WO 2010/017107PCMIS2009/052424 TITLE: USE AND ETHERNET CONTROLLER COMBINATION
DEVICE BACKGROUND OF THE INVENTION Field of the Invention 100011 This invention relates
generally to computer networking and, more particularly, to the design of a combination USE
(Universal Serial Bus)/Ethernet controller device. Descri mon of the Related Art 100021 Various
interface standgydadavogonmnecting computers and external peripherals arediyvggleouseieday, each
aiming to provide simple connectivity at high speeds. Examples of such standards include the IEEE
(Institute of Electrical and Electronics Engineers) 1394 standard also referred to as FireWire, and the
Universal Serial Bus (USEY!BdtH RfghiSpELTREEHSPBUE ProtB COYE B 1To8E Widely used networking
standard for connecting computers in both Local Area Networks (LANs) and Wide Area Networks
(WANS) has been the Ethernet protocoBA¥EsE 3 SFKEBY is the IEEE 802.3 series standard,
originally based on the Carrier Sense Multlple Access W|th Collision Detection (CSMA/CD) method that
provided a meafi &S k<8 more computer stations to share a common cabling system. CSNIA/CD
has formed the P4Sis or Etterhetsysteritd tRateredehet tratisielh speedsiinthiehiksgdbit relige, that is
the Mhit/sec range nReceht'gwiteh&d:hasedhancirordbuterbased Ethernet systems are capable of
supporting transfer rates in the Obit/sec range. Ethernet generally makes efficient use of shared
resources, is typieallyoeasy teFeconfigure and maintain, and provides compatibility across many
manufacturers @i systems:hile.keeping.the.costiows [Q0Q3%.The ktheroet.definas:a, sumber of
wiring and signaling standards for.theiphysicallaver {REY).thrauahumeansof netwarkaccess at the

Media Access Gontrql QMé@)éPc@téérA&K)'—@yP&m%QQ aﬁborweghdao%m@m addressing farmat, Above the
PRY, Ethernet angbled dvices hinically communicate by ransmiting data packets, wiigh comprise
blocks of datat 1at are indivi sent an e |vere%l tAs w@vh oth er QI S, a[\cih Ethernet
station is given a sm “bi EWX ess W ﬁalseﬁvgea(bo% to Ss egc b e dé)rsotlnatlon and the
source of each Y&t& lécEIJeef”“I"ﬁgehﬁﬁ%f%étsérﬁsosrtﬁ”r‘ﬁifn‘i’é‘é‘fa'IV]bf)sregtoé’é}bel SUB-EYEME BT Er of the
data link layer sp8eifiedf i the SEGEAayerion1 Feypeh® Syatelt ]ﬁ‘té’fdﬁ%ﬁ%ﬁ“%d‘ﬂ‘@ilﬁf@?ﬁ and acts
as an interface varveeh the1ogical V' itk CotFO IUEE S fbdayer arid the Hetwork s sical layer. It
emulates a full-duplexisgicat teMmenieatiofrchannetirsed métipointnetWorketo provideraddressing
and channel acdesscontroltmechanismstthatmake itrpossible for-severaluite rminalsonnetwork nodes
to communicateywithin.g multipint network;, typicatyeactohMNuora. VAN [0R04LThekdniversal Serial
Bus (USE) wasevelgpaet tesaffer PC users an enhanced and easy-to-use interface for connecting an

incredibly diversgosange afperipherals.totheincomputers. the.develepment of thedJSEwas initially

driven by considerations, o J@%@JQ%Q%@WK@J §c¥¥hJPJﬂ49£9§J!yL%@%ﬁI ﬁEQm-o%giﬁm:@Mr&EOath%sQﬁJ ipheral
connector. Among hem)oven% pg{;eg}t]s of thg EJ(%E IS a repuctlon in the prollﬁe ion o0 egabLe§ that can

ernet cna vices typically communicate by tfansmi afa pac

affect even the smallesf £o gpg) er insta Gllla ions- In gé eraI pot | Egrraehh]e mtifg%ce of choice for
av

rise nat are mdivi ua, sentu rea' As wit

C
PCs because it offers users 5|]m e connectivity. USE e rrt1h|nates the g]eed to dthea erfent connectors
t t
for printers, keyBO3raE, MicE5nd Gter Peripnerdls, Snd°Supports & Wide Varist) ot tata fipes, from

slow mouse inplits’te idi T%@Cadﬁtﬁlfé”ﬁﬁﬂ%kﬂﬁ?ﬁ’l‘e%?éﬁ VES. STF\I%YHd’iiB“rF"“ﬁJ@E'"’d‘é\?‘i’&‘é@edai’éhﬁot
pluggabilc, i.e. they-Egh B Corinetta d o SrdiseurniEtee ofi s PC it bt redifinty tHe PC to be

powered off. Control (LLC) sub-layer and the network's physical layer. It emulates a full-duplex logical communication channel

in a multipoint network to provide addressing and channel access control mechanisms that make it possible for
several terminals or network nodes to communicate within a multipoint network, typically a LAN or a WAN.

[0004] The Universal Serial Bus (USB) was developed to offer PC users an enhanced and easy-to-use interface for
connecting an incredibly diverse range of peripherals to their computers. The development of the USB was initially
driven by considerations for laptop computers, which greatly benefit from a small profile peripheral connector.
Among the many benefits of the USB is a reduction in the proliferation of cables that can affect even the smallest
computer installations. In general, USB has become the interface of choice for PCs because it offers users simple
connectivity. USB eliminates the need to have different connectors for printers, keyboards, mice, and other
peripherals, and supports a wide variety of data types, from slow mouse inputs to digitized audio and compressed
video. In addition, USB devices are hot pluggable, i.e. they can be connected to or disconnected from a PC without

requiring the PC to be powered off.



100051 The USB specification has seen various revisions, with the USE 2.0 standard challenging the
IEEE 1394 interface (‘finewire") as the interface of choice for high-speed digital video, among others.
With the proliferating design of increasingly smarter, faster, and smaller peripherals, the On-The-Go
(OTU) Supplement to the USB 2.0 Specification was developed to address the growing popularity of
the portable elagsanic/demices market. Some of the advantages of the USEranddh&dnclude the
built-in support in form of more than 1.4 billion USE enabled PCs and peripherals shipped worldwide,
smooth and trouble-free experience for the user through a compliance and logo program operated by
the USEE, 2 wHBVANb) DS Eolcns SRS T gHOBH () SRS Eyiiimon-chip
(SOC) parts, distrété CHipE SSfiRAPE Arvers anlr Satats stierder By asiafge groups ofifdirstry vendors,
and design flexitsititybased sh systefrrictdn100081OTE deviess (ysicaly'denotiediirda PC host,
and can communicate directiycwith leachsotherwerexample aRDAcmay adt as aldSBhost with the
capability to printdirectly tota USBprinter;while-alsesacting as-afdsEnperipheanal 18 eammanicate with
a PC. In generahddesignersiare facing inereasing prasseieriacdesignsmaller and.fasteregducts in
less time and atlowetcast lCancwsrentlydhe dntredpctiop.of.smaller-daep.shmicon, prreesses
present new challengess siehas.dniegrainghe physicallayer(PH Y. danscaivern), analog,gircuitry
required by technglogies such,as WsE.and OTG, leading to increased man- hours flscal and time
investment, anq %@)FO@TEGAIISIOHS O[yle way to |ncr e, t|me to-market while ke g COSts | low is to

evices typically do no requlrea nd ¢an commumcate rcc y wit cac othel

provide the PRY In a separate chip.’In such a case t e esigner can tg/ |ca integrate most of the
USB digital logi€ iRto the application Spediidintsgrated d F&hlfe RSIEY métFﬁév "MLt time, and
connect to a pré%r‘i’eeg&eéaﬂﬁ%lf‘iﬂﬁhﬁ?‘Céﬁ"révéailpgvéiIa%?@l o B HaHEE [O6 7RG tHe Pigase of the
USE 2.0 specifit4tlofi’ erteldasdacthd t SE-0 TIarsEeef Maraeen thigtacEeumrvy:
specification. UTMsdefirred it ifitrfaee betvesntinroiPrhitreksyth@ U SETrangeeiver Ntaerocell (1 F)
and the USE Lirkulayer €SiPyzForexamipled i UMY camdedusetoto. ifterfacerbetween. anUSB Link
and a USE PRYiiFhewsignalsfomacliifiid interfacewith a8 hitthi-directionalidatay busserhiypically a
minimum of 22 signalscis: kequisedibetwesniheddnk-and the: BébYiifen ademice: h000B1sSthsequently,
an extension ofithe.@uiginal AsTdtl specificationthe. L TML lspesiication was deyelopsdta.meet the
emerging need gfhuilding embedded host and OTG capabilities into USE devices. While the original

UTMI specified @mpteﬂ%ﬁo %Qnma%@mtﬁg Gorple diserete IGs, the MTIVE in essenceniradpced host
and On TheGO CalpablLH’l gspec Catlon M%F/ﬁm§neyan ll‘lg flJce Dletween I%tacl;g! ghpgé@trr%!)-lgle\l/lvg-r l;l ClrQC{ementa”y

adds new functlonallt and inter aceSl%lgnFals to the Link and d t ea b|tt|ona ﬁ/% s total 33 fora
full OTG UTM/-1ifiterface. Desighers can rauss ail blocks Fd'?ﬁ ér}f’rGFf na B 4nd need only
add the new circuits teqUife for fidst 'of &S W'Bpaﬁr‘qtb"r?h "%\ﬁfi%%l&%b gﬂ”(%c\al\}éﬂ BITITME, as USE
peripherals neet¥8Hily &'SEbEBEBT oSt A GG firetinality. UTMI-I introduced four levels of
functionality, ead@WHhighraeve] ineressing the gomprékiee fetiairad iRvbotrrHardwarelarersoftware while
remaining compietely hackeerd compatibleddathtowe PlevelsbiTtfOD9 VR LowsPifHivterface(LP1)
UTMI+ specificationsrefetred tofasnb) Rh wasrdevetspediby U8E industnyrieaderst immdarderio provide
low-cost USE and-QahGidl Y bywayvetauiow=pinplowseastrsmall tormifacterdranseeivginnterface
that may be used-hy.apyUSE applicationrRresexistingspeciiieatiensrincluding bIMband UTMLI were
developed primarily forNagLocelhdevelopmeantand wearethils nat.optimized.for vsesas ansexternal
PHY. Building upon.the;existing &%TkMII'I $&?Q‘Pﬂflﬁﬁt59rﬂ)sﬂ1§e$%ealsrﬁeg¥9§§ the,number ofigterface

Slgnals t0 12 plp‘isqétlon'}h an ’RHLI trglucna ourrpeve@ qt}unnnonalg pe'z[c‘:F?hlph eve %yrgds}xg%ﬂp Ckia)gte SlzedOf PHY and
Link IC's has genberah been re uced, not only lo erlrLgcthe cost of Link and P ICs but also

dware an are while.remaiming com kwar

reducing the require S|ze 9 tsﬁe associated prin ed CII’CUIt %Comf’)ats le SN Véntral to the ULPI
specification is ﬂ%e LP) Shhich 1§ i etiect A e meric Bls that defines h otk thres CohirdIEgnals, a
bi-directional datdbus, °é€'ﬁdt°oH§V%i?B?ﬁé‘ff’bH %rffﬁueaﬁyp‘%iymam& WﬂV&Bn’ﬁ@dPe ﬁﬂ@“tmrfaw\( using
register writes oS B difEBtOAIrehared datay b8 PHe UL PIePH dsPeRiécairbitratot 6 ihé 3wbit data bus
between the linkafd the PHY:IT0010] Mahycdnsumertladtronit deviceshalre e SBpor. In many
instances, howev&r Badliktiverrietyport I8 Providédion thEldevice;s eventthoughttheendougensmay desire
such functionalityh Fhigidsiprevatent-for productsrsuchasgame-cornsolesLand ulirasthinilapiops. In such
cases, the end usetdtypicallyhassta-attach an.kSEvte-Etheraet-coniredler teone otthesavadable USE
ports in order to provide Ethernet functionality to the device. When Ethernet functionality for such
devices is desired, it would be more practical to provide Ethernet functionality without having to use up
one of a limited number of USE ports. Many solutions to this problem today include an integrated USE
hub IC (integrated circuit) and Ethernet controller IC on a single device. Most such solutions are not
cost effective and consume considerable power. There is therefore a need for a smaller form factor
device, which would consume less power, would be more compact, and would be more convenient for
the end user.



fool ii Other corresponding issues related to the prior an will become apparent to one skilled in the art
after comparing such prior art with the present invention as described herein. SUMMARY OF THE
INVENTION [0013] In one set of embodiments, a USB-to-Ethernet controller with a USB hub may be
integrated into a single integrated circuit (IC) USE-Ethernet Combination (1JEC) device. Embodiments
of the UEC mawpraMig@ ihe end user with an Ethernet port, multiple dowmgtragsadl&zports, and an
upstream USE port for connecting to a USE host controller. In one embodiment, one or more of the
USE hub ports may be brought off the IC, enabling an end user to connect them to any arbitrary USB
device(s) and/oP fifdctiBis e [BEst o sf thecHiB! pottsiay Be 'Confighired A& dreirfterhalownstream
port without a pkysicaltayer{PrYY tisebrmeet 1o an Etharriet bontraier, which nay-Be'idonfigured with
a USE device confroflér tg-thahagezdatactrafficobetweencthertyS Bty dihellthie MeéditcAteess Control
(MAC) portion of the-Ethernet-Gentrollerand hePEthernet controller may connect to the internal
downstream pordoaf; the.l Sk b visoacdigital interfacepsuch asaildSBsTransceivenMacracell Interface
UTMI. The UEC,dlevics may appearterthe-hast conpideras.twa.separats, devices,anEthernet
controller and a U3k hubs.The Lﬁmﬁmg&&pn&rgallﬁEamaxe%ppgart;gcm@htpétaggnUpU%.@.%tﬁerp@rmanently

attached device,9p, 3, speeified Rath his.asehe IRnal AQWASHERM, AR oFING LRk . [0014]
In one set of embodime 18,35 part oLy % lIEC device Anuest, com USE Pr Y (phygicallayen. a
plurality of downstream USE PHYs, and an Ethernet e config ured on t esame

Additionally, a PLE ahd'V cbflféaée?éumubfafors nay a sac’}yﬁ‘(’-:l-“%]ﬁ i Ur8a°Sh tt(ﬁ'ey (& {6 AGRFor Significant
reduction of thehﬁ’Illcdf“ﬁ%ﬁ’[‘é'r‘ié‘igt@bwmﬁﬂ‘:i’i}‘ ﬁ?’fS futtHer 8?5ﬁ?ni\ﬁ‘€tﬁ‘i% @E@“H@W&é"fﬁgef%pectlve
PLLs (phase loeKetrigos) tegtiirsdchy’ thie USEPRIYARt: EtHET et Y THgy Both dlse B integrated
on the IC, and reayesharethe warmeeeystabestilamrincaleindtedmpodiments, a single PLL may be
used to generatedthie peéspectivediocksighalsidaraliccompbhents aithin thed &;!with thersifgle PLL
using a single crystahoscillator vBRIGEFDESCRIRKIN:OE<FHE DRAWINGS [0015] The foregoing, as
well as other objects, features, and advantages of this invention may be more completely understood
by reference to the following detailed desgripliomwshen ¢readtageiher with the accompanying drawings
in which: [00161 Fig. 1 shows a high-level block diagram of an integrated Ethernet controller/USE hub

device, according,ip ‘PP%eesEPQQQM%thfa the present &WQBF'QQ [998117 A EJQEJQ&DQ‘%%% fupgtional block
dlagram of an Inl{%eggartéa(} circuit E%ﬁ”lgéé%}hemrnp nbmgx Hﬂgg evice. ag](go%pneEt ?!he%E% nDatyrgroglgé 9 cc)lrdlng to one

embodiment of the present invention; an

user with an Ethernet port, multiple downstrewm USB ports, and an upstream USB port for connecting to a USB

host controller. In one embodiment, one or more of the USB hub ports may be brought off the IC, enabling an end
user to connect them to any arbitrary USB device(s) and/or functions. At least one of the hub ports may be
configured as an internal downstream port without a physical layer (PHY) to connect to an Ethernet controller',
which may be configured with a USB device controller to manage data traffic between the USB hub and the Media
Access Control (MAC) portion of the Ethernet Controller. The Ethernet controller may connect to the internal
downstream port of the USB hub via a digital interface such as a USB Transceiver Macrocell Interface UTMI. The
UEC device may appear to the host computer as two separate devices, an Ethernet controller and a USB hub. The
Ethernet controller may appear to the host controller as a permanently attached device on a specified port, in this
case the internal downstream port of the USB hub.

[0014] In one set of embodiments, as part of the UEC device, an upstream USB PHY (physical layer), a plurality
of downstream USB PHYs, and an Ethernet PHY may be configured on the same IC. Additionally, a PLL and
voltage regulators may also be configured on the IC, to allow for significant reduction of the bill of materials
(BOM). In order to further optimize the UEC device, the respective PLLs (phase locked loops) required by the
USB PHY and Ethernet PHY may both also be integrated on the IC, and may share the same crystal oscillator. In
alternate embodiments, a single PLL may be used to generate the respective clock signals for all components within

the IC, with the single PLL using a single crystal oscillator.



10018] Fig. 3 shows a block diagram of one embodiment of the USE hub presented in Fig. 1 and Fig.
2. [0019] While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof are shown by way of example in the drawings and will herein be described in
detail. It should be understood, however, that the drawings and detailed description thereto are not
intended to limivilneodxention to the particular form disclosed, but on the egfitgbyedheiniention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of the present
invention as defined by the appended claims. Note the headlngs are for organizational purposes only
and are not meant to be used to limit Bk & aims. Furthermore, note that the
word "may" is used throughout this application in a permissive sense (i.e., having the potential to.
being able to), nYi & Maridetory serse (he sbmusty-Fhedtarmatincludetand de rvationstiereof, mean
"including, but netdimited:-ter-ndhetesnavicoupledi-mmeansdirectlyor indirectyconnettieds DETAILED
DESCRIPTIONWEK:THE PREFERRED EMBODIMENTS 100201 A USE-to-Ethernet controller and a
US B hub may be |ntngrated into a sm le module 100 as shown in Flg l. In one set of embodiments,
module 100 ma{ B8 arFint&yratd Ice’lvrcw CEFERIP LI ENHICHh A Provide® AR enbeuserivii an
Ethernet interfa (PYHYT1B &Rt iutiple"downstream USE ports 108. An upstream port 106 may also
be provided to gaineet:tosaldSE.host santiolier .fheEthameildSEcombeUss (chip).106.may thereby

provide a singlesghip.slution that dncludes EBthermet.connegtivity and USE hub functionality, without
requiring a printed circuit board configured with multiple chips. 100211 Fig. 1 illustrates one

embodiment of °%fhgié fC" 166 Lshiiriei s earrbiiad’ RSB T2 afd EtHetfét’controller device
112. In the embeginentishowrimnFig.d-pnn of the.dewnsiteamdpartisof heUsEhub.may.be external
ports, i.e. ports hrought Qff.chip.via respective.physicallayars LBy st 198 10 allow aggaduser to

connect them tq,any.arhirary LAk device(@ Authid. J%QEL pt.the.Y §'f:mQHQ may.be:an.internal
downstream port 120, co nfcligcq(rsecg without a FEY, and further configured 5 connect. t%easn E(tihernet

c contrary the intenfion 1s to cov 1cations, equiv.
eS|gned into the

controller 112. The IC 100 may also include a U cdewce controller, which ma b
Ethernet controﬁ‘er 43 in'Some embodimenits, t"ﬁ%“é"th‘é?eﬁ‘& " CORHrOTar 118 Ay Conneatto the USE
hub 102 via a dr@r?ﬂ?iﬁteefﬁré’é%”ﬁ?“é&” RaUSE transasivet Msetse '&Tl‘lﬂtéﬁ“f&ét "ERET 1 &hould be
noted that while"¥&fidus emBouintarte Hereif niertior & TVl a8 e Britdary ieaRsehy whith the
Ethernet controlterr1'122hiay evuple o thie USEHitib T02, (sthersemBbdirments iy dctoriptish the
same coupling by way-of anctrerdigitalinterficesrwhiehemasrb&ligny ongiofthramny-available digital 4
interfaces that are configurable to couple Ethernet controller 112 to USB hub 102 without requiring a
PHY. Digital interface 122 is meant to represent any and all such drgrtal mterfaces [0022] To a host
computer coupled to IC 100 Q& hEP S Salst Fod B Ve D0 may appear as two
separate devices attached to the host. The Ethernet controller 112 may appear to the host as a

permanently att@dﬂp%lté%kﬁt@t{é%@& dhginteenal qutrgem,poort %%anfmhraougﬁwmrbp dn one set of
embOdlmentS a[n lanr%trs‘e ammg%ments modlirpqo \%30 geanﬂ] trrgtea 1rcu§é§ whrc p]ddy %‘r%\gdeaapg oan Ethernet
I0

PFIY 116 may be integrated ont d Qas sh ow in F gll one or more PLLS and
voltage regulators may also be confit lﬁ%eg (”:t .ptf)?) owrn% ortsl% %?:U nt reduction of the ROM (bill

of materials). TRe"OHE oF More BELE m'myc n(Ez-r(’(':[(e)rnle ’eu[‘;tehc £8" Brovide re%c PRCHIVE BT EIGHATS to the USB
hub 102 and th& BBt €antroner s he\??ﬂ’nifﬁ“FﬁH&W B&lUs gd“tlbfp‘fdﬁ‘élﬁy Bk tﬁertﬁs@fﬁ% 102 and
the Ethernet cofitfoifsr 4 T2 e bl BiiBodithent, to further optimize IC 100, PLL functionality that may
be required by §th the USBUPH Yy ¢068%Emd F08and thecEthermet PRYUUE ayPbadritegrated on IC
100 as a single ®iublecdmfigure drtocuserdrsingle crystal .oscilfdtorevhireaonystall dsciliator may: be
configured to generatera periodio gigsralhused-hyine Rk to-ganeratethe-respestive closkesignals for
the USE hub 102=and.thevkthersetcantsollenld 2By wombining.as. Etherneticonttalierdka and USB
hub 102 into a single-chip.anirprecedented.reduction n final-sysiemicost and RoweR.cagsumption
may thereby beir@@hgg\(%g'device controller, which may be designed into the Ethernet controller 112 in some embodiments.

The Ethernet controller 112 may connect to the USB hub 102 via a digital interface 122, such as USB transceiver
Macrocell Interface (UTMI). It should be noted that while various embodiments herein mention UTMI as the
primary means by which the Ethernet controller 112 may couple to the USB hub 102, other embodiments may

accomplish the same coupling by way of another digital interface, which may be any one of many available digital

4



100231 In a two-chip implementation, the Ethernet controller would have to be configured to connect
to the USB hub via the USB DP/DM interface. In various embodiments of the single IC implementation,
exemplified by the embodiment IC 100 shown in Fig. 1, the Ethernet controller 112 may be configured
to connect to the USE hub 102 via a digital interface, such as a UTMI for example, which may result in
the elimination @iotw@old 5P HYS, one of which would have to be includegdr/ihdbpsfavice controller
(which may be comprised in the Ethernet controller), and the other one of which would have to be
included in the downstream port of the USE hub, in a multiple-chip implementation. Eliminating the two
PHYs may resultTfigraathy redecal 68 antcpower ¢anstimption’ RS alsy! srevisashy’ nigffioned, in a
multiple-chip softstiem, 8tesrst narererystarsiyoutt dse2reguiired for generating the respective clocks for
the USE hub ar@the Etherretcontroller Forexamplesrea? s Mz ferystalanay bereguined for the
Ethernet Controllesang a-12s(@4p Wl crystaharay-hecseguired ey 4henUSk hubrs lveontrast,
embodiments of:c.-100s8vhich is disclesedoherein, Jay oalydequire a singlecystaldanall.Ethernet,
USB, and systemclacks: inone sgedimenis@r2sMidz. erystak may.he used. By. onlyLising a single
crystal, silicon %E%@dn@)ésQﬁoWﬂ$§rYeQad%@QrRh%J%UM ilrim%dr%qw%dm!@g%%] Fig 2.5hows @ more
detailed |OgiC d;@ggg’mlo%ﬁng%?sgr%Cam reml(c:?hr;])r't ot the Bctsnl\/g(loelllo materral Orlrng“?ngnar‘egésEmQ\ubQ c02f0 Wlth a built-in

Ethernet controller In this em oqrmen ?B (Qu cor gou&) led to an gthernet
ovI c tes ective ¢ ck signa he 'U hU and th 61 t contr ler 11 ch may be use
controller 236 vraa ital |nter ace, suchas UT MI 230 shown. As reviously mentroned

interface 230 may'd é’c igitar int& e a“dd“rrt%térﬁt‘rr"érﬁ”af Uzl'l\}ﬁﬁlﬁ et A o fyitalthterface
configurable to %Jﬁl%‘%E“ﬁU‘Ba?%%’r@tﬂé?ﬁét‘“&&ﬁ?@ﬁen'ﬁ%]%?ﬁdﬂﬂ trhé&[?ﬁ’ﬂﬁ‘gp P’ “APHY block
202 may be corifigii€d dh 1€ 200"#E SRowm! sfth e LIS HEtRImstraam Poris's 2% it P28°available as
DP/DM pins onch@i200 oantrac W SERUpstrean port P42 sge¢pverdlabheito coupiertdeaeéietal host
device. In one sét of endedimentssr US B hubbt220 analrcomprise thentSB linkdayer éclipled to the
respective physicablayernelements via respestive WiWebrelements 8223y 226iend 218 as shown. In
alternate embogdiments; thel) IMEelemants 222,226, and.21 &vnayalsahe replaced withsalternate
suitable intercoppegtiinteifacealementsicapable.obintertacing. MSEilink-layes.tods k.St e 10025] As
also illustrated {0, Figh.2.1@ Y2 38:f0% %U@rnetcgnmreohler@@ mmguetsra he.integrated.anC 200,

providing for an, Ethern I.HPPJC SU%SdJJ’l%ﬁGP%@X'!l% QhOL ta to. be received f va UQ&%V ansmitted to a
network. IC 200 may t refo mceyﬁee%t&fgg ltate ta transfer betwee Ewor (1 1pgled to P1-fl'

238) and a host l(‘cfltj)u(f)L edatf)t(AF hen coupling Cb(\g Frhonéaty Glg.)m =) m 15 Ethernet c controller 236
may appear to fie K6S fé’§eﬁérrt§hﬁvai’t‘ v}\’ﬁreet 6'5'Sp deif%he “port of t U@I]:JSn U250 "8t the internal
port of USE huB"220"WiicH 8 Eotholed " EthBthet" tﬁt&ntf&‘ﬁ F"é‘”ﬁ%%?é“b‘tdi’téet THCIEE (R X
UTMI2UTM1) 280 THe etiainihg Ry6P5ots settipledtdspettivaly td AREPIE ShdAREL9SB via digital
interfaces 222 &dc226/ (e nHay ety T as'showh) ayeseve’ad dowrdtream WSE ports. [00261
PRY 202 may aisétincofporate:tie ek \ignatgyenerating:efemebtorelements. requiredsby the
various components wonfigiredopdC 200 rnone setofembodimentsytheinpuirclock fordC 200 may
be a crystal or eseillater 208:1Hn-ere embodimsntythe.crysialfreqgueneyris 29 dviizevA, single PLL, 206
may be used tosgeneratealkelocking signals. A clock reference having a frequency commensurate
with that of oscillgter 208 may.alse he Rrevided-19 EtherneliRR X238, hibeslocksfor Usk.hub 220 and
Ethernet controllgr, 236 may:be.souresd fom, asingle clock sonirol black GPM, 214, aﬁHL%Feret controller

236 and USE hub 220 zE”aX both be tec%ocﬁ‘fsgédfe%m%‘ﬂﬁ'Ez‘B"YQW‘%'OESk dJﬁ&EtP“%L?!&%X%E s Bk 206 may
be operational if erther one or both nd Ethernet controller 6 re uire it In ne set of

embodiments, BEL 208 an '373?%0??56@ %?c?l ator%gl nay B TurRed Off It neither SE'Rub 5)20 not
Ethernet controll&r D36 FEqEIre L 206 AKd/S ”Elrri‘fsatarosm &t Sb&' 15 Be OpertioRal” FPLL, 206 is
turned off, any W%rﬂewubt‘é\}éﬁttdﬁrueae MID 220 S EtHE M &t Tt BITet QCS@Orﬁ%fV r@gdﬂs‘?ﬁa@tﬁﬁlng PLL
206. [0027] In ong*set'glenbetifietite e foliswingrproted arecfivay e bsed iorenyagecPE L 206 after
a USB waken') &rent oeeurs!<l sThecostittatoreristalimmay berawtorndtidallyrstap@d? by tdéhardware

as shown. In alternate embodiments, the UTMI elements 222, 226, and 218 may also be replaced with alternate
suitable interconnect/interface elements capable of interfacing USB link layer to USB PHY.
[0025] As also illustrated in Fig. 2, a PHY 238 for Ethernet controller 236 may also be integrated on IC 200,

providing for an Ethernet port 238, thereby allowing data to be received from and/or transmitted to a network. IC
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2. The system clock source may beset to the oscillator crystal 3. The crystal oscillator 208 may be
enabled and the PLL 206 may be started 4 Hardware may wait for the PLL 206 to lock 5. Once
the PLL 206 is locked, the system clock may be switched to the PLL 206. IC 200 may also include an
EPROM controller 234 configured to possibly obtain configuration data that may be stored in and
external EPROWo 20028118y integrating the Ethernet controller (as showrpirhigsedogigs2, for
example), various USE hub functions of USE hub 220 may be intertwined with Ethernet controller 236.
For example, IC 200 may be designed such that both USE hub 220 and Ethernet controller 236 fully
support a normalUSE$HEpentF hioed F=EH EXaTApEY Fe 200 thay i Eshfigtivety streH et thernet
controller 236 dtép3 ito"averyrlonpolestate While i suspend modesteraiow forminiriad power
consumption. Irronecget offembodimeitssEthertet coritrotler2 86 nidytietconfigured-terbperate at the
same speed asthenupstredm porti2 12iof Sk-hub 2200 Theglinternalhmechanism may begonfigured
such that the H&spehiep':speecnegatiation mechanistrdsemulated hand.is etfeativeshfao23} Fig. 3
shows one possihle embadiment,3@0 of USE hub 220. In one set of embodiments, the PLL (and

crystal) shown i.Fig.s3¥may he emitted,.and. their funclionalitvmay be provided by RLL 206 shown in

Fig. 2 as descr'bedo%“eQQ‘c’%f'gA‘uéa%naé E’J@Vfo!s’%'yet &‘%&EO hed, e u rﬁﬁtr%&”ﬁo%%ﬁo nsiream,RHYs (302,

316) may be implgmenied, n FLLY,202 82 shown InF 1, 2,45 showg in Fig. 3.1t J%EQOW stream
port3200fthe8€f[m i *Used t y”\?/“E{hY 2 e Bk f%y f:dtg |

e used to cou ernet COFI'[I’O er23 owninF Via an

interface comprised %)Sr'lgTCES 2%0“ refereﬁff\:/e}iarvaéfe SR For the USE Rub fray Be fple énfea in module
322. Hub repeat&t'$64 Fﬁlﬁﬂ/ﬁb@“&oﬁﬁléﬂ%&ﬁééH%E"ﬁﬁgﬁ@aﬁ‘ﬁe V“f%@'?rgﬁd’“?bﬁﬁﬁ‘iﬁCFSgﬂPé“:%ZZ as well
as to the Serial TrteffE & ERGIE FEYE) 306 Séfrarititerfate '‘Shg mal Lo mmtinfeatectvith A" external
EPROM, and providecomitrolinfoimatitn t8°controter310, whithmenyiftepface withrSHP<306
configured to runnthéediYenmUSE protogotengpddSE 2.0 2pretdeol)for dsBEHIH B0 wFhedfansaction
translator 312 may-beseonfiguredtoraceess-the downrsiresmporss3beand 320, bviacrgutingrlogic 322.
Control of downsireedm pekts.316yand-320-may enhandledbypert-conmsoller 21d iwhich may operate
in concert with ggntrol sense circuit 318 for controlling the external downstream ports of USE hub 300.
[0030] Further mpdjfications and alternativeiembodiments,of vaigus.aspacts:afthe iaventipn may be
apparent to thogg skilled in the art in view of this description_ Accordingly, this description is to be
construed as |IIustrat|yer only”atnd is for the plcﬁt}/esgftggachlpgdthose skilled in the art the general

ator crystal may be a

manner of carrying out the invention. It'is fo be underst oodt hat the forms of the invention shown and
clock source e set to illator ¢

described herein are fo Be takel AL SrmbadiTents ElBReRts and materials may be substituted for

those illustrated and aegéﬁfﬁséaboﬁg?é’fﬁogp'&”iytgeé?*iﬂ HIECEdSES MR Be'¥&ersed, and certain features of
the invention may be UtifZ&tcifttepehtettly, &4 would be apparent to one skilled in the art after
having the benefit of thi¥d&sEkptitrs ofdeirvtion: 'ChemgissemayBelriade i this Elermietits
described hereim Witdutedepartitgiromethe rspivit et seztﬁpeamﬁtldve* iwentionsasdesctibeddn the
following claimg:PROM.

[0028] By integrating the Ethernet controller (as shown in Figs. 1 and 2, for example), various USB hub functions
of USB hub 220 may be intertwined with Ethernet controller 236. For example, IC 200 may be designed such that
both USB hub 220 and Ethernet controller 236 fully support a normal USB suspend mode. For example, IC 200
may be configured such that Ethernet controller 236 drops into a very low power state while in suspend mode to
allow for minimal power consumption. In one set of embodiments, Ethernet controller 236 may be configured to
operate at the same speed as the upstream port 212 of USB hub 220. The internal mechanism may be configured
such that the HS “chirp” speed negotiation mechanism is emulated, and is effective.

[0029] Fig. 3 shows one possible embodiment 300 of USB hub 220. In one set of embodiments, the PLL (and
crystal) shown in Fig. 3 may be omitted, and their functionality may be provided by PLL 206 shown in Fig. 2 as
described above. Also, as previously described, the upstream and downstream PHYs (302, 316) may be
implemented in PHY 202 as shown in Fig. 2. As shown in Fig. 3, the first downstream port 320 of the USB hub
may be used to couple Ethernet controller 236 (shown in Fig. 2), via an interface comprised on IC 200. Bus-power
detection for the USB hub may be implemented in module 322. Hub repeater 304 may be coupled between the

upstream PHY 302 and routing logic 322, as well as to the Serial Interface Engine (SIE) 306. Serial interface 308
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Claims: 51.An integrated circuit (EC) comprising an Ethernet controller circuit configured to
transmit/receive data to/from a network; a USB (Universal Serial Bus) hub configured to
receive/transmit the data from/to the Ethernet controller circuit, wherein the USB hub is further
configured to transmit/receive the data to/from a host, wherein the USB 10 hub further comprises at
least one exterpad sawnstiieam port to couple to a device, wherein the USB hukrisdsilagr configured to
transmit/receive second data to/from the device via the at least one external downstream port; and

a digital interface coupling the USB hub to the Ethernet controller circuit, 15and configured to manage
data exchange Bgtwéréﬁxfﬁ(éxﬂggﬁﬁrﬁlgﬁlﬁ)fﬁénd provide control information to controller 310, which may interface

with SIE 306 configured to run the given USB protocol (e.g. USB 2.0 protocol) for USB hub 300. The transaction
translator 312 may be configured to access the downstream ports 316 and 320, via routing logic 322. Control of
downstream ports 316 and 320 may be handled by port controller 314, which may operate in concert with control
sense circuit 318 for controlling the external downstream ports of USB hub 300.

[0030] Further modifications and alternative embodiments of various aspects of the invention may be apparent to
those skilled in the art in view of this description. Accordingly, this description is to be construed as illustrative
only and is for the purpose of teaching those skilled in the art the general manner of carrying out the invention. It is
to be understood that the forms of the invention shown and described herein are to be taken as embodiments.
Elements and materials may be substituted for those illustrated and described herein, parts and processes may be
reversed, and certain features of the invention may be utilized independently, all as would be apparent to one skilled
in the art after having the benefit of this description of the invention. Changes may be made in the elements

described herein without departing from the spirit and scope of the invention as described in the following claims.



Ethernet controller circuit; wherein the Ethernet controller circuit, the USB hub, and the digital interface
are all comprised on the integrated circuit. 2.The IC of claim 1, wherein the USB hub and the Ethernet
controller circuit 20appear to the host as two separate devices. The IC of claim I, wherein the USB hub
comprises an internal downstream port, wherein the digital interface is configured to couple the
Ethernet controller circuit to the internal downstream port, and wherein the Ethernet controller circuit
appears to the host as a permanently attached device on the internal downstream port. 4The IC of
claim I, wherein the Ethernet controller circuit comprises a MAC (Media Access Control) module,
wherein the digital interface is configured to couple the USB hub to the MAC module of the Ethernet
controller circuit. 55.The IC of claim 1, wherein the digital interface comprises a USB

Claims:

5 L An integrated circuit (IC) comprising an Ethernet controller circuit

configured to transmit/receive data to/from a network;

a USB (Universal Serial Bus) hub configured to receive/transmit the data
from/to the Ethemet controller circuit, wherein the USB hub is further
configured to transmit/receive the data to/from a host, whercin the USB
10 hub further comprises at least one external downstream port to couple to a
device, wherein the USB hub is further configured to transmit/receive
second data to/from the device via the at least one external downstream

port; and

a digital interface coupling the USB hub to the Ethernet controller circuit,

15 and configured to manage data exchange between the USB hub and the

Ethernet controller circuit;

wherein the Ethernet controller circuit, the USB hub, and the digital

interface are all comprised on the integrated circuit.

[\

The IC of claim 1, wherein the USB hub and the Ethernet controller circuit

20 appear to the host as two separate devices.

2

The IC of claim 1, wherein the USB hub comprises an internal
downstream port, wherein the digital interface is configured to couple the
Ethernet confroller circuit to the internal downstream port, and wherein the

Ethernet controller circuit appears to the host as a permanently attached

25 device on the intemal downstreain port.



transceiver Macrocell Interface (DIME). 6.The IC of claim I, wherein the Ethernet controller circuit
comprises a USB device controller, wherein the digital interface is configured to couple the USB
device controller to the USB hub. io7.The IC of claim I, wherein the USB hub comprises at least one
upstream physical layer (PHY), at least one downstream PHY, and at least one Ethernet PHY. 3.The
IC of*claim 1, further comprising one or more of one or more voltage regulators configured to provide
power to the USE hub circuit; the 15 Ethernet Controller circuit, and the digital interface, one or more
phase locked loops (pLL) configured to provide | respective clock signals to the USB huh, the Ethernet

Controller circuit, and the digital interface. 9. The IC of claim 1, further comprising a crystal configured
to generate a

4. The IC of claim 1, wherein the Ethernet controller circuit comprises a
MAC (Media Access Control) module, wherein the digital interface is

configured to couple the USB hub to the MAC module of the Ethernet

controller circuit.

5 5. The IC of claim 1, whercin the digital interface comprises a USB

transceiver Macrocell [nterface (UTMI).

6. The IC of claim I, wherein the Ethernet controller circuit comprises a USB
device controller, wherein the digital interface is configured to couple the

USB device controller to the USB hub.

10 7. The IC of claim 1, wherein the USB hub comprises at least one upstream
physical layer (PHY), at least one downstream PHY, and at least one

Ethemet PHY.
8. The IC of claim 1, further comprising one or more of one or more voltage

regulators configured to provide power to the USB hub circuit, the
15 Ethernet Controller circuit, and the digital interface, one or more phase
locked loops (PLL) configured to provide | respective clock signals to the

USB hub, the Ethernet Controller circuit, and the digital interface.

9. The IC of claim 1, further comprising a crystal configured to generate a
periodic signal, and a PLL configured to generate respective clock stgnals
20 for the USB hub circuit and the Ethermet controller circuit based on the

periodic signal.

10. The IC of any of the preceding claims, wherein the USB hub comprises an
internal downstream port without a physical layer (PHY), the Ethernet
controller circuit comprises a MAC (Media Access Control) module, and

25 wherein the digital interface is configured to couple the internal

downstream port of the USB hub to the MAC module of the Ethernet

controller circuit.



periodic signal, and a PLL configured to generate respective clock signals 20for the USB hub circuit
and the Ethernet controller circuit based on Mc periodic signal. 10. The IC of any of the preceding
claims, wherein the USB hub comprises an internal downstream port without a physical layer (PHY),
the Ethernet controller circuit comprises a MAC (Media Access Control) module, and 25 wherein the
digital interface is configured to couple the internal downstream port of the USE hub to the MAC
module of the Ethernet controller circuit. 1i.The IC of any of the preceding claims, wherein the Ethernet
controller circuit comprises at least one physical layer (PHY) configured to couple to the network.
512.The IC of any of the preceding claims, wherein the USB hub comprises an upstream port with a
PHY configured to couple to the host, wherein the USB hub is configured to transmit/receive the data
to/from the host via the upstream port.

11, The IC of any of the preceding claims, wherein the Ethernet controller
circuit comprises at ieast one physical layer (PHY) configured to couple to

the network.

5 12 The IC of any of the preceding claims, wherein the USB hub comprises an
upstream port with a PHY configured to couple to the host, wherein the
USB hub is configured to transmit/receive the data to/from the host via the

upstream port.
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