;e3e@Z6T ? USB COMPOUND DEVI CE AND THE METHOD FOR | MPLEMENTATI ON THEREOF
BACKGROUND OF THE I NVENTION Field of the Invention The i nve elates to
a Universal Serial Bus (USB) compound device, especially re Jwyl mm USB
conpound device with | ow production cost and unrestricted exp

the method for inplenentation thereof. Description of the relat Bepisar t
Various types of communi cation connections and communi cation protocols are
dtil 1 zedysh CORPOVRS DEVICE AN TRHPMICHHORPFOROIMBREMBRTATG N |5 abl e
to comuni cate with one anot her mruni cati on connections utilize a
diversity of methods to control f{IHERBE@FNnds and the data flow directions.
For exanple, in one type of conmunication connection, it requires a host
device and a sl ave device. Under this systemstructure, the host device
sends a command that al | opa dKEROURAMS ¥V ESNVENITIIOREEd Wi t h conmmuni cati on,
whereas if the peripheral device does not receive the command, it is then
unaut hori zed to proceed with comruni cation. Therefore, under the structure,
t he singlk el h Ncontrols the cormands and the data flow directions
of the entlr not p [ rels no
di stinction ﬁ%%t%nAgelgt?a\}g %e@ﬁ%’g}ssx‘aﬁ eac dgﬂgéi C%g pt%Hgd sélesYt? emis
able to %pﬂil&tl@'ﬁf@aﬁﬁn@ﬂd dal/aBt mmmilnandé\heﬂf w1mrlowgptddecmstco§temd/ears a
special interface systems da%tg ‘gg l.ed " Uni versal Serl al Bus" (USB) is
est abl i sHBEFSHUTed SRRSO &0 A fariigglemaniatiop thegeoti nt erface is able to
connect all kinds of peripherals to the conputer systemin a sinple nanner,
t hus solving the corrpl i cation caused by connections of termnals with

di f f er entDescriptibmrafshdeatedbart var i ous peri pherals and the conputer. A USB
system i ncl ug USB devi ce and USB interconnection. The USB

host therein ‘fréoulsgt%??ngf]8?‘@@8}0313%??5‘]‘@]0?‘1%@9 EE SOTHRIRF2HRR RIPIOERXE %R of

dat a trangiz&pinQRe @&Jebﬁoﬂ—@afan-BHE AP s0Q)VihGEedch d6Vies & dble@ doRirRudi¥ie
categories, one is "hub device" that provides the USB with new connection
poi nts, arith enecangthesr Communieation sanetstipesetilizeat disersine of msthodetpeonitioher al  of
t he S e I u r d andaprln r for_instanc The
act ual cﬁ%e@tﬂ?rﬁ%{}%f Xn‘?d@‘é éj%t%t zlr% féfr?rr?% i elr:%rd &P Stllnuctnuri}}pgs ghown in
Fig. 1, wbmnturidatiohwonhstioneitatqiits Ohostalehict iadd edslat@deviodn@iide his Wien

t he USB device (a hub or a function device) is connected to USB Bus, the
USB host SYptPm Heshye hedpst Qﬁﬂc%ﬁPI}dSa%IdFP@é%anfioth%éu‘d’éi/FIE’eSla‘éF‘née‘flﬁ%tﬁot he USB
host co t C e t her
wor ds, e Ba e oy B pRES VG R A IR OhaR b Bl RbFRRakng) (0L
an endpoicomnsindyit {uthen uamdharizet e ptdS&dieith cepmeachtien dphnraﬁore sinder the

i ndependent divi.sion that acts as the data ou r tion term.nal
Gor s o Ruies e SRk ey BB DR T SR B dhBHERuGTetoR Bhch Use

devi ce naye PRHERFSed. SAS 6 arREP )Y Sf AdrR! sudi@t, WREd RUD al@ﬁﬁcdohafeﬁm ssi on
characteristics. The endpoints are categorized into control, bul

interr upthostaaﬁld slaye dvigeroans eanll devieq ef thEgyssem if dhle trovend @Dmmdémnﬁ data whi ch

al l ow t % thn data transm ssion, the rest are further divided into

i nput an endpoi nts. The USB devi ce possesses a set of endpoints,

not exceedlng S|xteen whi ch are used to inplenment device functions, and
each endp0|nt i.,s assigned with a one-and-only nunber called ' endp0|nt

nunber" . ThePsripg ghe E’fﬁé few spmsat iSBeridfinkpEnre sysied skedardeiilisd i “Noivesseher and
dat a ”a%%ﬂ‘alsﬁb@’t g’)%&étmxsﬁé’dl %m?r{unﬁé&%g{é)c J}rﬁST é‘Eer&ﬁ‘ﬂgé}%f&% i{o

acquire a unique and’specific a ress on evice drivers
const r uctable toreonuieet hib&indd ey periplefals toethe ysmpmecsgmtﬂnm icasiephe nllanmdt,ethuISB

devices via.th USB function interface prograns ovi th tem so
et o et fiing e omuicaion Btsed b copmcations OF AmniBAS M GieRlest “anddrin e

function b@ﬁWéeﬁQ/aﬁbﬁs Ferfpheral CarfiNBe '6mphieP ”ﬁrU@B sFaeh ikRudey s H§§d§ to
have a correZ{)ondl ng function programw thin the host for the pur pose of

execut i ngJ3Melevigacando /i @Mﬁtd:ednetwon heThe\NS:l% liast tthereiny ist easponisiblerfder to

provi de the ni ence of func er. function
devi ce drf (}t&% ﬁée[t“&% 304 é}’ Plg%%l gf“ tﬂ?ﬁ@@éd%‘ ‘ﬂél? A€"18per at i ng
system hLigoessifisdBito the cQt@gM& bie psommweeftet’ %dﬂ%xﬁfu@s tht NeSB yaihemewan find

t he enbedded software and executes the function thereof w thout additional
2 connection points, and the other is “function device” that serves as the peripheral of the
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software installation, thus making the USB easier to use. Based on
practicability and production cost considerations, several USB functions
are usually integrated into a USB device. For exanple, a keyboard and a
nouse are integrated into one USB device, which is called "nmufti-function
device". The nmultifunction device is often classified into "conposite

devi ce" and "conpound device". The internal structure of a conventi onal
conposi t i i 0 { i ‘ i re.is.the same
s That o S Sind d BoSEoWRel el fnd Eprblaf oSG P MR St

f unct i on dfladd&B 29@emThensl i fticerdentiarestimetune enshidven iniBigi §, what thdbutc onthesi t e
device includes a plurality of .endpoints 203 that represents different
functionéwPQEBﬁ%?h@@#@#ﬂ%é%B?ﬁ$ﬂﬁ'to USB standard, a USB device nmay possess
up to sixteen endpoints maxi num Therefore, the conposite device can
utilize several endpoints therein to build up a function and utilize the
ot her endpoi W@ntthﬂeﬁéBrﬂetV@edaiHUB arp Bnotidnedeviemds comectedto )&BBlus, the he

conposi t i ce n build up use .functi,on.204 b dpqi n 0, and 1,
and t hene%gfgglto%t gﬁﬁg%%rbpd)npuaﬁ@t ‘?qﬁ}‘n @6@5%3?/0 eafciicR §%6,%H‘??%heng§§. h9fhnce. a
USB devi ceninsurddit® with RIS devibd hédatdng tGikia@d&sA & 6ihdt RWordsOedcha @i d

desi gn. However, the disadvantage of the above is that the conposite device
i s consi d6Vied hason]yossaddiast i on device by the USB host in a USB system
Consequently, the conposite device is only assigned with one address by the
USB host. In other words, the enbedded multiple functions thereof

conmmuni cat e Whé USBhevidsRildwositludesar baippanstradtare dnd/bBthaddsBelsvicd,hackai d

nethod is different, fromthe comon function devices, which each function
possesseSMPANG AN NAERfarearirivistaar Batsacts Ay theadnty Quindk 9g AtcsRdob feriEal host  so
as to | oag | Lo ' i N, ek 1 Sk bl e
fhat 2 comagrre i Bt B DB o) Bl BRE b U mRRRRL ™ 2
shal | usemayhposiessvaesetdesérgipeitss adaptddefoc oapioss tlata deansméssiolbehavdeidristicst he
driver d ign%d.fFr t he har dwar e devigiuﬂgeds to be,install ed before the
connect i oneSHYRUNSAE FAIEEY 14 N OSEDHE, ¢ IUERHPty ANG SOERIORONIPPIEA di ng
to the s Flﬁ&b}%tl for 8OiRA A Soifts, WhRh GABRASIOLBir&aY¥H @8ta trahsmidshnt BRI @R e foOr
the reason that a USB devi ce possesses up to sixteen endpoints nmaxi nrum the
nunber offuftigrcividedsinthinputcand dwpus endnainigt ed i nsi de a conposite device is
limted. Referring to Figs. 3a and 3b, the diagrans show a conventi onal
conpound devi ce 30, which is another type of nulti-function device. A
conpound devike USBd&s6npsssassbaGki 0 eflipoims, mdttdxcasdimbietdedwhieh. aréds shown
in Fig. 3a, the conventional compound device is a keyboard device in

appear and#cd {qoipplapentderice fyngtiony, apd ea¢heendping &y tsicppp Bitha erevandeordy i s
construc 1 ke % i a_h | 0 (refer
Co Fi g It S K e o Ghe SR W R Sl o 2

pl ur al i t yendpoiiSBincharned datrtranemissioBGdrecBa5 (outpd oe mEvitlesnablep ther erddpbint of USB
devi ces 206 307 to coQ@ect.éo &FB B%ag t he conventional conpound

devi ce, &P AHBESH YH@ieAnd SpPqilc afdresse §% d function device 310 and the
hub device 320 can be integrated on a single chip to reduce the production
cost, the said two devices are represented as independent USB devices and
each i ncl udeBhexdeyige divepneinstragted i the dibst dryicgSH thiesystem cTimarunicgtet witk ay |

Funct i on 01 BpaebiSyiedhe K53 GiRehGy Shgftkniostiits bifiacdbbohs O b8 n (e

conpound teexédme: theidedicafurdfidep anden] theAvide \driver arkiihb findtohi deRicdeyd g
consequently has its own independent USB address. Meanwhile, the USB host

i s abl e tweiterqne irplationshipn dagle VSR slsvise regds (e havaacerissprpding funstigevi ce
type ther ng:ed.i /i j.Cat | : i i of

spoci 11 o Feyramy i Mo RUsP hoReARBeCH! ERRRNAERP Rutich RhAtE by A

r epr esentdevichensthasystetmer lacoederwtoi plovide theecbnivenismredoARISB @hey-ael-pleg sages
and proceed with signal format translation, to the USB host -~ i].e, each
functi on THRGoR: TrEro ERisioR BREce AHETRUR! e forboniE e @edaR eaTesdded “o- |
keyboar d.in shdBpésind!sydtefl. SendBah&lteYievRE ts LiRebRAIS LXH B e stdfl® USB
devi ces have sim/lar "structures. Hence, although the enbedded functions of
t he conpeandindethe cebsddsksaftwire aad \eaetuesetheffubeiongthetsb€ withonakdditieel of
standard drivers as a USB device, such type of -4 devi ces however hold a
di sadvant age of having redundant circuits. Referring to Fig. 3b, the
conpound devi ce accordingly has two sefs of USB logic circuits. If one nore
function device is enbedded in the coh%bund devi ce, one nore set of logic
is then added to the conpound device. As a conclusion fromthe above, in
spite of the sinplified circuitry as an advantage for a conventi onal
conposite device, the enbedded functions thereof nmay not be able to use the
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SUVMMARY OF THE | NVENTI ON One object of the invention is to provide a
conpound device, in which a plurality of function devices nay connect to
the USB via the sanme set of USB logic. The circuitry thereof is as
simplified as in prior conposite devices, and yet each function is

i ndependent in character as in prior conpound devices. Another object of
the invention is to provide a design suitable for planning, in order to |et
users achhayardthaaMa, aﬁgﬁ{aﬁh{bgqh&@sﬁ abRF RNiseapp! i cations and nunmber of
functions desired. The other object of the invention is to provide an

i npl ementati on of a USB conmpound device, in which an enbedded hub is

bsent, and the .sinulation of a hyb i i t b i rcyit
e o ScPRRAP PR o EuliReleh GBS RS Bl S e oms e
connect tag LRIHAste AtTHIUSB dUPREN GRMeKRRPROR keYblak® ah&awh&gse]gzﬂ@ devi ce

&
function and augnenggﬁillty unaf f ected, achieving a conveni ence of
pl ugand- phiggratednisdtanceo MSB déviery whieh pueglled & mufltifenition rdgvisedt Thaoudtidi ng t o

he i ' he US .devi i ncl udes, USB iver,
Sorial | IERTRRAEVER R A R P Eo R A ER o R RRP BT 7% one end i s

-5 connected to the serial interface engine, and the other end is
connected to a plurality of non-USB interfaces, via a m croprocessor or
control | er. BigeHtenalcgituctuye 0§ agwaveitioralueompasite idevise 3 ia suspn it His ei ver
and a serhal; | r i i it - e

ol ur a1y By iR SEAGE PRI R0 1l of ) LISRORD B SRR TRIRES

wi th dat &J$B dngioi285iaad.a flhetian blouk 20Y. iTheldiffesnee baween theemadpiithit the at e
machi ne, an address/ endpoi nt nana%fnen chanisn1a8d a nenoryﬂg&dule. The

addr ess/ SRBPSFIR dUISSGEREIES e PHY bl eneant 205 404 EePpesaRtal difiprest

addr ess/ | BT AL I n i devi ce
execut es R??E% gggk bnﬁgﬁﬁggﬁﬁggﬂg$§?gg%ﬁé£?gﬂ%g%ﬁﬁ%#§§g§&§?$ﬁﬂg%e USB
host vi a sitteengendpoims enaiioiunt. sTlatreforeache memposits dievige taant idiey posrabf t he

endpoints stared,in. th dr ess/ endpoi nt . management chani sm ile the
reror y. R dherBin o0 b R o ] bR e olet &gty rahenPriga. In
addi ti onyptheRl @iktibhY Fef e € I8¢ enHpsitBldetien thobiift hPRmakORgktibR t he
addr ess/ endpoi nt  managenent nechani sminclude a set of ‘address/endpoi nt

conf i gur &0Adry eidpainis ¢ andll, pubthenveeates keyboad funstipe 28 by rendpeintsiG s at i on
of the virtual I . byt LI cui ep It ex t ction
2s o hub VI BRI B  phSidht M ko R RGO i e

m croprogksigar or controller. In the meanwhile, the circuitry also includes
an endpoint variable register for storing the states of the plural

endpoi nts, the endpoint variable register is accessed and updated by the
generic_endpgbibya! fbQyARGH AR o THE aBIRATE o Rilofngolid HARS: B STRIRE bUT Fer
and a nenory nmanagenent unit. e nenory buffer is used for tenporarily
storing tdiea AR feitiog davaneshy tthe dISBT hestneneriySBesyatgene iionseyjuentlys theed f or

accessing data fromthe nor uf.fer, including: ry cqnfiguration
roohani SACBPORHIBR Srel SRtshengyiinuie adifes o e LA B de SRR GRS

maxi mum pRg k@bedded @tulfplet fifctRIME BRIréd fcohindlicat & RAMIthe DSH Kdst vande dari@NOr Yy
access control unit for accessing data fromthe nenory buffer according to
t he endpohated {irheddresst TEhegiaid sneawd is diffarenidrom she evampo fungtien dsvigesed i n
the memor.y,g0ald N384 R ESHAR! 3Ah1ERARGL Aiaress® and FH bOSIADIS.q bpe USB
conpound ‘devi ce urther PYRertiaes VA application Pnfer Face engrne -t o

transm t tthe@ostisgnialts leaidthaciiRes foirghée dlirttibR! Woe fhis a¢dogan ey passididihal At state
machi ne, said nenory access control unit, and the plural non-USB interfaces
connect eFORNOBites dviceandist ufilize thecabedded sandsrd devar. anddhatliuse the drver

i nventi ony.af ' : f ol i I ' f [.on

dovi ces. 1isHieney Bkl cEmoBIPICRcE. | Mep PRI (ROURLE, denkd o HRRHEER. o
have t heidevicespedst towbe iastallédnsbfpenbe nénneBibrashdasete sashle clonii S Bdiosgtot deed
foll owi ng steps:, confi urinq t he Jo%%éaL eqﬁgyints and.the correlation

bet ween tH&e4ebt: 4aln TegrtineqIthesRypiEic AnEPIRts R e tomposits daies on devi ces in
sequence; storing the configurations of the physical endpoints of the
plural function devices; initiating the address/endpoint configurations of
the plural USB function devices and conmunicating with the USB host in
sequence by utilizing a mcroprocessor or controller, and then designating
the plural function devices their respective USB | ogi cal addresses by the
USB host; storing the USB addresses degi gnated by the USB host; conparing

t he specific address of each signal trdnsmtted fromthe USB Bus with the
USB | ogi cal addresses; proceeding with | ogical/physical endpoint
transl ati on when the conparison matches; and transmtting the signal to the
function device represented by the physical endpoint. Apart fromthe above,
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-7 managi ng other USB function devices or reporting the configurations

t hereof back to the USB host with the m croprocessor or controller via
software or firmvare so as to maintain the USB tiered-star topol ogy. BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic di agram show ng the
connection of a USB system Fig. 2 is a schematic diagramof a prior USB
conposite device. Fig. 3a is a schematic diagram show ng the external

structure of i k i | S LC
FértiRiinBfe, K6y DRaEL R QHQ%U@Bd@é%&egquésgise%td §1ét%e§ %ﬁﬁéﬁﬁ i co.

di agram showi ng the internal structure of prior oard conp

Fig. 4 i snaiswhs thet nunlbtir af fiznetishothangntfeeconstnentethinsisle muwotnpoeiteodevideds USB
conpound 1de.\{(iiﬁ:e inthe first enbodi nent of the present invention. Fig. 5is
a schemat ¢ "agram showi ng the internal structure of the USB conpound
device in the second enbodi nrent of the present invention. Fig. 6 is a
schematic di agram showing the internal structure of the USB conpound device
in the thirdReleping iwelfigs o andSbp thesdirgraing vhew iacionveROOR RENNdReTidE

PREFERRE | Referrinag,.te Fi.g. 4,. it .is a schematic di agram
showi ng 3105'@(}&15%&8? St Iggltk'ﬁlgc{ﬂgbdﬁ‘g%o@nﬁmﬁ% nge S RRFAVERAL i on.
The conpdundictedédee 4Attohn tdiebddded thubModi BRn Gh Kibe 3bhventomRniigd udes a

USB Logi ¢ Mbdul e 400 and an_ Application Function Mdul e 500. The USB | ogic
nodul e 400mpeuad devisapv arkeybedrfl devieg infappparangey e Howgken shedidsripaeaf thy usi ng

the centnalpealh icgrfﬂp&indrcf'e%%rﬁqs g&‘lﬁ?rggtgg %Lfgé %g%%rgmégh%ewcé 50 QB gets of

USB |l ogic originalfy constructe n one evice are’integrated
i nto one lmibnipviee33B (tafgi to Fipdit)e Hehbertké keyhoaal @imipaintdtdeviet 3DUmablean bl ocks

may connect to USB Bus via the sane set of USB | ggic circuit, The hardware
wast age d4p¥dga uﬁaﬁ@ oHSB FeResHn mess é@ﬁp%(fﬁs&ngéwl&s%agﬁaalﬂw@ UsB

di sadvantRgReP966 89386 cdhhetits UXEBENt | onal USB conposite devices of being
unabl e to use the standard drivers are solved. g In the first

embodi ment, the USB | ogic nodul e 400 in the conmpound device 40 of the

invention cap be divided into fiv | ocks . accqrding.to theiy functions: a
USE Physi cal I 85 OB GERna tesnrguidetiia AAGERH Hokaisof dhaaapos:
Manage e fnddintded 2.3 18 alvl ARy MubBith{Rr328!cak be AftOzrard dndh MRAL CRiplth PuBt er f ace
Engi ne 450. The physical |ayer block 410 of the USB | ogic nodule 400 is the

connect i dhe pEidyetiotheess thpsaiddmealavires atd seresentpd ps indgpendenoHiBedeyiees USB

Bus. It ingl i , i . i SIE
a2, The Tstf Bofbdeb 4l SSER bibrECREucle Sthat W Bscteh g (5O
execut e UaBasttoTfdsS B lcpddituuite 311 ofor320D) 0c@ldshe Amdtibmblouleke®! 2a (GenRer ) ¢

Endpoi nt State Machine 421, an Endpoint Vari able Register 422, an
Addr ess/ Edipesonnt daseh fucton deviseinha cempays! deyiee bemnervisdepndensdi$Bur at i on

Mechani Srﬁel\l/%é; each function device consequently has its own independent USB address.
Meanwhile, the USB host is able to load in the embedded standard drivers according to
the device type thereof and eliminate the complications caused by installation of

specific drivers.

However, each USB logic circuit of the USB device represents the same interface,
which is used to send and receive messages and proceed with signal format translation,
to the USB host ; while each function block represents one embedded function of the
USB device, i.e., a keyboard, a mouse or a disk. Basically, all USB logic circuits of the

USB devices have similar structures.

Hence, although the embedded functions of the compound device possess the

advantage of being able to make use of standard drivers as a USB device, such type of



The menory managenent unit 430 is responsible for storing data into the
menory buffer 440 according to the signals received fromthe USB |ink |ayer
bl ock 420 and the application interface engine 450, or reading data from
the nenory buffer 440. The nmenory nmanagenent unit 430 includes a Menory
Configuration Mechani smof Endpoint 431 and a Menory Access Control Unit
432. The application interface engine 450 is in charge of the comunication
with theiLi; : : j t he

appl i cat Cere foREE: RUBE fi el Ao TRk ARRAATTE e Rofprfit o pRED0) o

f unct i on theo dethporidOdeiauiccofdingy diae tan ddBBoBUSHE hygitigitcdisenifSom mond er r upt .
The appli.cation function dul e 500 then transmts data with the

appl i cat ifepFioAtdEVIcEdR e@}?@ﬁ@ wsherompgupth deriset QAsemore pHePtogiGtis et as to

i mpl ement,1§RE6IHhd Sorfipthghidefice The application interface engi ne 450 includes
an Event Control Modul e 451, a Control Interface Mdule 452, and a Generic
Data Path Mddul e 453. As for the application function nodule 500, it is

isted of,a M 510 and. /2. | nterface 521, i al Port
nterace 55 BHRARDE T ArerIaEe 574 of ResimPhin SiiasateBrudhe
i nvent i Offer cdhiveRtforaPEdhishte deiBY, (R &Rbédiel EiRAbnd MherdoPhfal indhbe Sble to Of the

m croprocessor. The internal structure of the conpound device 40 in the
enmbodi nemse i hedewodardedriverss usheraasc donsa apawenti epepaandodesigel tthe

functions_of the. .internal structure. of .the device are. then.illus ed in
dot ai | ¢ JRPisgrearayon o T mplidl afchioR ey 4 b ol el S TS

appl i cat idevicé,uRsiéver] silHuUlpe 2D Qevicks ek pyhroayr ireldtry Gepdtisiof Ghdett@cé 0 t he
PS/ 2 interface 521, a nouse device is connected to the serial port

i nt er f acavastage apthg disag¥andass sk device is connected to the IDE interface
523, the mcroprocessor 510 then assigns a set of address/endpoint
configuration, which includes a predeterm ned address/endpoint, to the
keyboard device, the nouse device and the hard di sk device in sequence

according the configuratio r 1 i addr ess/ endpoi nt
configuration nechanisn142§88ﬁ48§§;6Fﬂtﬂfﬂ§ggNﬁ$§§k 420. For exanpl e,
assi gns a sephnobbhjaddiraas (RRARA Rlto %?Ni&&h' 8inb&ihd device, ('ij}i?lzvﬂﬂﬂhr!ﬂ Pty

predeterm ned address 2 and | ogical endpoints 0, 1, an , to the Keyboard
devi ce; afdnpionadeyites ghayadonrest fe thipbiSB: viadthe samel setliofdUSBdogiced€&her i ned

dd 3. |.ogi cal endpagi 0 and 1 : . devi ce:. and t.h
Sssi one SrEmry Rt HS SRR s cn BERF Fopbitk TR 3% SR iy RPRa 0"
pr edet er nhdepen®adintharatteaasid gdresmpensip@vides. 0, 1, and 2, to the hard disk

device. In addition, for the reason that the conpound device 40 of the
i nvention possesses "virtual hub" function, the m croprocessor 510 al so

assigns a se S i : i At Lol o g i.hd: th

B adet or m nadh A AEGt ST (EEARRRLn 1O pRR: b Wsigh poiisb Bl R |
The vi rt wader o betf wserst achievaplasdiek adcotding codffurad gpplicamnofantd mambewvefiti on i s
to be expl ained. in ghe foll owi ng. Then, the m croprocessor 510 defines

buf fer bItRONHdeEdenory buffer 440 for each of the endpoints of the
devices via the control interface nodule 452 in the application interface
engi ne 450. The buffer blocks are used as data register blocks of the
endpoi nt s i nlhichether ahiet 9€ithe ipventienss tbrprovide ramamplementatiem ofral it ' s
configuration data.in.the.menor ffer. 440 is stored.in t.he V

confi gur e?f)f’l(?ﬂur?fgg%véﬁ é%wquhe%%%ﬁ’%ﬁeélglﬂ) ! ngewe ﬁ%‘fglecsélﬁﬂaba? 3?? g’r?f[)r}%c hani sm
of endpoicatried3duti By @l sRcuis of firtiwaeei §d Siat theetetfl pRicPérilent USB Fhidtidds i N
their data register blocks. -10  Further, the m croprocessor 510 connects
to the gdfed¢es) smbhoineonseeitte thebpstida 2 mutpy upseam MSH g9 rwihlederviago vi a

t he contr, ' a1.Jh ' processor tore _

conf i gur a1 SRUbERAEEn TR MEricpeniy RO wBERRR s SARHALESE B, - ke

si zes, i nhé-pldcashagomplistdoghegurmist ofirddacihgreosm 424 in the |ink |ayer

bl ock 420 via the generic endpoint state machine 421. Wen the conpound
device is attached to USB Bus, the USB host can detect that a new device is
attached to A Sahi f &quﬁg ; . gonpgind
device to r e%gh‘g%ﬁ(?gg gﬂghi gﬂ %@P ’eecﬂaggggv icgé .BOAt t hi %épg)ri%}llg&,&t %e

t r anscei tensetiver, a1 serivd ipthsfséecaigineaymt a wirouitrys shewon ther ¢iscuithye one gndlis
received fromUSB Bus into digital signal of logic |level, and then
transmts the signal to the serial interface engine 412. The transceiver
411 is also able to convert the digital signal received fromthe serial
interface engine 412 into USB standard5§ignal, so as to send the signal to
USB Bus. The nain functions of the serial interface engine 412 are as
following: in receiving node, it is responsible for decoding the
transmtting signals, converting the USB serial data flow into parallel

I D o o - o



USB host considers the conpound device 40 as a USB hub device, and assigns
a USB address to the virtual hub. Then the USB address assigned by the USB
host is added to the predeterm ned address "1" of the virtual hub, and is
stored together with the corresponding | ogical endpoint in the

addr ess/ endpoi nt configuration nmechani sm 423. The main functions of the
addr ess/ endpoi nt configurati on mechanism 423 are to store the address with

the corrgspeadd ﬂgth‘%ggﬁﬁiiﬁferﬁcf:e Enpife/ ahd B btRE: eﬁﬁ\ﬁis €EnifelfRAqs uxfaﬁgﬁct‘f?

compound device, and one set of address and the correspondi ng endpoi nts of

t he vi rt uad-URBbintdrfacesg viesa oficloB®cstsandarcahtrallee Stdntir¢udents dna ithout

i nf or mat j, on.. of ackage of data.transmtted is the address and .endpoi nt
nurber of g A ARt and Ane il ARG ey fok B 1GEH S Soffrdne | he
transn sgiaRe 4 YRRality bedeTies 8ddrafied déghaRddysy §USH ay fellkls A6 bordbbed iwitht he
conpound device 40 receives the nmessage from USB Bus, the generic endpoi nt
st at e naddip ransBssipm the |ink |ayer block 420 conpares the address/endpoint
data stored in the address/endpoint configuration mechanism423 with the
identification information of the data transmitted, to determ ne whether
the target dwuidfuafy tifdudiat 8 deaeketentifoimneta®f nidaRineUlahi sldecskrendidimns
connected to the conpound device 40. As described in precedi ng words, when
t he conp&amecHst e@gﬁ@lm apdrieenegy tepdulp Bhe address/erdpoid managempntocur es

an addre . ' I Tola) h th B host
peri odi c%?fl%glllshgg? ;Ggés& ?grsa{%ﬁg @tﬁ gdthgy g’? wéésg/i%?é@%l t g%g}%u ;rllg?g)ﬂ%ol ﬁ #g manner .
Because mventidd riesiSEBrdppomid dviddhexecutes USB halard cahmeaddyti@t proagtolsn t he

addr ess/ endpoi nt, conf i guratijon mechani sm 423, the front-end )
addr ess/ QriFIPHRIcHE Y ¢ U et ffweﬂalﬁgsgea@eenfiﬂalpt PRl RAGBINCACOWINEQ to the

hub, an fh@qybters%f%reaiag@tnfs%r%ﬂ{m& %ddr@ﬁ?bnlagoih?ﬁl‘aﬂé’geﬁ%ﬁ_t P¥H RS T C
endpoi nt state machine 421. Wien the frontend information sent is confirnmed
to be t hthesmameorpinidylulchie uaetbitogsmpenad yoitore theddtaedg tnansnhigtedddr ess/ endpoi nt
"1 ", that is, the sane with the address/endpoint of the virtual hub, this
nmessage is sent to the mcroprocessor 510 by the event control nodul e 451.
When the m gf OGRS SHe PhRalit9C BT VRRIrdsERnEEMt coRfigiRamiRdisiged dnt AR

addr ess/ endpoi nt configuration "1 ", it recognizes that the data packet

bel ongs #dsiressendpainiuamanpagsmentl mekleaniun r deghedes ea agelorefi nfdresstendpaitint ent  of

t he ness : C vice f I . [ FGUL Ly
designedagg%ygg?beqfl%gggﬁﬂgxE@%&%Jg%@ggg%égﬁPﬁﬂgﬁghgﬁﬁéml?Eﬁk:%%&Bthe
functi onbub ¢4 ateldby ahé Rerchitly @hen 3§ Bxdcates dharinaionc s adhdly vidhéhe USB

m croprocessor 510 via software or firmvare. Therefore, in every inquiry
action pBRIsGeiYER thsyperildnigdaceggine anddhmiraprosesseissicontrolieict s as a hub and
continually reports back to the USB host on the augnentation of new
functions through the control interface nodul e 452, the generic endpoint
st ate nachi he tHQ eanivkilgetheatircuittye nfsacieclades ae eflipoiandatidbde WSBster dorscei ver

411. The keybgar nouse and hard. di sk functions .are added into the USB
Syst em aTPERE B8 e Geme T raLe At S o SRTATe Res it ety e Uss
host. Wgsas gyothta%@népﬁ%nbp(ﬁht sthtk neRBe. t hat the function devices, i.e.,

keyboard, nouse and hard di sk, are connected to the virtual hub, and
mai ntai n the connection relationship as required between the hub and the

function dewi | , C f .. nouse,
bnd hard di Speanmadhy de gy Blcffes USRI ool W ehont REntERARLA T
meanwhi | The hikgndadl bugkes isvubdil fdraemporacibp sofing ghe ddfaobeitis trahsmigted. fThect i on

are stored in the address/endpoint configuration mechani sm 423. |n
addi t i onMemery managerient uibis useh g ageagsing %@taém herpempony; bubiep indydiager 422

is utili 0 j ' ' tHien
nccessedt Sy Sofiridlh BLabARPhe AL fr R AL St oGP0 B, nen
t he USB habthedhaxdmus pavdai siyescafnthmrddpaitsut thdymesioay bsffef audni mesnogevi ces
towards the virtual .hub of the conpound devic , the,.m croprocessor 5|0
roads t hi-oRsR wolroLynt (08 agfesying 1eiadob theRem ey Jphiteh aCoRRip o e 2APABH

regi st er ndidBery o stolifls 4R B MeMBAPAITRhtIGH @4tE stoR&inNBe feor§ QoReurRtidnespond
to the USB host. Therefore, the USB host regards the conpound device 40 as
a USB humedaanisseof endpoimbecti on with a keyboard device, a nouse device, and
a hardware device. That is, the conpound device 40 still maintains the
tiered-star structure of USB standard. The above description is related to
the interface initiation carried out en the conmpound device 40 in the
enbodi ment is connected to USB Bus and the nethod that the conpound device
40 simul ates a hub. Hereinafter, the interactions between the link |ayer

bl ock 420 and the nenory managenent unit 430, the nmenory buffer 440 and the
application interface engine 450, and the functions of individual bl ocks,

. N I e o




-14 the data can be upl oaded, the nenory access control unit 431 reads
the data fromthe nenory buffer block 440 and upl oads the data to the USB
host via the generic endpoint state machine 421; if the data can be

downl oaded, the generic endpoint state machine 421 sends the data to the
menory access control unit 432, the data is then stored into the
correspondi ng buffer block of the endpoint in the nenory buffer block 440.
Furthernore, the nmenory nmanagenent unit 432 sinultaneously notifies the
event control nodule 4S 1 in the application interface engine 4S0 about the
dat a st at us Hirtheteordathe WSB tchmpbuidd devibd Gather Thdudep pini appticaioni inteefatace
engi ne 4S0 | ncl udes the Eveanfbntrol,Nbgulg 4S1, the Contro| [nterface
Modul e 48D8ingAQf FHEMELRE Signalsaand 3sgesst cIg8N SHR LCRGEH PNWPOHE SK nodul e
4S 1 thenglchine] sid'8fhotPad BESINRoPYENbRd it S0 B SRY infor BRAPQINAECtSS at €
machi ne 421 and the nenory access control unit 432. It then inforns the

m cr opr ocethswaid Grcbifiry.n t he application function nodule SO0 after the events
are encoded. The m croprocessor 510 can nake a response according to the
addr ess/ endpoi nt configuration nunber, the event type, the USB comrand, and
the data recpis¢gdn e pré®nflakentid) URShventidg ak@PréAlied IWnethba s dhablitgea
provides three main functions, one of which is to allocate the various
above- memlurality dffondtiopudevidesie contmst &l drléSB hesfdwish ihe samé sefurfaandpeinhunber

endpoi nt type an uf fer. bl ock .for exanple rd the interface ipitiation
of e malEPErsem, e B sROetnbe apf PR ot F R Aot P EP &G Bhot her
functi on folfowiag fBepst ichafi gurine theOloFal GRipEtsOdnd! iR Bdredl@nobaseel tie 10 Wi th
the USB host by directing the USB |ink |ayer block 42 to take necessary
acti ons, legicalphysied endpoiitssthefplymt ifynction, dpdres i sequsaes: qdoring thequi r ed
responses.,; e ki i l S can transm t
Gar o v ¢ ROT AR MUMRAON cotiphaf of R LA IRSRREIRSLees Bihlle hE0

readi ng W&#esdemiporht peufeguedtems of degdaiah ty SBofunetich dempees aod comirlunivgtings dat a

demanded hy the host. The generj.c. data . path nodule 4S3.is used to
enabl et BTG HF Beipso i FeHERSORE SoliZia: QSPPRSEREoT SHERISh FAGIF S0 ¢ 0
do mass @%1§nz§%§1§%ﬁﬁ X}Lﬁ%ftﬁlﬁfi&@ﬂ@\/i@é&e@ﬂéfr'&ﬁﬁc@%e UEB loglddNGEdRRSs bURd as

readi ng da , or transmtting data, the nodul e enables the
f unct i ondJSB host; estriring theadSBr adksiresses tlesigmittda by rthe HESBrehst; ycompiafing the ock vi a

t he nmenor nagenent .unit .430, Wt t.the.i feren of e .

i or opr ocUedBT MRS 4f, e gl sratsn D bt S ARESPER o Hs loms? 11 i s

ment i one@d@fe@seisgp\@be,edidgalwmhsgicﬁlmyﬁ@ﬂpafd@dmt eandliticll whie tadengssisendpoi nt

nunber processed by the generic endpoint state machine 421 nmatches with the

i nf or mat ingHches opnskransmithiag darisigaadl/ta Hap Binstion devicqytapseseiad hxdhaphwisaho4, t he
generic %Hgﬁﬁhpt state machine 421 inforns the nenory nmanagenent unit 430
and the application interface engi ne 450 about the address/endpoint
configuration nunber and the endpoint nunber. In the nenory managenent unit
430, it is the nmory access control unit 432 responsi ble for receiying the
message se ntAIB%}TrTg'H’é1 té% ARYE, gfé’h‘&g?f{ ot thernyention e r\‘g"eﬁlﬁir} P, i m@,ﬁoX

accor di ngyf Oinl IEmBRFRAGE, viktl&l MRIDT ¥oREAGRS GRNfoRbwiY tstdd2 hghehas the
configuration of the endpoint in the nmenory buffer block 440 fromthe

buf f er coedfiieguersipoion comftgvaationmsdhe ENBpaidrgss/48dpointreoofigenatiomokthovituahe dat a

sent subsgeguently sent by.the generic endpoint st machi ne. 421 iyt 0 t he
buf for b0k REPES Sanelr iy oo pg s o FESE RRF B R T S £ ace
engi ne 43fnsdeiverSusidpea &y@NntRIRE eRLinEBIEN Cuid e @&oﬂﬁ(g,%ﬂé@dth%nmme sent
by the generic endpoint state machine 421. The event control nodul e 451

t hen traresnsletion 108 the sangmittedc sigsple apd Resrdaydissyednagascyt chegnfooger at i on
nunber t . M r .. T i Cr.Opr.o

Fecogni zurefish HEEP BRSARhg Rk ot BERE(CREGTR0 R, G SBhBatto o
nunber. lcome@aatcatd withehe USBagRoindihe quddtioataf arhubfvia beftwagtd oe Sismesacky andt
configuration nunber is the hard disk device, the m croprocessor 0 can
comuni c &CHINgG & HSPh@dﬁ%ﬁﬁgﬁaléé@é‘?g hé‘g fta Ith%gﬁpqﬁﬁ wheg tLﬁég‘irS?‘?t qu’tﬁe

i nterfac thetid St ah, TPBARE RIPSIHMLECHiH! Bk 440
and sendq{at“&gg{gg Stl}%l%tlh(g&gtgr |1(£k ea\??lté]gf Isg adggt?gn, functi onldevi ces,

t he har d miiceiprotesdoc eorf @ntrelempdoerdingyo ulé comtentt dife thgetmasinttetsigngatahd nodul e
453 to directly communicate with the nenory access control unit 432, and
directly access nass data fromthe nenory buffer block 440. As nentioned

formerly, the design of the generic data path nodul e 453 may effectively
-16 enhance the transm ssion effici éﬁ(‘:y.



The description above is the illustration on the internal structure of the
conpound device and the functions thereof in the first enbodi nent of the
invention. By the design of the first enbodi nent of the invention, the
conpound device is able to sinmulate the function of a USB hub by its
internal integrated circuit and enables the plurality of function devices
connected to it to possess their independent USB addresses. Therefore the
USB host

connect el SRy BT SRR SRR Ao Rure T Rt MR IR Ko nct i on
devi ce calmn ékStBehloﬂt m1tmetednmpmnmsdmdr coentrtmlletr hea sofvedalie e firnivearalsd as eorpl oy
the standard dr| dded in the system and thus achieving the

pl ug- and'ﬁ?ﬁ "t%ﬁigi% mﬁéﬁ@fﬁ@PﬂﬁW the USB logic circuit of the conpound
device in the enbodi nent is deS|gned by using the centralization of
resource managenent, in which a plurality of sets of USB logic originally
made wi thin one USB conpound device is integrated into one single USB | ogic

nodul e, so that the plugalj f i nnect to USB Bus via
t he sane set of USB IongJ%$x%%%#&ﬂ$ﬁgkgg%?Bﬁﬁégégﬁégﬁ?he di sadvant age of

t he repetrig i108 aQEhdhdticWidgrarh RhéWin@th€ eompestivgh sfeviySBsysténd si gni ficantly
reduces the production cost thereof at the same tinme. Referring to Fig. 5,

it shows H&a isenelamatic didgien e orior HEBusmnesiipéiier: devi ce in the second
nbodi dul
500 and. B et BT Sl Sho TR oo TR o B D& ot ¢ e

conpound cdgwwoaed devitdre enbodinent is simlar to the structure of that in
the first enbodi ment, both having the h sical layer block 610, the |ink

| ayer bl &é% oS at tféerﬁé%ldyagﬁ%asg h@smtertlﬁestﬂaé%w bufrigr ksbraahd t he
applicatig engi ne 650. The physical |ayer block therein includes
a USB tragg%%P%£§&2%§ and a serial interface engine 612, and its function
is entirdlig 4 Irteamhﬁnak: diagtae shiowiag teerihatdinak stryctamdoft ther @$Br@nimundt

copi ously, descri gd l&gfr. F? ve the |link layer block 620 of the
embodi mertevice I ihedHst shbodipent of thereient MXENUOD7  of the first enbodi ment.
Ref erri ngighe lflagschénatt&alagtank sh@¥Rk Mk Grlérfal QtridiGleUsiehe UL BAosouRNY SI Cal
endpoi nt translation nodul e 624 and a physi cal endpoi nt configuration
mechani srdGB@Bmﬁp@ﬁtonﬁrﬁmh@lrg@ﬂ@ifﬂ@remr)bmncntmte machl ne 621, an endpoi nt

varlable ster 22 and. an ad ress/ nd 0|n fig mechani sm 623.
o e it 8 schaBaRE fishof SHORRLAP R BBk B B ARRIARE Dot des
t he ”E”Drcbévfw@te&fétBl@@Elthlei%htotﬁtﬁapre@eﬁmﬂmﬁoﬁonf| guration mechani sm of

physi cal endpoint 631 is used to replace the nenory configuration nmechani sm
of endpoint 431 of the first enbodinment. It also can be observed fromthe

figure that, the ap Hict 5§?Eﬂ Peﬂ?odinent,

i ncl udes 7 |nterfacggﬂgﬁgggg%&er HES’ |nter$§g yggﬁza | oppy interface
722, two harRiefdiriig uorftlgnf a‘crssa sch@maticldidgddm thowvisgthieafirspembodimest éfabes 725
and 726, a ar al.l nterface 7 The t e and n er. of. the
functi on U8 t d° idf“t H’évecldﬂ%ouﬁge diélmpeé rfietvfﬁ-‘ff ﬁ‘bjg‘i} gh%odi ment
of the i r&&%&hﬁéma@{f%@%eﬁesﬁ hhGhRd abwstsheognmmeadte 4@blaaeagtnl Rgﬂt&t@tl onshi p
bet ween address and endpoints as in the first enbodi ment, only

linmited rinmbidon Modylyeiﬁ(t i '€he LiSex logic medule 460 myhd)eomtmmécﬁewetﬁd afttbe
conpound deV|§e dn t% first ﬁ?bqghﬁfiEon(ge &ﬁ&&? rd§%558{1519P t|||zes

t he addregg?%RHd%lﬁ?gc leﬁﬂ?% OFEIEF AR IR G A 0s d?ng t he
addr ess giiraRtydiient oMUSBasSic okiginallgRbhstiacRaGh onyNISB emphshdaddvaaire t he
buf fer bl ocks. As a result, the configurations assigned to various function
devi ces, interaisdaints ene single ARH logig medwsi rithersdorei gakuaelity of functipnblefke ng a

predeter r f i 1 , r|cts
Phe type DI foiRSR EUSERRR Y (¥ Sn: 8 ch%m?e%%@net% PO Eipe

t he firstcaesddddi e rbnvdnhiondl (&8 adldpouuﬂha@fs aﬁdlﬂ(ddlsuﬂvdﬂuge:ﬁﬁssésne&\bych t he
application function dul e may .be conpected e con uently restricted.
The secori® EAASENSRANLGE SOmRRoSTHA JEVIETOH BSMEATGELS 18 UNb I GEFL BT ETEATe he
conpound dayjice 50 not only to possess the integrated USB logic circuit as
in the first enbodi nent and the advantage of USB "pl ug-and-pl ay" function,
but also to overcone the restriction on the type and nunber of the
connected function devices. The characteristics of the second enbodi nment
are described hereinafter. -18 Firstly, the m croprocessor 710
constructed in the application functiop nodule 700 all ocates a set of

physi cal endpoint nunbers to each of tfe function devices, which connected
to the seven interfaces, according to their respective requirenents. For
exanple, it allocates the physical endpoint nunbers "0" and "1" to the
nouse deV|ce mhlch |s connected to the PS/2 |nterface 721 and the

I Y Y



The follow ng steps are simlar to that of the first enbodi nent, the

m croprocessor 710, via the control interface nodule 652 in the application
i nterface engi ne 650, defines buffer blocks for the physical endpoints in
the nenory buffer 640 according to the physical endpoint nunbers of the
function devices. Wien this process is conplete, it then stores the
configuration data of various physical endpoints in the nenory buffer 640
into the ne ' At L ' ' en the
compound devt o 37 PhBMLen? M BRE PR i I EInay FRERM e R0 HET

devi ce bthenmveivmecirete tdividé® ifdosfivabtbckemdsordingetol geirofuntisdhsc anty8Bds t o

e R VO N X RSP o Dok 4 ok
machi ne g4 aiNlehbBf Bhtid B18%e4400LRE K A%éﬁgﬁﬁmn&ﬁ%@e Eiri%%ncg@ﬂ?:f i ¢ endpoi nt

state machine 62l "sends the nessage t e event control nodul e 651, which
sends the nessage further to the m croprocessor 710. At this point, the

m croprocessor 710 fin t .of ical e Nt nunbers.as the

Toqt oal Cendndeabged Juist Blas 4105 Mo ARE iR o PR o SRR g ¢ he
conf i gur ghiRnme Compbend dedibalo HrRsibAGK cohetidqo WHEB st - 1t Thaakkar espt he USB
host considers the conpound device 50 as a hub device, and designates a USB
addr ess Teansepaveyidit ard a Rerial Imeeface Engine SBEXdit}-ess of the virtual hub, and
correspondence of the |ogical endpoint and the physical endpoint thereof,
are stored together in the address/endpoint configuration nechanism623. In

the |ink | ayiie lbikoRker6R0cl0820 b¢ tTISH et motiile 4000iRaised t @kécakd BSBegi st er
622 is used to store the states of_ various physical endpoints, which are

then acc#gadud sermupisatienpielocoleansbinghuides RenIkndpomt StaiaMachiae§21, As for
t he | ogi ¢cal S P Ll I s ] : ! wth the
transi at (o aperboReabpoRauAL: A% TRE AR Enablinl TifEalifh RIFREm

m cr opr 0423 sad ad Fadpani CefigurationfMéehaaisim4R4devi ce represented by the

physi cal endpoint nunber. After that, the USB host periodically inquires
the state of the virtual hub in a polling manner. For the reason that the

I ogi cal addrigRs/&nRshitasbiedt! @Y 1S tQPESLBIE N SoR£S &6 BANALMAbry

configuration nechan!sn1523n the front-end | ogical address/endpoi nt
i nf or mat beffiergf40taeeordngtadiee sigmals togeivae flogBthied$3B liok ddyer block 430 ahdithe a

inquiry co d-20. for.in nce, .S identified by th ner.j.c .endpoi nt
State wmdRaney iteres Heirs TG0t hodiBeia8oramdBe mamdrd ReBRT e d o be
consi st effenibhry Mmidd@bmeht LhR ¥30 tik@hddub, MefiRry QUbrFRuf4tM S Mehardigranst at i on
nodul e 624 transl ates the | ogical endpoint to its physical endpoint. Then

t he geneFngrandidiand a@ﬂ@m@m&%%@@@lpm 2% he event control nodul e 651,
informs the m croprocessor 710 about the physical endpoint. In the conpound
device 50 of this enbodinment, there is no circuitry designed exclusively
for the USBThealapphcationhateethor engdd 43¢ id mnchargd aff thed domnuicdtionctitlors: ar e

simul ate nd execut the m croprocessor 0 through software. or
fir mar eﬂnf Aaygeéf%ﬁiﬁgu%memﬁbv frae WG&B@%&%&?& BSPRHFRONEYNGHI ¢ he
USB host pjgauR 900! nls Red UPinfiad 1He§&b?[i&§tio@1”ﬁ;h&ﬁm%%ﬁ@%@@%5§% #HE\iakeS to

the USB host in sequence. Accordin o the nessage, the USB host initiates
t he enunen diSBBusfthiough fesents oo nntderuptc e Shaappltbation Mistotion anadsle 0dtkes t o

each fungtion, devic ter .the en ration, n, .the,USB a ess_and the
correl at OB TR R ReS Fgicale BRI es 4 0 R Sre TP SHABE e her cor
are storgglai i infiferaetdrspesfie AdRAbA! TaOApHIKAKBH iRty fHRCMMeAPOGASuddsCin
exanpl e, the m croprocessor 710 responds to the inquiry of the USB host by
cor r espoRdeHdCaniwl ¢4 1, endparaltinteniape Modnle 452, apd asGengricratp gthc al
endpointﬁd&ﬁﬂ%453and 2 of a floppy device, to acquire a USB address; and
then the 'simlarly responds to the inquiry of the USB host by correspondi ng
t he physical endpoint nunbers 5, 6, and 7 to the |ogical endpoint nunbers
0, 1, and 2 of _a hardware device, to acquire a USB address. Omng to the

USB addr ess AT theerpbisatioadupdionaodids slb it is cansigied ofa Micaporssoankd

physi cal ,endpaininQf cﬁ%@rﬂ, Al ARMIERE 52D Gnd LA IDE Inferfdl€ 523. Inthe

addr ess/ endpoi nt coﬁ}lguratlon mechani sm 623, the m croprocessor 710 is
still abkempoursodewicatodltlye intemtianf y nhiee enngiollef tiay talsorimgptemeang theefpnetsent ed by
t he each address/endpoint according to the USB address and the correl ation
bet ween the | ogi cal endpoint and the physical endpoint thereof though the
plurality of function devices connected to the conpound device in the
enbodi nent use the sane | ogical endpdﬁht nunbers. In other words, the
configuration and transl ation of |ogical/physical endpoints proposed by the
enbodi mrent enabl es the conpound device to augnent the type and nunber of



-22 USB devi ces, may be added to the USB conpound device 60 in the
enbodi nent. Therefore, a plurality of USB devices are able to connect to
the USB Bus via the USB conpound device in the enbodi nent. Al though the
description of the preferred enbodi nents of the invention is explained in
speci fic manners as above, nevertheless, it is understood that the

af oresaid exanples are only illustrative. Various nodifications and
alterati wi t hout departing fi-omthe true spirit and scope
of the |g€§ﬁ??gﬁ asaﬁgﬁlned by the appended clains. -23 CLAIMS 1. A USB
conpound device, utilized to connect a plurality of function devices to a
USB Bus and ke th connect functio haveﬁéhe adv

" pl ug- and- pl mlt‘?m tSHYRture hilei commpgund, dexags é‘hgl?e‘?"&éqda “%18'?'[ 1§dessPedg as

the conngg tshl?sﬁ‘arﬁ@'aﬁ"ab@@é VERNo SRR Mdatht ttindiens bf AR iHRML eBualrt dfhie USB
Bus, transnlttlig signals to or receiving S|g;a s fromthe USB Bus and
£S

perfor m rigvicheressthgmillustratedrant detohtabingifop, 4 e sérérek. i nterface engine (SIE)
for decoding the signals received fromthe USB Bus and then transform ng
themfromserial forminto parallel form coding the signals to be

transmtted FigstlofiallUSBardiify t@fth@ﬁ pplicaiGd Amdlicgmob g1 J00oiNaasBbdraldefiee m i nt o
serial form and perform ng clic redundancy check code inspection while

t ransni t tif gepnesteditithe)] PSQntm agP Peli ¢ mpusd dewedis enngeted taiegienigl port
e Ul dPhe e B £ °5 028l 03 Shohind WERDAB it DELLNO Wit
ata transm sSi 0n, nsaid circ 0€s not have e Tunctions of

sai d USB rhicRipsesebioe s 1aﬂ¢nslaslgns'ivlﬁxoamﬂre§s&ndpkﬁnt &nifigiakioh,swigich iedided to
said SIE while the other termnal is connected to a pluraljty of non-USB

i nt er f acéspredeirapingt addrsesdendgoing fadhe keybaard dgvigs: aqhefo’ld@HwSé\’ﬂflcté% via a
m CFODroqgiﬁcFQﬁslpﬂieﬁQQtlhoké Encezac&'?&ing SHH?%U%OH?V Bré t@rﬁuﬁ@ds%'tjﬂéd in
e I ng: e

claim1, rein eC|rcutry conpr neric ‘endpoi nt state
machi ne; addreadendpost ecvaifighratiomemedenisnmt 422 cdfatties tink dayest b)lloclng42@ plReral ity

of address/endpoint configuratians, wherein said USB c oun eV|
execut es WABPE AR Gofurtic ARG BB Ao e H G ER g Cal B The Uss
host Vi a prédeterB@Nar Addr&3dPahdloStAt AIPHGR 0.e1,268P0 did1thet Eeslbbﬁrdt yRg&; of the
endpoi nts stored in said address/ endﬁ)m nt managenent mechani sn and
assigns a set of address/endpoint “3”, including the predetermined address 3 and logical
endpoints 0 and 1, to the mouse device; and then assigns a set of address/endpoint
configuration “4”, including the predetermined address 4 and logical endpoints 0, 1, and
2, to the hard disk device. In addition, for the reason that the compound device 40 of
the invention possesses “virtual hub” function, the microprocessor 510 also assigns a set
of address/endpoint configuration “1”, including the predetermined address 1 and

logical endpoints 0 and 1, to the virtual hub. The virtual hub function as used in the

compound device of the invention is to be explained in the following.

Then, the microprocessor 510 defines buffer block in the memory buffer 440 for
each of the endpoints of the devices via the control interface module 452 in the
application interface engine 450. The buffer blocks are used as data register blocks of
the endpoints in the transmission process. In the meantime, each endpoint’s
configuration data in the memory buffer 440 is stored in the memory configuration
mechanism of endpoint 431. The memory configuration mechanism of endpoint 431 is

also used to register the endpoints’ data status in their data register blocks.
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a-nmenory nodule for tenporarily storing data being transmtted. 3. The USB
conpound device as described in claim2, wherein the plurality of

addr ess/ endpoi nt configurations stored in said address/endpoi nt managenent

mechani sm i nclude a set of address/endpoint configuration of a virtual hub,
said set of -24 addr ess/ endpoi nt configuration of the virtual hub is used
by said circuitry when it executes the function as a hub via said USB

transcei ver r
Fﬁﬁﬁélrh ﬁ?eeﬁq'lébpﬂo@és%lj Ser c@rﬁ&b@qutggcgr%ﬁte 7 Icﬁf ‘?rfi s“?ﬁ@%ﬁe&%

controller. B conpound device as aim 2 erein
said cir4di tmythbuhnlhelraycrofmttrcks 2@ vianthendpaiait intenficebhmdnlegis er Ther
storing the states of the plural. endpoin sai d engﬁm nt variabl e register

i s accesEIORIREFSIHIHOIOS theas ! ?%‘PP%Otﬁ@Bo‘?“ﬁPo‘g{ &0 A% epRoIt tkPesThe USB

compoun doﬂﬁﬁkﬁﬁm@%a&i&? %fsz elﬁ'to' the Ch@pdhteonMparaioR 1§&:‘hgn1§ﬁn432’4y 1n”@hg Yl
conprising: a nmemory buffér for temporarily storing the data being

t r ansmi t laget; blagkdt 29 vie thergenemnerglpoe staterhachimr 42dccessi ng data from sai d
menory buffer, conprising: a nenory configuration nmechani sm of endpoint for
storing the nenory allocation data and the nmaxi num packet sizes of the

endpoi nt's i Wisai te 0BHPsOhdUE{RNS attddfled to USB Bus, the USB host can detect that a
new device is attached to the Bus and sends a series of USB commands to the
compound device to recognize and configure the device. At this point, the transceiver
411 in the physical layer block 410 converts the signal received from USB Bus into
digital signal of logic level, and then transmits the signal to the serial interface engine
412. The transceiver 411 is also able to convert the digital signal received from the

serial interface engine 412 into USB standard signal, so as to send the signal to USB

Bus.

The main functions of the serial interface engine 412 are as following: in receiving
mode, it is responsible for decoding the transmitting signals, converting the USB serial
data flow into parallel data flow, performing the cyclic redundancy check code
inspection of data to determine the exactitude of data, and changing the signals received
from USB Bus into logical packets, which is then transmitted to the generic endpoint
state machine 421 in the USB link layer block 420; while in transmission mode, the
serial interface engine 412 is in charge of receiving data from the link layer block 420,
converting USB parallel data flow into serial data flow, which is then coded, calculating
the cyclic redundancy check code inspection and producing synchronous signals, which
are changed into USB signals via the USB transceiver 411 and transmitted to the USB
host.

When the generic endpoint state machine 421 in the link layer block 42 receives
the USB command from the USB host, it sends the signal to the event control module
451 in the application interface engine 450, which again sends the signal to the
microprocessor 510. At this point, the microprocessor sends back the predetermined

endpoint of the virtual hub and the configuration thereof to the USB host, so that the
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a nmenory access control unit for accessing data fromsaid nenory buffer
according to the endpoint nunbers of signals and the nenory all ocation data
stored in said nmenory configuration nechani smof endpoint. 6. The USB
conmpound device as described in claim5, wherein said circuitry further
conprising: an application interface engine for transmtting signals and
accessi ng data between said generic endpoint state machi ne, said nenory

C . ' : ¢ ih said
R A Al Ry S S R A LR S L e U
addr ess/ eddipss tottheraimagklnent Thnacthe hiSHmadtioess nks gned: byahe Hbd kesss fsemidpd itant

configuration mechani.smfor st.ori a. pl ity of |ogjcal addresses
desi gnat g}be ngdﬁtegggleﬂ TeS8n tt‘i‘fea%o?’ﬂr@?gﬁ‘?‘{bna'@eﬁ/\é@ﬁg‘% &gether ‘@ﬁ‘aﬁﬁ? nts and
physi cal .epeRBhdihg 1&gica_€r|%ﬁ&pdiﬂgh@@é a(ﬁ?éiﬁ/%@poiﬁﬁ’%%lﬁﬁg&a%}i Re8BRRK g§Endpoi nt

state machine -25 utilizes said plural l'ogical addresses to determ ne
whet her the plural function devices connected with said USB conpound devi ce

are the recejyvers. or _senders, designated by the USB host: a i cal

endpoi nt co(r?h?eg’ﬁ‘laglt f”(‘}ﬁt“?f?c aﬁ??ﬁfi%ﬁge%‘&’&‘ﬁ_r?@nﬁ%‘éra't‘%@,ec}?aﬁ‘ésﬁgésrf’ﬁ‘?n“foack_et
si ze, andioditheMRAREY with HRE @t Rporit Berdpoibf e VERIBINCtIOR diNie Bfnneaed tphysi cal
endpoi nt; and a | ogical/physical translation nodule for translating the

| ogi cal / plsyeorapdundrdfyisienard ene s¢teofpaddress andinke romesgendieg sndpmine o dbie wi t h
the USB Q/?I‘%?llllﬂg dl%v{.e%%s of USB standard, the front identification information of each
package of data transmitted is the address and endpoint number of the target device and
the transmitting token used to define the transmission type. Therefore, when the
physical layer block 410 in the compound device 40 receives the message from USB
Bus, the generic endpoint state machine 421 in the link layer block 420 compares the
address/endpoint data stored in the address/endpoint configuration mechanism 423 with
the identification information of the data transmitted, to determine whether the target

device of the data packet is one of the multiple functions connected to the compound

device 40.

As described in preceding words, when the compound device 40 is connected to
USB Bus, the device first procures an address of the virtual hub assigned by the USB
host. Then the USB host periodically inquires for the state of the virtual hub in a
polling manner. Because the address/endpoint of the virtual hub is already stored in the
address/endpoint configuration mechanism 423, the front-end address/endpoint
information of the message that the USB host sends to the hub, an inquiry command for
example, can be recognized by the generic endpoint state machine 421. When the front-
end information sent is confirmed to be the same with the address/endpoint included in
the address/endpoint “1”, that is, the same with the address/endpoint of the virtual hub,
this message is sent to the microprocessor 510 by the event control module 451. When
the microprocessor 510 receives the event corresponding to the address/endpoint
configuration “1”, it recognizes that the data packet belongs to the virtual hub and
makes a response according to the content of the message. In the compound device 40

of the embodiment, a circuitry designed exclusively for the USB hub is absent, and thus
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8.  The -USB conpound device as described in claim?7, wherein the plural

| ogi cal addresses and correlation stored in said address/endpoi nt
configuration include a set of |ogical address of a virtual hub and the
correl ati on between the |ogical endpoints and physical endpoints thereof,
wherein the address/endpoint configuration of said virtual hub is used by
said circuitry when it executes the function as a hub via said USB

transcei Vgr, sfglq'%- ' [ eTall 2 sal hGr @Rr
controllé#. 5. gﬁﬁg a%%ﬁgyﬁagﬂggﬁﬁgghgg:desc?%%gﬁgwﬁt@?&ﬁ%ﬁ?ﬁﬁﬁﬁggein
sai d cir clotviysdftwdrber fimawaaeil si ng: an endpoi nt variabl e register for
storing the states of the plural endpoints, wherein said endpoint variable

regi ster is accessed and updated by said generic endpoint state nmachine.

10. The USB eRuqpeundy Q@efn%%?qlﬁsj 1656 Ext?&%édrb}pﬂh@@USE?hoé‘tf”&lE%i@m@?%dgféa&?ggir%g

nmodul e conprising: a nenbry budffer for tenporarily storing th
transmi t t3d@;actsras ashubearolr gontinwediyeneports backtto iy USBdwst dm thedmigmehtation ©4i d

menory buff er 0 i Sing; a # onfi gyratjan chani sm of . physi cal

endpot nt T NP (Ot hsnestroL intariaes Bt o7 1 dnienra sadnait sk ot

sizes of hiwimhysi chk QRAPeBifsce Bngiaé dii IEAAN YhebUSBeiran@RF eR 4TEND MY e access

control unit for accessing data fromsaid nenory buffer accordi ng to the
el

physi cal kebibgrsil.nmonsentssk kardfdisk fngtiens aradidded intedlas VSA systean iaBer being - 26

SLored | Rl TR BRI 3h TS Y O B WRHER o PR oy 1 Th

USB conpoun evi ce escri m-1 erern sald circui

further doggefisthatghe AmMca@Pidvias) 106, keybeiripeouangidiard ok ! drapsmrcctedng
signals and accessjng data between sajd generic endpoint state pmachjne,
sai d mendh§ ViEwek sub.caadt maintaih the, coppectionaeltigndip Ay eaused bstvsen dbe dub
connecte i fs LEcuir h 0 J d | bed
conmeCt oK TR AR 15 e A BEBAITONIN o 5ROl

and hard disk functions has its own independent USB address, and in the meanwhile,

the address with the corresponding endpoints of each function are stored in the

address/endpoint configuration mechanism 423.

In addition, in the link layer block 420, the endpoint variable register 422 is
utilized to store the states of various endpoints, which are then accessed and updated by
the generic endpoint state machine 421. Hence, when the USB host directs inquiry
commands about the states of various devices towards the virtual hub of the compound
device 40, the microprocessor 510 reads the latest states of various devices from the
endpoint variable register 422 via the generic endpoint state machine 421, so as to
respond to the USB host. Therefore, the USB host regards the compound device 40 as a
USB hub device in connection with a keyboard device, a mouse device, and a hardware
device. That is, the compound device 40 still maintains the tiered-star structure of USB

standard,

The above description is related to the interface initiation carried out when the
compound device 40 in the embodiment is connected to USB Bus and the method that
the compound device 40 simulates a hub. Hereinafter, the interactions between the link
layer block 420 and the memory management unit 430, the memory buffer 440 and the

application interface engine 450, and the functions of individual blocks, are illustrated
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proceedi ng with
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said circuitry

the USB co un
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| nodule for receiving the events generated by said generic
machi ne and said nenory access control unit during

and transmtting the events to the devices corresponding to
ndpoi nt nunbers; and a control interface nodule for
configuring the registers inside the circuitry, and
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| nory %u er and the plural interfaces connected with
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when the target device of the data is confirmed to be one of the multiple functions in the
compound device of the embodiment, the generic endpoint state machine 421 fetches
the endpoint configuration of the endpoint number from the endpoint configuration
mechanism 424, reads the former state of the endpoint from the endpoint variable
register 422, and then communicates with the USB host and transmits data according to
the endpoint type, interrupt, bulk, isochronous and control for instance, via the physical
layer block 410. At the same time, when the comparison of the address and the
endpoint is exact, the generic endpoint state machine 421 also informs the memory
management unit 430 and the application interface engine 450 about the

address/endpoint configuration number and the endpoint number.

Hereinbelow, the functions of the memory management unit 430 and the

application interface engine 450 are described.

The memory management unit 430 includes the Memory Configuration

Mechanism of Endpoint 431, and the Memory Access Control Unit 432.

The memory configuration mechanism of endpoint 431 is used to store the
distributed buffer block of individual endpoint and the data status thereof in the
Memory Buffer 440. When the memory access control unit 432 receives the impulse
signals, address/endpoint configuration number and the endpoint number thereof from
the generic endpoint state machine 421, it loads the configuration and the variables of
the endpoint, and then fetches the current data status of the endpoint from the memory
butter configuration mechanism of endpoint 431, and reports to the generic endpoint

state machine 421, which then determines how to communicate with the USB host. If
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14, The circuitry as described in claim13, wherein said circuitry

i ncl udes:

transmtted; an
menory buffer,
storing the nenory allocation data and the maxi num packet sizes of the
endpoints in said nenory buffer; and a nenory access control unit for

accessi n%edtgatt%‘
signals, an i
mechani swmedforgbafiai Hock 449 andngl@ids ¢hd ddty toathe ASB hodo@th the geheadiciBndgoinivher ei n

said circuitry includes:
signal s &t Bachiesfaly ltsj&tead%%@% # dewn

sai d mempy saeie AR5 I thOn et %%@5%]&%1 it 1o Téﬁ%émét&reﬁgggﬁhe

connected wth said circuitry.

a nenory buffer for tenporarily storing the data being

d a nenory managenent unit for accessing data fromsaid
conprising: a nmenory configuration nmechani sm of endpoint for

FPIPEB e, SGRETIRR 09 08 OURG D1 ©

a ata s menory configuration

I thngl‘r'i’»)'a}&’e

e ne

an applicationp interface engine for transmtting
Q%@Léﬁ? EENSHGFOIRPING SiateamAREPE ne,

e USB conpound devi ce as cribed in

cl ai m 6, coWnespending abuffduSBlocbnpbuhe chepbme inndheideemarynibaffepridecs sidd. 17.

onpound device as described in claimé6.  wherein said USB conpound
oo i BOMBHERTe, B8 HhFmpRe o dEee b Usd  GHBBLIFFoHSY, GRS WEstiebed | n
cl ai m 12 copift b dlS a6 dindBB application interface engine 450 about the data status of the

The USB
device i

data in the buffer block.

The application interface engine 450 includes the Event Control Module 451, the
Control Interface Module 452, and the Generic Data Path Module 453.

The event control module 451 therein, is used to receive events from the generic
endpoint state machine 421 and the memory access control unit 432. It then informs the
microprocessor 510 in the application function module 500 after the events are encoded.
The microprocessor 510 can make a response according to the address/endpoint
configuration number, the event type, the USB command, and the data received or the

data request.

The control interface module provides three main functions, one of which is to
allocate the various above-mentioned configurations, the address/endpoint configuration
number, endpoint type and buffer block for example, during the interface initiation of
the multiple functions of the application function module 500; another function is to
facilitate the communication of the microprocessor 510 with the USB host by directing
the USB link layer block 42 to take necessary actions, or to read the states of various
endpoints to decide the required responses; the other function is that the microprocessor
510 can transmit data with the memory management unit 430 via this module, for
example, reading USB command parameters, decoding command types or filling in data
demanded by the USB host.

The generic data path module 453 is used to enable the plurality of functions of the

application function module 500 to do mass data access. For certain executions of
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conpound devi ce includes a mcroprocessor. 19. The USB conpound device as
described in claim 12, wherein said USB conpound device includes a
controller. 20. The USB conpound device as described in claim®6, wherein
said USB transceiver, said serial interface engine and said circuitry are
all fabricated on the sane single chip. 21. The USB conpound devi ce as
described in claim12, wherein said USB _2s transcei ver, said serial

i nt er f acge, .engi.n 0 e ' all, j d singl e
chi . ot GRS ol G4 Bidhd fatg UK, B dad BB TG u¥InddlRe BRMesSL 1Y B
conpoundthdefuhaivnk ubtdissctl g aegd bfistoge the defaeiat e themodtyr Buer blotlngialfet r eam

and downstream USB si gnal s between a} USB thost and the USB function devices
connect eCRPHHMaBIEIMOREURE AN IHEhodk thedaterigrrace oL B FRISIIPEEPOFBV &l aet ect i ng

circuit ot ect : removal s of a plurality of USB ports,
fhQ5 ofth ag[tﬁg taRNESbA BARIALy.

wherein said repeater and sald connettion/renoval detecting circuit enables
said USB conpound device to provide the plural USB ports.

It is mentioned previously that when the compared result of the address/endpoint
number processed by the generic endpoint state machine 421 matches with the
information stored in the address/endpoint configuration mechanism 424, the generic
endpoint state machine 421 informs the memory management unit 430 and the
application interface engine 450 about the address/endpoint configuration number and
the endpoint number. In the memory management unit 430, it is the memory access
control unit 432 responsible for receiving the message sent by the generic endpoint state
machine 421. Meanwhile, according to the message, the memory access control unit
432 fetches the configuration of the endpoint in the memory buffer block 440 from the
buffer configuration mechanism of endpoint 431, in order to store the data sent
subsequently sent by the generic endpoint state machine 421 into the buffer block

corresponding to the endpoint.

In the application interface engine 450, it is the event control module 451 to
receive the message sent by the generic endpoint state machine 421. The event control
module 451 then transmits the message inclusive of the address/endpoint configuration
number to the microprocessor 510. The microprocessor 510 eventually recognizes the
function represented by the address/endpoint configuration number. In case of the
corresponding function of the address/endpoint configuration number is the hard disk
device, the microprocessor 510 can communicate with the memory access control unit
432 via the control interface module 452, and then read data from the memory buffer
block 440 and send it back to the hard disk device.

In addition, function devices, the hard disk device for example, may utilize the
generic data path module 453 to directly communicate with the memory access control
unit 432, and directly access mass data from the memory buffer block 440. As

mentioned formerly, the design of the generic data path module 453 may effectively
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23. The USB conpound device as described in claim12, wherein said USB
conpound device further conprising: a repeater for transmtting upstream
and downstream USB signals between a USB host and the USB function devices
connected with said USB conpound device; and a connection/renoval detecting
circuit for detecting connections or renovals of a plurality of USB ports,
wherein said repeater and said connectioi ~/renpoval detecting circuit

enabl es Se"ﬁhﬁh %ﬁeﬁ‘?f@ﬂﬁ %ﬂ%ﬁeﬁ to provide the plural USB ports. 24. A
a

met hod of ena I|ng anp ur function devices to connect to a USB host
with the sane set of endpoi nt nunbers and have their respective and

I ndependent USB_ addr esses, r| sin thevéol | ow n steps: .configuring the
| ogi cal endpbpheescHpiPn ﬁ@vw I‘H’t‘?t op N ee Hiteral § wr%pf Hisycompound

: .
eNOPO! 1t S1cBloe o ) b lorl AEEAR LHELC BT SRS By Y | RO Rsign

configurations o e physica unct’on ;
initiatind thhﬁrsicbmb@dsﬁmdxﬁ(b]nmmvemm ghtratmmtmdofevtches pbllartalsnhl‘i:lBteftlhact i on

devi ces d co ni with the USB hos in se utilizing a
i or opr odueeR o & A5 Ot 16 ipiiek e EOes sHAN At rRedtet TPl o on
devi ces ti’ﬁﬁétfon&fé%&%@&éxﬁﬁct‘e@% thSB s%lessqﬁéif ﬁﬁféﬁéldléb{t U8B SR RS tTheRtRE! NY the
USB addresses designated by the USB host; conparing the specific address of

each si grthé¢ USBahestiregaeds the crmphend BRi®us akarhbinagonUska USdH bult codetedses;

-29 with a plurality of function devices. As a result, each function device connected to the
compound device in the embodiment is able employ the standard drivers embedded in
the system, and thus achieving the plug-and-play function. Furthermore, the USB logic
circuit of the compound device in the embodiment is designed by using the
centralization of resource management, in which a plurality of sets of USB logic
originally made within one USB compound device is integrated into one single USB
logic module, so that the plurality of function blocks may connect to USB Bus via the
same set of USB logic circuit. The design settles the disadvantage of the repetition of

circuits in prior compound devices, and significantly reduces the production cost thereof

at the same time.

Referring to Fig. 5, it shows the schematic diagram of the USB compound device
in the second embodiment of the invention. The compound 50 comprises a USB logic
module 600 and an application function module 700. The USB logic module 600 of the
compound device in the embodiment is similar to the structure of that in the first
embodiment, both having the physical layer block 610, the link layer block 620, the
memory management 630, the memory buffer 640 and the application interface engine
650.

The physical layer block therein includes a USB transceiver 611 and a serial
interface engine 612, and its function is entirely the same as in the first embodiment,

and therefore is not copiously described further.

However, the link layer block 620 of the embodiment is slightly different from that
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proceedi ng with | ogical/physical endpoint translation when the conparison
mat ches; and transmtting the signal to the function device represented by
t he physical endpoint. 25. A nmethod for inplenenting a virtual hub,
conprising the follow ng steps: using an address/endpoint configuration as
t he USB address/endpoint configuration of the virtual hub; receiving
signals fromor transmtting signals to a USB host by using a USB
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using a m croprocessor controller to communicate with the USB host in
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si gnal ects to sal virtua espon ng to e USB host with the
m croprocessor or controller according to the content of the transmtted

signal; and agin her USB function device e t he

cout Lgur at | JRaNs HRRuR e discmerorh BeoasmL thlion e BrbodiiRat deees or
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It also can be observed from the figure that, the application function module 700 of
the embodiment, includes 7 interfaces altogether: a PS/2 interface 721, a floppy
interface 722, two hard disk interfaces 723 and 724, two serial port interfaces 725 and
726, and a parallel port interface 727. The type and number of the function devices
connected to the compound device in the present embodiment of the invention are not
restricted by the immobile allocation relationship between address and endpoints as in
the first embodiment, in which only limited number of specific function devices may be
connected to the compound device. In the first embodiment, the microprocessor 510
utilizes the address/endpoint configurations of the function devices, including the
address and endpoint numbers, to identify each function and allocate the buffer blocks.
As a result, the configurations assigned to various function devices, for example, the
address/endpoint configuration “2” including a predetermined address 2 and fixed
logical endpoints 1,2, and 3, restricts the type of function devices to which it may be
connected. Therefore, in the first embodiment, the type and number of function devices

to which the application function module may be connected are consequently restricted.

The second embodiment of the invention provides a method to enable the
compound device 50 not only to possess the integrated USB logic circuit as in the first
embodiment and the advantage of USB “plug-and-play” function, but also to overcome
the restriction on the type and number of the connected function devices. The

characteristics of the second embodiment are described hereinafter.
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allocates the physical endpoint numbers “2”, “3”, zlmsdI “4” to the floppy device, which is
connected to the floppy interface 722, and the physical endpoint numbers are
corresponding to the logical endpoints “0”, “1”, and “2” of the floppy device; and it
allocates the physical endpoint numbers “5”, “6”, and “7” to the hard disk device, which
is connected to hard disk interface 723, and the physical endpoint numbers are
corresponding to the logical endpoints “0”, “1”, and “2” of the hard disk device, etc.
Besides, the microprocessor 710 also allocates a set of physical endpoint numbers to the
virtual hub so that the compound device 50 may use them during the hub simulation
process. In the meanwhile, the microprocessor 710 stores the physical endpoint
configurations of each function device, such as the endpoint type and the maximum
packet size, into the physical endpoint configuration mechanism 625 in the link layer
block 620 via the control interface module 652 and the generic endpoint state machine
621.

The corresponding method of physical endpoints and logical endpoints described
above allows various addresses, or function devices, to be arbitrarily allocated the
endpoint types and numbers according to the characteristics of the function devices.
Therefore, the application range of the compound device 50 in the second embodiment

is broadened.

In the embodiment, the “physical endpoint number” is the identification
information used by the microprocessor 710 to identify various function devices, and is
not the address/endpoint configuration inclusive of the address and the endpoint number
regarded as the identification information of various function devices as in the first

embodiment.
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using a USB transceiver to transmt or receive signals and performthe
conversion of signal format; and using a serial interface engine to execute
t he decodi ng, encoding and format translation of the transmtted signals,
and performcyclic redundancy check code inspection while
transmtting/receiving data. 28. The nethod as described claim26, wherein
the step of setting up said link layer block conprising: storing the states
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26, mhereln the step of setting up said

When the compound device 50 is connected to USB Bus, the USB host detects a
new device being connected to the Bus, and sends a series of USB commands to
identify and configure the device simultaneously. For the time being, the physical layer
block 610 sends the message to the generic endpoint state machine 621 in the link layer
block 620, and then the generic endpoint state machine 621 sends the message to the
event control module 651, which sends the message further to the microprocessor 710.
At this point, the microprocessor 710 defines a set of physical endpoint numbers as the
logical endpoint of a virtual hub, and sends the logical endpoint and the configurations
of the virtual hub back to the USB host. Therefore, the USB host considers the
compound device 50 as a hub device, and designates a USB address to the virtual hub.
Then, the USB address of the virtual hub, and correspondence of the logical endpoint
and the physical endpoint thercof, are stored together in the address/endpoint

configuration mechanism 623.

In the link layer block 620 of the embodiment, the endpoint variable register 622 is
used to store the states of various physical endpoints, which are then accessed and
updated by the generic endpoint state machine 621. As for the logical/physical
translation module 624, it is used to proceed with the translation of logical/physical
endpoint, so as to facilitate the microprocessor 710 to identity of function device

represented by the physical endpoint number.

After that, the USB host periodically inquires the state of the virtual hub in a
polling manner. For the reason that the logical address/endpoint is already stored in the
address/endpoint configuration mechanism 623, the front-end logical address/endpoint

information of the message sent by the USB host to the virtual hub, a inquiry command
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menory: managenent unit conprising: storing the nenory buffers designated to
t he physical endpoints and the states of -31 the data thereof by a
menory configuration mechani sm of physical endpoints; and using a nenory
access control unit to read the nenory buffer blocks and the states of the
data thereof from said nmenory configuration of physical endpoints, and
store or read the data into/fromthe nenory buffers thereof. 30. The nethod
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mass dat %e\%{:]ed 56 gtk emb 1mentge VRS 2 J‘,erUItI‘y designed exclusively for the USB

hub, and therefore all actions related to hub functions are simulated and executed by the

microprocessor 710 through software or firmware.

In every inquiry, the microprocessor 710 communicates with the USB host in a role
of a hub, and reports on the new connected devices to the USB host in sequence.
According to the message, the USB host initiates the enumeration of the function
devices and designates a USB address to each function device after the enumeration.
Then, the USB address and the correlation between the logical endpoint and the
physical endpoint thereof are stored in the address/endpoint configuration mechanism
623. For example, the microprocessor 710 responds to the inquiry of the USB host by
corresponding the physical endpoint numbers 2, 3, and 4 to the logical endpoints 0, 1,
and 2 of a floppy device, to acquire a USB address; and then the similarly responds to
the inquiry of the USB host by corresponding the physical endpoint numbers 5, 6, and 7
to the logical endpoint numbers 0, 1, and 2 of a hardware device, to acquire a USB
address. Owing to the USB address and the correspondence between its logical
endpoint and physical endpoint of each function device are stored in the
address/endpoint configuration mechanism 623, the microprocessor 710 is still able to
accurately identify the exact function device represented by the each address/endpoint
according to the USB address and the correlation between the logical endpoint and the
physical endpoint thereof though the plurality of function devices connected to the
compound device in the embodiment use the same logical endpoint numbers. In other
words, the configuration and translation of logical/physical endpoints proposed by the
embodiment enables the compound device to augment the type and number of the

function devices unrestrictedly according to the requirement of the user.

As a result, the USB compound device in the embodiment not only has the
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menory buffers and said application unit in a DVA manner. 31. The net hod
according to claim26, wherein said nethod further includes the steps of
providing the device a plurality of USB ports, conprising: using a repeater
for transmtting upstream and downstream USB si gnal s between t he USB host
and the connected USB function devices; and using a connection/renoval
detecting circuit to detect connections or renovals of the USB ports. -32
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repeater in the USB hub. Furthermore, the USB compound device in the embodiment is
also provided with a set of connection/removal detecting circuit 930, which is connected
to the downstream port 62 and is employed to detect the connections or removals of
external USB devices. (Note: The USB compound device 60 in the embodiment as well
as the compound devices 40 and 50 in the first and second embodiments all have
another set of connection/removal detecting circuit, which connects to respective
upstream ports 41, 51, and 61, and is used by a USB host or hub to detect connections
or removals of devices. However, the circuit is not drawn in the figure for

simplification.)

When a USB device is connected to the downstream port 62, the
connection/removal detecting circuit 930 detects the change in electric potential or
current, and notifies the microprocessor 910. At this moment, the microprocessor 910
of USB compound device 60 is able to simulate actions of a USB hub as in the first and
second embodiments. It informs the USB host about the message via the USB logic

800 to make the USB device connect to the Bus.

As a result, a plurality of downstream ports, which are able to connect to external
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Therefore, a plurality of USB devices are able to connect to the USB Bus via the USB

compound device in the embodiment.

Although the description of the preferred embodiments of the invention is
explained in specific manners as above, nevertheless, it is understood that the aforesaid
examples are only illustrative. Various modifications and alterations can be made
without departing from the true spirit and scope of the invention as defined by the

appended claims.
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1. A USB compound device, utilized to connect a plurality of function devices to a

USB Bus and make the connected function have the advantage of “plug-and-play”
function, comprising:

a USB transceiver for utilizing as the connection point between the plurality
function devices and the USB Bus, transmitting signals to or receiving signals from the
USB Bus and performing the signal format conversion;

a serial interface engine (SIE) for decoding the signals received from the USB
Bus and then transforming them from serial form into parallel form, coding the signals
to be transmitted to the USB Bus after transforming them from parallel form into serial
form, and performing cyclic redundancy check code inspection while
transmitting/receiving; and

a circuitry for storing and managing a plurality of device addresses designated by
a USB host, and proceeding with data transmission, wherein said circuitry does not have
the functions of said USB transceiver and said SIE, and its one terminal is connected to
said SIE while the other terminal is connected to a plurality of non-USB interfaces,
which are used to connect to the plural function devices, via a microprocessor or

controller,

2. The USB compound device as described in claim 1, wherein the circuitry

comprising:

a generic endpoint state machine;

an address/endpoint management mechanism for storing a plurality of
address/endpoint configurations, wherein said USB compound device executes USB
standard communication protocols to communicate with the USB host via said generic
endpoint state machine according to the types of the endpoints stored in said
address/endpoint management mechanism; and

a memory module for temporarily storing data being transmitted.
3. The USB compound device as described in claim 2, wherein the plurality of

address/endpoint configurations stored in said address/endpoint management

mechanism include a set of address/endpoint configuration of a virtual hub, said set of
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4. The USB compound device as described in claim 2, wherein said circuitry
further comprising:

an endpoint variable register for storing the states of the plural endpoints, said
endpoint variable register is accessed and updated by said generic endpoint state

machine.

5. The USB compound device as described in claim 4, wherein said memory
module comprising:

a memory buffer for temporarily storing the data being transmitted; and

a memory management unit for accessing data from said memory buffer,

comprising:

a memory configuration mechanism of endpoint for storing the memory allocation
data and the maximum packet sizes of the endpoints in said memory buffer; and

a memory access control unit for accessing data from said memory buffer

according to the endpoint numbers of signals and the memory allocation data stored in

said memory configuration mechanism of endpoint.

6. The USB compound device as described in claim 5, wherein said circuitry
further comprising:

an application interface engine for transmitting signals and accessing data between
said generic endpoint state machine, said memory access control unit, and the plural

non-USB interfaces connected with said circuitry.

7. The USB compound device as described in claim 2, wherein said
address/endpoint management mechanism comprising:

an address/endpoint configuration mechanism for storing a plurality of logical
addresses designated by a USB host, and the correlation between logical endpoints and

physical endpoints of each logical address; wherein said generic endpoint state machine
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utilizes said plural logical addresses to determine whether the plural function devices
connected with said USB compound device are the receivers or senders designated by
the USB host;

a physical endpoint configuration mechanism for storing the type, the maximum
packet size, and the memory allocation data in said memory module of each physical
endpoint; and

a logical/physical translation module for translating the logical/physical endpoints

of the plural function devices connected with the USB compound device.

8. The USB compound device as described in claim 7, wherein the plural logical
addresses and correlation stored in said address/endpoint configuration include a set of
logical address of a virtual hub and the correlation between the logical endpoints and
physical endpoints thereof, wherein the address/endpoint configuration of said virtual
hub is used by said circuitry when it executes the function as a hub via said USB

transceiver, said serial interface engine and said microprocessor or controller.

9. The USB compound device as described in claim 7, wherein said circuitry
further comprising:

an endpoint variable register for storing the states of the plural endpoints, wherein
said endpoint variable register is accessed and updated by said generic endpoint state

machine.

10. The USB compound device as described in claim 9, wherein said memory

module comprising:

a memory buffer for temporarily storing the data being transmitted; and

a memory management unit for accessing data from said memory buffer,

comprising:

a memory configuration mechanism of physical endpoint for storing the memory
allocation data and the maximum packet sizes of the physical endpoints in said memory
buffer; and

a memory access control unit for accessing data from said memory buffer

according to the physical endpoint numbers of signals, and the memory allocation data
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11. The USB compound device as described in claim 10, wherein said circuitry
further comprising:
an application interface engine for transmitting signals and accessing data between
said generic endpoint state machine, said memory access control unit, and the plural

non-USB interfaces connected with said circuitry.

12. The USB compound device as described claim 11, wherein said application
interface engine comprising:
an event control module for receiving the events generated by said generic
endpoint state machine and said memory access control unit during communication, and
transmitting the events to the devices corresponding to said physical endpoint numbers;
and
a control interface module for controlling or configuring the registers inside the
circuitry, and proceeding with data transmission with the memory control unit;
a data path module for accessing mass data, wherein said data path module
transmits data between said memory buffer and the plural interfaces connected with said

circuitry in a direct memory access (DMA) manner.

13. A circuitry in the USB compound device as described in claim 1, wherein the
circuitry includes:

a generic endpoint state machine;

an address/endpoint management mechanism for storing a plurality of
address/endpoint configurations, wherein the USB compound device executes USB
standard communication protocols to communicate with the USB host via said generic
endpoint state machine according to the types of the endpoints stored in said
address/endpoint management mechanism; and

an endpoint variable register for storing the states of the plural endpoints, said
endpoint variable register is accessed and updated by said generic endpoint state

machine.
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data and the maximum packet sizes of the endpoints in said memory buffer; and
a memory access control unit for accessing data from said memory buffer
according to the endpoint numbers of signals, and the memory allocation data stored in

said memory configuration mechanism of endpoint.

15. The circuitry as described in claim 14, wherein said circuitry includes:
an application interface engine for transmitting signals and accessing data between
said generic endpoint state machine, said memory access control unit, and the plural

non-USB interfaces connected with said circuitry.

16. The USB compound device as described in claim 6, wherein said USB

compound device includes a microprocessor.

17. The USB compound device as described in claim 6, wherein said USB

compound device includes a controller.

18. The USB compound device as described in claim 12, wherein said USB

compound device includes a microprocessor.

19. The USB compound device as described in claim 12, wherein said USB

compound device includes a controller.
20. The USB compound device as described in claim 6, wherein said USB
transceiver, said serial interface engine and said circuitry are all fabricated on the same

single chip.

21. The USB compound device as described in claim 12, wherein said USB
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22. The USB compound device as described in claim 6, wherein said USB
compound device further comprising;:

a repeater for transmitting upstream and downstream USB signals between a USB
host and the USB function devices connected with said USB compound device; and

a connection/removal detecting circuit for detecting connections or removals of a
plurality of USB ports, wherein said repeater and said connection/removal detecting

circuit enables said USB compound device to provide the plural USB ports.

23. The USB compound device as described in claim 12, wherein said USB
compound device further comprising:

a repeater for transmitting upstream and downstream USB signals between a USB
host and the USB function devices connected with said USB compound device; and

a connection/removal detecting circuit for detecting connections or removals of a
plurality of USB ports, wherein said repeater and said connection/removal detecting

circuit enables said USB compound device to provide the plural USB ports.

24. A method of enabling a plurality of function devices to connect to a USB host
with the same set of endpoint numbers and have their respective and independent USB
addresses, comprising the following steps:

configuring the logical endpoints and the correlation between the logical/physical

endpoints of the plural function devices in sequence;

storing the configurations of the physical endpoints of the plural function devices;
initiating the address/endpoint configurations of the plural USB function devices and
communicating with the USB host in sequence by utilizing a microprocessor or
controller, and then designating the plural function devices their respective USB logical
addresses by the USB host;

storing the USB addresses designated by the USB host;
comparing the specific address of each signal transmitted from the USB Bus with the
USB logical addresses;

-29.-



L/ 109& () -. mLOY%& ()-*109%& ()- @ MLOY% () - 9&L0%& () - s$MLOY% ()-]j dYNCT! 10

10 10 10 =109& ()-y 9109%& () - L&6GLOYE ()- 94! 109%& ()-y2109%& ()-"h)dEYNCT! 10
s10% & ()-Ss10% & ()- &

109 & ()-S910% & () - &10% & ()- &Y' 10% & ()-){ dEYNCT! 10

fImo% & ()-8& 10% & ()-S310% & ()-sml0% & ()-sSs! 109 & ()-S10% & () -! sddEYN
CT! 10

%'T : 10% & () ptRQIBE «ith " TRRA/Bhslcab Oripd RV fardlarfoh O%hen (s LOUbidoh- 61 caBYN
1097! 109h8tchys; B8 1096 & ()-!18y,!109% " & () -8y, ! 10%& () -f*nl0% & () - 9@ 10% &

- |
()-cz.bCh g‘rgnsmitting the signal to the function device represented by the physical endpoint.

25. A method for implementing a virtual hub, comprising the following steps:
using an address/endpoint configuration as the USB address/endpoint configuration
of the virtual hub;
receiving signals from or transmitting signals to a USB host by using a USB
transceiver;
using a serial interface engine to execute the decoding, encoding and format
translation of the transmitted signals, and perform cyclic redundancy check code
inspection while transmitting/receiving data;
using a microprocessor or controller to communicate with the USB host in the function
of a hub via software or firmware, and getting a USB address of said virtual hub from the
USB host;
when the address of the transmitted signal directs to said virtual hub, responding to
the USB host with the microprocessor or controller according to the content of the
transmitted signal; and
managing other USB function devices or reporting the configurations thereof back
to the USB host with the microprocessor or controller via software or firmware so as to

maintain the USB tiered-star topology.

26. A method for implementing a USB compound device, wherein said compound
device is used to connect at least two function devices having no USB logic circuits to a
USB Bus, and enable the connected function devices to have the plug-and-play function,
said method comprising the following steps:

setting up a physical layer block for connecting to the USB Bus and proceeding

with the reception or transmission of signals, format translation, coding or decoding,
and cyclic redundancy check code inspection;

setting up a link layer block for receiving the signals transmitted from said physical

layer, proceeding the comparison of address/endpoint and communicating with the USB

host under communication protocols according to the states of the endpoints;
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setting up a memory buffer for storing the temporary data of the endpoints.

27. The method as described in claim 26, wherein the step of setting up said
physical layer block comprising:

using a USB transceiver to transmit or receive signals and perform the conversion
of signal format; and

using a serial interface engine to execute the decoding, encoding and format
translation of the transmitted signals, and perform cyclic redundancy check code

inspection while transmitting/receiving data.

28. The method as described claim 26, wherein the step of setting up said link layer
block comprising:

storing the states of the endpoints of the connected USB function devices by an
endpoint variable register,

using a generic endpoint state machine to access and update said endpoint variable
register and communicate with the USB host under USB standard protocols according to
the types of the endpoints;

storing the addresses designated by the USB host and the corresponding endpoints
of the function devices by an address/endpoint configuration mechanism;

storing the physical endpoints and its endpoint configurations by a physical
endpoint configuration mechanism; and

executing the translation of logical endpoints and physical endpoints by a

logical/physical endpoint translator.
29. The method as described in claim 26, wherein the step of setting up said

memory management unit comprising:

storing the memory buffers designated to the physical endpoints and the states of
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application interface engine comprising:
using an event control module to receive the events generated by said generic state
machine and said memory access control unit during communication and inform the
function devices represented by the physical endpoint numbers in said application unit of
the event;
using a control interface module to control or configure the register inside said
compound device, and proceed with data transmission with said memory management
unit; and
using a data path module to access mass data and transmit data between said

memory buffers and said application unit in a DMA manner.

31. The method according to claim 26, wherein said method further includes the
steps of providing the device a plurality of USB ports, comprising:

using a repeater for transmitting upstream and downstream USB signals between
the USB host and the connected USB function devices; and

using a connection/removal detecting circuit to detect connections or removals of

the USB ports.
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