example, the penpheral device may be a cell phone including an aséociated
hard drive, e.g., the mass storage device 506 as well as a digital camera and a Bluetooth
15 device. The ceil phone may have a USB port for coupling to other devices, in this case, the
éomputer system. Thué, when the SoC acts as the host controller of the USB hub, the cell
phone may control each of the coupled devices and communicate information to the host
computer as a host controller. Upon receiving input specifying a change in control, the
USB hub may switch respective upstream and downstream logiés associated with the cell
20 phone and the host computer. Subsequently, the host_compﬁtcr may control respective
devices in the cell phone. For example, the host computer may update files on the hard
drive, e.g., via the SoC, take pictures using the digital camera, and communicate using the
Bluetooth device. Alternatively, as described above, the host controller may control a
subset of tﬁese devices, and the SoC_fnay continue to control another subset.
25 _
[0056] Thus, using the systcms and methods described herein, a USB hub may change
conirol of a plurality of coupled devices from a first device acting as a host controller to a

second device, which was pre‘}iously a peripheral device.
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t he devices coupled to the USB hub. In one enbodi nent, the conputer system
may act as a host, and nmay control the mass storage device via the SoC. In
ot her words, the conputer systen1nay control the nass storage device by
sendi ng commands through the SoC. In 'one enbodinent, the SoC may interpret
t he commands and send correspondi ng conmands to to the mass st orage device
for the conputer system In enbodinents where the niss storage device is
coupled to the USB hub directly, the conputer system may control the nass
storage device wi thout using the SoC. [0055] As an exanple, the peripheral
device may be a cell phone including an associated hard drive, e.g., the
mass storage device 506 as well as a digital canmera and a Bluetooth 15
device. The cell phone nay have a USB port for coupling to other devices, in
this case, the conputer system Thus, when the SoC acts as the host

control | er [0p§71t RBhd4PB 1hebembdiemennk |aboRGRG: BBeh AeREBal if ashsidbrablRedgayp! ed
devi ces and comuni cate information to the host conmputer as a host

control |l er nmwous YagieBons ang nncrﬂ@ﬁnatlgmﬁe\&ﬂlr@epmge sppeteah tpethpse ddlindripithe arhence USB
hub may smntc es tive. upstreama mnstre i.CS saoci at ed th the
Cort 58 pih s BROSH g OhRPEr e bl o ST R4 STk BlscEt Dhay

cont rol TeRd Hﬁo AR BB qloR vih oﬁé’!aﬂddrﬁl?kﬂﬁ@atloﬁé” exanpl e, the host

comput er ate on the hard rive .g., via the SoC, take

pi ctures u5|ng the dlgltal canmera, and communi cate using the Bluetooth
device. Alternatively, as described above, the host controller may control a
subset of these devices, and the SoC may continue to control another subset.
25 [0056] Thus, using the systens and net hods descri bed herein, a USB hub
may change control of a plurality of coupled devices froma first device
acting as a host controller to a second device, which was previously a

‘peri pheral device. Atty. Dkt. No.: 5707-12000. Page 19 Meyertons, Hood,
Kivlin, Kowert & Goetzel [0057] AIthough the . enbodi nents above have been
descrlbed in considerabl e detail, :
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nunmerous variations and nodifications will becone apparent to those skilled
in the art once 5 the above disclosure is fully appreciated. It is intended
that the following clains be interpreted to enbrace all such variations and
nodi fications. Atty. Dkt. No.: 5707-12000 Page 20 Meyertons, Hood, Kivlin,
Kowert & Coetzel Clains W claim 5 1. A Universal Serial Bus (USB) hub,
conprising: upstreamlogic for sending and receiving information to and from
a host controller; downstreaml|ogic for sending and receiving information
to and froma USB device; a plurality of ports operable to couple to a
plurality of devices, including a first port of the plurality of ports
coupled to the upstreamlogic, and a second port of the plurality of 1o
ports coupled to the downstream | ogic; and swtching |logic operable to
switch t heClgigsream | ogic and the downstreamlogic wth respect to the
first portvznq .t he second. port respectively. 2. The USB hub of claim1l, 15
wherein to t he upstream and downstream | ogics, the switching logic is
operable to decouple the first port fromthe upstream| ogic, decouple the
second port from the downstream | ogic, and couple the second port to the
upstreasn | ogic. 13. ThdﬁuﬁamﬂﬁbndﬂﬁmwasﬁnﬁmnZemphangln to switch the upstream
and downstream | o ching logic.is further operable to couple

the first port P%S H‘é‘ % tSF m@r?@wgmﬁ@a@%t%@ jifﬁrméIhﬁfftri@lo1_1L"T°111’9F»ere| n

the switching | ?ﬂ? I C t
swi t chi ng condi ?I on w?rfl es &8 %&{i}ﬁgcelﬁﬁn SE eam gltocﬁiaCﬂ %%?I?%d%ﬁw
downstream | ogi @ﬁh&ﬂdy %%@rfd’bﬁe‘f&ldlﬂ@sdoﬁﬁélf@ b QHiralitR Bl AGAcdshRicRiaiMa S firSEdbrd 09i.C
in response to the autonatic
of the plurality of ports coupled to the upstream logic, and a second port of the plurality of
10 ports coupled to the downstream logic; and
switching logic operable to switch the upstream logic and the downstream logic

W1th respect to the first port and the second port respectively.

2. The USB hub of claim 1,
15 wherein to switch the upstream and downstream logics, the switching logic is
operable to decouple the first port from the upstream logic, decouple the second port from

the downstream logic, and couple the second port to the upstream logic.

3. The USB hub of claim 2,
20 wherein to switch the upstream and downstream logics, the switching logic is

further operable to couple the first port to the downstream logic.

4. The USB hub of claim 1, wherein the switching logic is further operable to:

automatically detect a switching condition with respect to the upstream logic and/or
25  the downstream logic; and

switch the upstream logic and/or the downstream logic in response to the automatic

detection.

5. The USB hub of claim 4,
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detection. 5. The USB hub of claim4, Atty. Dkt. No.: 5707-12000 Page 21
Meyertons, Hood, Kivlin, Kowert & Goetzel wherein the automatic detection is
based on a change in inpedance at one or nore of the plurality of ports. 6.
The USB hub of claim1l, wherein the switching logic is operable to switch 5
t he upstream | ogic and/or the downstreamlogic in response to a user-user

i nvoked switching condition. 7. The USB hub of claim11, wherein after the
upstreamlogic is switched fromthe first port to the second port, a 10
device of the plurality of. devices coupled to the second port is operable
to control other devices of the plurality of devices coupled to respective

Coupl e 10t espELEITTEaGHRTHEARE 1By Lot o OB PG 4 Oh o me
wher ei n thgf{hgghﬁgﬁ?gfﬁ(ﬁ% a plurality of downstream | ogics, wherein the

plurality of ownstream | ogi cs conprises the downstream | ogi c, wherein each
of the plurality of downstream|ogics are associated with a port of the

I i f : d [ i t chi l.ogic is, f. h abl e, .
Elw-”[ 2|h' the upst Seam (58 USERE BRAHAG LM B BOITEeRiodh PEARe JorFETor ¢ he
. , °9. S . . ) .
(F:) oﬁ}r:)?i Isgeé :ﬁ% gﬁ %{ae?l;ﬂp rcalamggl\e/iﬂ%:ée EO%%.’E |hgdg%l3@ #ﬁﬁ?\ggg §+% ?#%:ug%%g?deisn a

subset of thecihaealdition of devices conprise one or nore of: one or nore
devices internal to the peripheral device; and
7. The USB hub of claim 1,
. wherein after the upstream logic is switched from the first port to the second port, 2
-10  device of the plurality of devices coupled ;Lo the second port is operable to control other
devices of the plurality of devices coupled to respective other ports of the USB hub,

wherein each of respective other ports is coupled to respective downstream logic.

8. The USB huB of claim 1,

15 wherein the hub comprises a plurality of downstream logics, wherein the plurality of
downstream logics comprises the downstream logic, wherein cach of the plurality of
downstream logics are associated with a port of the‘plurality of ports, and wherein the
switching logic .is further operable to switch the upstream logic and downstream logic
between any two ports' of the plurality of ports.

20
9. The USB hub of claim 1,
wherein the USB hub is comprised in a peripheral device.
10. The USB hub of claim 8§,
25 wherein a subset of the plurality of devices comprise one or more of!

one or more devices internal to the peripheral device; and

one or more devices external to the peripheral device.
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one or nore devices external to the peripheral device. Atty. Dkt. No.:

5707- 12000 Page 22 Meyertons, Hood, Kivlin, Kowert & Goetzel 11, The USB hub
of claim1, wherein the USB hub is conprised in a cell phone. 12. The USB
hub of claim1l, 5 wherein the USB hub is conprised in, a portable nusic

pl ayer device. 13. The USB hub of claim1, wherein the USB hub is conprised
in an external housing, and wherein the USB hub is. operable to attach to a
systemas a first device of the plurality of devices to provide 10 USB
comuni cati on between the systemand the plurality of devices. 14. The USB
hub of claim 1, wherein the plurality of devices conprises one or nore of:
one or nore cell phones; 15 one or nore portable nusic player devices; one

or nore conputers; p inéers; one or nore hard-drives; one or
nore digital ca rasqgﬁgk%ﬁgl hﬁ? menory nedi uns; one or nore audio

devices; one Ogyy @R&Pﬁhlﬁb&@lg[b% RfEset & Hehee; one or nore joysticks;
25 one or nore uninterrupte pO\?\%I’ sSpp ?Eeilep UPS); one or nore additional
USB hubs;

12.  The USB hub of claim 1,

5 wherein the USB hub is comprised in a portable music player device.

13, The USB hub of claim 1,
wherein the USB hub is comprised in an external housing, and wherein the USB
hub is operable to attach to a system as a first device of the plurality of devices to provide

10 - USB communication between the system and the plurality of devices.

14. " The USB hub of claim 1, wherein the plurality of devices comprises one or
more of:
one or mote cell phones;
15 one or more portable music player devices;
Onie Or more computers;
one or more printers;
one or more hard-drives;
one or more digital cameras;
20 one or more mémory mediums;
one or more audio devices;
one or more keyboards;
one Or more Mice;
one or more joysticks;
25 one or more uninterrupted power supplies (UPS); '
one or more additional USB hubs;
one or more Ethernet devices;
one or more Bluetooth devices;

one or more storage devices;
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one or nore Ethernet devices; one or nore Bluetooth devices; one or nore
storage devices; Atty. Dkt. No.: 5707-12000 Page 23 Meyertons, Hood, Kivlin,
Kowert & Goetzel one or nore video devices; and one or nore conmuni cation
converter devices. 15. The USB hub of claim1, 5 wherein the USB hub
further conprises one or nore additional upstreamlogics coupled to one or
nmore respective ports of the plurality of ports for sending and receiving
information to and fromone or nore respective host controllers, and wherein
the USB hub is configurable to allow the one or nore host controllers to
control respective subsets of the plurality of devices; and 10 wherein the

swi t chi ng | ogi ¢ gn of tbt@lePRRIRBEl8dt 0 change the configuration of the USB
hub to allow the one or nore host controllers to control other, respective

subsets of the opkormbrespmufudension esnvetisr devives.USB hub of claim 15, 15
wherein the USB hub further conprises one or nore additional downstream
| ogi cs. coupled to another one or nore respective ports of the plurality of.

ports for sendi gg. andrhe (8BS Hkidifor mation to and fromone or nore
respective USB devices coupled to the other one or nore respective ports,
wher ei nsthe swi tviieraly theo§iSB hsb furtieh eomppes alk er troorsvwidditionah ypafeainhiegione or
nore 20 additional upstream | ogics and/or the upstreamlogic with a

respect i ve CEARICGTO PRfOIORErSTESPERBYCP VA Sbe RIETHINOR ROStstioT seidingnandasesiang
(0s) - hub, TORRRRER e kbt ornfor bre bl B0y chirpfert R i RSP i
plurality qfcslfignf®R toalléw the one or more host controllers to control respective subsets of the
plurality of devices; and '
10 wherein the switching logic is further dperable to change the configuration of the
USB hub to allow the one or more host controllers to control other respective subsets of the

plurality of devices.

16. - The USB hub of claim 15, .
15 wherein the USB hub further comprises one or more additional downstream logjcs
coupled to another one or more respéctive ports of the plurality of ports for sending and
receiving information to and from one or more respective USB devices coupled to the other
one or more respective ports, 7 |
wherein the switching logic 1s fmthef operable to switch any of the one or more
20 additional upstream logics and/or the upstream logic with a respective any of the one or

more downstream logics to switch control relationships among the plurality of devices.

17. A Universal Serial Bus (USB) hub, comprising:
a plurality of ports oﬁerable to couple to a plurality of devices;. and
25 switching logic operable to couple a port of the plurality of ports to upstream logic
for controlling devices coupled to other ports of the plurality of ports.
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25 switching | ogic operable to couple a port of the plurality of ports to
upstreamlogic for controlling devices coupled to other ports of the
plurality of ports. Atty. Dkt. No.: 5707-12000 Page 24 Meyertons, Hood,
Kivlin, Kowert & Goetzel 18. The USB hub of claim 17, wherein the sw tching
logic is further operable to switch upstream | ogic and downstream | ogic

bet ween any two respective ports of the plurality of ports. 5 19. The USB
hub of claim 17, wherein the USB hub is conprised in a peripheral device.

20. The USB hub of claim 17, wherein the switching logic is further operable
to: 10 automatically detect a switching condition with respect to the

upstream | ogi c nd/ e | ogic; and switch the upstream| ogic
and/ or the dovvns1 rea%%&%ﬁ}f‘% g?i]Se to the automatic detection. 15 21.
The USB hub of eiridin ks sWi't@hiﬁ%rlogibeis USRL&UBpdrabl€ Ao dwit@dupdireait RgiChRR!
housi ng, and wherein the USB hub is operable to attach to a systémas a
first devi cevostraamdogi betiden pmpfwodiespectaes poats of teipliwalitySBpasmuni cat i on

bet ween the systemand the plurality of devices. 20 22. The USB hub of claim
17, wherein the plurality of devices conprises one or nore of one or nore

cell phenes; onggor mMREgIIPLLAN Sigusi ¢ pl ayer devices; one or nore

conputers; 25 oné or nore printers; ~one or nore hard-drives;
wherein the USB hub is comprised in a peripheral device.

20.  The USB hub of claim 17,
 wherein the switching logic is further operable to: | ~
10 automatically detect a switching condition with respect to the upstream logic
- and/or the downstream logic; and
switch the upstream logic and/or the downstream logic in response to the |

automatic detection.

15 21, The USB hub of claim 17,
wherein the USB hub is comprised in an external housing, and wherein the USB
hub is operable to attach to a system as a first device of the plurality of devices to provide

USB communication between the system and the plurality of devices.

0 22.  The USB hub of claim 17, wherein the plurality of devices comprises one or
more of: | |
one or more cell phones;
one 6r more portable music player devices;
one or more computers; |
25 one Or more printers;
one or more hard-drives;
one or more digital cameras;
one or more memory mediums;

one or more audio devices;
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one or nore digital caneras; one or nore nenory nmediuns; one or nore audio
devices; Atty. Dkt. No.: 5707-12000 Page 25 Meyertons, Hood, Kivlin, Kowert
& Coet zel one or nore keyboards; one or nore mice; one or nore joysticks;
one or nore uninterrupted power supplies (UPS); 5 aqne or nore additional
USB hubs; one or nore Ethernet devices; one or nore Bluetooth devices; one
or nore storage devices; one or nore video devices; and 10 one or nore
conmmruni cation converter devices. 23. The USB hub of claim1, wherein the
USB hub is a root USB hub. 15 .24. A nmethod, conprising: receiving input to
a Universal Serial Bus (USB) hub, wherein the USB hub conprises a plurality
of ports for cownectiorg kegbargsi urality of devices, and wherein the input
specifies a change in control of at |east a subset of the plurality of

devi ces by a fin?mHE@Fégcﬂcoupled to a first port to control of the at

least a subset g@fe bhBoRli#sakkdY of devices by a 20 second device coupled to
a second port; and switching upstream |l ogic conprised in the USB hub from
sendi ng and r ecen dmngoreiunfmerngttédpowed suplie (URR)f he first device via the
first port as a host controller_to sending and receiving information to and

from thé second°8&¢5Beredditiops WEBWRE: port as the host

one or more Ethernet devices;
one or more Bluetooth devices;
one or more storage devices;
one or more video devices; and

10 .one or more communication converter devices.

23, The USB hub of claim 1,
wherein the USB hub is a root USB hub.

15 24, Amethod, f:orﬁprising:
receiving input to a Universal .Serial Bus (USB) hub, wherein the USB hub
‘comprises a plurality of ports for connecting to a plurality of deviées, and wherein the input
specifies a change in control of at least a subset of the plurality of devices by a first device
coupled ’éo a first port to control of the at least a subset of the plurality of devices by a
20 second device coupled to a second port; and |
switching upstream logic comprised in the USB hub from sending and receiving
information to and from the first device via the first port as a host controller to sending and
receiving information to and from the seéond device via the second port as the host
controller,
25
25.  The method of claim 24, wherein said switching the upstream logic
comprises:

decoupling the upstream logic from the first port;
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controller. 25 25. The nethod of claim 24, wherein said switching the
upstream |l ogic conprises: decoupling the upstreamlogic fromthe first

port; Atty. Dkt. No.: 5707-12000 Page 26 Meyertons, Hood, Kivlin, Kowert &
CGoet zel decoupling downstream | ogic for sending and receiving information to
and fromthe second device via the second port as a USB device; and
coupling the upstreamlogic to the second port. 5 26." The nethod of claim
24, further conprising: coupling the downstreamlogic to the first port for
sending and receiving information to and fromthe first device via the
first port as the USB device. 27. The nethod of claim 24, 10 wherein the USB

hub is conpri SeGe(tdﬂlpﬁn%)@é\’vﬁéﬁ%ﬁrﬁ'loéﬂ@??dr%&ldmg?&d r&k’%’vﬂ%kﬂ&%&@ﬁm% et the
further conpri sing; omatically detecting a switching condition wth

respect t o stdoad dpate earthd secprdd po&rﬁ/acUSB teyiatpamdst ream | ogi ¢c; and 15 wherein

said switching the ups ream | ogi d/ or the downstreamloglc is perfornmed

in response to CAWDG Sfrﬁanag?t rhbensecwpoﬁhe met hod of claim24, wherein

the USB hub is an external USB hub. 20 30. The nethod of claim 24, wherein

the plurality of devices conprise one or nore of. one or nore cell phones;
5 26. The method of claim 24, further comprising: :

coupling the downstream logic to the first port for sending and receiving
information to and from the first device via the first port as the USB device.

27. The method of claim 24,

10 wherein the USB hub is coﬁlpﬁsed in a peripheral device.

28.  The method of claim 24, further comprising:
automatically detecting a switching condition with réspect to the upstream logic
and/or the downstream logic; and | _
15 ' ~ wherein said switching the upstream logic and/or the downstream logic is performed

in response to the antomatic detection.

29.  The method of claim 24,
wherein the USB hub is an external USB hub.

20
30.  The method of claim 24, wherein the plurality of devices comprise one or
more of:
one or more cell phones;
one or more portable music player devices;
25 | One Or more computers,

one or more printers;
one or more hard-drives;
one or more digital cameras;

one or more memory mediums;

Atty. Dkt. No.: 5707-12000 . Page27 Meyertons, Hood, Kiviin, Kowert & Goetzel



one or nore portable nusic player devices; 25 one or nore conputers; one or
nore printers; one or nore hard-drives; one or nore digital caneras; one
or nore nenory mediuns; Atty. Dkt. No.: 5707-12000 Page 27 Meyertons, Hood,
Kivlin, Kowert& Goetzel one or nore audi o devices; one.or nore keyboards;
one or nore mce; one or nore joysticks; 5 one or mdre Uninterrupted Power
Supplies (UPS); one or nore additional USB hubs; one‘or nore Ethernet
devices; one or nore Bluetooth devices; one or nore storage devices; 10
one or nore video devices; and one or nore communi cation converter devices.
31. The nethod of claim 24, wherein the USB hub further conprises one or

nor e addi ti onal h?gi .15 coupled to one or nore respective ports
of the pIuraIityﬂgﬁ{%ﬁggg ofggg%ding and receiving information to and fr

om one or nore aspesbiei@ybRsds;control l ers, and wherein the USB hub is
configurable to allow the one or nore host controllers to control respective
subsets of ‘'t he OpfarEPIRByNCef devi ces; and wherein the nethod further

conpri ses changlorﬁgo%lkﬁ%recjg}r’gﬁlcgslfrat| on of 't he USB hub to

5 one or more Uninterrupted Power Supplies (UPS);
one or more additional USB hubs; |
one or more Ethernet devices;
one or more Bluetooth devices;
one or more storage devices;
10 one or more video devices; and

one or more communication converter devices.

31. The method of claim 24,
wherein the USB hub further comprises one or more additional upstream logics
15 coupled to one or more respecﬁve ports of the plurality of ports for sending and receiving
imformation to and from one or more respective host contrdllers, and wherein the USB hub
is cor_]ﬁgurable to allow the one or more host controllers to control respective subsets of the
plurality of devices; and | |
wherein the method further compﬁses changfng the conﬁgu:ﬁtion of the USB hub to
20  allow the one or more host controllers to coﬁtrol other respective subsets of the plurality of

devices.

32.  Themethod of claim 31, '
wherein the USB hub further comprises one or more downstream logics coupled to
25 another one or more respective ports of the plurality of ports for sending and receiving
information to and from one or more respective USB devices coupled to the other one or

more respective ports,
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20 allow the one or nore host controllers to control other respective
subsets of the plurality of devices. 32. The nmethod of claim 31, wherein,
the USB hub further conprises one or nore downstream | ogics coupled to 25
anot her one or nore respective ports of the plurality of ports for sending
and receiving information to and fromone or nore respective USB devices
coupled to the other one or nore respective ports, - -Atty. Dkt. No.:

5707- 12000 Page 28 Meyertons, Hood, Kivlin, Kowert& Goetzel wherein the

met hod further conprises switching one of the one or nore additional
upstream | ogics and/or the upstreamlogic with a respective other of the one
or nore downst @aid %lm‘ﬁh&pﬁl&ﬁbﬂd&h 8 $vitching ddel TMBNbRS oreBtadditRnal

plurality of devices. Atty. Dkt. No. 5707 12000 Page 29 Meyertons, Hood,
Ki vlin, Kowpsiteg&nGogiczeind/or the upstream loglc with a respectlve other of the one or more

downstream logics to switch control relationships among the plurality of devices.

- \
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