; e3eqqt vt 6, T~h W O 991 38082 DUAL MODE BUS BRI DGE FOR COVPUTER SYSTEM ﬁc(
Cross-Reference To Related Applications 2 6 JUL 2002 This | jon is a
contii nuaWoMB882part of application serial no. 08/579, 297 quﬁ'#é@“dg
Decenber 27, 1995 and entitled "Dual Mdde Bus Bridge For Interfacing A Host
Bus And A Personal Conputer Interface Bus," hereby incorporated b>2§ ‘éulr 002
ref erence. f the Invention The invention generally relale 02
conput er bﬂﬁmmﬁﬁ"ﬂ,ﬂﬂmmﬁd in particular to a 10 bridge or interface el enent
for interc ost conputer bus with an external bus, such as a

Peri pheral Conpeéen®itt Interface (PCl) bus. PCl bus systens are becon ng

i ncreasingly popular for use within personal conputers) particularly,
personal conputers configured as file servers. A PCl bus is a high

per for mance i gh bandwi dt h bus configured in accordance with protocols 15
establi shedmﬂwmtmwmmm" pecial Interest Goup. In a typical conputer system
enpl oying a Cl-to-host bridge is provided between the PCl bus
and a host bus tfsieehe conputer system The bridge is provided, in part, to
facilitate conversion of data fromthe PCI format to a format enpl oyed by

t he host bus. Many PCl-to-host bridges are configured to accommodate 20

only a 32-bit PC S rs.ar ont.i e either only a
64-bit PCl bus oblﬁ"g‘l‘@@ngtBe@e%@kﬁgmﬁgwg%ﬁgommdate nor e
than one PCl bus requires additional PCl-to-host bridges For nmany conputer
systens) particularly file server conputer system nunmerous PCl buses nust
be accomOnns-Bdfeféree TorRelated dpplicaiopnsangenment, wherein one bridge is

required for each PCl bus, offers little PCJT/US99/01616 SUBSTI TUTE SHEET
(RULE 26) WO big 2pplifgtiopisis cassmparntiy-partsotapphoaiipn senal ro.08/579.29%

\b , . . higk h
nu :ng\r/g(r)f mg%?rlypgtg %ﬁb?r gj é E%ﬁ%ﬁ%:?%ﬁ%ggl ggﬁij%hﬂt:%el L us ICHV"’(\I/'? #og‘uf: h © buses

t he maxi NBu3 pRd W BabdiabCompetér Indéréace Bus) thereblylinedrperajedbyaefiréncenal to the
nunber of conponents connected to the host bus due to the electrical |oad
supplied by each conponent. 5 Accordingly, the connection of additional

bri dges tg.d oﬂ%sotftlpeuﬁw&ﬁ?ow ts in a lowering of the maxi num perm ssible
cl ock rate—%‘eby—m the overall performance of the system As a
resul t, the comlheiivestionofenafallpeidittd eNEImpdtir tasisdgemsayd rop@tictimetomxi mum

perm ssible clock rate to a | evel which significantly hinders the
per f ol fanbredgsor imesfage element fordnrprgornectings hast computerdws dyithanextemakusi s 3 need

for a nor l.exidl cé]f” f j cting PCl buses to a host bus
wi t hout a &F’r?g)éapghﬁlt‘eltr%na @q%ggﬁlﬁfe(ggpéaglggﬂgo t he host bus. Summary of the
| nvention 15 ABCOhds RYsterfis are edtbmiligninbicasihglly p@pplag$emibse withint pedsonah bus

bridge is provided for interfacing first and secqond buses to . a third bus.
The bus bFITRRJEETS PAURRArwPerBPRal FomRteEREoNEgred ab e saasts MdECTWS WA ch t he

first andhigggw}ﬁ)rn\ué > hg@'g%%(ﬁvihﬂg@?sﬁggmré(d @ a@c&ggpéenlggthgﬁgﬁoéd?s whi ch

the first second bu are co d t© create a single Accordi ng
t 0 andtheestabtiblogli byethe PG SpbealdntesenGroupvent i on, the bus bridge 20 incl udes
a first set of_ data queues for routi nq dat a I:pet ween Ig&e fLrst pus .and the
third bus, In a typical computer system employing a PCI bus, a -to-host bridge is
provided between the PCI bus and a host bus of the computer system. The bridge is
provided, in part, to facilitate conversion of data from the PCI format to a format
employed by the host bus. Many PCI-to-host bridges are configured to accommodate
20 onlya32-bit PCI bus Others are configured to accommodate either only a 64-bit PCI
bus or only a 32-bit PCI bus Accordingly, to accommodate more than one PCI bus
requires additional PCI-to-host bridges For many computer systems, particularly file

server computer system, numerous PCI buses must be accommodated The

conventional arrangement, wherein one bridge is required for each PCI bus, offers little

1
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and a second set of data queues for routing data between the second bus and
the third bus. The bus bridge also includes a controller B R)Issﬂmtsﬂsthe
first a® ¥B8MAd sets of data gueues and operating the firsSt anhd_second
sets of data queues in parallel for the independent mode. The codtf JUler2002
routes even addressed data through the first set of 25 data queues and

rout es offmibiliy - Moseayer sagy state ol g arhiost brsss areshighly sensitive tgibeaumbesr t he
conbi ned i LR t i [ tdend . di agram
o ch i 1 Peg e, Sloh GRS, EOMeled MANCLAL Wit Slckbyled delndlifiih £ 71
present péhnissibledtlockirge i2 often dnversebk prbpagtiaal v it nurhbetrséft edmsonenfaus

expander bridge according to an 2 SUBST| TUTE SHEET (RULE 2~ WO 991 38082 .
PGTNS99/ eargeeted to theghastbupdog te Al glestsicel lordt syeplindebie gach pompenesh. Fig. 3

i | ogk_di ich ill : f s of th d
bri dgs. ofrryneh” MetRnfifkien At 4RbAD Srdkbe® o Fofives ruuk I RReDn o
Det ai | edoff¥s makiRfundpermakibleciodl rite, the@b Ivering the oWhlE Perfforhtants BB S

indicate like elenments, Fig. .1 is a block diagramwhich illustrates a
conput er sysieat A8 areads: therrgnnastiom obannsiditionalP Jrbridgp maylewentheimaximumon.

0. 20, BEFRETY Slockiratd B Rl Whk Sanilentl MERPCHHS netfifmified B fir 15"

conput er ovatall €dthPutesyd@mry subsystem | 10 is connected to host bus 60 via
| ines 50) and includes nmenory, such as dynam c random access nenory and
assodPat ed coAceastinglygthere iGonged derra more flexible eehninue ferlintgeconneatingGl and
input/output. (140 .bridge controller . 1,.Q0 nnected,to host bus 60
for int ef"?sﬁif%@i%%*é’uﬁw%}"eaqqd}r@ %‘{@éosf’(a?/l Slggbfﬁlg?a‘gg?gf%%?sg%%es) and nmenory
subsystem 110 to host bus 60. Although MOC 1 S 100 is shown as a single

bl ock or conponent in Fig. 1, the MOC 100 can alternatively be provided as
a separate nenory controller and a separate |/O bridge controller. Conputer
system 8_al so includes a plurality of bus expander bridges 80 connected to
M OC | 008 a % ne or nore external buses to host bus 60.
Acconging to meorem‘gwmsoquéwmﬁé sérit ifvelltion,  a bhriER iSpRAMAN bri dges
80A and 20 80B are connected to M OC 100 vi a expander buses 70A and 70B,
respect i forligterfAting Gosgland séopnd \hosdsus aghjpdibder The bulgeilg8oAcanfbusdB: iar e

CoeCt o s deghang At 5 T 5, A o250 B DR, SERRREL bl 008, 80
80 i ncl udes cappihddthEdirwhRthSfirdhATdRdeBoRPBisebbte RbinedRolFedts Q\ingRd for
connecting and interfacing to a PCl bus. In the enbodinent illusfrated in

Fig. 1, bus eAsaoding tr antdher8OvbaimieB0H the qitesent investianyshdBls plridgs f or
acco dat | t PCl ses 90A and 9QB. ander. byses A and,70B and PCl
buse 2050 Rehith S8 s of SHE GEPEET GRANS Beia BEPRAN B draiine g Bbanat on

sl ot's 92,84 £s&BRAREL FHatLqRBENTIPFduthisSd2Pbérvedh HRWO61RI Klfs 4MBTtRe fifidd devi ces
to be plugged in or 30 connected to each PCI bus 90 A wi de variety of PCl

devi ces bus.aflhpbes bridgeyaltreinpludgge dontrolieo codpled sipthadirstrangd|secandoeys afuch as a
PCl corrpgti bl e har dd- di sk.dri Ve 8 a SUB@'SI'I TUTgd SHEET éRULE Jf VWO 991 38082
PCT/ USQ9P#REEuSs 8nd gRriraungspe first 490 SRQndseLs,plydata ayesa inypprplel fag the

independent mode. The controller routes even addressed data through the first set of
25 data queues and routes odd addressed data through the second set of data queues for the

combined mode.

Bref Description of the Drawings

Fig. 1 is a block diagram which illustrates a computer system according to an
30 embodiment of the present invention.

Fig. 2 is a block diagram which illustrates a bus expander bridge according to an
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According to the present invention, one or nore bus expander bridges 80 can
be coupled to host bus 60 via M OC 100. However, M CC | 00 ﬁ@plbb 18 ly a
singl e eMRPY38%83 | 0ad to host bus 60. Therefore, the bus expander Dbri dges
80 of the present 5 invention allow for nmultiple external buses (e.g., PCl
buses) to be connected to host bus 60 wi thout degrading host b JUL 2002
per f or manembpdiment ef thePresantinysntiopxt er nal buses appear as a si %pe

el ectrical | oad,; 0, . 60 4 and, 80B
according to a%’%g%%d? E&%‘??%ggg%m g{lrhﬁ)é\g'ﬁ e gﬁéﬁﬁ@%dg@éis%ﬁ E%E'S)égﬁx%rs’?ert he
expander BrdgeesFig0Racctddif@ o o eimbedimesiseMbe pfesémvmrehtion coul d
alternatively interface to other types of external buses. Therefore, the
bus expander bridge 80 of the present invention is therefore not limted to
i nterfaci 0 R . s. According to an enbodi nent of the present
inventi%"gntwet&lfg sl §C%ander bri dge 80 provides two i ndependent 32-bit, 33
MHZ, Rev. 2.1 quferringnéd tHeQigurds!ifvictelike fonndiald mdriate liky eleiams, Figauisr es 50
signals for the bus, plus 12 additional arbitratjon and support signals
accor di ng atbipokiiagrap which Hlpstrales Zuamputar SYSRB aeRrding tp ag embodimesy piithe t he

Phe oxpandurienteBBRGR Colrblih Tk itk b afreld ot BGEesio, Mefames Por

ports for prece3saradEy, i20g 30unti4ol e Thel processsrs ase conréstetabardhds bok 60 df - I N
addi ti on) each bus expander bridge 80 can 20 al so be configured to conbine

nul ti plde ROMpBIGE ssterys. phavampey subsysiern & 1 e coppecteditd hast bue 6@ sigdidehthdwi dt h.
Accor di ng tg.an nbodi nent of éhe Presgnt invention ed'ich busd%ﬁa der
bri dge 80 o e&gﬁmo&rsgah % Yﬁ‘fig\ﬁ ‘g8 ?%cﬁeﬁﬁgﬁ@ﬁ) fitc S50 "Yuses
(i ndependeggic 32cHinputePdPterR8 Alsd Ghdhades VAL hiémioy GAIThRR/Julsutt WO)3idbet PC
buses 90A and 90B fo obtain a 25 single 64-bit PCl bus (‘conbined 64-bit
nmode) . Thevetrellee (MIGE) bifscampeted ty hast baiy@0 B0 imerfadeg preesemors Q) dusdson

rovi des inproved flexibility because eac s expand | d an be
Bont | gur edot PRI HUED S Fiarn SISySEN B8 s oBau ot AMbaMEOET dge
80 can e 1©0% hawneda sigRItIQR orlcBipbRdR REFEN! thd D¢ 100€5h AfentdiRelyoNbi ned
64-bit node using a varrety of techniques. For exanple, the 30 bridge 80

can be cortfeipgavided hs/a ssphtatepeinbey einiolerdndza @pataie I/Oididgpicontrollent t o bri dge
80 using a junper, by praogragmng.o or re silicon fuses in bridge 80,

or by pr ocessoréﬁm_gf%Sf?'ﬁ‘gWEggll-i:GE CF’EF)T_E é.lﬂé?%ty _\ﬁf)bélél%"@_ TREAgey S 01616 2
6 JUL 200ZohRedtBd b MIOT M0 Bér idefa8lg ohB 0P PfdratekRitnal \bAkdsaShdst BESEE! | ons

fl ow across conputer system 8 including transacti ons between processor 10

(or ot her Avcording to e embodipgint dhwirated itbignbawecbusexpaidenbedges S0A andd 90B,

L ansatl | o A SERRCBTPCRARE B PR SRR A% BBl ront of

the pr esewtm%ﬂrﬁdlpﬁyo bitexpufiddr bAAEECE00R5d 80B AsScdiPetieh s MIO@ N0, expander
buses 70A and 70B are full split transactions and consist of a request

packet andherecoayplbstangmughek of busaeraader bridgge 30y(sas, AL BQBSENG.i : a read

transacti on nangck% épelopransacti on. The request packet initiates a
transacti 010 n%jlII i on packets are used to return data (only for a read

request), to i nEdchdti€edpaider Bridge 80 includes multiple PCI ports wherein each PCI port

25 is provided for connecting and interfacing to a PCI bus. In the embodiment illustrated

in Fig. 1, bus expander bridges 80A and 80B each include two PCI ports for
accommodating two PCI buses 90A and 90B. Expander buses 70A and 70B and PCI
buses 90A and 90B are bi-directional buses. A plurality of PCI expansion slots 92 are
connected to each PCI bus 90 to allow one or more PCI devices to be plugged in or
30 connected to each PCI bus 90 A wide variety of PCI devices or adapters may be

plugged in to PCI expansion slots 92, such as a PCI compatible hard-disk drive, a
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transacti on has been conpleted on the destination device) and to reall ocate
buffer or queue resources. A packet of information consis j pl e
32-bit WPAE¥38082 so known as doubl e words or Dwords). Each"%gg‘%g{%qshél udes a
header that consists of address and control 15 information and can include
a data portion. The header of the packet is provided as one or ZTBrSUE)‘"Qﬂ"ﬂ?S
t hat i ncigoapbissichu, 8 dzneeditye(¢tead or wite), address information, a
transaction IQ identifwing the transactio routing intarnmation) .and
additional co ‘i%“lgr{f’g'?e o) (rd ﬁ%"’&_gf g %8?%?"(%“8?"%4?58%5( édc)fa%\‘ Rehc| ude
one or NMhRpledRb dosPbusied dia NIOCU0Et HOWeRRCKEOCC PO applfesidiy hispighaction 1D
corresponding to the original request, an 20 indication that the

t r ansact ietactrvad laadrtpl hostebiis 68n dTherefere, therhus expanden bridgeso}0) ofithe gaesentonpl eti on

Phe T dad iMEmAIOw Ty ot SEERLE e Rieh HG st 36 B pamied thostBle that ©
the Wit goWAthoGOIRI AR hoSUREPREOkhAN e bEERDS Belhditiplel Xt RATBHSEY app¥é&t €M 8 can

be categorized as either inbound 25 transactions or outbound transactions.
| nbound tas asingtetélemtacad taadtondwet busidsacti ons initiated by a PCl naster

connected to bugses 90A or. 90B., Fof.exa ,.a PCl device,operating as a PCl
nmaster may i ni#ﬁb&"@%aﬁ’fpfmf)gﬁag?se@gf‘ &@Qﬁ;%ﬁf’&dg’wﬁn §mbg '—"é%"if%‘ﬁ\ 110. An
out bound grbRE aRtihteTadeStoP T RiRER th ngahdﬁrtﬂrﬂgéﬁw)ﬂ and QOBCSEYRR pPesefty OCESSOT
10 and directed to a device connected to PCl "buses 90A or 90B. For exanpl e,

an oulGoumaenGon could shernatorelycioterfice tecotheretypespofextessal busesa dl lefrefardy dred di sk
drive co%nect ed t%. ne of_.the PCl. e%fi)ansi n §I ots BZ, é SUBSTI| TUTE SHEET
(RULE 26)Pus expendss ba HEhe RISHY HYRTen)s Beripreigp imited to smtedacing tog ¢

di agram Whalysld | ustrates a bus expander bridge according to an enbodi nent
of the present 1 nvention. As shown in Fig. 2, bus expander bridge 80A is
connect ed bet wenrdingrand embbdimentOof tiemedeall invanteors &@A busdxPirder Bridgbge 80A i s

di vided into t bstantially.identical hal rs] A-si de and

B 41 o) VRUFRTFSEREIsbauas 251t Mo R kBT e 588 cEX0A o

90B) i lgyi; ' B . ' : der b
) i I%I'éxgg&i}% rédlﬂr%?@@gggélgg%ﬁhés Ihaggﬂﬁ 12 HaBhBnhISrGRG ﬁ{igﬁg’gu;g}éﬂa” er bus

controller that “servic of bus expander A. The
speci fi c signalsacdosding toaberpChstaridard. Bachetas lexmander boitigd 88 peoyidesdhe pimadge 80A
will now be briefly described. As nqQied, ch si of bus expander bridge
80A is 1c9°§%lsaf\§ﬂ@tiaartf§acs hevsamahe Bl ﬁ’l}Sth@?‘&Piagﬁ Angithe expangetusshondi ng
el enent s i j i ; L v r .

G 1 or ent]0 St Each iy UEagoPpa Ao M PETRRL BE RromiBatng, e

i dent i f yimgtiple FEL Blises avillisrateddrsiFidel e hoadditidn eadhetus expaniiet brikigd 80 tane
identifying nunerals on the B-side end.in the letter "B." Each side of the
bus e¥harfd bhrofiguredga copbimsdeetiple Féluseiue Eevids a singleP¢Ebuybgvangs and

control i;pfesdaBbhviad data, including: an outbound transaction queue
(O1Q 205l <1t’or storing addresses and control information for outbound read
and wite requssosisgid anrembodichentsafdhecppaggheniventiopaedchttars eaparoier bodged wri t e

data que 10 for storing. Quthbqun g data;. an oyth d read
data quedd CERPEIRTRAEIIS praidH PHLGTReDOT 02 A s GodheRtemdatit -
transact 'rRHdé}lb‘?gﬂe htT@ly P rhiifie He Mo B2-BHACESE 9@Rdz}rﬁ10¢_ UH ol!;tEanI mat i on
for inbound read and wite requests and out bound conpletion packets; an
i nbou2id veinglesb4diait RCH besiEombi®)o422Embdde). Stheraforg, ihaltbas egpandet bridket8), and
of the present invention provides improved flexibility because each bus expander bridge
80 can be configured to accommodate different sized buses.
Each bus expander bridge 80 can be configured in either the independent 32-bit
mode or the combined 64-bit mode using a variety of techniques. For example, the
30 bridge 80 can be configured by setting the state of a 64-bit mode pin input to bridge 80

using a jumper, by programming one or more silicon fuses in bridge 80, or by processor
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two i nbound read data queues (I RDQ 230, for storing inbound read data for

two different ad conpletions. 25 As illustrated in Fig. gerpdsdmsiede of
t he bus %3?‘#3?2 bri dge 80A al so contains six controllers f(%t are

responsi ble for controlling the operation of the queues descri &8 ﬁngguuz
There is al sq one expander bus controller 23 5 in the bridge 8 that Is
common t o 18dnikalizingcbndge§8ci fi cal |y, each side of bridge 80A includes: an

out bound transgagct] . i i b I adi ng
and 30 the unl glg |p%§u§€’nﬁ1r§eyu§f 6"%’%0)4\%1%&&%83; Biaﬁécf %ﬁﬁgpffgmgilr‘?gu nbound
t ransact i eransaotivng bktween priessohil @ (or cthergspaessirs)l and ARG devivek cashaeedand 6

SUBSTI TUTE SHEET éRUL(F 2~ WD 991 38082 PCT/ US99/ 01616 2 6 JUL 202 the
unl oadi ng P& bysesy¥9A and $¢idyagsastions beRyeen piocessorst0 and memesy sybsystegni &1 | er 250

whi ch i5nt %3?ﬁﬁ%c?&%‘ﬁ%ﬁ@eeﬁu@ﬂ‘&%%ﬁc@@”saCti on controller 250 and the

PCl bus for outbound transactions; a target bus controller 255 which

i nterfaces bet weeordingao ainbabodimentad deprésem ifvention, thelbus traRvbationvhcrdése PCl bus
for inbound transactions; an outbound Backe%*ucontrol | er 270 for receiving
out bound pastdus $0rand expandepbissn dRA 330 JUB e R sphiv transactionsand gopsistAfng t he

kets t : q . di
Packets 1 AdhlERCHERG Sna A Wrplbuol BAUAY PREESEe GATRE ofitarbhction s AT ] OF
t here ar e temysstion, and ta pirigx erassdctivn.e sThe éjueltapacker initiads taotrandaetidn.vel y

route information through brjdge 80A. Fi@g. 3 is a block diagram which
i |1 ust¥oat &mplgtion Packess a{e nsedoto retEn Hata (enlp Efdaead raqyge).doAndcatethpt a2

di . ) v ) bed ab ¢
Fro o) "o ateaRlioB TS LA miitsel 05 E ARk BESE, 8 (o RaBERIE b GV '
i dentical gheusted@sicest he A-side and the B-side. Each side includes a full

set of queues (described above) and six controllers. As illustrated in Fig.
3, expander busA pasketrafinfermapign consistsid euiltiplecia-tit wgrdsdglse kpowmfasdopbleei vi ng

der b f nder ,bus, 70A .and_ tr. i ssion |ogic 310 f
Cranom ¢ (G ORTIRARY GOeh FARELPEUIR Sttt Rl eonbEe O SRR and o
cont r 0] efinf3fnatidh add &@ ihdsdeWwdRta porfiatX THehesdun o€ Beqshckét is Providddis dak

transm ssion logic 310 for selecting information from either inbound packet
cont r ol | erorangig Bwordsybamiacipdeside coamang|(read op PaBe), Pddress linfornatipn, a

descripti i D . il hs) ..getk | ]y appljes.to h.,si de
(both s ipeshdliohi B leipl OO RAAR B HE VRO Mhantono R AERiGRIESRROIR (7

i s 25 speGhfoifidiohy ThOERS pofiohfkhackishecliiesse of mMBRSDADBILGIHA32) and t he
dashed nux 345 are not duplicated on both sides of the bridge 80A. The

dashed | i rremplstiogipadkettodaing thedransaqiiondPsomeepondue48 2he anginalreqerssaad mux
Al L N TR T e P
the OTQs 2QmpletiDREcked dscdineludes the requested data retrieved (if any) in response to the
read request. A write completion contains no data but indicates that the write was
completed successfully.
Transactions in computer system 8 can be categorized as either inbound
25 transactions or outbound transactions. Inbound transactions are those transactions
initiated by a PCI master connected to buses 90A or 90B. For example, a PCI device
operating as a PCI master may initiate an inbound read operation to memory sub-system
110. An outbound transaction is a transaction initiated by, for example, processor 10
and directed to a device connected to PCI buses 90A or 90B. For example, an outbound

30 transaction could include a processor read of a hard disk drive connected to one of the

PCI expansion slots 92.
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30 IRDQs 230 on both sides via sine 409. IRDQ 230 (on each side) includes
two | RD&gshow; as IRDQO and IRDQ 1 Qutputs fromthe | RDQeT4%99816i6] nput~
to mux 8% SUBSTI TUTE SHEET (RULE 26) WO 99f 38082 PCTN?%/ 3%@2 6
J~1L 2002 lines 406 and 408. The output of nux 325 is connecte i i @2
422 (In Read Data A on the A-side, In Read Data B on.the B-sjde) to mnux
330. The out p&i& 8 Hbjockdizgram (S §ibys lexpandgd "émcceal'%s #h the

A- si de, = S . %ﬁ% : T . j

connect egﬂ%&iﬁ%ﬁ‘n@‘ﬁgﬁ%{‘gﬁ?ﬁﬁ%%é. & f?’??@l%gg‘kiegpédéé;?%%?lsnect ed to
PCl bus g6fnectedcbdbwédneexpandidBua 7 ACahPCI bdsds®@0AChnd 9B O (Bridgeh80 A g put  of
OADQ 210 is connected via line 404 (Qut Wite Data A_on the A-side, Qut

Wite Dadiidedinto twe substantiplly idetical Ralyepor siggs (Ausife and B-wsie) wheseip gacthnnect ed
via ligne Ot Ofi sl : : ie) to nux

335. 'Phes@gg%&t%%&'éqﬁﬁ}%gﬁ ?g? g%%ég?é(??\%g a{‘s“ﬁg‘é ﬂﬁ ‘ﬂ%@@“?&?tbqﬁm 032 .
Dat a) t oniade. Therd&ouke chinfion4tfandérbuddontilen2?s that sdreicéds bottiaides of bas | Dat a B
on the B-side) connects an output of buffer 320 to a nmux 340, ORDQ 215) and
| WDQ 225 expanderkidget80de OrQ 205 (1ine 402) is connected to nux 340 via line

Via e 410" e s simdpd or BHHcRE R forBach 18 R dhadsditiuge oA 1) 200
ar e i nputwillmown be bridflp dedcribed. 0sr ndted;r ea?il SsideTofbusuexpanderf bridgel 800 und packet

controllers 275A and 275B are input to nmux 315. Mux 345 is provided on the
B-si d¥ asubstentiallydbe same. npg illstraied dn Figu 2, sprrespopdingeempents an sasly side a B) and

th tput . f buf f.er .320A (I / . ki [ 2 (1

52t 064 patcite T A FnPe sl B olue ahite 388 Frle SRR 5885 s
expander eRpindereoriIgS80A | the fieNrifiRg A@meniskMtheN-6ia8 end B the @Ry enal white
transactions. (The other bus expander bridges 80B, 80C) 80D) etc. which nay

be connedbeidentufyive@Bmecds emthedhsideisad sethadeitas|“B.confi gured in either

i ndependent 32:bit .pode ,or. conbi ned,64-bit. .mode,. and each operates in the
sanme manner azEaShss’égogQ‘ﬁat?’rHe‘?xPﬁ? e&é’éégﬁgo)q ‘ﬁ%ﬁ-‘dﬁﬂée\??{%a‘iﬁg% Erft(?éeé in

| ndeppndediredgard éo%ﬂ}i‘nféﬁﬂa‘ﬁoh%ﬁd‘&@ﬁlih@lﬂﬂin@@r the A-side of the bus

expander bridge 80A wi be di scussed. However) the B-side of the bus

expander bri dgs dubanditeansactionmqueep EQRQP 205 Hon stering naddresaeseandzgontiob  A- si de

wh brid 80A i.s in 32, Dbi d 30 1. 32-.Bi de. Ex d Br i :
mbound AagEendS: ouboii fa s PR etz g Mooyl SIRRRIGLEENEETS) o
SUBSTI TUTE  SHST Bkl 126 dta UBLOR RGP FITEr bk SRR AR Avie i 2007 For

an i nbound read operation, a devi ce 1ssues a PCl read transaction. The
PCl read transautboundgeadedats qeshed(PRDAT 215 f@zoxingeitheiklagad datehe t ar get

bus cgntroller 255A Target bus contr.Ql S5A.determ.nes that the read
trans d(;'ti on i sa'\/g’lgf’ﬂ?“aggg%ﬁggn f‘H%uengtd)ﬁé%o!zg% %‘f’"?%gg}’rééscfsﬂn ncsoggrto fon) and
t hen pasSgfrhiorPRe iddEndRdd a8 Wildtdestd ahd beibeBhd eSmpRtibA padkelound
transaction controller 245A (there is no data in a read request packet).
The i nbound t raariskmndoyrite datargyepe (VWD 238 der siparg ndauprdwrithdapandi on t hat
i ncludes a transaction, B7, .and rout] { regation that |ndi ich PC
side (A-side or” B P'élré(} retaﬂ‘g ag‘a%ulgle"fs gg%éj)ﬁ%mﬁl H '{‘;’Eﬁ{ g?lr"gdr:%ggt% %%ﬁfo}l"h
cont r ol | akvoldifférehOrea®ESmplBEosONt rol and address information-(the read
request packetg‘si nto an expander bus fpacket i i

25 illustrated in Fig. 2, each side of the bus expander bridge 80A also contains

six controllers that are responsible for controlling the operation of the queues described
above There is also one expander bus controller 235 in the bridge 80A that is common
to both sides. Specifically, each side of bridge 80A includes:
an outbound transaction controller 240 which is responsible for the loading and
30 the unloading of the OTQ 205, the OWDQ 210 and ORDQ 215;

an inbound transaction controller 245, which is responsible for the loading and

SUBSTITUTE SHEET (RULE 26)



10 and outputs this address and control information onto Iine 416A to store
this address and control information in the I TQ 220A vi a M@}é% lénbound
t ransactWe98¥82 r ol | er 245A generates an | TQEnabl eA signa %ﬁ | TQ
220A to store the control and address information of this read rédducHiL 2002
packet that has been ~lpI aced on line 416A As a result, although ORDQ 215A
and | WDQthosnoadiag 0E1TQ 280.0BMM2 61288, andl IWRR 225 A, ORDQ 215A and | WDQ 225A

remai n di sabl e i i r. and
control infor r?aqpi?%%tb %?orﬁth@ﬁﬁgggg}th ﬂt‘ﬁﬁgt{eﬂ%‘ges%%{‘g% tg%g gt%f)lﬁﬁ(gt@%gk%fl n

i ndependesphtrdfert@s0 af0 dee PChbeyfod otitbausd eransastiemsnt r ol | er 245B can

i ndependent |y generate an | TQEnabl eB signal to enable | TQ 220B). The
expander bus cotrges|buscoprgller’sy whick interfages betavagn theinbeund ansactiony t he

M QOC 190 vi Q TOA, .eguest ed data becones avail abl e
from rrocro;'/‘?}gﬁ%sz?éltoa g?nqlféggi‘ﬁﬁ %&‘ﬂbgg%;‘é%@s%&{"g@' a conpl eti on packet that

includes the rgav@sb@ll pasker aswirdlier 27@dekr FRBIINGt dboundoRickels fidth @héat i on
such as the routing information and transaction ID), and sends the

conpl et i oPppradsk bus eantiplier 23&anddierwandingghe gagkels te the guswesrandus 70A. 25

Expander bus coni.r ol | 2 Xalm t r Ihformati on ifically
the routing i nﬂ‘"c}bbr?&f’ cli §%\C)ke€$°r¥rﬁgercjg(r§rg ’e‘*t;‘.e%%&ﬁ%@ %alfelt fS’%B‘Q% & rq%e%eést%@et her this
packet i sexphideebasicémirallee23XCl A-side or B-side. Conpletion packets are
directed to the sane side fromwhich the request originated. Expander bus
contr &Pl er 23 I3 pddiden, otheprueee seneral onultiplexenst Gnugs) 8%0 (thafc prednseg to
transaction I.D) of the conpleti nto line 409 At this 30 time, if
t he packe eﬂ”l"é"%’( Fte ggowggﬁgﬁrﬂﬁg? g@,é%g%on roll er 235 generates an

OTQEnabl eA si grigl 349 ®RAR| Bagrb@ WHich ASate atHER Hefals 6f Beduk RRp4ifast r ol
information in Q 205A 9 SUBSTI TUTE SKEET (RULE 2~ WD 99l 38082

PCTI US99/ oyitige 802 of FigLR acxpading teaan embodimentof thepigserit invenion. As Hessribed if t he
acket is . directed to,the B-side), contraqll er,.235 generates ,an O abl eB
DT nal t URVF 50 Ekob-dbh Dl PReRIg) HAEFGIA B U Ry IR RUDCHE 280
(B-si d¢) . sidddl heeX R £dahe B1Gide ! IFath side iﬂ(ﬂiﬁﬁé@%tﬁm%%@ﬁq&hbg'(ﬂésfcﬁﬁed;] romthe

A-side, and therefore, the conpletion packet is directed back to the
A- si de. GabidexXandesepeamsiodlarsbus control | er 23S out puts the requested data

onto line 409 fo.store.the data i ne of two, jnbaund read data ues
('RDQO or | RO e % PPt A ord skt REUAR 2E0ne el MR can
store up foPrdc¥iving @RFankieNPhSIdcRES filoaflékpanderad 70AMNnd AtankmisSIbARSdi®RN ¢ Or t wo
different read conpl etions, including the transaction ID, the nunber of

Dwor ds, rioantrangnittingexpendephus packets onfthexpapderdsis dAdiExgantter hus egntendlenh read 10

| ef.i i s st i f the two I 30A (I d | 1).
Aocor AP o2t s df mane 19 saggs e 4ot 8P st e STRIr o
can st or esdidetih@ iddriMidhdBom AitE@NnbAUndSpagRed cdnéioliber7 IARDRAbBakd packet | RDQ |

Enabl eA) is generated by controller 235 to enable one of the | RDQs 230A to
store t hecantigllersi®®.dat a. Li kewi se, one of the control signals

{1 RDQCENnabl eB Enabl. e IS at ed the 15 sj I if
Lho pockar o Bie boifRne dsRARSHIn 18 a8A0RLHE i b0raty hppitsts P | L
240A r eadsidé (sot9TAQ s I daBdiddPbe eieSbridie 80M 0exeptr Whete OGIAE & iBgidpacket . The
out bound transaction controll er 240A forwards the i nbound read conpl etion

packei25t ospepiEicallyprsuiet ©nlribadeshed lingsrdipey 425 ampl/R) apghiherdaghadonws34he
transacti | D.to. det.erm ' r r est. t he .a bel When 20
the bus. chdsadrPisRUGE U0 L EF vl e 3UACTIng DBREFR 5 POty | D0
mast er f opathdifliset 426015aC4320)mnl @hgdashbBiuR G465 e FRaterapidivided taocnfiduber

control information as the original transaction), the inbound transaction
cont r ol | ebridgeRAointthe cambined ﬁ‘é'gllé%Q@dtQj%ﬁ desey % | n Read Data A) from
either IRDQO o R Ho! A _\i 3 d 335A
The i nbound trrgplésg% |to§t3%§\%'?'5gﬁ?§%8§§in€%r% \r{%‘?ag%%%%a@g\g?g&ge ectively-
out pu3ot hERIDIRE 23 Bérekl sidBs @h liler09. RIKIB®@3 0 (BR@adh sidd)dndhides twb JRDQRUS
controll er 255A control s nuxes 330A and 335A. IR can store up to 64
Dwor ds ( f #rovayas ARPEP and IBDRpPutrutsirem sheelRIBQs g3 arepnpitde muxat? W t he
Dwords for a read conpletion are output to the PCl bus 90A on successive
clock cycles until all the data fromthe particular IRDQ is output or until
the transaction is ternminated by the BCl 30 master. 2. 32-Bit Mde Expander
Bridge: Inbound Wite (e.g., a wite froma PCl 10 SUBSTI TUTE SHEET ( RULE
2~ WD 99/38081 PCTI US99/ 01616 2 s ~u~ 2002 master to nmenory subsystem 1
10). The address and CRIBSTHTYAH SHER nsion bus 70 are multi pl exed.
Li kewi se, the address and '%ata Sl gnaTts(hngfﬂ%( PCl buses 90A and 90B are

al so mul tiplexed. For an inbound wite, the PCl naster provides the address
and control information, and then 5 provides the data to be witten. This '

Y o ~ N A - o ~ N A o



15 via nmux 340A by generating | TQEnabl eA signal. Next, the data of the PCl

wite t jon is received fromthe PCIl master. The in action
VB0 5 aatd PSS

controll formats the data) and then stores the data in 25A by
outputting the data onto |ine 416A and by generating a | WbQEnabl&B dULn2002

oo, - obeeidte anbits Thstad oSO SH R oparishon 2 sopendBhia A gener ot
out puts PR B R B o B e P e Sla DS AR PR, Ot put <

t he dat acornecred ViB(ing 234\(Owtr Dataah onitisesAaide; OuiMDaGE_BAh Bréile) exmardss. bus 70A
After the data has been witten to r_nem)r%q subsystem 110, 25 a conpl etion

packet i dhe eERELRINYX S8 spRsctedida st aoto RutepsiPG.  Hhs utfars 320 a3 32-Bi t
Mode p i . b rece 10 to a
POt &1 Ge et B b e b conn ot R PG A e PRERIRL 3y
expander oBLGWIIQt 210 liercodnéctéd ovia tline 4040000 OWEeN Dacd lAeron? ke eacgidenes t he
packet header, .(address 3Q and, control _information) to determne if the

packet | QuiiWe t3 B ptheB-sidghtognux e Bharutpyyaf @4Q 20%isconrectad

sreer (ROl o7 €l 8 S bARES A E Pl ote B e S KRR s sumes
t hat t he Thaokput bSmdk B30B édcdmedied vid-dakletd H{leuR 608} .64TdB2 e huxpus

controll er 235 generates an OTQEnabl eA signal to enable OTQ 205A to store
thi s 18ddAd88- and control information in OTQ 205A. The out bound transaction

controller 24 r ress,.and t ol .information in PCl
format. After Q@(e%lalﬁglegr- P@Laga_%‘ Poﬁ‘otgéejgé%% Mﬁr@s&?%oé]rtbﬁpﬁs‘ ¥ cBRietus 90A,
nast er buf o6t sufer 32G0A e ORDO 213, had awu!r@a.@s.a'nge e@iput 6f OT or mat i on

from OTQ 205A to bus 90A via line 402A (shown as Qut Adr A), nmux 335 and
buf fers 280A(ling A82) isogowrectedetadaixe 340 . wadlingo 420 ofOut pE€ empletipupAi er al so

ted via_lj 0A Conpl etion A).and stored in th d
{ransact G- EBRPRERR e WRHEb B e Bkt Hp fg P sATT IR s s ¢ ne
10 addr eettpaifCT 220, ORDQ 218hhPIWD O 2251408 ifpus tPRPountifacREl cdntoliet t hen

provi des the requested data onto the bus 90A. The outbound transaction

cont r ol | @7524te autputs foor ipbourdepacketcantrollend 278 Al andQRISE @reSrputita niine 416A
by generagting an ORDQEnabl eA signal to enable ORDQ 215A. Enabling ORDQ 215A
al | ows 215A to store the data provided on Iine 416A. (In 15

i ndependent 3234@k 845RARoABEH 61 Y BRMeGfid PédeivERES inpRtst %ﬁt&ﬂu@pﬁtr&%ﬁ&t ion

controller 240B can i ndependently generate an ORDQEnabl eB signal to enable

ORDQ 215BpOB fint Adr/Rata_jB) @nd) thesoutputrfeaye buler, 3207e(loud driatd_t\) arstashédon

contrpl |l er rat es. and.st ores read c | et acket (control and
addrejs?)ls ?’H?%?%‘& gg’%?"%ﬁ@la[fgig‘ et@gﬁs'éi]fel% p‘l't[ﬁg;ﬁd"%fﬁﬁef of vagrds) in the
| TQ 220A vi a h’rm@Ké&Q&x an@hsre;kﬁaraﬁ%ridgms@&)mﬁ bWkl Récried bldebdibiipner at ed

to enable 1 TQ 220A to store the conpletion packet (address and control
i nf or mat iseyeral bpR srasgaeppes: | rhepalat dus pxpasdeiridess BIBSUQBAstcOwhidonpl et i on

A. The expander bu 0 235.qut puts the conpleti.qn cket, (address

and cont r“gﬁy%ler‘ff) meﬁgepﬁgﬁélbgﬂn{@’%aﬂgacﬁﬁgﬁ%? elglféang@g;gq F’()"?‘Hq\eﬁ' %fﬁfﬂg,egtand t hen

out puts Bhebit ARHde Trembined 4L MR, [BRd 246 operated in Bé-sBire MAHer EXpagnder -

Brldggl’: Qut bound Wite (e.g., a wite froma processor 10 to a PCl target).
o]

For grpAdatbudge AR wite request packet is received by expander bus
control |l er 235.,frgm the 100. . trol |er .. exam nes the packet header
(address and g%'}ﬁﬁgf Ef‘ﬂ?%ﬂreoﬁ;%'g%e)'qu'%ﬁgf%‘*%tﬁé???%?ég s directed to PCl
A-side or si doOy (tFitissctRna Tl ¢he3A-5186 WiMhe gt exphficpasnidge 80 diillesd ed to
A-side). The address and control information is then routed to the OTQ on

t he propdiscussed BpwsuerptheBsigletot eheduhgrexpandgn lridegmis synmegicSUESPETEE SHEET
(RULE 2~ the same manner as the A-side when bridge 80A is in 32 bit mode.
30 1. 32-Bit Mode Expander Bridge: Inbound Read (e.g., a read from a PCI

master to memory subsystem 110)

SUBSTITUTE SHEET (RULE 26)



WO 991,38082 PCTNS99/ 0L G16 2 s ~u~ 2aa2 information onto |line 409. This
exanpl e assunes that the packet is directed to PCl Aside (bus QOAE. The
expander WOWP838Bat rol | er 235 generates an OTQEnabl eA si gnach{TéU%qﬁlzg 118 orQ
205A to store this address and control information in OTQ 205A. xt
cantroller 235 outputs the data onto fine 409 and generates an %Qéﬂbbmﬂ@
signal 5 to enkdlan ibhvendnRdopd@don, @ P§Hlalerice msuekat BCI rfatiaransagianddihebus

brid 80 bt ai hi. f P h 90A, t b t || 250A
Chen out phELTeR ERRadHBIS SR sTs TR oR P D FreH QU SR e bus 90A
via line ﬂf&%géga\mse&t,%&erﬁ@mmmemaﬁéemt&uﬁéc%ﬁ_is?%% decdifpst i on of

t he address an ontrol information (including transaction ID, address and
nunmber of thevebestinjtiorsofitheaead traesictiom andrtbent passes] he(ddresSamy | destimatiod) and

T TN S R R N
330A, Li i”ﬁaéit%f)g TS hBourhd M hsagio tontirBiled 235 ABbherdfed/tonftd] Ditddfativn $etA  Usi ng

t he PCl tert’ace over bus 90A, the PCI target then notifies the bus 15
expander inciudep t8B0wactioniD} hed whating infosmbticarthar indicates whichiRCIPie ¢(Asiget . The

out bound transaction controll er 240A ner ates and sfor awite

conpl et i off gaﬂaé)[thEd’@ﬁlEer‘&P"‘&rfbo'%dgﬁ(‘)@é‘ggitm?‘i‘r‘ﬁf‘i%ﬁfmh?{cf d} fRymatsthgact i on
| D, addre : i ; i i nmux
340A, andéﬁ’ﬁgg'h&e”r’%gt??%éﬂgﬁml % fnﬁaeb'llegﬂA;%?Sﬂ?c%p@%E’?g’tqaﬁ%ﬂ%@ﬁaaﬁe
conpl €®i oandaaas thisaddtessundaoniroinsforzibn astdihe @l 6 A @o syire thipaddéess hind

expander bus control|er, 235 gutputs. the conpl etion packet (address and
control i ReWFotaatPERatian e the HQ %i‘b%ﬁ@é?”’b%ﬂrEOA from|TQ 220A. The B-side of

t he bus expand i j g scri bed
above for A-si grgjo%%ﬁ&ﬁﬁggﬁrc?@g@%gis%\%e?ené{te é‘l‘?iﬁggg'gﬂgéﬁf@ §f%-a%‘|aggrmde.
The A-si déTQRJOA e stBrestheleomtfoltané athdresscinfommdeion bf thilgeadueapacke tiite

si mul taneously) with 25 expander bus controller 235 handlin ackets from
bot h si dedaseenplRerdordnd 18, Rarultnalayeh ORPRZIS Avg IEDOAASAaebus
expandar j i ,dges . . Each of
t he eg)g)angléé g%?’lﬁgggts&% 4%5?%?%62 %]%%‘Edrn gIWQg‘%gﬂggﬁﬁﬂc&éﬁb gqggﬁ??raﬁred to
oper at e i anetlcaetord dilpregioiRnthe @odressidrid ¢ntlol FdotmatioNTDE theOpachecthaiisned
64-bit node. 30 The Bus ExParJder Bri dge in Conmbi ned 64-Bit. Mode The bus
expander BEtPyGENEOmecHS Ay ellp dpfepgidenti 3 2ditgpedeadrbaund drassashipAsanisallesi t 13

SUBSTI TUT : 99| /) Slhzy 2 node in
ahi ch t he 2o ).ty sende st HRIFRRIEEI A (0 thlde F1Q 208 e T nal o
64- bi t PClexpanger bus k@wtolier, 23f0then bipotstthe readtrequest pdekstetd the MIOC R viar ot her

buses) can be connected to a bus expander bridge 80 and caonbined to provide
an ext¥ n&rpasder pusi0dy eWEReyteareauesisd cdataithscomey axailabln &rom HRERET¥2- b t

ext er nal afn ob j s ' [ A

04 bi 1 modepyteron of R RSLARMh e, BELG] RhatimR rtalti®d B e the
bus expandeta aad tldgead torGgleliod (condel infarimation ecdhrsqbesutiag isfbanatioa anded t o

sel ect the~64 bit de. Wil e in comhined 64-bit node,  the bus g)é.ander

bri dge 80ATR3AFLIOBNINpRASENISIET cPMaleran packeddp Bigsexpander daidge B0AcKagevi ce
(a PQ deyisadbh@ls fah 10 provide/ accept two Dwords or 64 bits of data at a
time), or tgﬁaESZ-sbit 'PCI device (a PCl device capable of providing or
acceptiing dat a Bxphide8Bubedmsrodier 28 & éxamines\thecorardd infoiration sgeciiraltiethebr i dge
80A is communicating to a_ 32 bit PCl device, only half of the axai | abl e
bandwi dt h "Peingfergiatignaof the sarpletoncBackeh P daterhing ipsdhsretts RACKENE present
i nvent i on)yithes A4Re BEPANSIR or W0 eCdRpRAGN P2 e i S sfod- Si de
and B- si de)lr In an gee\;gﬁﬁﬁcﬂlﬁ;%ﬁén%&\%ﬁi l'e Pna%}ft%l t(ﬂr\érr%{glggf n stq i sS gven-odd
schene, alfionewhioh dddepresadigthated. Ewpender taddomsslle??3 3 BrsOpuipstgrthacentroln t he
queues on.the A-side of the brjd 80A) and, all odd addressed data. (where
addr ess[ 2]MPEAioR (lf‘gwﬁv%gwﬁmﬁ@) agfﬁla cquelRtion pA° %Q“E’-’é’?ea‘é)gofml)‘?iswe 80A .
Thi's sghenmgealsRe bé‘ék@?is'd"ir%@t'eﬁ 18 theVWRUstle NELtdIBr 3L Sdrdttd . PETQBRGGEAT Cat i On,
which requires that all even 20 addressed data be placed in the | ower 32

bi ts (t he signdlitoedablerttie OTQ 20fA Aatdides esiontahea comtrqllizfoodation NETQRPEA 32 bits
(B-side). Wiile the bus expander bridge 80A is in 64-bit node and

comuni cating with a 32 bit PCl device, all odd addressed data is routed to
PCl A-side. According to an enbodi nent9 of the present invention) the queues
(including the 25 transaction and data queues) and the controllers on both
the A-side and the B-side of bridge 80A operate in parallel when bridge 80A

is in the conbined 64- Birhs¥PAPrE SHEET (RULE 26)



However, according to anot her embodi nent of the bus expander bridge 80A of
the present invention, while in the conbi ned 64-bit node, P%rflll}'ssv% 16
control P ¥RBPB% he A side of bri dge 80A are used, while all "controg erﬁ og
the B-side are reset (unused), and 30 only the transaction queue 6n JULe 2002
A-side are used, while the transaction queues.on the B-side are disabled.
Addi t i onHat &lxFn Qntg e ﬂ@%cf—iksweb |1W62§§tdﬁdrrﬁfje% IR Wedtsidai sRaollen

SUBSTI TUEE? §%e% YT nableg%igx%lgggﬁgwﬁg W%l%oﬁhat%n%o%e’s@rg&i 2D2 of

n or g, I ment o

t he prese Irnvention. ere according to an enbo e present
i nvent i ohe GEQRO5BN(B-didey This bxdmpledssudies didt else @flesBpsikde ofiginaves frloat S
(out bound transaction controller 240B, 5 i.nhound transaction controller

2458, nmsheh-siles apd HieFespres thexompletiog nycketjs directed bask|te thoAssideand packet
trall 2 : =S4 j 205B d
f_?_g rz(z}’o B)e.r S }%S&%Qng?réxﬁtﬁkl cORFoIRE 23 Botipis tth'é?&g%&'tég gﬁ‘téf’dfﬁ‘b’ fife 469 ge an

Fo e transaction queues si de can .
di sabl ed store fhé-datd inromd®f o iiviiouqd neadatat ngueues (IRIDNDO or RINQA) on thwsiddre B- si de

205 and "k hopReBdstis & B 20LA FRLTEH R 19 SRy SoReetmtthe.
addi ti ongly £53% BF4RAS fofrkgg‘dg@f'éﬁt i%'ag!cgt‘ﬁ lgﬂgnsBirﬁzlu‘aﬁ? thFlf'x‘zlﬁ achiBf ID
transact FOn queues on the A side can be made, for example, twice as |arge

(or deepiheaunitepsEDabrdshubing inflematiorg ecgnithacorréspondiny daadddesbliess whil e
in 64-bit node. This even-odd sche ' B-side control | ers and

- T \ me _in which the
the BOsi gempletipnsisstaredimonepfdhetve IRPRs 2304 ERBYFsad IRPQige Asuarding:

di sabl ed,in 64-Dbjt i L anid i t I in_the nu r of
325bi t o S RO e R B B DB AR bR ey anc
conpl exi Dwerds.t Recorplisiphdl (6ities IRDROERaBIe AN TR IEnhbleAY isopmeaitddmgy bot h
sides of the brig%e 80A'in parallel in 64-bit node. The operation of bus
expander contralige23pm sngble enerof the IRBQs B3 PAtaStorgithe requsstedrdape bikewisebed. To

avoi d repetitiaon n t he di ) 64-Dbi t e.,operations
2nd the: PrbebiRTenloL e aRDAMERER IR R} O8) Rechifar IPE IR 1

64- Bi 15 Mafie RO @ etie picketds dirkdibdtohe Regide Fr om 32-Bit PCl Master The PCl
read transaction (including address and control information) is always

i ssued from t Hhefotbaynd transactipn deatrplies 28R aneads thp OTEY 2080 And detepts tiCl ~ A- si de

(over bus_25 90A). (regardl es ther, the read .transagii nes _froma
SO bl ¢ opning Féat coAeon siRRen ik Hitpch g 1EalRnh BRRRTIIE 2Ros Ht] Oterves
t he addr eR&inBolthdGestf EdthplétidrOpdtREt toRh@mBohifd fradsactidy contriofler 275A evhitit 0 an
expander bus packet. The expander bus packet is then output onto |ine 416A

t o st or e depadss thgdramsastiomID twdetenning phishreed caquesi thedaty ebopgara. Whethux  340A.
The ?ifﬁgﬁieglgﬁs%%}%%r? egéég IeI ?(;A t}:r%bc%gfe? 4 tr%%tat?édtrg% %%gés?%‘rﬁtmothte Il\r/l?zgfer iy 100.

Afte Fom ry supsyst éeém e conpleti"on packet
(i ncl udi Rpisdadndaction RIQVhAGEL (e sahe Mp3ARd Jiks conrbl BFdrafatiddas tha bus

70A. The IS, SUBSTI TUTE SHEET (RULE 26) WD 99/ 38082 PCT/ US99/ 01616 2 fi
JUL 2D02 original transaction), the inbound transaction controller 245A outputs the requested data
(shown as In_Read_Data_A) from either IRDQO or IRDQ!1 230A onto PCI bus 90A via
muxes 3254, 330A and 335A. The inbound transaction controller 245A controls mux
25 325A to selectively output the data stored in either IRDQO or TRDQ1, and the target
bus controller 255A controls muxes 330A and 335A. IRDQO can store up to 64
Dwords (for example), and IRDQ1 can store up to 32 Dwords. Each of the Dwords for
aread completion are output to the PCI bus 90A on successive clock cycles until all the
data from the particular IRDQ is output or until the transaction is terminated by the PCI

30 master.

2. 32-Bit Mode Expander Bridge: Inbound Write (e.g., a write from a PCI

10

SUBSTITUTE SHEET (RULE 26)



address and control information of the read conpletion packet is always
stored in OIQ 205A (A-side) (the controllers and I TQs on B;si

di-sabl ed¥© er, the data is stored in 1RDQ or |1tDQ ?@ggﬁg@k’?gi de) if
the data is even addressed, and stored in | RDQO | RDQ 230B (B-sid@)giJjult 2802
data is odd addressed. g VWhen t he bus expander bridge 80A receives a

repeat ed Wester AP ubystesh! {Havi ng the same address and other control

information as s ghd'@lta ESJald Afle LEARSGPHsI0)ard MBMpidYed PEiKeRSY e . the
even addr essedT g?dﬁ%ﬁ tﬂ@?ﬁg@ cfe an%l the Odd saddr esseg Jc?l(gtégon% & B-side
ar e out puthetaddfess amdidatdGign{lf\os itleecd)CI Hilses 204 and80B essasb dmltipletedr Fdron t he

A-side IRDQ. 230A is output froml, | RDQL 230A via nmux 10 325A, nmux 330A
and nux 3a5mbound Vg dhe Rt waserpropess tﬁ%sirdafas PWB gaHErobindorRationpeRd Y8R | s

out put frg,r&,i &D@g ﬂﬁ% 3Ks FeceRed 64t 032
Dat a al on Ildne gé@@%ﬁéﬁag‘b\}b{ X %éSAfstﬁ%n ese ég%jéxtﬁgéB@%ibgg&aata i f
t he addr e8GA ot bagieDA dher sdedessivesclatk eycleat Gdte faddressmidicontrdbmforniationaf| dat a

is output or_until the PCl transacti | S..term nated by the PCl ster. IS
2. 64- Bi t 2 NEHRMIS RPN Br’F%fg"éQ 313l DREEeL P 28 A PRSI0 pbs (NP Af 1 er
t he data | fele @M f i :
(i ncl udi ngérgg(?giq %Sgﬁprﬁ%%s fs' gqu %P g%é#ggﬁ @Essa%mﬁ’f‘@r’ B%?ié%\ﬂ 'zsa bus
70A. The w4t and thenddecodés the destirationtof die ofitd trensacthoh andrphent passespheket i s

al ways stored in OTQ 205A (A:side) it he cant rgl lers and | TQs, on B-side are
di sabllfd) adisseoad deststignripformann 4@ dhednhoyng pranspeion) rertrallep IHRA A- si de)

if the data,. r j ) ide) if
t he data |i'§°°(l)1 g?éﬁ%}arcgggecgr_?@@gerr zggggb?{a?eqnégﬂ terlr); éfie \B?'? st@aﬁg%ﬁ;%ésss%h?s al ways
an even agsliressd dékatidrhadfosmgx Meaderesbind@ntuBOnforanton @Roa dxpagired read
request (having the sanme address and command as the original read request)

fromthe P& paslstefoymethand\aaipus thel ddeese and sgoatiol iifosmation ((Fomn @4 dA-;si de)
R on B e FUSLEAR Bt BRI BB 20PN et o

cont r alsl exiaGfiudt 540 Ab$ gelerdtidIANBEnapleatsigaly out puts two doubl e words in
parallel fromI|IRDQ on both sides until all data have been output or until
the PCl read t ANt shedagrpfithe REwita sraasacign is rrseiped framdhe PCl pyasisut gbeti ng a

Dword f oSl i | i -S| 64 bi
i O Ao e it R PP R i O D1
32-Bi t PCR25& sV ettphin@ueSddtd bito IREEESA (aRiblz g2feratingd (I WDIESBRA signal

PCT/ US99101616 ~ s_~u~ ~o00~ A PCl wite transaction is jissued by the PCl
mast er. THeenahlsshmVPRAS Ae findrdependans P 2-bit mogsand i sorghined 6 hiftrgodene

dd : i i i th
20 058 200 AGAAI bILRHTIR GBS IIRFB RS sLRHES OlGRLONgS Lhe
only on tkgnkGb efatsdé WD(@D2IBYVer bus 90A). The bus expander bridge 80A 5

is notified by the PCI master via PCl protocol that the PCl nmaster is only
a 32-bit devi cdhesxgandss pry eprarollen a3 xoyanEdhe pidrassend goatekinferamagigha onl y

on the PCl A& J i 'W,ﬂ‘g : (A-S|

exam nes 'Itﬁ' he ?:(gg%opagg? lehgggg@&ts%ﬁeﬁv%‘?ﬁée&‘requ g%%?e’ﬁ‘é‘%”%é?@"é‘ ﬁg%gﬂ?%t

addr ess i d0@wvedr)expdnder bukG0datARepfhe da hbis beeh vidivend o insensdryrsablsyisterd VW0 225A
(A-side) via line 416A. If the first adgress is odd, then the first 10
Daor d 295 @(SOMPletion Paghishisreseved by ipardes Bus eaiealisr 25 FrAmIMIG64 Bt a),  nux
345 and |ine 4%46B. LE. ' [ te
sides. The inbéﬂnc?ztgrggi@gg?%‘ﬁ%@%?rﬁ(g ﬁg'ré%%ﬁg'(’Agéd ' ?gﬁﬁgég'%;nﬁ stores
t he addr epsocessbraond a@Clitadger)mat i on for the wite request packet in the 1 TQ
220A (A-side) (controllers and transaction queues on B-side are disabled).
The address and &t Pebovne Fagatiresd seameatspackenisoisepved By expandskfder bus

controller S t i The
controiler o'%g@e{ %Jestn#%a%ﬂ ﬁﬁé?ﬁg@dg@g@%’oitzﬁe&ﬁﬂ“&é %ggga%gﬁ?%dgg?f #@ésts he

| ocat i30n @Ad sordm! forBadoiap defermine if the phckanirdiected @o PAllGuside pacideB

control |l er_exam nes the address information of the packet The even or odd
address ofMHEREITEISEEE COMEN MIoTTananie diendeuted i eIl G opdbe piasresHe TBzat ed on
the A-side or B-side) respectively The first Dword is output fromthe
A-side HHTCHES if the first address is even, and obtains the first Dword
fromthe B-side HHTCHES if the f rst dldress is odd. Controller 235 outputs
the data fromthe H TCHES, alternating fromeach side, beginning with the
first Dmord. After witing the data, the wite conpletion packet (address

-and control SUBSTITUTE SHEET (RULE 26)



25 information) is received fromthe M OC 100. 4. 64-Bit Mde Expander
Bridge: I nbound Wite From64-Bit PCI Master In this CasePFth“ 1 pander
bri dge ¥OP%3800tified via PCl protocol by the PCl master

master is a 64-bit PCl device (can send data 64 bits at a tinme 2002
buses 90A and 90B). Therefore, the dat the wite request packet i's

recei Vﬁopxémelre apmes et theipagket | Wé?te@)éﬁ Rcbd-s'%é@é 99 Ahe cxpamferiust he same
PaTNS00 SIBTIES 2 @%3‘5335%&@5‘1 sjebef B bBbireTq S A0S o,

packet i#idsésernaad comdryl inforinbsor TQ)TQ)@OXAA— Thelejttiobnd itdasaiohroontrelia and

transacti on queues are disabled). The data _received over the Aside PCl bus
i s al way2d %@w@a@?&%w@m ang C§PBP’e‘8fquaE‘%"‘l Rigidopmain ARegexpanderand t he

data ge C \ d and is
st or e%l chﬁ.ls;/tﬁ'fidg% Wé?glﬁ%‘g&ﬁ J)f;péfﬂ%egggci:(\f/%e"n&la %Jrlyeé%s%d‘ﬂ%v\olag%[ﬁ%ﬁe | ower
32 bits @itpdathe. adadeasr@mbﬂt)rol(xﬁmrmau&#frbmtomszosm) totthﬁ g0 eiadine 4028
controller 235 outputs the wite data _to_the M OC 100 al ways begi nning with

the A-si(ghown reiGut Adr AQqmux33Noand bulfran ddfA Brﬁ‘d’@é‘*ormf thrupddrewsiand A write
request g%ﬂ}\fo a o‘?ﬁ? ¥c?gov.{?¥d SQW#;EQEer(Q%{)’EC&E @ld?%ﬁﬁt&&g in T.*ée 10

addr ess and con orna Wlte regues S s ored in

the OTQ aﬁﬁdhn(i/éraamﬁbn compsited RaSA. ihetelpindehbuFiriddes80rethensoutpuigttei t t ar get
or a 64-bit target because transacti on queues on the B-side are disabl ed

when 1@ headsiiess ard apsee! informggioneenoithe bus Yfependent 64-bit node. The even

addressed data, | | ace t he i,de) t,h dr essed
data is pl aceﬁh{’ ?cﬁh% 'bfb%"%@ (Zi'%géés%%sg%?sonﬁg:}ﬁ? bfg Sﬁﬂ‘g aﬂﬁander bus
bridge 8 uthsundtansienseconialiétersonngeRitbret BededudstedalagZmPDRDYY 2 85 £ 4mabi t
target. The naster bus controller 250A (A-side) uses PCl protocols to

det er m niinexhiA by geherafg an é}PgéQEheblaAafgnbl to enablye®REIQ 2164. [Enablingr get .

Thi b t

ssui ng QRRGEISE Gl RIREPIRA 10 Stastythe FGcbrorR 4 g i8R R apabi .
The R&!  {raesisidemedd-bie 52A8 ndVcbMbmePeU I mbd& \GutsouhatfiisdciRfh ®inffofdr and can
al so respond with an Ack64 signal to indicate that it is 64-bit capable. |f

t he Mast MOBawu ndepandknthyr ganetaté \ansORBIeiableBeigialito auable QM?QtZiéB)t he
t b | 250Ak t hat, .t he PCl 32- t t If
mstor bHReEORFAREE Ferter, 06 SbdMbaie STy 10 AediElta ™ he pa

target igoms 94&4@'&)“&@&!0& pABL (cohfrol 41 ddGtest aff8@hation, mcRiidY dradsaét@t , the
data stored in the side is output onto 25 PCl A-side bus 90A, and

si mul t anH3wedynumbes afdPwordspriedhe II\TQh%?QB\ yiadbng 42Qxytandt myKt¥0he ARCI B-si de

bus B rqQyi de. a .64 bit dt e, ot her hand if thepPCl target
i's a%gz %f?g?%yﬁ‘gf‘g"?‘ﬁégaﬁ%‘e@ nTglztzltg)IA feStar 'lhﬁ g#detf%epaﬁﬁql de of
the bri dgRidfés anl eoalrélqumﬁa@dxan)ourmonsp)eﬁd?ﬁpd%ﬁa ibsBOWR dAUmeHIDA &egi nni ng
with the side of the first address. For a 32-bit target, the B-side data is

out put f@@m@mm Thﬁ@quhdmbusxgnmel@s235@@%2@6&@@!&%@8@ Data to

mux 335A, Myx 33 ts el r Data A
over n@%ﬁ% cronir?]lé g”gﬁ‘&é) e(?iﬁa"%%t ;B%afﬁbm 1368% a%:ﬁ#lg "SHEET
(RULE 26butpum3%qgggg@dﬁﬁm$9@/f@j@m5g 6 JUL 2002 over line 426). 6.
ti4-Bit Mode Expander Bridge: Qutbound Read The read request packet is

recei2ved fronmdt hi2-BitGdodeExprnder Bridas: Quihonad Meide (aigomnuriteofioma st or ed

in the OIQ 220A,(t he data in a read request 5 packet). The naster
bus cont Pt chesPrlléi%aE’g&arg%g PCl protocols to determine whether the

For an outbound write, a write request packet is received by expander bus controller

235 from the MIOC 100. Controller 235 examines the packet header (address and

control information) to determine if it is directed to PC1 A-side or side B (This example
30 assumes that the packet is directed to A-side). The address and control information is

then routed to the OTQ on the proper side by outputting the address and control
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PCl target is a 32-bit target or a 64-bit target. The read request packet
is then out put to the PCl target over the PClI A-side bus 9T ﬁj ks PCl

t ar get i SV@A/BH02 capabl e, the requested data is output fromt %&‘}B Q 2002
target to the bus expander bridge 80A over both PClI buses 90A (forf “ev ’1
addressed data) and 9084{(@ or odd addressed data) and stored in ORDXs 21 SA
(A-side) dnfarmatiogenicingi498) JThiscexgmple assymes that tha Pagkst is direstad toPE 82- bi t

arget LG BOUSEAF 3 5 Farkddy BELAAePELY e dhiBhed BPOATR: B R ey P07 1O

t he bus e starttng ess S irst

Dword is sdmabROTQ 2054 tmank a&eﬁfmﬂldd)airol fnfdrhﬁtlsh&ﬂ OTQ 208lr Blest | s odd,
then the first Dawrd is stored in the ORDQ 21 SB (B-side) The Dwords are

al t er nat el gontyrolieredd Si qutpute thei dateprintling 48 gnd gemaratggan SAYDQEnableAsignehpl et i on

Kk d j d | f
Phe f1 15t Baaraeds QWRl A1 b o b Hhihy aReD e Rt SR BsRler MO R AL T
the first agedrasp df?@@ds 9b A emhiteShusRuntrdllérs2 SDA tmn odfbults tHY dddfesSarid de
Several enbodi nents of QEr esent invention are specifically illustrated

and/ or desmﬂtfb'eﬂfoﬁéat@mrﬁ% Q3054 to b PPApéa Bippd @ trhewniasfutnddi Mcat i ons
and vari etﬁlonéso‘md\t}mg. 83?&&”}& portyGH of t fe@?c s GRY ‘Eénﬁgol@(f tRSudH @ c‘:ﬁfcﬁ (ﬁifh' ngs

and wi t hi ™% t'he appen alrims Wt hout e ar t he

spirit andtrmh@tmems @R s fand hgurbureslt IDiord)p 1519138UB:‘&TédTUT£ hSHEEz‘DA( RULE
26) ~ 6 ~U~ ~09~ WHAT IS CLAIMED IS; 1. An apparatus for interfacing
first afd @&&mnmmsA) andzstarpd inghe putboung ternsgssien congollesi 249 Ac obfrei dgta abl e i n

either an .in end n de he firs nd secon 0 erate
independen‘f‘l g‘eﬁ oﬁgf“nfgjwp\é\g fwm (9’1’5 % flwras mgngolg‘lg gsﬁa 8%s are
conbi ned tOuCHAR Pafh gﬂﬂb@ﬂ@l@hn@modﬁia%ﬂowﬁasfOﬁﬁlDa%atA)QﬁuﬂgiS% mueues for
routi ng databetween~—the first bus and the third bus; & second set of data

queues f orbuftens 32(0A.dat a bet ween the second bus and the third bus; a

controller coup]ed t t and sec t queuse

operating the fFFEE tﬁﬁrf@éeﬁfﬁ%@w @'f %21&[‘1‘ (h Ej’zi'de!grgeﬁ E 5?‘I i tg%guﬁ he

| ndepengentyJIRd&: bridk S0AQRA 1AL WSk Haeuéémnayﬂb aRdrEsagd: dgha ohiboamph the
first set of data queues and routing o addressed data through the second

set of dat amqamuasomtmi!etmmgnmbtlataedndmdes agwiitg comptqtmhlpeckexcﬂqqumqbam@ a
first controller. ont rolli eration t set dat ues, and
a second c¥Ht'FHI'M rrm?:‘b‘?{f fﬁ‘ﬁ%%‘f%’ﬁéﬁf‘&ﬂ@%ﬁ’ﬁ%%“ WIBPR @ 2&? a)d'gt‘ queues.
wher ei n Sam?%@@ﬂnﬂa GROLSOA hRd niuk ﬁn&abhces gasi-ratn@, 4rl ITOE BRI Qbdatlo

controls b the first and second sefs of” data queues during said conbined
nmode. 2. AsnabppalTA) ug2G4r i fiber €eroplagor | pasketand smmet)uéles #e0A ehird

o RS BRP I iaiGicas ko crrecbnttie B Sk 2ot huhid 9° SREPEEER LG mode

in which tRdfds§ 8id @mtrob REQTALBHE &R0 MEegRRMrRE 7OA ffdmre 203 ngl e bus,
conprising: a first set of data queues for routing data_ between the flrst

bus and the t hi The Bsite of thechws sypander bridg¢-R0A opasates inf psimilaumaprer gathat bet ween

the Secondd@s‘é%bed above for A-side when the bridge 80A is in the independent 32-bit mode. The

A-side and the B-side of the bus expander bridge 80A can operate simultaneously, with
25  expander bus controller 235 handling packets from both sides of bridge 80A. As shown
in Fig. 1, there may be several bus expander bridges 80 (bridges 80A, 80B, ...)
connected to MIOC 100. Each of the expander bridges 80 operate in parallel and each
can be configured to operate in either independent (or muitiple) 32-bit mode, or a
combined 64-bit mode.
30 The Bus Expander Bridge in Combined 64-Bit Mode
The bus expander bridge 80A can be configured to operate in a combined 64-bit
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and the third bus; a controller coupled to the first and second sets of
data queues and operating the first and second sets of dat i.n

par al | elWP8P38082 | ndependent nmpde; 20 2 s uu~ 2002 said %5&#?%&?6@?

routi ng even addressed data through the first set of data queueg ?nmlf Zgﬂz
routi ng odd addressed data through the second set of data queues Tor Th

combi ned masdedn whidh thetwas32-bip PCI buses J0Ai and I9Beare sombined doprovidesaisingles and
trol inf f bet t he, first d t thiyd bus; d set

ot "t 1 ans SArTGRCE b, AR Tutre Tt Ot Pt B (8 BT B P e EaB0r woen

the secongd dynnected tbAebushixpand¥d Hridgaisd HaMNohinedr toGRoPide Gntektdrhd tusr st and

second sets of transaction queues and operating the first and second sets
of transdavingeveregesatérrbapdwidthe| Faroexampe,  thtgepdrbie raxternalebusesidans b d

controll er routing address and trol information through only one of the
sets _t‘i"&?’i’_ %e@'tgog?{o&xggaggxtfeg}alﬁg- tB%6i ned node. 3. The apparatus of claim .
2 wherein sai da@a08if @bdepin bR Wetsus dLsHnBesbraye 8o ¢anVe ustd &S E@Iﬂ\g@f& th8r ough

only the first set of transaction queues and the second set of transaction
queues artmsekpadeehtidgein ¢4bit owdei Qedr teshriques capalsa e arsed tesselest therfider f aci ng

fi . d ) hi i bei fi bl i
Ll her - arbit Teon VRIS b cromtined, BATs gof e BRSRbsr e X oo © 1"
i ndependefiphdufidgiedove? T 588t ECiebUsto W6 4:bit PEY device {(a Pt cfeferceraﬂatteaﬁes are

conbined to create a single bus, conprising: a first set of data queues for
routi h@) dapwidelateesntwhBwordsor Glbitaeidathat 4 tine)] obtsa 32-tcRCindevicet(aof dat a

ueues f utin t a. betyween the second and the third bus:. K a
control | CTdRle SaPRf ReoFYRE b P BB ABRPTBLADIBIEt dar) g YELRP Gt
operat “%Jshﬁgiégaéxts bt §6C Wb mfbRicRingdR £39BRURS! aébi&afogi | l?allfi het he

i ndependent aid controller routing even addressed ta through the
first setavaflabllabandwidticfor bridge 80 iswpeddd addressed data t hrough the second
set of data queues for the conbi ned node; wherein s %% first and, second

Y

buses conpri seAFsHrding i an swbadunesbobihe pRrsentjeegiop Hexpandern hiigBendent | y
in theci ”~ wher.eh g : TSP o | B af _hand
saconDs 5o R BRRTY oG S8 PANRETERY B-oide)in dh Buelidda ERflemb WRat id 84 bR

Si ng: ed64mbﬂé.hl?ﬁllthig®en-5dg Aplgem@mﬂle&ves%aiﬂdemedodw '(\shesrg:agdreﬁqsl isE(D)oisessgr
cou e to a host us; a ri e contro [ CO e t t he St S, a us
br i tge. coRlpfeedn ths wﬁ@es&nithegé-s%&rﬂf&ﬂhr@se %@3%'@3_9@3#56&89 ‘gﬁél(‘fé{E?ISnd

ext er nal Jm§§s§[t’2ﬂ|§e$h1§ii$glt§cé§{]ihqg@dﬁ?x'gﬂ&:e%%’ﬂfth BLaBd 6 irliefisoRer T sdhefigPendent

node in whic second external buses opéerate independently and
a conbi nedsoends itseif vhivoikirigheitii ihe Si-batrRC1spentfivdtiox tvdtictateqbiresthanvaleeveonbi ned
to create a single bus; and wherein said bus, (gqrrpri ses; a first set

bus. bridge c
of dafd UGBS s poBlEAd BElamTo AR hers Side) 860 BkodA HdreBed daiadet ne
bri dge Coﬂ%&i {rfthe upper 32 bits (B-side). While the bus expander bridge 80A is in 64-bit

mode and communicating with a 32 bit PCI device, all odd addressed data is routed to
PCI A-side.
According to an embodiment of the present invention, the queues (including the
25 transaction and data queues) and the controllers on both the A-side and the B-side of
bridge 80A operate in parallel when bridge 80A is in the combined 64-bit mode.
However, according to another embodiment of the bus expander bridge 80A of
the present invention, while in the combined 64-bit mode, only the controllers on the A-
side of bridge 80A are used, while all controllers on the B-side are reset (unused), and
30 only the transaction queues on the A-side are used, while the transaction queues on the

B-side are disabled. Additional details are described below regarding this embodiment
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a second set of data queues for routing data between the second external
bus and the bridge controller; a controller coupled to the first and second
sets of &0®AR8es and operating the first and second set BCHUSPMIA6 eues
in parallel for the independent node; and said controller routi n@&e\‘/mﬁ 2002
addressed data through the first set of data queues and routing 0O

addr essedoftht prasentangdntiohe second set of data queues for the conbi ned node.
6. The conputer systemof claimb5 wherein said bus bridge further
conprises: a first set of transaction queues for routing address and
control infor mghiRp, eﬁéﬁ’@?d?n% {farl ehBIdiMEMEIEIRE pledsht AAndIE sEiEb he
controller; a secon 'set of transaction queues for routi ng ad ss and
control i 64-bitnmbilenlissblesadinBishie eontrolersefoutbonnd tansactinn c'ohﬂ*ollnnZi@B

|| id X | | d he fi d
Cransact | BROYTSEan SopEPUGT S By ey bifeonlraltrA R Feed Bus pSifalft act s on
queues i Ny Ald ;?Ackét%nirtaﬁerk adm%neigwtsmf#&au BOGdRansadidh qLehEd—(CﬁQ@z sai d

controller routing address and control T nformation through only one of the
sets of t265BacntdildiQ dReBks Foorxsmplec thebiransactiomdgqueuds ofrtha Besidatars bé or

interfaci we irst .and second e tern buse 0 third buys, said
appar at usgg@q%"&:@ﬂ? Q?.Hdz%thyé‘oit BERATEHRS E\ﬁ"a}bﬁ%j%%&?ﬁj%ﬁfh ISR ¢ he
first and ﬁ&ﬁgpgé tsﬁasgg%b tauaﬁaogasé&@%nwéﬂﬂwhdmd)zomqnme@b]azd mode

in which t second buses are conbined to create a sing

conpr i19i nghoul?d Be sufficiendy lange tdateonmpdatecthe fadditional transpedan s fitoat et A -side f| r st
ext er nal and the third bus; .a second set of dat es for r ut| ng

dat a betV\é ée)se'gb‘i’ﬁzl t'&tfé'e%%atvmbﬂ&euaﬁanﬂrfe f%‘l‘i‘erﬁfmglfs %éwse&aaw €perati ng

the first h ndent
mode; meah oa? 008 96 AL B eteRd & FABALRE LR AApRETIST!
gueues anevhtlein 64}btt|nﬁtgieodd addressed data t hrough the second set of data
gqueues for the_conbined nopde; .a first _caontroller for controlling operation

of the first séfﬂusawe'aa%scaﬂa@aeswmah the Eotide cantrotiensiapd ted-sdgHangaCHipRg

oper atyizon &S first
and seléon %:US%]P’ ﬁgFF rs’rs d| S%@gaaéﬂ %b@e?]g?%ftn eﬁir@vxg &E%QE?IF%{ and
second cosivirgslieths nombéﬂcsﬂm-umtatn pakie rbuted betevaeh &ema didsgtand edduded the queues

in the conbi hed node.
. Au. Af . AYUIbes amyomplﬁmw ofithe reaviyeshginavits as compardgnfully aperting heth sides. As: bod,

"NpYh ~xr
ay] cay ca]réggﬁ cg%}:ca ca]par lglal c6§]bc“ l]‘ca‘] cal] ca] ca] ca] ca] ca] ca] c”a] ca] ca]ca]c"
a] cMa] cal] c<a] Gheloperalicabt bus e]xpa]jd/erﬁndgMSOA for combmed 64-bit mode will now
1VU} xsnhc"Y] ca] ca ca] c”al ca] ca].ca] ca] c'al] ]bcaU] caLca] ca] caj,cal c”a] ca
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10% & () dafalﬁ%e& dn)the A-§08ARDQE 2804 is output from IRDQO/IRDQ1 230A via mux
10% &I ( ) 32 kol?ﬁlf 3§3A ar}do r(?uf I3%A#El'#lt1ﬁ¢é%%$£gr%ssed data stored in the B-side IRDQs
230B is output from IRDQO/IRDQI 230B, through mux 325B and mux 330B as
Out_64t032_Data along line 426 to mux 335A. Mux 335A then selects the B-side data
if the address is odd. The data is alternated from both sides until all data is output or
until the PCI transaction is terminated by the PCI master.
15 2. 64-Bit Mode Expander Bridge: Inbound Read From 64-Bit PCI Master
After the data is read from memory subsystem 110, the completion packet
(including data) is provided to the expander bus controller 235 via bus 70A. The
address and control information of the read completion packet is always stored in OTQ
205A (A-side) (the controllers and ITQs on B-side are disabled). However, the data is
20 stored in IRDQO or IRDQ1 230A (A-side) if the data is even addressed, and stored in
IRDQO/TRDQ1 230B (B-side) if the data is odd addressed. For a 64-bit master, the first
address is always an even address.
When the bus expander bridge 80A receives a repeated read request (having the
same address and command as the original read request) from the PCI master, the even
25 addressed data (stored in IRDQs on A-side) is output to PCI A-side (bus 90A), and the
odd addressed data (stored in IRDQs on B-side) is output to PCI B-side (bus 90B). The
inbound transaction controller on the A-side (245A) repeatedly outputs two double
words in parallel from IRDQs on both sides until all data have been output or until the
PCI read transaction is terminated by the PCI master. By outputting a Dword from the
30 A-side in parallel with a Dword from the B-side, a 64 bit PCI bus is provided.
3. 64-Bit Mode Expander Bridge: Inbound Write From 32-Bit PCI Master
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10! 1y 109 i 4D A QY d die QHEr&s bnd cohrolinformation in the ITQ 220A (A-side). The
data arrives only on the PCI A-side (only over bus 90A). The bus expander bridge 80A
5 is notified by the PCI master via PCI protocol that the PCI master is only a 32-bit
device, and therefore, the expander bridge expects the data only on the PCI A-side.

The inbound transaction controller 245A (A-side) examines the first address of
the write request packet. If the first address is even, then the data of the first Dword is
stored in IWDQ 225A (A-side) via line 416A. If the first address is odd, then the first

10 Dword is stored in IWDQ 225B via line 432 (shown as In_32to64_Data), mux 345 and
line 416B. Subsequent Dwords are stored in IWDQs in alternate sides. The
inbound transaction controller 245A (A-side) formats and stores the address and control
information for the write request packet in the ITQ 220A (A-side) (controllers and
transaction queues on B-side are disabled). The address and control information are

15 then output by the expander bus controller 235 to the MIOC 100 as part of the write
request packet.

The controller 235 then outputs the data to the MIOC 100. To identify the
location (A-side or B-side) of the first Dword, the inbound packet controller examines
the address information of the packet The even or odd address of the first Dword

20 indicates that the first Dword is located on the A-side or B-side, respectively The first
Dword is output from the A-side AITCHES if the first address is even, and obtains the
first Dword from the B-side AITCHES if the first address is odd. Controller 235
outputs the data from the AITCHES, alternating from each side, beginning with the first
Dword. After writing the data, the write completion packet (address ‘and control

25 information) is received from the MIOC 100.

4. 64-Bit Mode Expander Bridge: Inbound Write From 64-Bit PCI Master

In this case, the bus expander bridge 80A is notified via PCI protocol by the PCI

master that the PCI master is a 64-bit PCI device (can send data 64 bits at a time over

30 buses 90A and 90B). Therefore, the data for the write request packet is received over

both PCI sides (over both PCI buses 90A and 90B) at the same time The address and
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10 address and control information of the write request packet is stored in the OTQ 205A

(A-side), regardless whether the PCI target is a 32-bit target or a 64-bit target because

transaction queues on the B-side are disabled when the bus expander bridge 80A is in

independent 64-bit mode. The even addressed data is placed in the OWDQ 210A (A-

side), and the odd addressed data is placed in the OWDQ 210B (B-side). At this point

15 the expander bus bridge 80 is not aware whether the PCI target is a 32-bit or a 64-bit

target. The master bus controller 250A (A-side) uses PCI protocols to determine

whether the PCI target is a 32-bit target or a 64-bit target. This can be achieved, for

example, by the master bus controller 250A issuing a Reg64 signal to inform the PCI

target that it is 64-bit capable. The PCI target can respond with a DevSel (device select)

20 signal and can also respond with an Ack64 signal to indicate that it is 64-bit capable. If

the Master bus controller receives DevSel back but no Ack64, then the master bus

controller 250A knows that the PCI target is a 32-bit target If master bus controller
receives an Ack64 signal, then it knows that the PCI target is a 64-bit PCI target.

If the PCI target is a 64-bit target, the data stored in the A-side is output onto

25 PCI A-side bus 90A, and simultaneously, the data stored in the B-side is output onto the

PCI B-side bus 90B to provide a 64 bit data path. On the other hand, if the PCI target

is a 32-bit target, the data stored in both the A-side and the B-side of the bridge 80A are

alternately output to the PCI A-side bus 90A, beginning with the side of the first

address. For a 32-bit target, the B-side data is output from OWDQ 210B, through mux

30 330B, line 426 as Out_64t032_Data to mux 335A Mux 335A alternately selects either

the A-side data (Out_Data_A over line 424A) or the B-side data (OQut_64to32_Data
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109%<& () - 9t éj)gq:_odd addressed data) and stored in'ORDQs 215A (A-snde) and 215B
(B-snde), respectively.
If the PCI target is a 32-bit target, the requested data is provided only over the
A-side PCI bus 90A to the bus expander bridge 80A. If the starting address is even, the
15  first Dword is stored in the ORDQ 215A (A-side) If the starting address is odd, then
the first Dword is stored in the ORDQ 215B (B-side) The Dwords are aiternately
stored in the different sides of bridge 80A. For the completion packet, the expander bus
controller outputs Dwords from alternate sides. If the first address is even, the first
Dword is output from the A-side. If the first address is odd, the first Dword is output
20 from the B-side.
Several embodiments of the present invention are specifically illustrated and/or
described herein However, it will be appreciated that modifications and variations of
the present invention are covered by the above teachings and within the purview of the
appended claims without departing from the spirit and intended scope of the invention.
25
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109 ()- S10%udues and routing odd addressed data through the second set of data
gueues for the combined mode;

- —~——

said controller comprising a first controller controlling operation of the
first set of data queues, and a second controller controlling operation of the
second set of data queues.

wherein said second controller is disabled and the first controller
controls both the first and second sets of data queues during said combined
mode.

2. An apparatus for interfacing first and second buses to a third bus, said
apparatus being configurable in either an independent mode in which the first
and second buses operate independently and a combined mode in which the
first and second buses are combined to create a single bus, comprising:

a first set of data queues for routing data between the first bus and the
third bus;

a second set of data queues for routing data between the second bus
and the third bus;

a controller coupled to the first and second sets of data queues and
operating the first and second sets of data queues in parallel for the
independent mode;
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queues and operating the first and second sets of transaction queues in
parallel for the independent mode; and
said controller routing address and control information through only one
of the sets of transaction queues for the combined mode.

3. The apparatus of claim 2 wherein said controller routes address and
control information through only the first set of transaction queues and the
second set of transaction queues are disabled for the combined mode.

4. An apparatus for interfacing first and second buses to a third bus, said
apparatus being configurable in either an independent mode in which the first
and second buses operate independently and a combined mode in which the
first and second buses are combined to create a single bus, comprising:

a first set of data queues for routing data between the first bus and the
third bus;

a second set of data queues for routing data between the second bus
and the third bus;

a controller coupled to the first and second sets of data queues and
operating the first and second sets of data queues in parallel for the
independent mode;

said controller routing even addressed data through the first set of data
gueues and routing odd addressed data through the second set of data
queues for the combined mode;

wherein said first and second buses comprise first and second 32-bit
PCI buses that operate independently in the independent mode, and wherein
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a bus bridge coupled to the bridge controller and at least first and
second external buses, the bus bridge being configurable in either an
independent mode in which the first and second external buses operate
independently and a combined mode in which the first and second external
buses are combined to create a single bus; and

wherein said bus bridge comprises:

a first set of data queues for routing data between the first external bus
and the bridge controller;

a second set of data queues for routing data between the second
external bus and the bridge controller;

a controller coupled to the first and second sets of data queues and
operating the first and second sets of data queues in parallel for the
independent mode; and

said controller routing even addressed data through the first set of data
queues and routing odd addressed data through the second set of data

gueues for the combined mode.

6. The computer system of claim 5 wherein said bus bridge further
comprises:

a first set of transaction queues for routing address and control
information between the first external bus and the Bridge controller;

a second set of transaction queues for routing address and control
information between the second external bus and the bridge controller,;

said controller coupled to the first and second sets of transaction
queues and operating the first and second sets of transaction queues in

parallel for the independent mode; and
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combined mode in which the first and second buses are combined to create a
single bus, comprising:

a first set of data queues for routing data between the first external bus
and the third bus;

a second set of data queues for routing data between the second
external bus and the third bus;

means for operating the first and second sets of data queues in parallel
for the independent mode;

means for routing even addressed data through the first set of data
gueues and for routing odd addressed data through the second set of data
queues for the combined mode;

a first controller for controlling operation of the first set of data queues;

a second controller for controlling operation of the second set of data
gueues; and

wherein one of the first and second controllers is disabled and a
remaining one of the first and second controllers controls both the first and

second sets of data queues in the combined mode.
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