;e3e)>)::; D<: =Tj >6>T>\ e829 SEP 2004 APPARATUS AND VETHORZ & SER2004cATED
| NTERCONNECTI ON OVER A SHARED EXTERNAL BUS FI ELD OF THE | NVENTI ON
Enbodi ments of the present invention relate to comruni cati ons over an
external conputer bus. Mre particularly, enbodinents of the present
invention relate to a dedicated interconnection over a shared external

conput er bus.- BACKGROU I .Jé ¢ s include a serial
port that can provi ‘ Eg@g&ﬁ% ral . For exanpl e,
to transfer data th C . fERNe uter can 10 send

data over the internal input/output ("1/0O bus to a Universal Asynchronous

Receive/ Transmtter (" UART"E at a serial port address. The conputer's DART
serializes! data bits one at a time over a serial :
communi cations link (e.g., a wre, a serial cable) coupled to the DART. The
term "coupl ed" Teneastmpensakthg PERsE Ve R AHERE ICFATMMARICHIGE PEER" SHfféct i on,
etc. The peripheral at the other end of the serial communications 15 |ink

i ncl udes acouRier bhat Mpeecsiticadark hembpdimaentsRf iR RTesyw gwentige felag ogor t i s
~typically coupled to a single peripheral device. Conputers may include

Uni ver sal &dicaall iBesofregSBl §ver o ohardidytarmit tamiivgbesne or nore USB host ports.
A USB host port can be coupled to a plurality of USB peri pheral devices
("USB target devices") over a serial conmunication |ink. Each USB target
device 20 can be assigned a device address by the USB host (e.g., the

sof twar e apgdCR@RDEGNE OF THEINMENTIORr t hat supports the USB). The USB host
can include a USB driver that knows the device address of each USB target
devi ce. Each USBdvat@eputéleirichrle @ 3eridhayrethat can QvISER d&Avd conmeedponai ng
device driver that communicates with the USB driver to performdata
transfers foi,p04) fHoP Bxdrie, USBakisddrQigla 1618 iprphe i) @ Prodessle vf tie cofput@rcai s T 0
transfer data to or froma USB target device, it sends the USB driver an

1./ O Reﬂﬁeséengj %K%Qer(tillé ng}ﬁaltilq:uif/&ﬁbhﬂﬁt‘lf(b’r)i Hus &f 4 Onivéial hk}@c}fd@ﬁcﬁ:st ransfer. A
single USB target device cannot typically performan entire block transfer

of data acy0sg..ieniivRefl-10er! b PseriBOWRVREmRssD TRt uiche VNS defialeshar ed
bus (i.e., many USB target devices typically can use the sane bus at the

_same tine), Accordidal Yaia Birdaicth b iRRIVE 2 deSatlchinG@tdidndlinki(€leda Witk a segnent s
(e.g.. transactions) that are transferred during successive tinme periods

(e.g.. fr ama,%%%abgyiﬁﬁﬁeﬁ B AFART! TRORER FSoup REPerlchARSRE & HRAS corinB®iokSB host

can ensure portion of the USB bandw dth can be devoted to ot her

USB target dewic le Lo ‘ [ S99 Rk edd ofGReRE cARRLGEIRREd that a
substanti af" i 'é%f?g%ng é%;’ g‘}"y %%h%;rgjsh&gnﬁ Appar atus whi ch can advant ageous! y

provide, a dedi cated HRRG GATSHLL B QU GARPALEH GAMRMSEpRYSY coupled

to a single peripheral device.

Computers may include Universal Serial Bus (*USB™} root hub including one or
more USB host ports. A USB host port can be coupled to a plurality of USB peripheral
devices (*USB target devices™) over a serial communication link. Each USB target device

20  can be assigned a device address by the USB host (e.g.. the software and hardware of the
computer that supports the USB). The USB host can include a USB driver that knows the

device address of each USB target device. Each USB target device can have a




BRI EF DESCRI PTION OF THE DRAWNGS |5 FIG 1 shows a syste219 rSEPcQﬂmdance
with an enbodi nent of the present invention. FIG Z. shows an apparatus in
accordance with an enbodi nent of the present invention. DETAI LED

DESCRI PTI ON Met hods and apparatus in accordance with enbodi nents of the
present i nv@fdspadiGieciandraeivan tageonisieg withand U8B dridedb patreeh 4414 er connecti on
over a shared external conputer bus. According to an enbodi nent of- the
present i nueidrof. and fishahaldSEexicerdeaice.ous controller can include a first
register interface and a second register interface. The first register

interface can regehYeeviceldrildrissb ustter 0da Gk FomaNUSE B &RRORE if £AlSTHET

interface can receive a 29 SEP 2004 second set of data. The external bus
control | er y&anrsensh Wdﬂﬂecflaemsck&qm@f)tslﬁetqaesamqlah&?o%egm Shtfe0fA giﬂt’l% to a
shared external bus port. shows a systemin accor ance W t

erbodi nent (@ &g dee %Bot'ng:‘i’cﬁﬂt peofBrm b GRAPHEG rh iR 6Pk AGLUGR, BSBY ocessor

1 11 coupled to-a nmenory I'n’ one enbodi nent e present |nvent|on

processor  Hos i, AulRSH! halflhe hdbsBIOFGRRAHIR Dufant degdahy el Corp. of

Santa d ara, Cal'lforni a entlurrslsarels ere ,
Corp.). Proces I f.erna bus control er 1 13.
The intern Iplcbu‘éc%"o"ﬁ%th% %?er\)u?%t eflé’p' ?%e)t éA’Cé%jb" I- r‘nenfElga tfaQngr \5@”?%% ral

Co t | t
e SRR RR S et (g e o oy e GG b st B ot 10

bus controller a.Nort hbri.dge Chl and t hbri dge chi

front-si de etmsisaé’g)eﬁ} g%l Ffaésr’n(’éjﬁlﬂ UgnSfL g‘l?wslfaﬂ CB‘EIE? tg%ﬁghgo'?qsb?a“ eﬁs‘ﬁéﬁ%’? bus
controller and an l{-{g lgus controller. etc.). An external bus host 115 can
be coup edPergon pkiar HIP bedeidthsap bp fvafed fo atéer Yrtetarget devieas. friyienadther 1~ can

i ncl ude an _external bus host controller 116. In one enbodi nent of the
present i n{REPROINGNIT CPHRS apRieddtpiihal p gubsiaglial neepgxists far meWopband qpparglus t he
software and hardware 15 of a systemthat supports a USB), and the USB host
i ncl udes awbish chpastvaniasseysh nraside ajdedisgiest intsrcoavdsten evant sbared emputeriaust
invention, the external bus host 115 is a shared external bus host (e.g

t he softvvare and hardware of a systemthat supports a shared external bus).
A shared external bus, in one enbodi nent, can provide conmunications for a
pl ural ity BRIEERESERIPTHAN OFHEDRAWINGS use the sane bus at generally the
sane time (e.g., data is 20 comruni cated via packets. via a time-division
nul tiple accessFifr btleeok sysenciodeodiavdesiitienmm toiliploat aCthe psesprobenoby. a
frequency-division nultiple access protocol, etc.). External bus host
controll er 116 ®an2 bbovescupbgathttson acmo:tdarlrwbmhja?] empdinicnn bf thalprékdnt can 1 ncl ude
a port 118 and a port | 19. In one enbodinent, root hub 117 can be a USB
root hub, mReéwwach of ports 118, ,119 can be a USB host port. _ 3 _ 29
SEP 200 I n one enbodi ment of the present mvenuon, the external bus host
control | erpttanis oesoRed10W the an external bus port via an external bus
port output of the external bus host controller 1 16. In another enbodi nent

of the present M&Mé‘d&%h@ﬁbpa@ﬂ:s%&@frmke»bmerHQ&ﬁm@rﬁ%f e pr&ent ifivdnfieh uded in
an internal bus controller (e.g.. a PO bus controller including a 5 USB

host coptr ol a@(/anta%E&:s)) ‘provide a dedicated interconnection over a shared external computer -

bus. According 1o an embodiment of the present invention. a shared external bus controller
can include a first register interface and a second register interface. The first register

interface can receive a first set of data, and the second register interface can receive a




Conputer 110 can include an external bus host controller dfiglsr é[fﬂ one
enbodi nent. the external bus host controller driver includes I ﬁ t£Ullét i ons

to be executed by processor 1 1 1. The external bus host controller driver
can be stored on a conputer-readabl e nmedi um such as nenory 1 12 (e.g.,
Dynam ¢ Random Access Menory (DRAM, RanbusO-10 DRAM RDRAI\/tb St aai ¢ Random
Access Memavoyd (SR The exstmnatbwrcoptroller parsenddihe Rrst gt obats aad thapegernd g

magnet o- opti cal disk. a Conpact Disc Read Only Menory (CD-ROM), a Digital
Ver sat i | e sBic$dath DvDyhared onernad bestioite nenory, a conbi nation thereof, etc.). In
one enbodi ment. the external bus host controller driver can include a
plurality of drfic.arsaoysa gysigm srncexdacnaith susntdinent obthe PERIeRHPENHET- bus host
control ler driver, etc.). In another 15 enbodi ment, the external bus host
control | era ghhpidr 16@Euniimideisl proccstdBB] Uedupled temuiemotySB2h ds eneonbeddmpEer

driver. In accordance with one enbodi rent of the present invention,

external Ynd}RskniGRRAGR| frédessdr 16 it nRimide® 14 soandandnrlgiusddry Inl er f ace

and standard interface logic. The standard register interface and standard
interface d&,&?ﬁd‘ff sSANCEANdaldaha (Roiua®ds 4 Rgiticied tddtmarR®f Imerforphe or nore
standard device drivers. Exanples of standard device drivers include a

keyboard deyice. §if | 48be cRpPHIS if@HAIGEs Snirvitdr 113 Phd iteefial by tadraller ver ,
etc. The keyboOard device driver can receive data from and send data to, a

keyboard 1,?@ YioGe L?ﬂﬁ‘odﬁﬁe%ﬂ%%rp@riﬁrﬁgi: Sbfhorchl IflchagecaRC hrersbiandar d regi st er
interface 10gyicC. e nouse device driver and printer device driver

respectively can recei LAt romeandy, sepg-drt 411 RcludedPplstali®df and -4
29 SEP ZOCFAP)’I‘EO%H %tagﬁh%gﬁlg%@mtt’ﬁ%?andard rregi ster icrlllterfba‘ce a}ad t he

standard regi ster, |nter f@o%%blji(p'gicﬁszi{) ah:c?ﬁ S&%}%ﬁa!gt.echii),rh PHR-seitRdicomAdiler t he

standal¥ rBGCSHEIEE St ace and standard regrster interface | ogic can

schedul et ansaglions, Loy 000598k QNELIS Bk 10 LRbEodimaRagy). ons can be.

schedul ed 39g b&‘:'%'ﬂ transacti Ists. and each transaction |ist can

include one or nore transaction tar €. Ot REE; &f tHaexdew ces
coupled to the wwgﬁusg'ﬁ%ﬁ\%?PeFﬁ%ﬁﬁeggosrnﬁ%ga?%c%ntnrto Fer 1 16 can i ncl ude
a dedicated register .interface and dedi cated,inter &Gt of MeONE
enbodi ment busthopiHd> pdRAYF 27 w?ﬁgﬁ%ﬁosg%ﬁ%ﬂ%ééiéll'oﬁigsnggﬁsb%t em under t est
executing system under test

| | (" Sut"), deb of t war e i egi ster
interface pasencBM§HPsdesxguphhys B‘?ﬁ%br’éﬁi\j‘gpé}wi (rell"é‘rﬁ?ea%)zt‘,%\’ ageﬁ%{otc%g&g%%i cat ed
interface 10 | ogi c can conprjse d ort. inter e |l ogj nples of a
syst emifindefa vaism thahgIPpeE a&@&ﬁﬁ&f@ﬁ?ﬁh%b%lﬂg%sraeﬂéﬁh8?ttﬁzgg£rr§11€r'laz¥'gonput er
system board, a processor board, a conputer t her boar.d coupl ed. ne or
‘nore i nput Amitep embaféng eighqreesgnt invgnyQLy §Fﬁf“ggb‘{?ﬁ'@§toﬁéa{?a,SH%e‘r?rg)ﬁ%ﬁgf. a
nouse, a USB device. a network interface card, etc.). SUTL d,gbu b§]§5ftvx/are
can i ncl udeus st(e.ac th srfevareand Brrdyre 962 SXSIETF ACHPRATE 4 988 K/ &1
conponents, 15 instructions to trace system operatjons, rﬁ'onstf!juqtti,o s to
‘communi cat @ diedodigxtetat] dus i cac gebrdimerdrabpOVidg CEMMANKIUPSIPTARETA TSt (e. g. .
conputer 1 10) can be coupled to a debug console 150 via a, shared external
bus |ink 136vice idetypigallyer pherearme B at geigrally Shea2BY 183G Erévdfalis 1ink 171.
I n one enbodi nent. debug console 150 conprises a conputer including a
process@r l5hmaficanimmaiansy vil 5 Bme Tidsidemulyiplensesss roteyl. PP Wy " an
shared external bus port 159. In one enbodi nent, the shared external bus
port 159 i S, HSRBoRopiotoosl, AfrddSBichdbision muliplstaheass proksal ipEmk atterpAldUsy esent -
i nvention, the shared external bus port 159 is at |east of portion of a
shared ext %Egl%mf?blﬂér 1108k be Theplediab g Ao EIG], endls50t fodnl 1@xet indudtebiigt tidnsol e
debug 5 SEP 200f software that can comruni cate via debug peri pheral
130 with t ha%d §%—rt 8P YY Qi hY¥@ment, root hub 117 can be a USB root hub, and each of ports

118, 119 can be a USB host port.




bei ng executed on a system under test. The debug peri pherﬁglgspc 4 be
coupled to the conputer 1 10 and the debug console 150 via external bus
link 170 and external bus link |71 respectively. In one enbodinment, i each
of external bus links 170, 171 conprise a USB cable. In another enbodi nment,
each of ext er HaP"HUEPIIARY Of i Prasoqt IRYERHPP-JBE UEBIHPHhISheangater itk over

whi ch a shared external bus can comrunicate (e g.. a cable, a

- communi catMHRGIOFEE AN CHETRRIS $8E VRGN CPOPRIT ERYS of BE €xtpmaliu hest

peri pheral 130. in one enbodi nent can have shared external bus target ports
138, 139.coptioligadl enlicipthenembedimeniof thetnsesent iByantphan eyemattasgett ports 138g
139 are an 10 i ndependent USB target port. and the USB target pores are
coupl ed vioau@leF® iptifdesti ag fintermal Hus cofitrallst (ecasta Ritiue reitroll86Ginciid@idza | N anot her
enbodi ment, two i ndependent USB interfaces are connected internally as two
FI FO buf f 8B hosOnentRlliEOetsuf fer can act as a wite buffer for debug console
150 and the read buffer for conputer 110, and the other FIFO buffer can act
as the read bufofrguter 610 tdnendebuign omnsalltes hod camsbllasdrivee ioht e buffer for
the conputer 1 10. 15 In one enbodi nent. each FIFO can be eight bytes. In
anot her esitedinanthe @atial bERbs athtdiet aigeinclianingh@hbnsday besxechied byt he USB
interface to the each FIFO can only provide a maxi mum of 8 bones of data

per read ge@uest H. The Sehug beoRSOt@nSiISeir(ePAmUBcTt O a Qndule rdahug
peri pheral 130, in one enbodinent, is inplenented according to the USB

speci fi cahddin subhat fedRRd) USB. A wami2Rakdmh h@cegksrﬂ@n&&(mﬁg R%)Jpﬁ;ts onsol e

side of the peripheral. The system under test side (SUT side e debug

peri pher abr LANRPRAMPIsen® rna«agora%c@égima?ﬁg (Ssﬂﬁh}jiﬁ%sﬁ %%H.%%Jd%%%@nt h

certaln exceptions.- 1n one enbodil nent, e can cone out reset

bl ed 0y - : t i Th faylt add
oneb ed 3SR, sea0ni b caaa RS hpRUl syl le IR 20 s
typi cal B | CE d i d to it b USB h t he SUT
(yor el BRASHR A8 . ULESLARSLANSY | ey AP B, e

enbodi nent ,of. t he.,present.invention, C uter. |, 10 can..be .Syst em under
R DR T R R DR

test that"execite war'e. _ @cuting on
5 conputer 1 10 .can .co nicate vyia .depu ri pheral 130 wi,th debug consol e
debug’ sornarErdRaRuF T ah BBl kB LBl fug 8 FRenitnstiy

comuni cations (e,qg.,. da ent fromc ut er. 0 ebu onsole 1 poO,
ot o Bonempdmeticits et B terig it inudys 1 Y5eaf 7 U8 vi 2 o

dedi cated and unobér_usi've portion of the shared external bus (e.g., a USB
bus) whetREcoYPIRLE ¢ -andar d conmuni cati ons are bei ng broadcast over the
shared 0 external bus (e.g.. communications to_a keyboard, a nouse, a
printer, etc. inaceardance Widipngesmbadupgss phihg Sresent Avetiem feermpbhius hosn

enbodi nent of the present invention. Conputer 200 can include a shared

ext er nal chuiglipoklt ipdudes astandprd regigeitesiecepithitansar ingsfecedogic.cBie i ncl ude a
dedi cated register interface 230 and dedi cated interface logic 23s. In one
enmbodi memstandarhisgigied inderfase apégfandaed ntgrfase fegiecan3onddapio. swlyeceidalbag port 15
regi ster interface, and the dedicated interface |ogic 235 conprises debug
port Aint droaces drowire staffdred dérasediivexs. domalpldsud stodard 2éviceodriversnodludde a
standard register interface 210 and standard interface |ogic 215. In one
enbodi nentytohrdtdbecpdegsent mpmeahvicodrivéhe pst@ndavick drogr, stceThd keblerafdace 210
and standard interface | ogic 215 can inpl ement conmunicati ons between one
or nore devivedrbe2n ré@ing. datafrotleyindiscad dme ko, aikepbdard LI0OWE thd@ahdaed dri ver s,
etc.) and 20 standard shared bus peripherals (e.g., USB peripherals, etc.)
coupl ed tgidiientSiRRE 8 M RNBA 18l Ge DRt faddR el The meust SR sIvedalt ., etc.).

printer device driver respectively can receive data from, and send data to, a mouse 191 and

-4-




St andard bus sequencer |logic 270 can receive data to be ériw Emg to the
shared external bus port 260 from standard register inteff 2 nd/ or
dedi cated register interface 230. In one enbodi nent. the standard register
interface 210 conprises a standard USB _7_ 29 SEP 2004 register interface

of a USB host controller. The standard USB reai.ster .int , ap,r eceive
data from prinserdfdatidthesendiye FeReh e oLt TR ‘ee’ﬁ“q{ifa?%ﬁﬁ' A"USB

transaction list of transactions can be generated. and,t tions can
be sent taxampt dnmengranbodmiesl éhes‘&ﬁ'a%rﬁd %%‘Slgrd?wtf?cg ﬁ%drﬁlaé'g?rg ﬁe@?s g} e[ar&{%%c host

port. In one enbodi nent of the present inventigén 5 the dedi c%teed regi ster
i nt er f acelogR@anachethle da@rEans &ubs RPRfcpy Oxer gy - 238 TRARYRENVE dat a sent
by driver 225 (e.g., a software driver, a debu? softvvare[\dgriver etc.).
Data r eceicheduléd cmatshriesché eipsagtion lissginstearh ransasHeniscanprlyds oge ST BB g dat a
traffic) can be sent to the standard bus sequencer |ogi¢ 250 for

t r ansm ssirgationtizecsh frade exmercpithaslsyicpriopploble thegXiea B ext er nal bus

host 201 including the dedicated register interface 230 and the 10

dedi cat ed i nt eefanel bisgiost c2@5oller hlGras intirsdi dedipaied BYHCOPEHAELE n at | east
three nodes. A first node of operation can enconpasses transm ssion of data
via the dagiicadddiciag btier I orteenfrad 8ol hapreschein ¥REeL QoBRYEH 4F 2 bus when
the standard register interface ? 10 and the standard interface logic ? 15
are not ablent Gndef ERSERctutitatesién ubdee ish@SET elkbur nfirargube geiceted60.  For
exanpl e. the status of conputer 200 can be such that the standard interface
| 0gi ¢ 215 Jidierii@MBcelda® cahpised debiigpanalegisusinpoide. &@0hededicpredingiriget| ed
~state. A second node of operation can enconpasses transmni ssion of data via
the degi Caed.h@QhpHsd a Bebug pbraarer2d Iand Dhephafeystentedan st ibtladathen t he
standard regi ster interface 210 and the standard interface logic 215 are
operati ongl, E&teﬁacoﬁﬁﬁkﬁi HBh8804r0. 4 ccamnsmd: tsydiat Boavd. a ptdeessgttaendds ext er nal bus
port 260). Th erther of the first node of operation and the segond nmode of
operation. | AR MIed RQnalr easihp@/oagtt dempenTt.20h kedhbardreecei ved
fromthe (53'3%%?@8&%’8?& e!riﬁi nterface canpbe ?r ansmtted to the shared

external bus port Qi aNd - RULS 2 AISBNRRRY. £xctesRalierbidscardatc. )eSHYpkez i n one
Vide G Eng) 1st?lr'ared external bus is a USB, the dedicated port is

enbodi nment’, e
£ ﬁn%h;d? RHh&Rno datrRinarefuabnylitiof fsetiednpaicad, regi st er

able to sen&wart Cld
interfacesd rf‘ﬁg eac rame transmtted over the USB (e.g.. at least 8

bytes every | m|]li Srations! hsARHLAEH cofmunicate débuPbita BOdEbug
errbodilr?ent‘¥S‘%ﬂ°%W§rt%§§éée%?ge{?nﬂ§F Bus host can control the operation of a

shared exter nzl bus so that the bandw dth of the shared external bus
i ncl udes #°"1%a8¥ a mi ni num anount of bandwidth (e.g., 8 bytes per period,

16 bytes per period. 256 hytes B 1196 canlbekBi&l BRdchRldofsdle 1BOwia) f or
data received \ﬁ%t"sfeﬁjeurgeeagée{?éag%&ﬂstersiica}lt eerfa%:e. The  remai nder of the 6

‘bandwi dth of the shared extegnal by ,&%} D934, Qhd SRR dl@eRMRE ik &1L he
standard regPEErel E‘t‘sflﬁ’i‘e]%‘lanéegg‘fﬁfr Ffag?e of oper ation, the dedicated

register interface 230 and the InC [Nt L10@hEa gr3besbsy 19Dt _enabl ed
and not ’aHPé’"FémP?‘H%Etea‘% Dagrfsﬁg\?‘i%ao Ct%hlgﬁg Sgrcgﬁlfpgl?(ﬁgrnal %Es psort 260 and

t he shared external bus. |n one iment, | ' sdJSB system
a debu?p pemidpresnery ‘é%upﬁﬁ'ee%ebt’%‘:%&tgﬁgg %Bmggjﬂ@grﬁ%%gﬁgﬁgﬁlg‘eﬁggbﬁ @:; ecei ves

appropriate data within a certain, period Qf. tiQB. R
oper ati on ¢re.apbodigtesh ‘]Eﬂr@a??émﬁ‘rabg‘r‘séﬁi"s]tsgr's f 'Hggrpf) ggggpfsshéﬁ%%agf %ﬁ't hg{’]d t he

dedi cated register interface enabled), the shared extesn can
peri odi cal ébgimen af the (Pecsgnt INEPER; ﬂf') heracicsEey ,poét1§§ jﬁglegﬁéfe a (?nve"
packet to keep the attached debu%%geripheraL from sus ndin(s]n:JL &%upne

enbodi ment of 4 farddespalal ves hvate e debyg gosale PG FRFAFEHE EBUHIY-E SYNC fiel d
(i.e., a binary representation of KIKIKIKK). In a second node of operation
(e.g.. when the standard register interface arid the dedicated register
interface are enabled), the normal transm ssion of SOF (Start of Frane)
packets (i.e., a packet identifier and_a_frame nunber) can keep the
attached debug peripheral from suspending. In one enbodinent, in either the
first node of operation or the second node of operation, the ?0 external
bus host can check for software requested dedicated register interface data
transactions at | east every 125 microseconds. |In accordance with one

enbodi mnent of the present invention, a systemunder test includes a shared
external bus host, and the shared external bus host includes at |east a
standard register interface for shared conmunications over the shared
external bus and a -9 29 SEP 2004 dedicated register interface for

dedi cat ed communi cati ons over the shared external bus. The




shared external bus, in one enbodinent, is a LSB. In anot hgrg §E?oﬂﬂﬂient,
the shared external bus is an | EEE 1394 bus, a |l ocal area network, a

wi rel ess conmuni cation path, a wireless |local area network, etc. The shared
external bus host can include a host port in comunication with a debug
consol e. - baftwpe tatiseriFarRmInicatenE debiargriehsr dbwitathe SHA| debteg softvearget port. In
~anot her enbodi nent, the host port of the systemunder test is in

communi cabeg expuRect s Sdétﬁngnct,eotﬁ;stol e via a debug peripheral. The debug

peri pheral can include a pair of target ports, the first target port being
i n conmuni cat i diewebug fehehesy) $30eaam badwpled esthe toglitepdt@ andahel déthvg cosaind
target port being, in comrunication with a host port of 10 the debug

consol e. The viystenal bndbak 78 8id o@mat busBinb U] @fpecto&dt 1ande Embbdighent,
instructions (e.g., software, firmvare. hardwi red instructions, etc.) to

| ocat esa desh efextdnad bsuiken 105 11 he@npesh 028 e ehblee ¢ Siotier eMbedihREE e@dhthit O
determ ne the address of the dedicated register interface. In one

enbodi Mentextestat Bud Ik N OE 7 DESnpakEa EonthundeGors Mnis ek QMcHARAREH S ferebug
software. In another 15 enbodi nent, such instructions are at |east part of

a system BLOS(doashemidatel/ 9uiHRUL C&Mhﬂétt&@patha@wﬂpﬁ§ﬁbhﬂﬂjrﬁé’a§lbﬁ§n a
sof tware application. a software driver. etc. In one epbodi nent.

dedi cat ed ;L@gieh eDebJH&hEl?e?fﬁ’ 136 irl GHe @nB6HikEn 8 1BOL E%rédb\‘?erﬁﬁlbugﬁa @égl I ty:
and the entry i ncludes address information relating to where t edi cat ed

register PB{%@EiSa@%rﬁ%ng%%bodTrn&t egaltctfgwated%&rr@ﬂst gt}@a dek ¢541 78 aytta%t her a

debug per eral is present. For exanpl e eBu periphéral ‘can cone

out of resectepgpatt%ﬁga SRR B tﬂsé?(#oefagsttseﬁécw (EHEOSARN Lo, accesses

t hat addr ess m un com‘ru e'via cated

register L niﬁﬁst ogtc% uffe? 156"21‘ %Ha a?gh g(g(pm wa 1%%?61}(] @%@g a}%gg%?l::t ((EWIVIt 2

or without" eri p eral e sys Then

t he dedi cated r i nt erf r t the 2004

st andar d ﬁ%’i‘"tec'ieg ofor@?étasm FF%?—bd‘ff\évpxg F]é:%lt EP Eagtn‘ﬁ&dwﬁ‘ﬁ%t"ﬁgt & system
under test can co u e d the | tr S blish

- comuni caijtEH?sC {}?OEE ﬁ’ "83&%”?%8 R Ry ft Ei:%tﬂ?)r\){a]?oq’r'l'g%éﬁaé‘raéa |

ext er nal can be e prio ecutlon 0 ructi ons to

ot abl | ShaC R T Bha oSk ahustes tarte bEferdaahe SmBRBotOrent | dat a

5 comuni cat ed over the d extern s via the dedi cated._regi ster

i nt er facetHF W@H’ée"&r?ﬁ?j’rﬁéﬁémt efrghf @“‘Ff’aﬁ? ?‘I?H‘eb?“t’?fgmﬁh‘aF@ﬂ FABY&Ahal bus.

I n anot her enbodi nent, the system under test can_execute the instructions

to establ P%H“%"(BHh'*ﬂr?iq?ét’?‘%ﬁﬂ%”‘\Weapstﬁté“eéft’%rtaéhec?aﬁﬁ'd:rlfoé\f)‘%P“lﬁ/tpéo‘sl%? ed external

bus can be executed prior to execution of instructions to establish

comuni catiasimuny Ph8 bYfes ¢fdlaie Pt ey E@§fist er interface. In such an enbodi nent,

data 10 comuni cated over the shared external bus via the dedicated’ :

regi st er i nterThedebggnonseleiside fosipda sidsdlohihe debdgpaiphesst 13G imommuni cat ed over

the shared external bus via the standard port. In accordance with an

embodi nentmbédimiat. riwglementihaceerding i the IFBuPesification. camtandart WS driNerware to

determ ne whether the shared external bus host (e.g., a USB host. etc.) 15

i ncl udes aardecisedtostcese iestmpleisilk of hapgiphoml. die aydteransddarsest side (YET t he

shared external bus host by accessing the PC Capability List (the PCl

Capabi | i t yidk) ftthd debde péripderai aan bé en@hentsd @adorBustoSpeUSBispatificnioaSadt i on 6. 7

Capability List, Rev. 2:?, Decenber 18, 1999). In one enbodi nent, the

dedi cat ed @i exzcamidae. InamatatodiieraabeSST Bide emabmPGr oftreéer enatriel abdtaan mi ni ng

if bit 4 inthe status register is set. Wen bit 4 is cleared, then the

current 2Q..46) 16 8cORS tHALIddRWIROTHe dehglt RdresComatel d fitad adtibs. anGbnkhe sof twar e

can nove to the next device (or function). Wen bit 4 is set, the software

can read an offset (e.g., offset 34h) of the device's confi guratl on space.

This byte field can be used as a pointer to the first entry in the

capability list. The software can read the first Dword (doubl evvord) of the

first entry. Byte O is the capabilityétD, and in one enbodi nent, when it is -
equal to a set value (e.g.;




29 SEP 2004 QAh). then a dedicated register interface (e.g.z gaS%P%lﬂﬂﬂ
register interface) has been located. Voheri the value is.not that set
value (e.g.. QAh). the software can deternmine if byte 1 is zero. Wen bye 1
is zero, the device (or function) includes no additional capabilities in

the Iist, and LicdQlkNRSSANUSE GERR O REls A8kh&R (G JUSBHEAMhe When

byte | is non-Zzero. tware can use byte as a pointer to the next

capability jin,.the. ld t. t term ned that a device
supports th%&&é@f g%f%@%zdgézgﬁ‘g{%ﬁﬁ{hr?ﬁgﬁ aog‘g&&lq? can find the address where a
control register, and.data buff.er I The i hat
information in tf‘y‘icg% 33?1&3‘ t'b"gL/th gel%ﬁnt%? ﬁl’f H%g‘g'%ﬁ?‘f/“‘ﬁgﬁ‘ ‘i"ﬁg’ﬁ‘%\ggg‘ﬁﬁq‘?‘?f %v?‘g{l{ Bye 2
can indicate which base a 5S resjste i , Lhe dedi cat ed
register intwief 'é%haiﬁ‘er%t&%dﬂ{ﬁ%iug R ‘S’artehihéﬁjgfé%bﬁgg%g%e\%g%cﬁﬁﬁ%%ry BARS ar e
supported, in one odi ment., the software cap determ ne the type of BAR
(o 00T 5" ppampness 57 fon capgonita i B BN TRA0 v T (BRI R BrlelC, 0o
address of the dedicated regqgister inﬁ@rfsﬂc .. Byte 3 can izch te.lo sof war e
how far (e SpfaF PECURS Of the Sebbaeonseit i Vs @B%bé‘é CORBUPERTUY T3 578 Shpped. In
one enbodi nent of the present invention. tRe shegred ex‘t grﬁal bus is a USB
bus. and af frem comautpis! 1 ety @asoteelgD <qairset o8t 450 Consg i 8 I C R heen

| ocated, the Link IDis determned and the Link Specific¢ fiel F,%éif

appl i cabl e) 110 cimnberGagriep 8@ dedicpied apd pRpRHERYaAOEIPD @%‘M&éﬁﬁéﬁ‘? s E18e
present invention, instructions adapted to be executed by a processor to
perform a met)sBdusirehethebirag! idad mm‘@i'oﬁséﬁd%l?ebrﬁﬁ??ﬁr‘h"er‘l*E%Share
conput er -r eadabl e nedi um can be a device that stores digital information.
For 20 exanpiiemaldussrepsbomuniestionsip e kepdairdra mopse.pdsEie: §¥M as i s known in
the art for storing software (e.g.. mcrocode). The conputer-readabl e

medi um can be ack&s2etiovnenapprasesareprdense tvithlap embpdisxacefithhpresenst r uct i ons
adapted to be executed. The term "adapted to be executed" is nmeant to
enconpass ameitital Compitar?$0 tindtchake e shazediystarm! bes ose2Uts aefl tha shased r present
form (e.g., machi ne code) by a processor, or require further manipul ation
(e.qg., 12 exted9 tSERs2O04ac mripdd satedl oaed teistey pterare 28y andrdgdicaied intarean
access code. etc.) to be ready to be executed by a processor. Methods and
appar at us i pheaCoer daneembbdiherenizatiiicand sgofer tnkeefaps 23 ermyiriseenddteg poln

advant ageously provide a dedi cated conmmuni cati on connection to a

peri phefal . dofkter ifRerfe€ andihe dlicated nicofaes lepioddi nemprise$ detvg ppriésterface nvent i on,
a shared external bus controller includes a standard register interface and
a dedi cat ed|J 95k Shardd ¥ RFfaRGE hosT DE @haichde extasdandteghtrs itorfaqed!t0endcan send
data received fromthe standard register interface and the dedicated
register intghiACRPH& lo@c SHaNesheeribedimaht diug.presha isvemtion, thxstendsad bus
controller can send up to a first anount of data during each tinme period

of the pluralddy iQfrrdet MR G EhRBrd(Redace 168k 116 chn @nficQOA doytnamiciionng each
_frame of successive USB frames). When the shared external bus controller

‘receives datg via the dedicat e &89k abete drvteihageunpatdeleadtivas,sec pad
anount of data received fromthe dedicated register interface can be

i ncl uded wi thin iBndrdid @y, UTBURLpiRFalg 3Lcd) BapIkd Eitihk SgaredetietnbiTe
peri od CG;P tﬁ%"%ﬁréjggfeildlt%;ﬁ%{'a?ﬁfrdrlr%éﬁéri 0 s} e.ag., gt Igast 8 bytres during each

frame of successjye USB L yone enbodi ment of the present
i nvention, %gs E?ftzh&égﬁrﬂ{r{lggg?ﬁ? A of )data recei ved via the dedicated

register interfage san, enabl e GONTUN) GALLANE dASYECRa AnRYS STMLRL { est

and a debug cons nent s of " nmet hods and apparatus to provide a

dedi cated i nterconnect i over a .sha Ler icbed.
mt he Tol | GHeHa! ABEER PRl T oioge i BRI B pn P ARG e T
specific details are sef. forfh t rovide a.th ; § i of 20
the present 3|3Hv€}‘ﬂ"ie<§ﬁ.%°‘{“f‘e 'If"i Slaﬁ'gargﬁ?%’%%i"gfréa&?9%@&%5%%9%;&3%@5 iTled in
the art that the present invention nay be practiced wthout these specific
details. In other instances. structures7and devices are shown in bl ock-
diagram form Furthernore, one skilled in the art can readily appreciate
that the specific sequences in which nethods are presented and




13 29 SEP 2004 performed are illustrative and it is co&ﬁkﬁﬁﬂﬁﬂﬂ& t hat
t he sequences can be varied and still remain within the spirit and scope of
the present invention. In the foregoing detail ed description, apparatus and
met hods i n accordance with enbodi nents of the present invention have been

descr i bedrewisichinteffh@r @RAESH Ross pattidilet The@RAMIAIIB RERRAIHBRLS canAGeREI Nl Y.
the present specification and figures are to be regarded as illustrative

rather thaik fi@fhklaGdard BSBdhider and VSHER RO NE &bl My Usp MS%P@BQ%PS to
us

control an external bus, the apparatus conprising: an externa

~control | efankfabitan e derkeiakl afBBE Shffaclidhs@hd BE&n! @ # BHALNS K fir St set of
data and a second register interface to receive a second.set of data; said

ext er nal rhbfiks n g fy: nd the.second set of

data to 5%H§¥%g?%él bugﬂ%g¥%§%g?%ggf%?h§§8&%%?%§F9%%§f@SHFFgﬁWEFmF%-send to

sai d ext - ; Aok Of cdata. within each tinme period

of a p?(u‘ralg?ia%%&g? r{%’?{rtr%ar “lpr){gﬁcgd% 0 a’? ﬁ?eudgg?%@gnﬁ?rﬁasc?iog# ntCABFECHxE 499 nel udi ng

an at le 0.0 of ta, ch 1 east second ampunt of data to
o3l B 455200 SOl I314 S50 Phdeaglerse sy

be receive om t he ‘'s&tond regi ArEEd of claim
1, wherei o a first anmp of ta includes yp to a third anount
of dat a, fg"é‘m‘%d’%‘ﬂf%‘@ﬁf'ﬁ‘r"?l ‘ea%sa%%“ ((§f="cfigg'¥ faja B%%Fé%f’é‘i SEPLe BRsepdard j r st
register interface. 3._The apparatus pof claiml, wherein: the first

oo ster thsprREdoeR o] e v BBE SR riprlaiaral AP0 and the. second
register'interngce in%%ﬁgﬁé a Qechated register interface. 4. The

appar atus of &1shpref gxte MRSt 20p dnlyding the dedisated regisies megfee 130 ang the
comunicate with a plurality of external bus device drivers; and the second
regi stler dedic@sd igteriagedogip 240G EAPYIMEMhCaR dpefaty indt jegwsithrse mTdes. Appar at us

of claim1, wherein the external bus controller conprises a shared externa
bus cont rfBsfinEgde oBoPeTtign sHpIcAMERSseT trasmission of dhie vis the dedidissivegsteral  bus
controller includes a Universal Serial Bus ("USB") host controller. 15 29
SEP 2004 imerfapp @3G#1dhashasdentesnal brs whenihe siendard rewastdriinstfage@gD sodthe i nt er f ace

includes a standard USB register interface and standard USB interface
| ogi c; arstindard interface logic 215 are not able to transmit data to the shared external bus port 260.

For example. the status of computer 200 can be such that the standard interface logic 213

——
tn

views the shared external bus port 260 as in a disabled state. A second mode of operation
can encompasses transmission of data via the dedicated register interface 230 and the shared
external bus when the standard register interface 210 and the siandard interface logic 213
are operational (i.e., configured to transmit data via the shared external bus port 260). In
either of the first mode of operation and the second mode of operation, in one embodiment.
20 at least a set amount of data received from the dedicated register interface can be
transmitted to the shared external bus port 260 and over a shared external bus. For example,
in one embodiment. when 1her‘shared external bus is a USB. the dedicated port is able to
send at least 8 bytes of data received via the dedicated register interface during each frame

ransmitted over the USB (e.g.. at least 8 bytes every 1 millisecond, etc.). In another
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the second register interface includes a dedicated regi stez gers'ﬁ'é e and
dedicated interface logic. 8. The apparatus of claim6, where"r first
regi ster interface includes a standard USB regi ster interface and standard
USB interface logic; and the second register interface includes a debug

port register interface and debuyg port interface logic, 9, The par at us of
cl ai m 6, Ao BB A B e Flerorr e B shartd ke BRBSE oy s ver
and a USB host controller driver. 10. The apparatus, of claim9, wherein the
up to a fihesthe Ashyithof theshaged sderneldys isludes aidepsts mingpmpmemhtfunt of dat a
wi thin each franme, each at |east a second ampunt of data to be received -
from the bawondh(eg &bdes panpeiiqdate by1es perpadod gaa PUes ST BRTIOR Ibie 28, wherei n
the up to a first anmount of data includes an up to a third amount of data
Wit hi n eapéridd e foralataiteasivet oviaghg dedichtedrregisier iferfdest dhe smsendercédeved from
the first register interface. 12. A systemto comuni cate data over an

ext ernal baslwidiboptheshargd exderpaldoesadre; fordaterppeiyed Yo lhglseadardregiier pr ocessor,
to store a plurality of instructions to be executed by said processor; an
ext ernal hisafgeer Inja third mede ekereratiah, thededictrdrrogibler intecfacs3@dnd the sai d
processor. and said external bus port, said external bus controller

i ncl udi ngdedifaedsihterfed isgie 233 istrer frmbled taod nacbleve tanktivedataet thefhagdt a and a
16 29 SEP 2004 second register interface to receive a second set of data;
sai d ext eppainalis poanbo ed ke shapedsamaindl bes.fi r st set of data and the second
set of data to said external bus port; said external bus controller to send
to sai d externgoneembp@ifdentip at@rduntd with ad/RBISstend, a detiug paiiihaiahcoeglediot | me
period of a plurality of tinme periods, each up to a first anount of data to

‘be reqgi vagd UMt N&pchl bBlkssie@t&i @ aphropastt dg@ withitta certain period of time. In a
first mode of operation (e.g.. when the standard register interface is disabled and the
dedicated register interface enabled), the shared external bus host can periodically generate

. {e.g., every 2 milliseconds, etc.) a “keepalive” packet té keep the attaghed debug peripheral
from .suspending. In one embodiment, the keepalive packet can be a standalone 32-bit

15 SYNC field (i.e., a binary representation of KIKJKJKK). In a second mode of operation
{e.g.. when the standard register interface and the dedicated register interface are enabled),
the norm.al transmission of SOF (Start of Frame) packe;s (i.e., a packet identifier and a
frame ﬁumber) can keep the attached debug periphéral from suspending. In one

~ embodiment. in either the first mode of operation or the second mode of operation, the

20  external bus host can check for softwaré requested dedicated register interface data

transactions at least every 125 microseconds.
1n accordance with one embodiment of the present invention, a system under test
includes.a shared external bus host, and the shared external bus host includes at least a

standard register interface for shared communications over the shared external bus and a

-0.



said external bus controller to send to said external bus Qoﬂtsgp prﬁzt a
second anount of data within each tine period of the plurality of

peri ods, each at |east a second anount of data to be received fromthe
second register interface. 13. The systemof claim 12, wherein: said

ext er nal bigdicptedregsppnicsiess far dedmatedicoammuaicatadns byes thoshdred ancinddiusl ¢ er nal
bus controller conprises a shared external bus controller. 14. The system
of cl ai m KBareflgtteeral bonpr éngiemfodimeniaibe fSBo hsmbdertembeodiaent, chedbirad consol e
debug software; said external bus port to send each at |east a second
amount of et&iraaltbos sandEBENAEH nonsiota reamoveh]0vipiecamamini@Xxien phith/yy system
under test debug software. 15. The systemof claim 13, further conprising:

a debug comgaks lbeal exeattiveridebUTheHBBo bert Buthoshi alaé a Bodl bk G
peri pheral; said external bus port to send each at |east a second anount of

data t g saighrighstgiopevithrRbad consad. dn ARbistboRBlehde daluokonssRNEn GRGlecal | east
second anount of data to said debug consol e; and saig processor executing

syst em undgfoet Ssi. 10@RBEeSAiHWRA:, mﬂe%ﬁa@oﬁu&%ﬁ%%d&@i i3, Wherein said
external bus controller includes a Universal Serial Bus ("USB") host

controller [ b it ahe RYSo ; Jus S8 j F ;1729
SEP 2004 scgingﬁ%:lrgcbaﬁig péri’ pehera‘l aﬁ%\%f ﬁlgggwgt“ ﬁiérépgg{-ar zﬁl %id%@? %@Eﬁq{rg%gt port

and a secqpd, HSB. 1iRbG8te PRI thE RS é@iﬁg,o,q QHgin(&QHﬁ%i@%}i&rgﬁJg{g}qﬁgs&f cond USB

host port. 17 A met hod of transm t 1 ng data over a edportion of a

bandwi dt h u%_e:ateﬁ h3EGA XIS A oS ree HDE béTFé iﬁ%gun%ﬁrm}’zftfbﬁ "2 host port of

10  the debug console.

The system under test can come out of reset -énd include instructions (e.g., sﬁﬁ\vare;
firmware. hardwired instructions, etc.) to locate a device that supports the dedigated regis'ter
interface and to determine the address of the dedicated register interface. In one
embodiment, such instructions are included in system under test debug .software. In another

15  embodiment, such instructions are at least part of a system BIOS (basic input/output
subsystem). §n.0perating system, a sofiware application. a software driver, etc. In one
embodiment. the dedicated register interface is located in an entry in a PCI Capability. and
the entry includes address information relating to where the dedicated register interface

‘resides. The instructions can then determine whether a debug peripheral is present. For

20  example. the debug peripheral can come out of reset enabled, can have a fixed address, and
can respond to accesses that address it.

The system under test can communicate via the dedicated register interface and the
shared external bus with the debug console (with or without the debug peripheral). The

system under fest can communicate via the dedicated register interface whether or not the

-10-



receiving a first set of data froma first register interfZa8e§fpensiving a
second set of data froma second register interface; sending up t first
anount of data within each tinme period of a plurality of tinme periods, each
up to a first amount of data including at | east a second anount of data,
each at | east a second anount of data received fromthe second register

i nt er f acestantidd pbhes nprhiodal oF orekanipa. in7one wihbedimept. dbreystay WEeHesi®8t anpunt of
data includes an up to a third anount of data, each up to a third anount of
dat a receigpedout bDREdthed the mructle;gmsrts@bhshNblemﬁacfémni‘ga thprdediealeA 6REIBE cl ai m
17, wherein: receiving a first set of data froma first register interface
i ncl udes ineeRtybng tdab@ed exematbyslcarr &l exeopred prignto exaqutiontnidngdeptions telr i ver s;

and receiving a second set of data froma second register interface

i ncl udes (ea@kYidemaatdiohs mhastiridargipowlr inwech an2Gbodilventrdathod of cl aim 17,
wherein sending up to a first amount of data within each tinme period of a
plural{ tyccﬂﬁmhﬁnﬂﬁe@@kk 0@ SharddGkidthelshus ein terigdicyediregistef intesfhcarmuntthof dat a

within each tinme period of a plurality of tine periods to a debug consol e,

the debug rﬂ%%k;‘%f%ﬁl&%@ﬂ:cd@iﬁé&&xﬁﬁﬂﬁ%elndaﬁbtuge&mbﬁmme théysteithe met hod of
claim 19, "wherein the plurality of external bus device drivers conprise

Uni ver sal %%F & aﬁlé§eﬂﬁ¥ﬁ&ﬁsﬂ‘é£t‘io‘ﬁ?fo&sm@%h c&'ﬂﬁuﬁi@hbﬁh@fhe@iaﬂdﬁﬂdbﬁﬂ wher ei n
each ti me" erlocf a plurality of tine periods conprises each Universal

Serial Bus Sv USE r)ed £ 13f c A o lrbeabd ;Sr)br of exhiSBof bRRBRACtidRs to c2@bIBHP 2004 23.
A corrpute?J Ie nmediumstoring a plurality of instructions to be

execut ed Qvﬁ]ma,a SERS SR RoLAANSALL: At O Sltandadbamia wer Ui on of

bandwi dt h© externa e plurality of instructions

‘conprising instructio r r fatarleemee first
regi si®r F?i?’@?”f“&?‘f%& Oﬁeeg'gls%ém egfség{r’dcl)n @[gél%e c%?lc‘ﬁg%ggmfom a second r egi ster

I nterface, Sendﬁﬁge\btbrdf%gg}ﬁ: comenyR{d Rk IE hgre%{tpllngl KRG &k WppeE1 0d of a

plurali ty"lS‘?rSReir irst amount of data including at
| east a second anount of data, each at |east a second amount of data
recei ved PP%Hm t he second register interface.

In accordance with an embodiment of the present invention, computer 200 can

include software to determine whether the shared external bus host (e.g., a USB host, etc.)

15  includes a dedicated register interface for data transmission over the shared external bus
host by accessing the PCl C.apabiiity List (the PCI Capability List is defined in the PCI
Local Bus Specification (Section 6.7 Capability List, Rev. 2.2, December 18, 1999). In one

_. embodiment. the dedicated port can be located by accessing each PCI device and

determining if bit 4 in fhe status register is set. When bit 4 is cleared, then the current

20 device does not support the PCI Capability List and the software can move to the next
device (or function). When bit 4 is set, the software can read an offset (e.g., offset 34h) of
the device's configuration space. This byte field can be used as a pointer to the first entry in
the capability list. The softwak can read the first Dword (doubleword) of the first entry.

Byie 0 is the capability ID, and in one embodiment, when it is equal to a set value (e.g.,

-11 -




24. The conputer-readabl e medi um of claim 23, wherein eachthiqﬁg, Mi rst
anount of data includes an up to a third anount of data, eac 42 third
anount of data received fromthe first register interface. 25. The

conput er -r eadabl e nedi um of claim23, wherein: receiving a first set of
dat a fronPAh¥ theap dediggfed regisigrimienficgde 2i. ndbligesgistecieieracyy habBedhildatedset  of
data froma plurality of Universal Serial Bus device ("USB") drivers;

r ecei vi ng Vs g oalie atot bt sdiataluef(e. gmbahs elconb wargias daemhint eTdaces ie) udes
receiving the second set of data froma first USB driver; and each tine
period of Whepbyie dli§ 2e50. Bk devioe(op&micaols) inouges ins esdieaehcddeBikicamanofs. a
plurality of USB franmes. 26. A systemto conmuni cate data over an external
bus, conpridhagfivare camseesnate dessdadutt(bofuh@icn) aWreX bAE Nk nblS.Hakd ; and an
external bus controller coupled to the internal bus controller and the
external kfsvapamh psethye: leactagiomadr th e eRdapiliin tHagisudi ng a first register
interface to receive a first set of data and a second register interface to

recei ve a secotfttr s&ftwadf had @abi@rmihirth80d SRR lsufHéts GRUERLLE Ji%erslﬁtgxqacteo. the
external bus port up to a first amount. of the first set Of° data wthin each

time peripeancfndahddddfesd Wiere DonkloMRoRES hRHISara bivGr St IGENAL. PUS gQnLrol ler to
send to the external bus port at |east a second anpunt oOf the second set of

data Wi t hiaf feagh: ihfomBatR@nhh 8de 0fand B& Rl J44d d LY - tine.periods. 19 29 SEP
2004 27. The system of cl ai 'rergnv\hg[reeidr{tt éent[%)é g‘fr%ﬁgﬁg“ﬁ%g@t?hﬁq“udes a

MR v R T R N R A i

external bus controll system o Wi ng a

debug, ¢onsale i, Y SRILE HEDUR.FARSRLPAARbUA Soltuare, the exfernal bus

port to send eac east second anount

S, o B P ML, o0

consol e t0 execute C dES’eri pheral ,

the exterpal bu e@ggrjtxagé%ese?gﬁeag.h a% | east a second anmount of the second
set of data B fhe deBAgRER PRErdracd FrelYbuiGTTarer Bykfet &an méicaletd each at

| east a second, ampunt of tgg sec%gd aet of data to the debug consol e. 30.
The syst e 6 8P 4TS5 YRHAF B Hitq the 2ddiess pase e st isimanped nandes a

Uni versal Ser. al s (USB) host (i]On.troI | er and the external bus port
i ncl udes ¢ P(i'h[nglfto %@p ST IFB’BI’III{O_H.I e shared external bus is a USB bus, and afier the

15 dedicated register interfgce registers have been located, the Link ID is determined and the

L.in_k Specific field (if applicable) is iﬁitialized.
in accordance with one emboaiment of the present invention, instructions .adapted o

be executed by a processor to perform a method are stored on a computer-readable medium.
The computer-readable medium can be a device that stores digital information. For

20 examplg. a computer-readable medium includes a ROM as is knéwu in the art for storing
software (e.g.. microcode). The computer-readable medium can be accessed by a processor
suitable for executing instructions adapted 1o be executed. The term “adapted to be
executed™ is meant to encompass-any instructions that are ready to be executed in their

present form (e.g.. machine code) by a processor, or require further manipulation {e.q.,-
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31. The system of claim 26 wherein the internal bus controller includes a

peri pheral conponent interconnect (PCl) bus controller. ? F gt em of
claim 26 wherein the internal bus controller includes a plura t@n

internal bus controllers. 20 .AluY . A ;2 .Af.Au . Av2 . A . AUO A;O.Av . A
AU A< A AL A2 ABR. AT A2 AL AB ZqQm3RLMY. S a
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a] ca] ca] cao¥BEs] Tttt PuuuuuAvy

Sl AL LSl b gy oo o
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L e et vk sEhask s fheg) SAkraleabcaleabpbaal cal cal ca

109 () - H 100& 3dEl % 10%& | 10% () -1 109& U,
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received from the dedicated register interface can be included within the up to a first amount
of data sent during each time period of the plurality of time periods (e.g., at least 8 bytes
during each frame of successive USB frames). In one embodiment of the present invention.
15  such communication of data received via the dedicated register interface can enable
communications between a system under test and a debug console.
Embodiments of methods and apparatus to provide a dedicated interconnection over
a shared computer bus have been described. In the following description, fcr purposes of
explanation, numerous specific details are set forth to provide a thorough understanding of
20 the present invention. It will be appreciated, however, by one skilled in the art that the
present invention may be practiced without these specific details. In other instances.
structures and devices are shown in block diagram form. Furthermore, one skilled in the art

can readily appreciate that the specific sequences in which methods are presented and
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P 100 () MM R g e Gbgenipby 1006 & ()2 i1 @6
1098& ()- f 1098& ft(.ar)ﬂ?éol?ll'té gt %%%Ies(:?'ibt%on];gpparatus and methods in accordance with
embodiments of the present invention have been described with reference to specific
> exemplary embodiments. Accordingly, the present specification and figures are to be

regarded as illustrative rather than restrictive.
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10968 ()- 1096% ()-109%%' ()-H 10%=%' ()- 108 108 SEP 2004
1081 61098& ()-z((.)**W,dEDbC 8i ! "10%&' ()-P 10%& () -1 &10%6& %% =
10%3 & ()-31 m'109%& () -310%& ()-,-3-}--/..dEbC!I 8-- 10%%& ()-+P"10%=% ()-)
1098 (Wl Qe () - v 0% () - p#&I0%E&' () -..:/=/>/?/@L//bCl 8f 10%
R& ()-"10% J- 10G 10G 10Gs610%:& () -110%& () -/! 109, ()-/01: 223<4zX9hC
P'10% & ()- '8 P'10%BRBR& ()-° P'10% & ()- '# P'10% R R& ()- !#,
P'"10%-& ()-, !'f 10% R R& Q -<45-637778797: 7TF7zodY: H "10%& ()- 10 R 10 R 10
R 6 10%1. An apparatus to control an external bus, the apparatus comprising:
an external bus controller including a first register interface to receive a first set of data

and a second register interface to receive a second set of data; said external bus controller to send

the first set of data and the second set of data to an external bus port output; the external bus

controller to send to said external bus port up to a first amount of data within each time period of

a plurality of time periods; the up to a first amount of data including an at least a second amount

of data, each at least second amount of data to be received from the second register interface.

2. The apparatus of claim 1, wherein the up to a first amount of data includes up to a third

amount of data, each up to a third amount of data to be received from the first register interface.

3. The apparatus of claim 1, wherein:
the first register interface includes a standard register interface; and

the second register interface includes a dedicated register interface.

4. The apparatus of claim 1, wherein:
the first register interface is to communicate with a plurality of external bus device
drivers; and

the second register interface is to communicate with a first driver.

5. The apparatus of claim 1, wherein the external bus controller comprises a shared external

bus controller.

6. The apparatus of claim 1, wherein said external bus controller includes a Universal Serial

Bus (“USB”) host controller.
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& ( ) 3+" 10%tHd&hns) redjstel Qtekidlc(helB8ds0/sthiflat) USSP redBtsr interface and standard USB
interface logic; and
the second register interface includes a dedicated register interface and dedicated

interface logic.

3. The apparatus of claim 6, wherein:

the first register interface includes a standard USB register interface and standard USB
interface logic; and

the second register interface includes a debug port register interface and debug port

interface logic.

5. The apparatus of claim 6, wherein said external bus centroller further includes a USB
driver and a USB host controller driver.

10.  The apparatus of claim 9, wherein the up to a first amount of data includes an at least a
second amount of data within each frame, each at least a second amount of data to be received

from the second register interface.

11.  The apparatus of claim 10, wherein the up to a first amount of data includes an up to a
third amount of data within each frame, cach up to a third amount of data to be received from the

first register interface.

12. A system to communicate data over an external bus, comprising:
| a Processor;
a memory, coupled to the processor, to store a plurality of instructions to be executed by
said processor;
an external bus port; and
an external bus controller, coupled to said processor and said external bus port, said

external bus controller including a first register interface to receive a first set of data and a
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13,cl0%8& ()-3, clO%W& ()-!#109& ()-=cdef gghhhwXMB7 10% 10%
10% 7 109%8/&: (s‘)u_d!eategnai@b}gxmll@) toy ic smteglg]! Hus port up to a first amount of data
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received from the first register interface; and
said external bus controller to send to said external bus port at least a second amount of
data within each time period of the plurality of time periods, each at least a second amount of

data to be received from the second register interface.

13. The system of claim 12, wherein:
said external bus port comprises a shared external bus port; and

said external bus controller comprises a shared external bus controller.

14.  The system of claim 13, further comprising:

a debug console to execute debug console debug software;

said external bus port to send each at least a second amount of data to said debug console;
and

said processor executing system under test debug software.

15.  The system of claim 13, further comprising:

a debug console to exccute debug console debug software;

a debug peripheral,

said external bus port to send each at least a second amount of data to said debug
peripheral;

said debug peripheral to send each at least second amount of data to said debug console;
and

said processor executing system under test debug software.
16. The system of claim 13, wherein

said external bus controller includes a Universal Serial Bus (“USB”) host controller;

said external bus port comprises a first USB host port;
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17. A method of transmitting data over a dedicated portion of a bandwidth of a shared external
bus, the method comprising;

receiving a first set of data from a first register interface;

receiving a second set of data from a second register interface;

sending up to a first amount of data within each time period of a plurality of time periods,
each up to a first amount of data including at least a second amount of data, each at least a

second amount of data received from the second register interface.

18.  The method of claim 17, wherein each up to a first amount of data includes an up to a

third amount of data, each up to a third amount of data received from the first register interface.

19. The method of claim 17, wherein:
receiving a first set of data from a first register interface includes receiving data from a
plurality of external bus device drivers; and

receiving a second set of data from a second register interface includes receiving data
from a first driver.

20.  The method of claim 17, wherein sending up to a first amount of data within each time
period of a plurality of time periods includes sending up to a first amount of data within each
time period of a plurality of time periods to a debug console, the debug console executing debug

console debug software.

21, The method of claim 19, wherein the plurality of external bus device drivers comprise

Universal Serial Bus device drivers.

22.  The method of claim 17, wherein each time period of a plurality of time periods

comprises each Universal Serial Bus (“USB”) frame of a plurality of USB frames.
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10&0 10%@51@@6#?1@%6%‘0@ ééﬁﬂ&%ﬁt@cﬁ@ﬁs to:
receive a first set of data from a first register interface;
receive a second set of data from a second register interface;
send up to a first amount of data within each time period of a plurality of time periods,
each up to a first amount of data including at least a second amount of data, cach at least a

second amount of data received from the second register interface.

24.  The computer-readable medium of claim 23, wherein each up to a first amount of data
mcludes an up to a third amount of data, each up to a third amount of data received from the first

register interface.

. 25. The computer-readable medium of claim 23, wherein:
receiving a first set of data from a first register interface includes receiving the first set of
data from a plurality of Universal Serial Bus device (“USB”) drivers;
receiving a second set of data from a second register interface includes receiving the
second set of data from a first USB driver; and
each time period of a plurality of time periods comprises each USB frame of a plurality
of USB frames.

26. A system to communicate data over an external bus, comprising:

an internal bus controller;

an external bus port; and

an external bus controller coupled to the internal bus controller and the external bus port,
the external bus controller including a first register interface to receive a first set of data and a
second register interface to receive a second set of data, the external bus controller to send to the
external bus port up to a first amount of the first set of data within each time period of a plurality
of time periods, the external bus controller to send to the external bus port at least a second

‘amount of the second set of data within each time period of the plurality of time periods.
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the debug console.

29. The system of claim 27 further including:

a debug console to execute debug console debug software; and

a debug peripheral, the external bus port to send each at least a second amount of the
second set of data o the debug peripheral, the debug peripheral to send each at least a second

amount of the second set of data to the debug console.

30. The system of claim 27 wherein the external bus controller includes a Universal Serial Bus

(USB) host controller and the external bus port includes a first USB host port.

31. The system of claim 26 wherein the internal bus controller includes a peripheral component

interconnect (PCI) bus controller.

32. The system of claim 26 wherein the internal bus controller includes a plurality of internal

bus controllers.
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