1 1 MAY 2004 WD 01/ 43365 PCT/ US00/ 28959 BRI DGE | NTERFACE Cl RCUI T BACKAROUNIOY
Field This disclosure is related to interfacing between a device and a host
conputing platformor system Background Two significant chall enges that
face twe sg@pgssti ng i ndustry as technol ogy continues toP@ﬁi', Ro& € pover
consunption issues and thermal issues. These issues or challenges are
particularly acute in nobile applications in which the platformin nore
constrained in terns of the anount of power available and/or its capability
to handl e significant anountgrGEHRFERFASR cBicugone ot her platfornms, such
as, for exanple, a desktop platform At the sane tine, conputing industry
technology is heading in a direction in which high speed serial buses are
becom ng nore desirable. One exanple of a data transport for this purpose
current | \BARHGROWND ndustry attention is the | EEE 1394 specification, "IEEE
Standard for a Hi gh Performance Serial Bus," |EEE Std 1394-1995, 30 Aug
1996, avdidibl e fromthe Institute of Electrical and El ectronic Engineers
(IEEE), (hereinafter referred to as "1394" or "the 1394 specification").
However, a powels diSQ@OSMETY fefile@BFintdBEIRE betweBh a del, e%fa%cﬂo%?cérﬂ @ogse from
the application of 1394 within a power constrained platform SHEh as, for
exanpl e, phatfehebe@teqer sonal conputer (PC) or the like. O course,

att hough 1394 is discussed here, it is just one exanple and nany ot her
buses emBaeygrogndlat a transports may have simlar issues. Nonethel ess

unli ke some alternative nobile oriented buses, a 1394 specification
conpliant int Wo@@iﬁc%n@chéilleﬂggs frabace G @nlpuliRg RRLLLY B¢ %&ﬂﬁ&@? drive
signals over relatively long distances, such as on the order of neters.

Thi s contoatiestd bivance RO pbwbBasdnsulptien Eaas, andhdhal Bstddi BrdskYssydesi gned
to drive intra-chassis signal lines less than 18 inches in |length, for
exanpl e. ot ciallkides208 paktiCulditly 4831650 RPOBIAIGHNLAB8S B which the platform in more

constrained in terms of the amount of power available and/or its capability to handie
significant amounts of heat than are some other platforms, such as, for example, a
desktop platform. At the same time, computing industry technology is heading in a
direction in which high speed senral buses are becoming more desirable. One example
of a data transport for this purpose currently gaining industry attention is the IEEE 1394
specification, "IEEE Standard for a High Performance Serial Bus,” IEEE Std 1394-1995, 30
Aug 1996, available from the Institute of Electrical and Electronic Engineers (IEEE),
(hereinafter ref:en'ed to as “1394" or “the 1394 specification”). However, a power
consumption a'hd thermal “wall” is expected to arise from the application of 1394 within
a power constrained platform, such as, for example, a notebook personal computer (PC)
or the like. Of course, atthough 1394 is discussed here, it is just one example and many
other buses employing data transports may have similar issues. Nonetheless, unlike
some altemative mobile orniented buses, a 1394 specification compliant interface is a
“long haul” data transport intended to drive signals over relatively long distances, such
as on the order of meters. This contrasts with a “short haul” interface, which is typically

designed to drive intra-chassis signal lines less than 18 inches in length, for example.



Therefore, a 1394 specification conpliant interface consunes a signilf{ &Yt 2004
anmount of power, and even when not perform ng signaling. For exanple, a
three port S400-speed physical protocol |ayer (or "PHY") integrated

ci rcui wgsi@pigsonsumes about 0.7 watts and an associ at edRasdkiYssr f ace

l'ink layer 1C may add another 0.4 watts. A single 1394 specification
conpliant point-to-point connection enploys two such interfaces. A three

port S-800 PHY (operating at 800 negabits per second) is expected to

consume aterdforela 139 nificttibm cdRBlisH PRAFAJ i ' of VAtts
(i.e., 2.4 wa?rtesatot alﬁpé‘rc Sl 880 Sil nterfa%:ee)qgmlgflﬁr?t gg%ﬂ%ﬁ t isungg\aer S

di ssi pat g@was, dhaalen Whies Movestishriagy SgeaR5" Bt Bxarh9t. @mrré@mhhmgﬁ&% rai ned
e,

platform Therefore, unfortunately, using 1394 as just one exanp t hese

trends appesicalipRROEs iHeedr “RHYN iflegRites BuitgIt doRBgRSs Lot e dgAtion
of a long haul data transport to power and thermally constrai ned platforns.

A need, anhmsedistee hospintetiscd Ik layeraQpnaesdy drotReldr £6até h_RSHIGROYRY4 and
thermal issues so that a |ong haul data transport, such as the 1394, nay

be enpl oyedcifeatinn wbihligpo weint-rpoint temeatidryerapings tad et ipledhéd MSihrsiCh as
exi st in nobile applications, for exanple. SUWMARY Briefly, in accordance
wi t h one periSotRhiinY (ederating atBR6 megabijts petsdcdys) is erpatitdd babnsfeabdut a

conput i nqafl atformincludes a plurality of signal ports. At |east one of
the pl urlal vels. gfithdhe Beppopiing ki addingaatoati Ot7/ovdlts (EeuBldedattototal beng-8baul
interface. At |east one of the plurality of signal ports is adapted to be
coupl ed tHedagesfuRhfr@preadas Pawer isalissirated as heathwhish wyauld by undesialfral port s
S adapt?d to be couRI ed to a shorg haul interface. The bridge circuit is
adapt ed 9 VI CRNBrARFGP B Me el ereiaren yatortuRetelys ueiad 3% eniwstinea he short

haul interface and the long haul interface. Briefly in accordance with
anot her  SPRSOAERERTe KPS APERAL BRETSeNL o5 rererleRaleases iFagemivaian

i ncl ud f ol | ow,ng.: h ' f . d I

el e ) 0 AR ot 100 U b P IREaBR R BRS¢ o
h [ . ' f th I
R T R o R e N

i nt er nal e\t fodtd 8RR such ds theMA3¥4 2A8% be employed even with power and

thermally constrained platforms, such as exist in mobile appiications, for example.
SUMMARY

Briefly, in accordance with one embodiment of the invention, a bridge circuit for
use in a computing platform includes a plurality of signal ports. At least one of the
plurality of signal portsf is adapted to be coupled to a long haul interface. At least one of
the plurality of 'signal ports is adapted to be coupled to a host interface. At least one of
the plurality of signal ports is adapted to be coupied to a short haul interface. The bridge
circuit is adapted to provide a bridge between the host interface and one of the short
haul interface and the long haul interface.

Briefly, in accordance with another embodiment of the invention, a digital device
intraconnect includes the following: two short haul interfaces and two protocol
converters. One of the protocol converters is capable of converting from a host
interface to a short haul interface and the other of the protocol converters is capable of

converting from a short haul interface to an internal device interface.

2



WD 01/ 43365 PCTI USOOP- 8959 Briefly, in accordance with yet another | 1 MAY 2004
enbodi nent of the invention, a nethod of relaying signals in a host system
includes the following. Signhals are transmitted to the host through a host

i nt er f av@01/88Bes si gnal s are relayed through a bridge frorg 2018 of an”
internal device and an external device. The relayed signa s are r'él ayed
through a short haul interface for the internal device and a | ong haul
interface for the external device. BRI EF DESCRI PTI ON OF THE DRAW NGS The

subj ect mat t er Briefjaridlactoasaridaeniihee atdtaer drsodd@hm @ikl ihYeddgh Nt gt qrand
distinctly claimed in the concluding portion of the specifi cation. The

i nvent i onfeldyowesigngls irbmhbstaysteo iotigdes tratdliowingn Gigridiged t@,fnsﬁﬁéaagou 08,
together with objects, features, and advantages thereof, may best be
under st ootesyhrragtes élneentemfat:beﬂh@ls:boals Bge wayat Itt&dugtd@&ﬁﬂgé)trbrﬁlbr tdVpRSof ead
with the acconpanying drawings in which: FIG 1 is a block diagram
illustrat ﬁ‘h@t%maleiﬂwshammﬂn @fternalivesice c Shpwlayey sidrals arenelaydwthrauy £npl oy an
enbodi ment of a bridge circuit in accordance with the present invention;
FIG 2-s &% itk interianednr helivkemnebdévies and arong hdatialerfateior debmdemant  of t he
bridge circuit showmn in FIG 1 and the signal switching paths that it
supports; ¥ 3 is a block diagramillustrating an enbodi nent of an
internal device for the host conputing platformenbodiment of FIG 1 that
is also conpatible with the bridge circuit enbodinent of Figs. 1 and 2;
and FIG 4 is a block diagramillustrating another enbodi nent of a host
conputing platformor digital device, this enbodi nent including an

enbodi ment of an intraconnect in accordance with the present invention. 3
1 1 MAY 2004 WO 01/43365 PCTI USOOP_8959

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed
description, when read with the accompanying drawings in which:

FIG. 1 is a block diagram illustrating an embodiment of a host computing platform
that may employ an embodiment of a bridge circuit in accordance with the present
invention;

FIG. 213 a block diagram iflustrating in more detail the embodiment of the bridge
circuit shown in FIG. 1 and the signal switching paths that it supports;

FIG. 3 is a block diagram illustrating an embodiment of an intemal device for the
host computing platform embodiment of FIG. 1 that is also compatible with the bridge
circuit embodiment of Figs. 1 and 2; and

FIG. 4 is a block diagram illustrating another embodiment of a host computing
platform or digital device, this embodiment including an embodiment of an intraconnect in

accordance with the present invention.



DETAI LED DESCRI PTION In the fol l owing detailed description, numerods! MAY 7004
specific details are set forth in order to provide a thorough

under standi ng of the invention. However, it will be understood by those
skill ewoeadshbes art that the present invention may be preyit.li/ﬁ i thout the
specific details. In other instances, well-known nethods, procedures,
conponents and circuits have not been described in detail so as not to
obscure the present invention. Al though the inventionis not limted in
scope to the 1394 specification or to conplying with or being conpatible
with the 1394 specification, as previously described, power consunption
and thermal issues nmay exist fromthe application of the | EEE 1394
specification to a high-speed serial bus in a power constrained platform
such as @ETALEBDESKRPTION or exanple. Unli ke sone alternative, nobile
oriented buses, such as those that conply with the power nmanaged PCl

speci fi cati onipthelfbifowiag Bbtafed B biGRhLRR0R sphafé dSRRCLTd V\?ﬁeﬁdrf?ﬂ conpl i ant
interface may consume a significant anount of power even en not

per f or ni ges kgpralide @ thbidughiunide@BrRIHg of dhel B4ntRe HdWewat it anp! i ant
interface is an exanple of a "long haul" interface in that sufficient
power i s updesient by thabeiskitiet! irethesirgnal the résehtinlarion Mk Shaslic@AGRihosHch as
on the order of several neters, for exanple. Therefore, the power trends
exhi bi t ethepet@odletaiecirt otbat instancemplelianbwdenétsess, paicetl @@s] corpdrantit

adapt ati on, appear inconsistent with or at |east present challenges to the
appl i cat Pow ciefuits heve 39ibespatsistiiteest in diatail sopmwet tavhticore théeraseht iveaist r ai ned
platforms. Miuch of the power dissipation in a 1394 specification conpliant

i nterface res@ithaughithe vertonisnet lireitaddn seeps ta then&33tapecifedtionayes or PHY. As
al luded to above, this is due, at least in part, to the desirability of
havi ng t REMPMRINEthQs beingFognaliblevitty tha d B9 spesification. @gghe viousihtiescgbed,

appr oxi matel'y 4.5 rretersd'ln Ie[\n th. PHY power consunption may also be tied
to the aPRHFi@EEYPRIO5EN] erga 93@%% ey sxis P Bigsrpligation gbtheulEE H38pl oys a

PHY that i s. tantiall t ant | d, ( t i by th
T304 4 1CHRITSHRIA GBhisbeas Send B SoPRecass T BeL PRficar an ool | ant
"node” V\’ﬂbtggodk%.qgree%cam‘?e. Pl']%ke 'sgm%raqgr[na '\9e, %%Irlg E)r?en?esd l()’j‘usselsgsnuach as those

that comply with the power managed PCl specification or the Cardbus specification, a

1384 specification compliant interface may consume a significant amount of power even
when not performing signaling. In this context, a 1394 specification compliant interface
is an example of a “long haul” interface in that sufficient power is present to drive the
signals a relatjyely long distance, such as on the order of several meters, for example.
Therefore, the ';;:ower trends exhibited by 1394 specification compiiant devices, at least
without adaptation, appear inconsistent with or at least present chalienges to the
application of the 1394 specification to power and/or thermally constrained platforms.
Much of the power dissipation in a 1394 specification compliant interface results
from the power consumed in the physical layer or PHY. As alluded to above, this is due,
at least in part, to the desirability of having the PHY be able to drive a signal on or
through a cable of approximately 4.5 meters in length. PHY power consumption may
also be tied to the architecture of 2 1394 specification compliant bus, which employs a

PHY that is substantially constantly powered, even when not in use by the 1394
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packet relay between other nodes in the network. The 1394 protocol Wa$ MAY 7004
devel oped to all ow devices to conmuni cate at high speed over relatively

| ong cabl es, such as on the order of 4.5 neters, as previously |nd|cated
Homevewootl}agﬁgiey rability of this aspect of the 1394 pr%g?ﬁg L)< relatively
less within a self-contained conputing platform and, 8?% n this
typically nore electrically and thermally constrained "intraconnect"”

envi ronnent , it nay be desirable to provi de an alternative "short haul"
interfac | ace of ul_in that addresses the power
consurrptlgl%';“:’r%"l o?n ﬁ%’é‘?pﬁﬁf‘ ng‘ﬁuq%h’a &’SC% %gg ’Bﬁé‘%‘i? 1o pefafq as éé'ﬁf‘é’xt t he
term e C refer to an interface for driving S|gnalsa
rel atlvewkgh b(?t*?én ét‘-'gr g%‘I-ﬂesnm § Sﬁmﬁ% order of approximately 18 inches

or _even | ess. Tf@waﬁpﬁuc&s&tm@em@ QU5 GRTRLE &7 'l?,@gaeg@ggggeee@agp'e

a 1394 specificatio rface I'S

exanpl e, ofdi%diive IQQ%PQ‘;?%;I S0cABE YA LG 51 25 LA ! BRvictsRibdisade. o

signal |ines previou nor 1s It necéessary to a 't he

exi st i NgHoRbRFHhE @@é.rgﬂ.lg,mahhkseygﬂe%t anqe%tag@aéot&%h @%eehfélg‘i gj&f{hﬁs of

state-of-the-art 1394 specification conpliant buses t woul d be
desi l’ab|Sblff@fnia%e‘éirﬁﬁé)uﬂﬁglEla'thFrﬁ'éfwéCtﬂeréMrE hh it %mﬁ%HFé é‘l?ctﬁhﬁﬂf apgm to

retain a standardi zed packet |evel service and interface(e.g., a standard

or comuthesadily vanrairtidentracennect i dr@itbsRentDiemay se ddarities pBligs Bl to a
conputing platformtypically have dedi cated power couplings within a

pl at f or mitesnatine ahortritast™ irtedace, in plats opaidnighalibinteefabe dh AEitidredze g thenot

support optional bus cable-power capabilities, such as those of a standard
1394 spervdrcansuorptioo @pHitizaTtnal devesdisciEsed preaimpble, Iathihourgéxdithe tdrmvent i on
Is not limted in scope to the 1394 specification, or to conplying with or
bei ng cofpat hauleinidriane refersitedn isiseleice fuatriviog siarsisryrelativaty sortaistancanpl e,
this reduces the power distribution issues associated with conplying with
the aspetich Pnihpordeoal anpsexirately @ inchAner suendess- (er eaplicatiposiethin Many
enbodi ne ts i n n%&?ﬂ@ nce with the S%:sent I nventi on are possible. Several
pot ent i a'¢ ERHB MOK{Rr £x38Pie drPharRpCHicpiPn commfiBuigmetiaee isMPknti on i s

not 5 1 1 MAY 2004 01/ 43 %h
required, Decause, for éxample, there is no need {o drive signals or puise the relatively

long signal lines previously discussed, nor is it necessary to abide by the existing
electrical signal levels and signal relay architectures of state-of-the-art 1394
specification compliant buses. Instead, it would be desirable for a short haul interface
within the computing platform to retain a standardized packet level service and
interface(e.g., a standz.ard or common software interface). Likewise, because devices
intemal to a cor’;;puting platform typically have dedicated power couplings within a
platform, such an interface, in this particutar embodiment, need not support optional bus
cable-power capabilities, such as those of a standard 1394 specification compiiant
device. For example, although the invention is not limited in scope to the 1354
specification, or to complying with or being compatible with the 1384 specification, using
that as an exampile, this reduces the power distribution issues associated with
complying with the aspects of the 1394 specification that relate to cable power.

Many embodiments in accordance with the present invention are possible.

Several potential embodiments shall be described here, although the invention is not
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PCTI USOQO/' 28959 Iimted in scope to these enbodi nents because many npquAx 2004
enbodi nents and applications of the present invention are possible an
likely to be enployed. For exanmple, FIG 1 illustrates an enbodi nent of a

host cowmputiisgs pl atform or digital device that may enpl oyCT,@,gW{]@gyji ment of
a bridge circuit in accordance with the present invention. In this

context, the termbridge circuit refers to a device or portion of a device
used to electrically co-join or separate two contiguous buses that may be

Gescr] bed HOGY SR o fER EmoRHiE el PLbs Py SoB DR Bra PPBaDr | doc
ot ort nc M5 gt 51866 BBhe20P e B eBBRled BRaRR Bk ormior
di gi tal [ it ' | h th ility t

al Der nat 1 Gar3Ee ARk hp R BodBe g pblily e sc e bmlg Bk  or m

and devi Cpem3h el alitidhBRiEQIR UccbBndl B AEHlediRt gadion N3 ik commn

ost interface. AS previodsly suggested, enployi'ng a 1 ohg haul hterface

for_commal il A8 EGPred Rt L RRUicE Br BB bificPLad @ m t hat may

be power an r thermal Py constrained may be undesira I's particular

enbodi merdieRHQV gﬁ-?oiﬁoggaﬁegﬁte%ﬁ%hwg%ugéf%a%gf% E%cm&“ t&)u é‘qug nau!

interface, such as'a 139 pecification conpliant 1ink circ

transl at i paePéxb@Bl sDMPad prRPAE! dS!, LAY éﬂan@e%%géidéa%gﬁeﬁler dRlf 2
conpati bl e short haul interface. In this enbodinment, the short haul

i nt er f aceneedingitdr AR enisdiirnntl fravige@s i badgePbvEsDh hEsINEFEENSnDE dIof a ,
asynchronous and i sonchronous. communi cation, although the invention is

not |im tsedrtihausinepiace And Bilsng leapetérfacl Thizughy beesdiyvienekamplesfonat |inmited
in scope in this respect, one exanple of a protocol that may be nodified
in this reegeutnd plagoovoddgital shace whhalit mepbe désiablei ts hhbhetHeesappbitty &
Component Interface (PC[) specification, Revision 2.1, 1996, avail able

f r om t he aemagyriy carnmiunicatecsith dgvicgs, inteinal wdioe commditieg piatfomant gevieesanpl e
includes the short haul protocol such as may be described in the follow ng
patent &¥AME & therperiruting sia¥arN.cisinaRshasedeammen hestikerare. fsbs: US Pat ent

Applications: METHOD AND APPARATUS FOR DUAL MODE QUTPUT BUFFER | MPEDANCE 6
previously suggested, employing a long haul interface for communication with devices

intemal to a computing platform that may be power and/or thermally constrained may be
undesirable,

This particular embodiment provides a bridge architecture that supports both a
long haul interface, such as a 1394 specification compliant link circuit {e.g., translation of
host bus transactions to/from 1384 packets), and a compatible short haul interface. In
this embodimént. the short haul interface comprises a split transaction protocol
supporting both asynchronous and isonchronous communication, aithough the invention
is not limited in scope in this respect. Although the invention is not imited in scope in this
respect, one example of a protocol that may be modified in this regard to provide a short
haul interface is the Peripheral Component Interface (PCI) specification, Revision 2.1,
1996, available from the PCI Special Interest Group, Hillsboro, Cregon. Ancther example
includes the short haul protocol such as may be described in the following patent
applications for communicating between or “linking” hubs: US Patent Applications:
METHOD AND APPARATUS FOR DUAL MODE OUTPUT BUFFER IMPEDANCE
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1 1 MAY 2004 WD 01/43365 PCT/ USOOL28959 COVPENSATI ON. A/ N 091299, 77%,1 MMeﬂ]ﬂll
by Asperheimet al, on April 26, 1999; METHOD AND APPARATUS FOR

SELECTION I N A COWUTER SYSTEM A/ N 091414,974. filed by Asperhei m et al .

on Cct eliei/453651999; METHOD AND APPARATUS FOR COMVUUNI CATI}JQCIS{J
TYPES BETWEEN HUBS I N A COWUTER SYSTEM A/ N 09/ 186, 04 by Harrl man
et al. on Novenmber 3, 1998; METHOD AND APPARATUS FOR COMVUNI CATI NG ROUTI NG
AND ATTRI BUTE | NFORVATI ON FOR A TRANSACT | ON BETWEEN HUBS I N A COVPUTER

f’&?ﬁwﬁhﬁfﬁgﬁﬂ[ﬂ%ﬂﬂ B ERIART AT & RO N R ORTERPACE
INI ul | L1 SRR A IR MpeRr e NSRS STEM R Aoy ¢ et

M NI M z%@?ﬁéﬁ‘%ﬁ%& ti@:@ﬁ%ﬁ 1@5&@@@% ;{}%EE %EHS{MWFS& Q?D
A e A B T o S B e N S PR Ry Bl 3,

1999; I ! GNALI NG, AM
1955, VO RS R O DL MR O = v

| MPROVED: o AFAERIAEER BIoRMFEN CAPRRBR TRV RENRTSBUA: NS BOREDR A1 | ed by
Ajanovic et al. on Novenbe(,.3, 1999; METHOD AND APPARATUS FOR ARBI TRATI NG

OMNERSHI FRAKEAGNONSIERFAER mra%&mcbu@m@a\ﬁﬁm M0 84/ 2832 4 Red %gcmd by
Harriman et al. on Decenber 30, 1998; PERI PHERAL COVPONENT | NTE NECT
(PCl) CONaWEURAIN blenttdd3 ABOSNETROBEUBID MEEREAGE) FARNIRTURLIZINGY A) anovi ¢
et al. on Novenber 3, 1999; METHOD AND APPARATUS FOR | NI ALI ZI NG A HUB

| NTERFACE,GALKISITEBFML SEBYALY INIAdUBYNTHERAAGERANE _al . ofilebibyexidreiviclon 1999;
METHOD AND APPARATUS FOR H GH THROUGHPUT MULTI PLEXI NG OF DATA, "AM , fil ed
by Lin ehovgmbesh 188 MEOBANDAFFARAVESHAR WWF‘%Q:QSTHECHEFGUPPO?T | NG

MULTI - CLOCK PROPAGATI ON I N_A
INTERFACE, A/N 09/414,377, filed by Ajanovic et al. on October 7, 1999; METHOD AND

APPARATUS FOR REDUCING FLOW CONTROL AND MINIMIZING INTERFACE
ACQUISITION LATENCY IN A HUB INTERFACE, AN filed by Ajanovic on
November 3, 1999; METHOD AND APPARATUS FOR INPLEMENTING LOCK IN A HUB

INTERFACE, AN

filed by Ajanovic et al. on November 3, 1993; METHOD AND
APPARATUS FOR IMPLEMENTING VIRTUAL WIRE SIGNALING, AN filed

by Ajanovic et al. on November 3, 1999; METHOD AND APPARATUS FOR AN IMPROVED
INTERFACE BE!’WEEI:J COMPUTER COMPONENTS, A/N 09/186,219, filed by Ajanovic et
al.on Novembe.r;-B, 1999; METHOD AND APPARATUS FOR ARBITRATING OWNERSHIP
OF AN INTERFACE BETWEEN HUB AGENTS, A/N 09/223,045, filed by Hammiman et al. on
December 30, 1998; PERIPHERAL COMPONENT INTERCONNECT (PCI) CONFIGURATION

, filed by Ajanovic et al. on November 3,

EMULATION FOR HUB INTERFACE, AN
1899; METHOD AND APPARATUS FOR INIALIZING A HUB INTERFACE, A/N 08/430,996,
filed by Harmiman et al. on November 1, 1999; METHOD AND APPARATUS FOR HIGH
THROUGHPUT MULTIPLEXING OF DATA,"AN filed by Lin et al. on November 3,
1999; METHOD AND APPARATUS FOR SUPPORTING MULTI-CLOCK PROPAGATION IN A
COMPUTER SYSTEM HAVING A POINT TO POINT HALF DUPLEX, AN
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COVPUTER SYSTEM HAVI NG A PO NT TO PO NT HALF DUPLEX A/N 7 1 1 MNAY ZqOAfw 2004
01/ 43365 PCT/ USQQ 28959 filed by Gsborne et at. on Novenber 3, 1999;

PONER MANAGEMENT METHOD FOR A COVPUTER SYSTEM HAVI NG A HUB | NTERFACE
ARCH TR 0RE3365AI N 091414,999, filed by Harrinman et al. ﬁ@r,ﬁgyﬁgp%r 3,
1999; all of the foregoing assigned to the assignee of t presen

I nvention. Therefore, although the inventionis not limted in scope in
this respect, a 1394 specification conpliant device that is internal to a

conput i ngrie §f GHMATRYL B NBURRAS L dood kndp iR MPRAdENANT RETRRIPEORN 11 nk

circuit and a short haul interfacé based data- transport layer, 1nlieu of

the nore ASOMPUIERASHITEM AXOING AMUBINTERRAEE @I TECRIEE NBRT 09/4 14! ‘M Se,

1394 specification conpliant devices external to the platform may

suppor t edfiigy baHskiaRat d. SANbvesBRl B ardogl Ainks teé r&@grdmgaég!;. aghfd st andar d

1394 PHY circuit in this particular enbodi ment herefore, as shall be

descri bedadsiynge ebtherpréi@in@inventier. ei nafter, this particul ar enbodi nent all ows
a host system or conputing platformto support, for exanple, both |ong
haul standard Tafdospatidiugnatié nmeatmmps hatiimiiedtie séapeds thiergppanensgeduced
short haul interfaces. In addition, this particular enbodi nent al so

provi des simtécyehhkompldratieone tap sbntemay tovh cohpimguviatEzsmanidnposd sgymitem

excl usive access to a collection of "private" devices, as well as

provi di nghyha$3S%sneedisation cangilibfteingsircgibandcbd sharpballingerfatmbased dathi s

enbodi mrent may al so provi de external "public" devices with controlled
access t drariseomigger, in liegof thetraerejusuar 1 REEY layer. indbispadtiosar embedingesi r ed.
Fig. 1is a schematic diagramof an enbodi ment 100 of a conputing platform
or digi tldkewiesi1d8s ﬁmﬂcaﬁwr ERiBR!agh devitrsoPfenel 12 e faﬁﬁ%lﬂbwaueé circuit in
accordance with the inventi e circuit enbodi ment |ncI udes a
pl ur al i t ySUPPORELR S‘BB‘FQFQBQ‘?CP@HQMBPEC" af‘ﬂ@nﬂ?rlﬁdéltﬁptc&?r%ﬁ%‘ﬁ BiAal ports

Ponay ood f&f"fjm@spﬁmca'ﬁf) eiBagitety el as PEa'E%%%?Séab?{%%e%éﬂ%%h 2 a

host int eﬁergxﬁg%e&a}&s é)%tr‘l{%%‘?‘g%bggﬂme% aﬁcpv?s ® hggt%ustg% 09 %'pgﬁr?é plg%rgnstol S

adapted to
support, for exampie, both long haul standard 1394 specification compliant interfaces

and power-reduced short haul interfaces. In addition, this particular embodiment also
provides data path isolation capability which provides a host systemn exciusive access to
a collection of “private” devices, as well as providing host access to a different set of
“public” devices. This embodiment may aiso provide extemnal “public” devices with
controlled access to the host's “private” intemal device resources, if so desired.

Fig. 1 ss a schematic diagram of an embodiment 100 of a computing platform or
digital device that includes an embodiment 120 of a bridge circuit in accordance with the
invention. This bridge circuit embodiment includes a plurality of signal ports, at least one
of the plurality of signa! ports being adapted to be coupled to a long haul interface.
Furthermore, at least one of the plurality of signal ports is adapted to be coupled to a
host interface, and at least one of the plurality of signal ports is adapted to be coupled to
a short haul interface. Therefore, bridge circuit 120 is adapted to provide a bridge
between the host interface and one of the short haul interface and the long haul
interface. As further illustrated in FIG. 1,'the bridge circuit may be coupled to a host

8



a short haul interface. Therefore, bridge circuit 120 is adapted td pridAf 2804
a bridge between the host interface and one of the short haul interface

and the long haul interface. As further illustrated in FIG 1, the bridge

ci rcui womaysize coupled to a host B 1 1 MAY 2004 WO 0114%%?%513@1}800’ 28959

I nterface, such as standard 1394 conpliant link circuit 110, %rlége circuit
120 being enployed to route bus transactions between three or nore ports.

Al t hough the invention is not limted in scope in this respect, in this

nmbodi h | ) . interf [ h
Sonpl | arilertate ﬁ%gé’%%ﬁgﬁr%ﬁs%g?ém%ﬂa&ﬁa&?ra@gh%gﬁh%ia”%%%aj%ﬁag%‘éfm race
130, 2 i t PHY! i i nt 170
(horof néﬁﬁabf%&@ﬁé3hFér%ééf‘c§%ma§%§~%e%§e%eioﬁa?o&a POl AP P haf, |
DL O ERbEn 8 thihe hAIO-AAL, EEGRAEE AN Al S biRbe oA ©
circuit Ms?h‘ﬁé?’ﬁﬁe,%ﬁﬁ?.ﬁ 1584 RO RIntIFRK 168 wi@'cou;ﬂsenocae%a%aggcﬁnp%@mhef e via

an external 1394 ‘conpliant bus and '( one Or nore s

i nt er f aggs inv@?iagaﬂ 86,92} 4 Radd P RYSLRR ACKERPrd PHIN iR 1t er nal

devices, internal 1394 conpliant devices in this enbodi . Inthis

enbodi MeREseirdaRer RFQF toRdYa “FI4E) EHcdRFRY Vo RNRe8latiTR bEtisH &4 3dr tROT tS to
whi ch devices conpliant with the long haul interface protocol, such as

st andar doAgRabl BRsHACE aRY adBVF @SEstidheldXampRiyROEHISERLa staktiyd BeosesmbiRd:  such
as by cables. The configuration enployed in this particular enbodi nent

al | ows tRIKY hogtthygh emidhahabaess ciecuit pbvitidreadcat lotdle @menstexigmedl devi ces,
here 1394 conpliant devices, through one host-interface, here a host
I nt er f acieviceaksuch ize biete Yia atlexte eG4 wempliant Suand@rahdRB) éne surabreahoit 70
illustrated in FIG 1, of this single shared host link, is able to be
coupl ed hayl iRkerfatas) wdich progiderthe hasti systereadcgse b essogneregaternal tavicems
internal 1394 conpliant devices. FIG 2 is a block diagramillustrating
bri dge dntemal 13Sfxgmplanydedices indas gmbodiment.j intiys ermgpdionent. tharefpee. BhYodi nent ,
bridge circuit 120 is adapted for use in a conputing platformor digital
devi ce t HRMAhROHER #18 OpM9Fe PYIE(NahPORS igriuicthdpvices cemaliant wilh heiangt es t he

haul interface protocol, such as standard 1384 compliant devices in this embodiment,

may be coupled, such as by cables. The configuration employed in this particular

embodiment allows the host system to access any of the internal or external devices,

here 1394 compliant devices, through one host-interface, here a host interface link

circuit. n this embodiment a standard PLIF, such as 170 illustrated in FIG. 1, of this single

shared host link, is able to be coupled to PHY 140 or to short haul interfaces associated

with the intema';-1394 compliant devices.

FIG. 2 is a block diagram illustrating bridge circuit 120 in greater detail. As

illustrated, in this embodiment, bridge circuit 120 is adapted for use in a computing

platform or digital device that includes a plurality of signal ports. FIG. 2 illustrates the

coupling pathways that are provided by the bridge circuit in this particuiar embodiment.

As illustrated, here, the bridge circuit is adapted to provide a bridge between a host

interface, such as link layer 110, and one of a short haul interface, such as 180, and a

long haul interface, such as PHY/link layer interface 170.

In this particular embodiment, the host digital device or cormnputing platform may

9



coupling pathways that are provided by the bridge circuit in this

particul ar enbodinment. As illustrated, here, the bridge circuit is b&aﬂﬂgdﬂmq
to provide a bridge between a host interface, such as link layer 110, and

one ofwaoshmst haul interface, such as 180, and a |ong ' face,

such as PHY/link layer interface 170. In this particulaszﬁ%g%?%%%t, t he

host digital device or conputing platformmay 9 1 1 MAY 2004 WO 01/ 43365

PCTI USOOr 28959 either access ports which are coupled to internal devices,

such as cagfasRapbbAl ik EBToie8lio M AEMAMCLE! 1. ACLSSE4RAILEsyer e on the

PHY, which provide access to extern evi ces,  such as here"external 1394

conpl i anfe ReYi &%ﬁemw@chcemar&?%e%a ﬁﬁ%%@&rﬁ%ﬁfeh&%ssﬂ% di rect

access to devices that reside on internal ports. erefore, 1n this

parti CU|e@cferﬁ£m@di:c|€§,r§uchid%ttﬁa_rr@@!deﬂ'?a‘( 11868 8 iigrﬁr(jEVi@ése."H%ﬁé@r‘f&e@ﬁ:eggnt he

host system Simlarly, devices on internal ports in this particular

enbodi MeRé eg@fEPbus HATERS e AGEESS tbRRVREE @l Absidsh inflhh @ fBRSangement in
this enbodi ment provides an "access path isolation" capability that

enabl es Theeefr@sin taX RIS enficdimedtlinteraddieones Hal YBvateaRESPLe e I T S
I nternal 1394 conpliant devices, while providing host access to external

1394 cornmki systentleSintasy afevitek lon ifkmabpgts ihts panienad efbddiméficahddri ted in
scope in this respect, in this enbodinent, this arrangenent addresses an
exi st i ngipcihbdoenss garxtimag busndési aredngemeacias’sis eombbditrentpdovides bees by
external devices. For exanple, without the proposed bus traffic isolation
capabi | i"ascesa pa®Jgoiaiorsicapattilitydfet enabies thiehaest nytteb dotetRC fyll andaxclesiaapl! e,
coul d potentially access the notebook PC's 1394 conpliant hard drive,
assum ngonhaltovends intrraploGR4icomplamtgieyices g4hiteqnrpyiftiag hogiracnessytolexiednali sk
drive. Such access may, for exanple, raise data privacy or other security
i ssues andft GPMREAN devees pewell whithpushdhasvartiondpastdmited irpicopa i thig s
operating system However, for the enbodinent illustrated, this access is
unavai | dBFRECL 1N RS GBROIDARY INF FFRNIFHEN QYL EEIRS FOLEXSENG BroPleRrepwingat a
bet ween ext ernal or internalcgﬁyic s, Ihe post system may receive externa
dat a i ntBOSSRELE a5EET B intaTop! deyiss PE exiare! PErSs 1o E5PEURRY 1% er nal

proposed bus traffic isolation capability, a 1394 compliant agent outside a noteboock PC |

for example, could potentially access the notebook PC's 1384 compliant hard drive,

assuming that the notebook is using a 13594 compliant primary hard disk dnive. Such

access may, for example, raise data privacy or other security issues and/or may

interfere with the normal operation of the PC’s operating system. However, for the

embodiment illustrated, this access is unavailable. Likewise, should the host system

desire to transf'gr data between external or intemal devices, the host system may

receive extemal data into a host buffer, for example, and relay it o a target intermal

device or vice-versa. Likewise, in an alternative embodiment with additional complexity,

the bridge circuit may be augmented to provide direct switching paths or the like

between a port coupled to a long haul interface, such as PHY/link interface 170, or PHY

140, providing controlled access to the extermal 1394 compliant bus, and a given intemal

short haul port. In such an embodirnent, the establishment of host by-pass paths may be

under host system control to ensure that the intemal devices for the host cannot be

accessed externally except via host authorization.

10



device or vice-versa. Likewise, in an alternative enmbodiment with 1 1 MAY 2004
additional conplexity, the bridge circuit may be augnented to provide

direct switching paths or the like between a port coupled to a | ong hau

i nt er feomi/assish as PHY/ link interface 170, or PHY 140, g&ﬁﬁﬁ@h@

controll ed access to the external 1394 conpliant bus, a given internal
short haul port. In such an enbodi nent, the establishnent of host by-pass
pat hs may be under host systemcontrol to ensure that the internal devices

for the host i ut sation.
10 1 1o MAY DoG TR T RESRREMSER R R RYEERS0 H Fedi ot B

i || ust r aleirb@dimtre finadrate 8 V4 @@wé&%v&r@ ;leﬁ?hﬁﬁl céﬁ{p%rh int&fdcel ieh LMagdisment

illustrated, a device having a | ong haul conpliant interface, such as 195,

i's COUpIcS@bI@@ a8 BniiMbRaNvickoNitiea WobttyBteth. fmtth@ﬁﬁrtnemr drRbodidb®, P@rticul ar
enmbodi ment, the |inkage between the dévice and the host is provided by a

short hauhkagatt@M@@etheJ&&xcbmnEmga hostis proviiBs 5y arshod haBniterfidecn 85 pr@g. devi ce
195 is coupled to interface 185 via a 1394 to hub interface protocol

convert ed. 17 this @mbodimigst, tiairefdre, Abtibo ughistdrapled veintdriane i85 tiata 139e¢s6ricted in
scope in this respect, hub interface interface 185 conprises a packet-based
split tr anbadedane poocoowinvetepldbt asigusicited. asihough thedogerdind is isechr onous
comuni cation. Hub interface in this context is an Intel Corp. proprietary
bus i nt erésdtded besamgean tHiswspedtnhyainteriane gdertade Watdogwrists 2 heckeCbatrrs
protocol specification, as described in nore detail in the aforenentioned
conmmonl ysaﬁéra@ﬁ@@loaa%r@molaﬁyap%a@ Pethsasypehroneys adrisRcBEPricHS FI G 3 by dashed

| i nes, protocol converter 175 and hub interface interface 185 may be

i nt egr at éGthFaélo%l Ry interfacedn this sPnigsthis anipksd pﬁ@n??"”ﬁé%’e’i’)@r'meﬁﬁ‘@
t t t. h th hout
Sl B SRR 8 S SRR e LR 2
i di f t ted b
0O 118, BB 4 B SR o B BRI, O e
for ease uBEtthHli #prféts' sﬁQS fifdsC h@oéo"‘%%%reﬁg{‘ﬁa 'é’rl&aHubl?AtQHé?e :HBX‘T—;Qee

conbi ned €nen on a s rnatively

functi onghs iR i%ﬁrzﬁ)@d g4 QH@QE@QJK in some embodiments. However, the invention

is not limited in scope in this respect. Furthermore, throughout this specification, blocks
or boxes are shown in figures to illustrate providing specific functionality; however, as
will be appreciated by one of ordinary skill in the art, these separate blocks or boxes are
merely for ease of illustration. Therefore, these functional blocks may be combined and
implemented on a single IC or altermatively a single functional block may be implemented
using more thz'g‘n a singie IC.

Retuming to FIG. 2, the architecture for this particular embodiment of a bridge
circuit is now described in greater detail. To use the ports providing access to external
devices, the external 1394 compliant ports in this embodiment, the host digital device or
computing platform configures two-to-one PLIF multiplexor/demultiplexor (MUX/DEMUX)
125 to select a path from the MUX/DEMUX host port to external access PLIF 170 of FIG.
1. The host could perform this operation when desiring access to an external device or
in response to the arrival of extemal data at the host's 1394 compliant node, such as one
that inciudes PHY 140 shown in FIG. 1. For example, such an event may resuit in a
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using nore than a single IC. Returning to FIG 2. the architecture ?OI MAl?i ?UU‘I
particul ar enbodi nent of a bridge circuit is now described in greate

detail. To use the ports providing access to external devices, the

ext er nO aBB36conpl i ant ports in this enbodi nent, the ho%.rfgg .ntségt) devi ce

or conputing platformconfigures two-to-one PLIF nultipléxor/demiltiplexor
(MUX/ DEMJUX) 125 to select a path fromthe MJXI DEMJX host port to external
access PLIF 170 of FIG 1. The host could performthis operation when

desi ring ragRs s | GE; i nse to.t rival of
external dat a§§? ﬁ%hﬂﬂﬂ%:a'q{éﬂ%%%gg@?rg?%nrﬁwﬁ%g g‘?ggﬁ %Ogsth%%gl%hgﬁai ncl udes

PHY 140 soWghich wolufé belsigh9kd &XdeiL such an event may result ina 11 11
MAY 2004 WO 01/ 43365 PCTEU500028959 request signal, such as a |ink request

n this enbodimeicess o PesHEI RDick o Rldful 1884 EbNpiaht Qevithlichoul d be

signaled to the host. To access an internal device, an rnternal 1394

conpl i antenibering@,ithe hdt Systéradi eBAgurd PEFMAIDENRIE i 94ype PLIF
MJUXI DEMJUX to couple link circuit 110. in this enbodl{Bn(%% !qu[ngggédggg ocol

conver t eiin thisusrhbedimanthioa prdtazof aseekor 3&Madh hib inmr@tzeﬁ&Ha@@EM@r ter, such
as 155. Converter 155 is internally coupled to a short haul hub interface

N-to-1 Moxi@ENnvestecsuals ad 855. Gbhedrtesabaad sidr@lyRalfielit® MsBERH8GHub
converter 155 to the selected 1394 conpliant internal device with which the
host desinteéacethbtedMiMPEMUX, sTaken 168 getitteseledtnthehiath eolqdbent , the 2:1
path selector, protocol converter, and N-to-1 path selector provide a
progr am §ereteadbe tptheselestenc iy ompianttinteinal defiaewith Minidh tbe hostidesitdd, and
a target internal device. In this particular enbodinent, although the
i nvent i off FENRBRICRtE Nl akan tpgetbelp fehisembsdimerdspe 211 patih belettor, patdcs! on 2: 1
selector 125 are standard PLIFs. Thus, when the host is accessing external
1394 conPPTGRE" 3ne-1o-1 palh seledtRsIPEovidera Prgram seleciable rath between10e hestcoupl ed
to PLIF 170.as if the ﬁ?l sel ector. were not in the path. N-to-1 path
sel ect or B rIATEIL Tl Antara oF Helem devra lgdhiz gartigulanempodimeet

although the invention is not limited in scope in this respect, all the ports on 2:1 selector

125 are standard PLIFs. Thus, when the host is accessing extemal 1394 compliant

ports, for example, the PLIF of link circuit 110 is coupled to PLIF 170 as if the 2:1 selector

were not in the path.

N-to-1 path selector 165 in this embodiment includes N+1 ports, each of which

comprises a short haul interface in this embodiment. Here, N, of course, is a positive

integer, usually greater than one. One of these ports, referred to in this context as the

host port, is eré‘)ployed to couple selector 165 to protocol converter 155, The other N

ports are employed to coupie N intemal 1394 compliant devices with one selector port

being allocated per intemal device in this embodiment. The operation of selector 165 in

this particular embodiment is to pass through the data and control signals of a selected

internal-device port to protocol converter 155, which is coupled to the host port of

selector 165,

In FiG. 2, port arbiter 145 is employed to control which of the ports of selector
165 is coupled to each other at a given time. When the host system desires 1o access

one of the external access ports or one of the intemal devices, the host transmits to
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conprises a short haul interface in this enbodi nent. Here, N, of colu(rlslgA @
a positive integer, usually greater than one. One of these ports, Yr 04
toin this context as the host port, is enployed to couple selector 165 to
prot ocHO @@ rt er 155. The other N ports are enpl oyed pcanefupises N

I nternal 1394 conpliant devices with one selector port being allocated per

i nternal device in this enbodinent. The operation of selector 165 in this
particul ar enbodi nent is to pass through the data and control signals of a

sel ect ed arditat &4N@bode¥leeEreBOEt st ap.ﬁeﬁtgﬁﬁ@ tHeOBMRE bR, ARRer Y GRni s coupl ed
to the host port of selector . |G 2, port arbiter 145 is enpl oyed

to contr g¢lis ghbsdimeht, hsiufnes Wﬁeﬁﬁheﬁﬁ@r&ﬂb@ﬂh toh@tatgﬁet@@ﬁlabaﬂné@a@ﬂmceot her at
a given tine. Wen t he host system desires to access one of the external
access pé&otarhiter visehat prof@amisexMEMde 128 asd MUNDHMSK 166ang Bkiksato 12 1 1
MAY 2004 WO 01/43365 PCTI USOOL- 8959 arbiter 145 a port sel ect request

si gnal i desssippitisglechiegicatypiebllpacdompisied troubhpacketraddrassinghaccoedihgidi ment ,
eval uates when the signal path to the target port becones available. Port
arbi ter 145 t Renversalgranpwt foiXh DRVl 82 sa itH YViihBEbodigBnta fud eexrhplenal -
access port-select logic, typically acconplished through packet addressing,
accor di ngiay. reme&rwe kosparranfioieman 1354 eampiianbdryessn@Higsiterto t hi s

enbodi ment, for exanp receive data for the host, or an internal
1394 conﬁ‘l”i‘%f“cél’é\ﬂlﬁethmﬂdééwﬁeth?‘ée d%‘tﬁﬂ?ﬁﬁi’b@ﬂee%“ﬁ%e%tﬁ@%ml ofghus, these
devi ces ma uest the establishnent of a nal pathway to the host | f
ext er nal F‘9 &wﬂe&‘%ﬁ% Hﬁ#%@'vﬁwab‘%ﬁqat@ RS @ke EPMF an geeEws PHY,

t he PHY nm uest Si naI ere uest _si naI to the

i tor, SEesSBPY. Ine e e et Shemesb st chars 2 ok EER! e e 1
2%’0&?@; it hhen eI e %PQYF nﬁ arc.{ﬂoferth ext rnal acceslsSPHY to
link cir@e" flilﬁe é r{oﬂ e ﬁ@nqlterd? S%d'"?ﬂte"ﬁ‘ét h from
the hOSt %efe@p @I‘u Ia?\d‘ Suﬂ%}é&e@ac@@és EQIQY to MIRG lltcl\”_lofgé %%?Jn i f an

preserve prlvacy previously descri

i nt er nal yahesdodhadty, drtbEit ahe p%mrﬁqwelr?o%ﬂaﬁ@m'daa% tHEKb&TndlERH bES 1O

symmetric, for example, to preserve privacy/security, such as previously described.
Similarly, if an intemal short haul interface—coupled 1394 compliant device desires to
communicate with the host, the device may assert a service request signal to the arbiter,
which may then respond by establish a signal path from the device to the host when
such a signal path becomes available.

Another aspect of the invention includes protocol converter 155. The converter
provides the hc'g:st interrface, link circuit 110, with a standard long haul interface, here a
1394 PHY/ink interface (PLIF), that provides access to each intemal 1334 compliant
device, although each such 1394 compliant device is coupled to the host via a short haul
interface. Therefore, the converter provides the capability for the host system to be able
to use a single {ink to communicate with its full set of intemal and external 1394 compliant
devices. In general, and in this particular embodiment, the protocol converter utilizes the
protocol similarities of the long haul and short haul interfaces. Therefore, for example, in

this embodiment, both the long haul and short haut interface comprise packet-based split

transaction protocols supporting asynchronous and isochronous communication,
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communi cate with the host, the device nay assert a service request ?ig2@¥ gm4
to the arbiter, which nmay then respond by establish a signal path

device to the host when such a signal path becones avail abl e. Anot her

aspect VP 04363 nventi on includes protocol converter 155. pdhgseRylrter

provi des the host interface, link circuit 110, with a standard [ ong hau
interface, here a 1394 PHY/link interface (PLIF), that provides access to
each internal 1394 conpliant device, although each such 1394 conpli ant

devi i ..' . ho f h f h
o oe b B S ehB, RISk ieh Bsobiarh ieHeoe SRR gt 1 & L0,
single l'%éf@r&%%r?ﬂétﬁt%lﬁgbe'é@ {Blélticﬁ'gt%&olgfa{% gﬁrﬁw&lo n@ﬂgwa xternal 1394

conpliant devi ces ener a t he

protocol eRRELSM SBel éﬁ%ﬁnﬂhgﬁed iR'a %%ﬂ@é!fy{%rlmeln?ﬁ'ap\hﬁs n‘{r)\naqfacgp haul and

short haul interfac refore, for exa odi nMen bot h

the long Mker@me%a%buewl wtmslﬁdoﬂ%cﬁarwsbaeem%ﬁé %J&%e&cﬁp' It

transaction pr ot ocol s supportl ng async ronous and i sochronous

communi catraAshctidAs, lanl DAY sdh MR 443k . RCTHIVSSKLA8959it dhhhipugh the

invention is not limted in scope in this respect. In this enbodi nent,

t her ef or erefeRao iU trdidctiomirewhion @ tandadidrenli @t OrigkSe R idiowe bl Ar enough
that a conversion nay be acconplished in a relatively efficient nmanner.

Bot h i nt esépwek “ssqeraiceipt"sdchneviedgradite Aasdmieqicasisiypaer im@ask @indaasat
read, wite and | ocked transactions, and both support split transactions.
In this cem¢mdr,semds pl transaciins aeadydimdicatdrao thet mqaediers whichnsactdropletes whi ch
a transaction request is issued, followed by a separate "request receipt”
acknow edreghnd-shake bysepdisgiaiirgndagtieny campletedt indiceliecmiodbe transactiocecut or
sends a "transaction ready i ndicator to the requester, which then

conpl et esindigaorhAnit Eardections alemrengrahtreesasient o rspcassrasbateatirllyi ndi cat i on
to the transact ion indicator. Split transactions allow several

transact i o t@ae?ﬁ%eéréa '@%vaﬁff?aﬁwm BNATAS: AHedRSISyOoRTeH phnver whilaRd
e e R R s B S b S 2
devices in terms of transaction types and configuration capabilities, the interface may
also, unlike the PCI specification, advantageously support isochronous data handling
through a special isochronous transition descrptor attribute. In this embodiment,
therefore, a short haul interface may provide a point-to-point intra-chipset coupling
mechanism {e.g., between constituent chips of the chip set) making it electrically well-
suited for use in cou.pling internal devices to a chip set, as may occur, for example, in the
application ill';;strated in this particular embodiment.

Although the invention is not limited in scope in this respect, the intemal hub
interface ports may also include logic that may be employed to make intemal devices “hot
pluggable,” that is attachable to or detachable from the host system while the latter
continues to operate. Such logic may provide initially “coid” (e.g., unpowered) coupling
of a device to the intemnal bus. Therefore, the newly-attached device may be isolated
electrically until it is properly powered and in a state that will not disrupt the intemal bus.

In addition, such logic may controf the application and removal of power to the device

socket. Likewise, such logic may inciude the capability to generate a signal that is
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devices in terns of transaction types and configuration capabilitids] MA¥e 2004

interface may also, unlike the PCl specification. advantageously support

i sochronous data handling through a special isochronous transition

descri ptoos/asdsri bute. In this enbodiment, therefore, apghaidsolaud

I nterface may provide a point-to-point intra-chipset coupling mechanism

(e.g., between constituent chips of the chip set) making it electrically

wel | suited for use in coupling internal devices to a chip set, as my
artjcul ar

, f I [ h i ' il di hi
R - G R L T RSN i T
the int [ .. ol ' I I i.c t.hat b
(ne Lt oy AGKIASE ROFLS Yo alags IS LU Lol Db RS
d h [ - ' )
O et 8 L6088 YL L Ak icn SRR ocher oL

devi ce tochlige ALRINAbyiBMSosTHES REhiof BEnBUL ¥ Bli-ashiatlidsns ca,apy be

i solated electrically un It 1s property powere n a state that

Wi ot iRl HBY b REsHAUIEIP MosBrts dbBrafdisbBii 1RUBllghing uRkiGap! rol the

application and renoval of power to the device socke kew se, Such

| ogi ¢ mayindtehiyiestibaviiaPadiiddstate bRagrriedrabRode S ivBiRathe sPRbm i§ uddolerbd VAY
2004 WO 01/ 43365 PCT/ US00/ 8959 enployed to identify to the host system when

a devi ce mayeaupdiet Ibgic OThis eal¥e tué boiterasl wohs fowkith mtdrhatdepiees afesonmet i nes
referred to as "last event notification"), so that the host system may
execut e dpsimiazenthe vbgdediaeiagedbtnbs sty iconsecsd. afipraer,iaatister@ devdorir se,
internal device ports may not enploy such |logic in some enbodi ments. Such
| ogi ¢ mayniag beaesiradicehdverthis fns @lysgmasadakiiityeid sewe dngiroes {hota pawiggi ng. "
Alternatively, internal ports to which devices are attached or renoved
whi | e t henggbeansarapulap suelt aglfor fepovabia devigas).l ogic. This is al so true of
internal ports _to which internal devices are permanently coupled, referred
to as statical Fi-coRRdiedfiagpmedisiatingan ¢pbediaentgba fes sysay Bwhighanr ed t o
have this, "hot plugging c %ilit " in sone instances (e.g. a bay in a
not ebook EURFINER SUER RS 34 3PS POTEHIAR B ECEs e B Pioved. T fis particilar

embodiment, the 1394 compliant interface does not drive long haul signal lines, nor is it

necessary to abide by the existing electrical signal requirements and signal relay

architecture of a standard 1394 compliant bus. Instead, in this embodiment the standard

packet level services and interface provided by a long haul interface, such as a 1394 link

circuit, are retained, but the device side of the link (as opposed to the host side) is

coupled to a short haul interface, rather than to a standard long haul interface circuit,

suchas a 13'94 PHY. For example, in this embodiment, since intemal devices typically

have dedicated power couplings within a platform, in this embodiment, such an interface

may not support the optional cable power capabilities of a standard 1394 compfiant

systemn. This reduces many of the power distribution implementation issues associated

with providing power, such as cable power, in a manner that complies with a long haul

interface protocol, such as the standard 1394 protocol. For the embodiment iflustrated in

FIG. 4, a digital device or computing platform intraconnect includes two short haul

interfaces and two protocol converters. For example, an intraconnect may couple a

host side PHY, such as 455, with a device side PHY, such as 445. Therefore, one of
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FIG 4 is a block diagramillustrating an enbodi ment of a host sysi ﬁnhl n
which an intraconnect, such as a 1394 conpati bl e intraconnect, is AT 2004
enployed. In this particular enbodinent, the 1394 conpliant interface does

not drwoil@sg haul signal lines, nor is it necessary tP?:T?(EEoﬂE Jég t he
existing electrical signal requirenents and signal relay "arc f¥@ture of a

standard 1394 conpliant bus. Instead, in this enbodi nent the standard
packet |evel services and interface provided by a |ong haul interface, such
as a 1394t | i ncg ﬁ%i rcui%% are retained, bu} the device side of the.link (as
opposed t'0EPREOHISPNEGRS Of the LYIRPREE T &V 4 SAGHEe Mg tarrhiinr o soavert femer t han
to a standard.l ong .haul interface circguit su as a 1394 PHY. For

exampt o T Py B BBt REREC! RsS ena b aineE8Gie S orl ceareerhapar

dedi cat e ower.couplings.w thin a platfor i.n_thig enbodi pent, such an

i nt erfacgngﬁgésccr’\%vtey@@pfg e g rtonhpziulJ E'Leé\tacgécrg}hg' s g%‘ﬁ‘beaﬁﬁt?rfatcﬁeﬁscﬂ“ a
standard C | ant i ny.of .the power . .

ai o1 but S S Bl E b el aAnd BRSBTS e oot s
as cable o ,dgvgeqswg ng%@;f c,%\mldisg%ﬁ%th a long haul interface
protocol, such’ as the st né)ar_ 3'?9 protocol. For the enbodi nent

i1 lustrated ing ﬂl&hatéki bPFIE. 9 bdhg SKLR RaQlinte Q50U i8PoPs RinhMal) | NLraconnect
i ncl udes two short hau i nterfaces and two protocol converters. For

exanpl e, _iaaarfheg,rs@@@aagqtsgmmﬁmbﬂ@adbﬁgéessércdaeifs’!é}é,po&é@ Rndthetmy With a
devi ce side PHY, such as 445. Therefore, one of 15 1 1 MAY 2004 WO 01/ 43365

PCTI USOQ ;#8816@s e ritiyasrRe 0l eopoweid £5@n8irdidiRy Kdll nasRBassichwauladsi ncl ude
the capability to convert froma host interface to a short haul interface

and t he dbfedacef Thibeppoatromakecanyleying adomphdul dataneingstet,aeoNasttbng from t he
short haul interface to the internal device interface. As an exanple, in

t hi s par texaoipta, 18d.osithirea power artborghermiadly iconvsrainedplattormosudi as 4 ed i n scope
in this respect, device 450 may conprise a hard disk drive. As illustrated
by FI G aotehook G fertespmpleatord ggtizabiecand aitradtive thah alteimative heprbachent er f ace,

such as a 1394 conpliant PHY, addresses anticipated power and thernal

probl ens that !Fegceidprce Wi ¥ehpreengmeodmamdd the inwiyohaa methader relewing such

as 1394 . . . . .
signals in a host system includes the following. Signals are transmitted to the host

through a host interface. The signals are relayed through a bridge from or to one of an
intemal device and an external device. The relayed signalis are relayed through a short
haul interface for the intemal device and a long haul interface for the external device.
Afthough the invention is not limited in scope in this respect, this embodiment may be
performed by %he empodirnent of the invention previously described and illustrated.
Likewise, as ;;reviously described, the host interface may comprise a 1394 specification
compliant link layer, the long haul interface may comprise a 1394 specification compliant
PLIF, and the short haul interface may comprise a packet-based split transaction protocol
supporting asynchronous and isochronous communication, although, of course, this is
just one example and the invention is not limited in scope in this respect.

While certain features of the invention have been illustrated and described
herein, many modifications, substitutions, changes and equivalents will now occur to
those skilled in the art. 1tis, therefore, to be understood that the appended claims are

intended to cover all such modifications and changes as fall within the true spirit of the
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interface. This approach makes enploying a |ong haul data transport] {swyh 2004
as, for exanple, 1394, within a power and/or thermally constrained
platform such as a notebook PC, for exanple, nore realizable and
attracMO/@/43pgsn al t ernati ve approaches. | n accordance Wipkh g baREet her

enbodi nent of the invention, a nethod of relaying signal's I'n a host system
includes the followng. Signals are transmtted to the host through a host
interface. The signals are relayed through a bridge fromor to one of an

i nt er nal g% h?% and an external device. The relayed signals are rel ayed

t hrough a"shiiort” haul interface for the internal device and a | ong hau
interface for the external device. Although the invention is not limted
in scope in this respect, this enbodi mrent nmay be perforned by the

enbodi ment of the invention previously described and illustrated.

Li kew se, as previously described, the host interface may conprise a 1394
specification conpliant link layer, the long haul interface may conprise a
1394 specification conpliant PLIF, and the short haul interface may
conprise a packet-based split transaction protocol supporting asynchronous
and i sochronous communi cation, although, of course, this is just one
exanple and the invention is not limted in scope in this respect. Wile
certain features of the invention have been illustrated and descri bed
herein, many nodifications, substitutions, changes and equivalents will now
occur to those skilled in the art. It is, therefore, to be understood that
t he appended clains are intended to cover all such nodifications and
changes as fall within the true spirit of the 16 1 1 MAY 2004 WD 01/ 43365

i nvention. PCTIU500128959 17 1 1 MAY 2004 What is clainmed is: 1. A bridge
circuit for use in a conputing platform said bridge circuit conprising: a
plurality of signal ports;
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at least one of said plurality of signal ports being adapted to be {coypdyedipy
to a long haul interface; at |east one of said plurality of signal ports
bei ng adapted to be coupled to a host interface; and at |east one of said
plurality of signal ports being adapted to be coupled to a short hau
|nterfacevw]E brldge circuit being adapted to provide a bridge between
sai d host éf? one of said short haul interface and said | ong
haul interface; wherein said bridge circuit further includes the capability
to altern tlvel rovide_a host with access to one or nore internal 1394
speci fi cation € r‘r‘@ﬁ‘i HrfLit S pse i computyngplatform said briggs fircuisForeprisingi 1, wher ei n
sai d host |nteﬁﬁmﬁmqaﬁﬁghmiﬁﬁsa 1394 specification conpliant i nk | ayer.

3. The bridge circuit m 1, wherein said |ong haul interface

conpri ses a 13@4335‘5%8??ﬁ‘£%11t‘535ﬁ of sigpa! paitt beppypdanied to bayeupledpprrione hak | ayer

i nterfaceintethatdy) . 4. The bridge circuit of claim3, wherein said bridge
circuit includes the capabilit provi de a host wth access to one or
nore ext er nal i@ﬁﬁ%BQEWW1E5WIéﬁfﬁéﬁﬁPWEHﬁﬂﬂéﬂﬂwﬁgobgcmmhét@ah@@e circuit
of cl ai m #terfabten@ n said brldge circuit has the capability to provide a
host with said access via said PLIF, said host interface, and an external
access 1394 saﬁé@ﬂrqneaﬁaeﬂpiwawofawl P e Rdaptediobotoupley sra ipEMOul coupl | ng
to the ongteehcerore external 1394 specification conpliant devices. 6. The
bridge circuit of claiml, wherein each of the one or nore internal 1394
speci fication %M!@%ﬁf"“&é’emé adaptef & preeide abidasbetwsanusaid mstinfesfee amnd a

prot 0col &Ry giid Morches1 inS@RYGRL laMDloht R Affye 1394 speci fication compli ant
transactions to the short haul intertace. 7. The bridge circuit of claim®,

wherein the shiereingig b“c}eﬁéwafcf@rth%rlﬂﬁqu@ée aapp'abWéo altdspatioely ppivide 2

transact i B Witdc&9to she RPRGE itGrmRIOL304 %%Xi"f‘i%ﬂfoﬂ@&‘rl@hﬁ?&’e c%QC hronous
communi cation. 18 1 1 MAY 2004 8. The bridge circuit of laim1l, wherein

said bridge circuit includes a port arbiter;
2. The bridge circuit of claim 1, wherein said host interface comprises a 1394

specification compliant link layer.

3. The bridge circuit of claim 1, wherein said long haul interface comprises a 1394

specification compliant physical layer (PHY )/link layer interface (PLIF).

4. The bridge circuit of claim 3, wherein said bridge circuit includes the capability to

provide a host with access to one or more external 1394 specification compliant devices.

5. The bridge circuit of claim 4, wherein said bridge circuit has the capability to provide
a host with said access via said PLIF, said host interface, and an external access 1394

specification compliant physical protocol layer (PHY) coupling to the one or more external

1394 specification compliant devices.

6. The bridge circuit of claim 1, wherein each of the one or more internal 1394
specification compliant devices includes a short haul interface and a protocol converter for

converting from native 1394 specification compliant transactions to the short haul interface.

7. The bridge circuit of claim 6, wherein the short haul interface comprises a packet-
based split transaction protocol supporting both asynchrenous and isochronous
communication.
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said port arbiter being adapted to arbitrate between path access rﬁqgeﬁi&f
for access via said bridge circuit. 9. The bridge circuit of clai 2004
wherein the path access requests originate fromat |east one of the host,
an external 1394 specification conpliant device and one of the internal

devi ces The bridge circuit of claiml,

1394 spegification conplian

wherein s&id b f‘%%’édgﬁfg%ﬁo? faﬁ'&w&@éﬂ%w*ﬂ&@awuﬂtﬂv ydgs a perbubiter; a host wi t h
sel ectabl e al t esidypdri atbitcbeiag sdapd mm%tewerﬁa&&ﬁc@@sk redets r%P{‘cEéSE Lgation
conpl i ant &E (%es and to said one or nore internal 1394 specification

conpl i ant® BErCUl  The bridge circuit of claim 10, wherein said bridge
circuit includes a path nultiplexer coupled to said host interface. 12.
The bridge cirguit of claim1l, wherein said host interface conprises a
1394 speti fi cat§ Bidee ot of flgin} §, Atieres by path gecespirequists efgginagd fromitlesf cl ai m

11, wher ednd of BlethoRadnkx il at 'lﬁél‘%ﬁ&rlﬁdaﬁorp& hisd dé@ceaﬁ%d%ggwgmte; a?lﬁﬁpabl ity

to select a _path between said one or exter speC| I cdt’i on

conpl i antSPeﬂg‘?ﬁ“%%Ofvl?'&ma%"@% er nal access 1394 specification conpliant PHY,
and said one or nore internal 1394 specification conpliant devices. 14. The
bridge circuit_of claim13, wherein the path of said path multiplexer to
sai d one 10or nbiedridas el glaigy!, s\ﬁle@lnfaatﬁehrndmm@owmcltdemhdmpame@ toncl udes a

short hayloditd £6ds2&fn §e@ecga§%%lteﬂ£t%%9&lss HRY & nt’lcﬁ“e eTter&aI I-OEB«’? spltd dge circuit of

cl ai m 14, wherein said protocol converter 1s PECISF pat h

sel ect or ,comphatHeviess asblogeidiongon mer interst 0394 ﬂpauﬁcaltlnm evrfiglnet ctéemme
attachment ports for coupling to an internal device. 16. The bridge
circuit of claim15, wherein said short haul interface conprises a packet-
based spllilt trEwdsided Grsuispbeleoolo, shpgonstii byddeairtuitinyindsnonodusularieker

| SoChr oNQUgple B Rb& ek BRe. 19

12. The bridge circuit of claim 11, wherein said host interface comprises a 1394

specification compliant link layer.

13. The bridge circuit of claim 11, wherein said path multiplexer is coupled so as to have
the capability to select a path between said one or more external 1394 specification compliant
devices via an external access 1394 specification compliant PHY, and said one or more

internal 1394 specification compliant devices.

14. The bridge circuit of claim 13, wherein the path of said path multiplexer to said one
or more internal 1394 gpecification compliant devices includes a short haul interface to 1394

protocol converter.

15. The bridge circuit of claim 14, wherein said protocol converter is coupledtoal ofn
path selector, capable of selecting I of n short haul interface device attachment ports for

coupling to an internal device.

16. The bridge circuit of claim 15, wherein said short haul interface comprises a packet-

based split transaction protocol supporting both asynchronous and isochronous

communication.
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