; e3epVR6Ti {c WD 01/97006 PCT/USOL 170 68 BACKGROUND The invention rel ates
to menory controller hubs. M croconputer systens generally include one or
nmore 5 menory controller hubs that control and coordi nateqt;hged roamsfer of
dat a betweffidy conputer's system menory, central procesgifAgsiiPries( CPY) .
and peripheral devices. G aphics applications may be supported 6y

peri pheral devices known as graphics controllers that require a nenory

10
controller hub to transfer d t deyices, the s M and
the CPU. A design concern asg%%?gfeg mﬁf%agﬁcﬁ%%onputer syﬂmmwmmmmmmw "
quality of two-dinensional (2D), three-dinensional (3D), and vi«gegei mage
(often collectively referred to bel ow 15 as "graphi cs") processing.

Hi gh- perfornmance graphi cs procesSBAGKEGROUNI €S processor-i ntensive
cal cul ations and the fast mani pul ati on of |arge quantities of data. Several

desi gns have bega ifRIARA ed1heaCHd Siend¥ydRoRerb DISBNAR Lr aphi cs
processing while also reducing the cost of the 20 conplete system and

allowing for upgeadiesnduterheyseERYt §ineaahignisctandild tor nfdreonput er
system may i nclude a graphics controller coupled to |ocal nenory for

storing gmapbkgScoldtH11%e Hidk ther adto10hndataotdftatisine transferred
bet ween the graphics controller and the system nenory and/or the CPU

i s reducedrahBes8ast b1 ®2WREAL tRE L AGAI FRUDLY s BYRIAHY .S L0 the graphics
controller inproves graphics performance, but al 50 increases the cost of

t he conmpul-ghts¥5t SINGR hagal (gpaphifm | sqd-§l add vel y expensive.
In order to addregﬂ&%hisqgﬁgblgn#gtﬁgre isiﬁggg?gg%% ?%@gg%%rdance w th one

gﬁgeglto pgfn SEBbALEBVARE] ke sAnIPHRYY 08 ORI SY R ByPprs il idPthdvd glsai m 1 Of
known as graphics controllers that require a memory
10 controller hub to transfer data between the devices, the
system memory, and the CPU.

A design concern associated with microcomputer systems
is the quality of two-dimensional (2D), three-dimensional
(3D), and video image (often collectively referred to below

15 as “graphics”) processing. High-performance graphics
processing requires processor-intensive calculations and the
fast manipulation of large quantities of data. Several
designs have been implemented to achieve high-performance
graphics processing while also reducing the cost of the

20 complete system and allowing for upgrades to the computer
system’s capability.

A computer system may include a graphics controller

coupled to local memory for storing graphics data, so that

the amount of data that must be transferred between the
-1-
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According to another aspect of this invention, there is 10 provided a
conputer systemas defined in claim14. According to yet another (ﬁbpﬁﬁtm
this invention, there is provided a nethod as defined in claim28.
According to a further aspect of this invention, there is provided a nmenory
controller hub as defined in claim30. 15 According to a still further
aspect of this invention, there is provided a conputer systemas defined in
claim31l. Less local nenory is required to achieve t?e same agr.aphics
(e ALeer aaced

per f or mancedFARRRETeFOR T Ol cdedn e at st SBFE S YO YaRD aphi cs
Port (AGP) , js used to couple the contraller to the 20 nmenor ontroller.
no AGH ol | RS CORFTEATR EBeI TR Bt FOrRl SPTOpY: BV mAngry ERothe

dedi cat ed Iocalawg:r aghi CS m)r.%l whi ch reduces tge anmount bof I(Bcal menory
requi red antFIEEPs COVETHI1C s yEPERY TSP Lo it ér T4

£
§98Yem Cosfs°fay al so be

reduced by gelimnati 25 the peripheral ar i CS ntroller an .
integrati ng“?cirseafsﬁrslc??%n% 5% f/)fi ﬁ{l% ?%m(gurt%grgms °Cont (régmg%r cuaﬁL. glrnprslh%sl"u a2

~j "1~ DEC 2f1 O~r_configurati one;gg grgg{glory controller hub is better

: tivel . : :
described as g réLShlr%s rrlevr?myy o er hub (GMCH), since it perforns

gr aphi cs prooessi ng, JIotbongylab-2ddh L1 ord aueBRLY, Gantg el and tgansf er

functions. Additiona ncl udes one or nore out put ports to send

g2 5 BB ke LB dephcene el smambdey edupes (O and
controller hub as defined in claim 1 of the appended claims.
According to another aspect of this invention, there is
10 provided a computer system as defined in claim 14.
According to yet another aspect of this invention, there
is provided a method as defined in claim 28.
According to a further aspect of this invention, there is
provided a memory controller hub as defined in claim 30.
15 According to a still further aspect of this invention,
there is provided a computer system as defined in claim 31.
Less local memory is required to achieve the same graphics
performance, however, if a dedicated bus, e.g., an Accelerated
Graphics Port (AGP) , is used to couple the controller to the
20 memory controller. An AGP allows the controller to treat
portions of system memory as dedicated local graphics memory,
which reduces the amount of local memory required and lowers
overall system costs.
Computer system costs may also be reduced by eliminating
25 the peripheral graphics controller and integrating its

functionality into the memory controller hub. In such a
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Figure 1 is a schematic block diagramof a conputer system Figur eﬁ‘é\ INEC 22004
schemati c bl ock diagramof a graphics 5 nenory controller hub. Figlre 3 is
a schematic bl ock di agram of an accel erated graphics port~(AGP) interface
of a graphics nenory controller hub. Figure 4 is a schematic bl ock di agram
of a graphics 10 nenory controller hub coupled to an AGP inline nenory
nodul e (Al ...,Figure 5.is a schematic o]} i agr of a, loca nor

htor fave o1or GPABRTEL TendrTRomBrrarShub® Roglr e ba st Baiars 2
table of signals used to 15 co ni cate ss an AGP. interface and across
a | ocal neﬁ%ﬁ?hﬁﬁFZ??gﬁﬁ¥ ﬁﬂnéﬁggy ﬁgha(ggéghhngcglég Gaﬁ%6®§n1of i nt er nal
* graphics conpgnents of a_graphics nmenor ontroller hub, Figure 8 is a

f1 ow chart B FEt Rod ot° 'S\ I%g??trllgonfo i %I%%lrtl o %m%r?y @Oélgﬁ?gsar}%de f or

b hi : .1 huh. TAl SCRI| PT : [
3 V0 07 OGRS FUBEC G004 BCH B 17165 TH SORS TRl SndhEA: PBre ot t he
inventi%n’ S%gpanggysggnt#é%§h§gsh%*?&éig @Ee9£é%f%1fmh piéggi @&Eﬂngh graphi cs

control I'er,”and may rnterface w an external graphics device through an

AGP. Becausg, ifig qor ¥, tieahk BT a3 CPRLL Ol nleb Bs graRhiic § rapsh Aerory

functions it 1sre
memory may then be eliminated.
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to.as a graphics/nmenory controller hub (GVMCH). The GVCH provides bot h

i nternal graphics processing and scal abl e graphics perfor 59 ugh an
AGP i nt he GMCH may be used in one of two nutuall e 10
nodes: eﬁiﬁﬁ§ﬁmz in which case the GMCH uses its capablll 1 1% ace
wi th an external graphics controller and its internal graphlcs
functionality is disabled; or Gx nod in which case the GMCH uses its

i nternal graphics capab|P$¥§F Qﬁﬁf%qa?IQHIPFt?R%W;WQﬁEHfaCG with an externa
graphics 15 controller is disabled. In Gx node the GVMCH can stil
interface withf¥Yscdl Lfepofghemiile Riackughaghan P & commnkede addi ti onal
graphics nenory for use by the internal graphics functionality. \Whether the
GVCH oper 8¥&8%®Mn AGP npde or G x node can be automatical ly deternined and
set 20 during the start-up sequence of the conputer. Figure 1 illustrates
an exenpl ary cBipince? dpseenrhematimitdiockndieyerncah daiaphiesent ed. The
conputer system 1l includes a m croprocessor (for exanple, a central
proces8i ngenaty , catrodREgr) h@beoupl ed to a GUCH 3, which contains a -4 WO
01/97006 1 4 DEC 2004 PCT/US01/ 17168 system nenory controller hub. GVCH 3
may al so be reFigumd 3 dsag achehaipbetdlowk ‘ddéageahogf can daddelleFapedvi des an
interface between CPU 2 and system nenory 4, and between CPU 2 and a

bus, f or egaaphics pqer (el aintenfrorenift & grhehtosnesmbiofyPCl ) or Hubl i nk~
bus 5. Various input/output (I1/0O devices 6 are coupled to PCl bus 5 which
i s coupl egohbr@MEt Jhubi.a i nput/out put controller hub (1CH 11. Conputer
system 1l can al so include a graphics device 7, which may be a graphics
control |l er couPledrd @ liscal soremayid, blarckwdiabrafl oRya heraashiASP | nline
Menory Module (AIMV) that provides external |ocal nmenory for the internal
gr aphitos memotyoreitidgl ler GloH-SupXed iy et AGE/ hAtahe MRSy mdgenkace 9
provi des a dedicated interface bus between GMCH 3 and graphi cs device 7.

G aphi cs gmdmm) deo signals may be 15 sent to a display device 10 from
graphics device 7 if one is present in the conputer system or nay be sent

to display deviggudd o naMaC¥ehkRatic BN 6L adeUNCEE Ta | Fo DS G %’norlfr' gure 2
illustrates other details of GMCH 3 which includes a CPU Iinterfacé 20

coupl ed t @ndBrfbE: id¥ & 1;368h2ds memory controller hub.
Figures 6a and 6b are a table of signals used to
15 communicate across an AGP interface and across a local
memory interface.
Figure 7 is a schematic block diagram of internal
graphics components of a graphics memory controller hub,
Figure 8 is a flow chart of a method of selecting
20 either AGP mode or Graphics mode for use by a graphics

memory controller hub.

DETAILED DESCRIPTION

1. Overview



20. a local menory interface 22, an input/output (1/0) hub , interface 23,
and a systemnenory interface 24. G aphics functions can Qe f 4med by
i nt er nahy@oaPRES conmponents 25 which include a data strq,%:f& g&patch
controller 26 to manage the fl ow of data between system nenory T nterface
24, -5 WD 01/97006 1 4 DEC 2004 PCT/USO /17168 CPU interface 20, 1/0 hub
interface 23, _AGP interégce 1.and IogajC mermra%,1 i.nterface 22. The AGP

T e

interface 21 &RdSPBEat™ FHHORP §Eet B HRER T OBvcA B8 Be coupl ed, via
a dedicated bus.interface,, 5 to external graphi csa&evi ce. 7. AGP interface
21 coupl & lgrtBu}&nl%ﬁt%'er‘?&latﬁfjaﬁﬁﬁsg%oﬁ?tredﬁlq r 9EABRLSAowWn) and | ocal
menory interfarc[g 22 coyples GVCH 3 to an Al MM card (not shown) for use with
i nt er nal EPATCET coRTY NF R riNtAESackt B FRCRP 2R EETPAL0gERPR2EABI y i nt erf ace
22 share a‘)qhysi cal 10 interface, but comrunication protocols and signals
across t HEVLGEeFPELUIRIRMFN RSSEHER Fhe|menprsy qonteedprs WaPa stream and
di spatch controller 26 to an AGP graphics _adaptor or to an AlMM card. 2.
AGP | it erfeRt&°ls hephi ararhitse aprfl pemeRrH BN inAsddd dsdsafenred bus to
transfer data and nmenory access requests between graphics device 7 and
syst em neifo@y 2. ITARhACH BRIEOHT ePndseliat f heh et@MAAndwWITHEhGHGH a gr aphi cs
controller in a conputer systemto run conplex 3D graphics and full-notion
vi deo 20 rysplidest bebb, ifbernadargiaphiganpsoanss g mndestcalabland engi neeri ng
sinmulations. The AGP is described in detail in the Accelerated G aphics
Port | nt exfapbd cSppeirformtnom, tiRovighi en 2GD, iptddfzsteed by I ntel Corporation,
Santa d ara,
The GMCH may be used in one of two mutually exclusive
10 modes: AGP mode, in which case the GMCH uses its capability
to interface with an external graphics controller and its
internal graphics functionality is disabled; or Gfx mode, in
which case the GMCH uses its internal graphics capability,
and its ability to interface with an external graphics
16 controller is disabled. 1In Gfx mode the GMCH can still
interface with a local memory module through the AGP to
provide additional graphics memory for use by the internal
graphics functionality. Whether the GMCH operates in AGP
mode or Gfx mode can be automatically determined and set
20 during the start-up sequence of the computer.
Figure 1 illustrates an exemplary computer system 1 in
which the GMCH can be implemented. The computer system 1

includes a microprocessor (for example, a central processing

unit, or “CPU”) 2 coupled to a GMCH 3, which contains a

-4-



Calif.(hereinafter the "AGP Specification"). PCl conpliant -6 1 4 DEC

2004 WO 01/97006 PCT/USCL/ 17168 devices, in addition to AC?D % %dgﬁm .
devi cesw%m%mm cate across AGP interface 21. Fi gurepng%&ET ematic

bl ock di'agram- strating the AGP functionality of GMCH
transactions are run in a 5 split transaction fashion where the request for
data transfer is disconnecteq-in t%ne %@S %he dat a tgansffr itself. An AGP
conpl i antSYGEPhPEROEEnEPRFF 2 b i Pras én ANt £8t 88 B®tFahsAction with
an access request. The AGP interface 21 responds to the request by
directi nd R 0 EBLPESPORE N U ioﬁrlﬁnsf MG Saaplraf’é €Fid, which permts
the AGP graphics controller_7a to pipeline several access requests while
wai ting fdteddeset PSRYEER sCRY o SYASen PIRAY Yuf 2pApREFHEFRy, CRver al
read and/or wite access requests may be sinultaneously outstanding in
request cuEREs a1busOIOACRRYI I e PETIERAT R tFRIPBENSI pel i ned across an
address/data bus (‘AD bus) 105, 107 of AGP or transferred through sideband
addr ess |infercronest ABPID endHytelddikedusy Sreqlivsiowduiwutdoutsekedul er 102
processes the access requests in request 20 queue 100. Read data are
obt ai ned /6 slestiessnénerg doupikdirte PELubwed athitdhe isnrenat edetof
schedul er 102 via read data return queue 104 and across AD bus 105 of the
AGP 9. WGMGH dhtvd aakeppkdontedt byontarldemphilbintIGhaghi.csCovneterl er 7a at
the direction of scheduler 102 when space is avail able

system 1 can also include a graphics device 7, which may be

a graphics cohtroller coupled to local memory 8, or which

10 may be an AGP Inline Memory Module (AIMM) that provides
external local memory for the interpal graphics
functionality of GMCH 3. A shared AGP/local memory
interface 9 provides a dedicated interface bus between GMCH
3 and graphics device 7. Graphics and video signals may be

15 sent to a display device 10 from graphics device 7 if one is
present in the computer system, or may be sent to display
device 10 from GMCH 3 if graphics device 7 is absent.

Figure 2 illustrates other details of GMCH 3 which

includes a CPU interface 20 coupléd to an AGP interface 21,

20 a local memory interface 22, an input/output (I/0) hub
interface 23, and a system memory interface 24. Graphics
functions can be performed by internal graphics components
25 which include a data stream and dispatch controller 26 to

manage the flow of data between system memory interface 24,

-5.



WD 01/97006 1 4 DEC 2004 PCT/USOL/ 17168 in the wite data queue 108. Thus,

AGP transactions generally include interl eaved access reques enﬁmdat a
transfer 3 uses a distributed arbitrati on nodel toé E rate the
functions™o conpliant graphics controller 7a with ot h&F dfent s

connected to GMCH. | ndependent buses and interfaces (i.e., CPU interface
20, AGP interface 21, local nenory interface 22, hub interface 23, and

syst em nen®Y yEtREERCEe 8 024F / @nnkyi itteraced 28r bREP at g fa¢ow Llendul ti pl e
transactions to be issued sinultaneously. As long as transactions on the

i ndepende%?cF%/l AeFiorvatagesfiaes #b- not conpete for the conmon resources,
they can proceed in parallel. The arbitration algorithnms and policies
fulfill partidiearCEgdnteréges rdhmnd losdlnmgmpayointkffase®2 15 aspects of
system performance, for exanple, |ow bus/resource acquisition |atency,

opt i m zederastea@Mele Susopbakchamird diia ar degicateddowusiratierethdeandw dt h.
AGP interface arbiter 106 detects external request signals 109, internal
request stgredternbl trephCPb denicd doe ACGP2Antanfladat 2l quewelest at us signal s
113 from schedul er 102. Along with determ ning whether the AGP naster 7a or
GVCH 3 oweMCH h tphps eafternékrdeaehicr icherolW6xrdisdat €tsowrd) tdil ext er nal
graphics device 7a (the AGP naster) the type of transactions that can be

carri ed olbcalumengriyt in@epessdi 2 cfourles GWOHO3/ 95086 Arnn &BEQG 2004
PCT/ USOL/ 17168 the interface signals. The arbitration handshake and the

function GlotAGRoSIngNEo: ake Weskrimednan debphkckncdherdF speqidd cation.
Wite data status inputs sent fromscheduler 102 to arbiter 106 result from

Wite acciosserfaeesls andelobas padiory) iWticb@abuf ber shdf8 d Sorpaidaabl e. Read
data status inputs sent fromscheduler 102 to arbiter 106 result fromdata

bei ngio eathfeXfacE MLy 2BfniRIca B Iakhkedon st 8ad Suenel WA be returned
over AD bus 105.
the interface depend on whether it is used to couple data
stream and dispatch controller 26 to an AGP gréphics adaptor
or to an AIMM carxd.
2. AGP Interface
15 AGP interface 21 of GMCH 3 provides a dedicated bus to
transfer data and memory access requests between graphics
device 7 and system memory 4. The AGP bus provides
sufficient bandwidﬁh for a graphics controller in a computer
system to run complex 3D graphics and full-motion video
20 applications, for example, games and architectural and
engineering simulations. The AGP is described in detail in
the Accelerated Graphics Port Interface Specification,

Revision 2.0, published by Intel Corporation, Santa Clara,

Calif. (hereinafter the “AGP Specification”). PCI compliant

-6-



Because the decisions of arbiter 106 depend on the 10 state of the read
buffers 104 and wite buffers 108, the arbiter functions iq4pﬂﬂigﬂﬁtion

W th schg@wiBhees02. Schedul er 102 di spat ches AGP non- sNOGRSI&1/19tH4eSt S
internally to systemnenory interface 4 and identifies to AGP Interface
arbiter 106 the priority in which it should 15 service pendi ng requests and
aceent nedelfOuesls -aheduhoto W Aphagh: COPILANCRAY LN ACP order ng
rul es and, along with system nenory arbifration Togl'c ot shown), allows
hi gh pri ogj £ St b Lghest priority events in the
systen1'2éééﬁhiiéﬁﬁ% ﬁ%ﬁ%g§ g%?i%ﬁ%ﬁ?%agéfg?fing to Figure 4, |ocal nenory
interface 22 3 .provi

o%.Q%§}43 qﬁs q{de i.ca e§.32-bit. i de SDRAM %gannel to
transfer graphicEfata Bef veERTHt 'S &chr pRF ™ <95 8f GveH 3
and | ocal aphics, nemory 202 cal nory -9 ‘1 4 DEC 2004 WD 01/97006
PCT/ USAl /393 6E- N T PPy 29 aﬁ;‘%‘b? @anag\%s ERaNSRRTINS ARF EOR n§ 8f such
transfers. #Qg I neng%y interface 22 is e-cougledwgroQ#éhe i nt ernal
gr aphits tre" 25 ARPEE BN diie TR FREX BRBRES T v 98t 8quenci es of 100
megahert z $N+t% and 133 MHz, which 5 may be independent of the graphics
core. As PTERFOIUSIN (BEEAPNAERET Mt ridee £3Pmahle | LR THENSERTi nter f ace 22
are physically_shared, and the same conponent pins are used for both
i nt er f acestS&tt hodgh AGR FOBRLIANE erabd csafoBEr Shbpor tRite @ s&RY) gi ven ti ne.
The shared 1o interface reduces the nunber of pins on GMCH 3 that would be
requi red 18 sbpbrties o tranepehthiwitht @nf acessantequrst. i t FhesABButing t he
desi gn of the notherboard into which GMCH 3 and the card hol ding | ocal
gr aphi cs HRER¥{RD 2R laespbngdgeto i the qaauesfeby. difectigdudde t he GVCH cost
and the 15 board cost. As a result of the shared interface, alnost al
| ocal 1Preneeyrespendiqge detgnhkanster Bt mappsdrohime AGiaght gefradés21. \Wen
GVMCH 3 is configured in AGP node, the shared interface supports the AGP
i nterfacethd. AGhegra@dids3cpetrohieygiteedo pigkkinvdesvartl iantceisbace becones
a local 20 nenory interface 22, but |ocal nmenory is optional and SDRAM
devi ces needuewts béhidenwaedtédgt Hox riadref Agcen8Zerbotal oomnor y Asaa exi st on an
add-in AIMM card 7b that conplies with the AG°P formfactor. The user may
popul at e rasulNCRE|mipalinan@VChevarstlemeaidt bndioAGr Grapiasscard 7a, - 10
WO 01/97006 1 4 DEC Z004 PCT/ USOLl/ 17168

requests may be simultaneously outstanding in request queues

15 100. Access requests can either be pipelined across an
address/data bus (AD bus) 105, 107 of AGP or transferred
through sideband address lines 107 of AGP 9 and received by
request queue 100.

Scheduler 102 processes the access requests in request

20 queue 100. Read data are obtained from system memory 4 and
are returned at the initiative of scheduler 102 via read
data feturn queue 104 and across AD bus 105 of the AGP 9.
Write data are provided by AGP compliant graphics controller

7a at the direction of scheduler 102 when space is available

-7-



enabling the systemin AGP node to take advantage of graphics functionality
on the AGP card, or with an AiMM card 7b to enabl e the highesiecoomsi bl e

i nt er nalw@aprwes performance in GG x node. Alternately, tper/66§/5hét can 5
remain enpty to obtain the | owest-cost G x node solution. The AlMM card 7b
plugs into a standard AGP connector on the notherboard of the conputer

system bif dhesweadeOlaphoyhaidd AGP/ Pehst Upebi PR dddbidde card contains
graphi cs nmenory, for .exanple, one 2M32 SDRAM device or two 1Mk16 SDRAM 1~

devices 2khe:3106€ 1hbeubeCah SEIBIved RERRLACESHOON I PA}a100 Mz and 133
erm ne 1 C

MHz frequencies, a strap can be used to det frequency to
sel ect. VVheshAeMM card 7b is plugged into the AGP slot on the notherboard
it conmunicates to GMCH 15 3 its appropriate operating frequency on one of

L DL o e BR, BPUBEK & GEH AR B PRIMER LIRS 0 0 O 10 T

but the value on this pin may also over-ri Software via the GMCH
ogi ¢ 20 TARRAr Chanct FeriPES A e SERRYHHEE BAAES HRrel %7h el s o
pover. Pt harmoeenefr BonbRRRids b0 Rr, Sl duerirtseendehtio, to I ocal
15V ke 3% B RESTEoF7n ek g ITHeGPEBRCFAT Pl A GRSy 2EBNaCt Or .
momory. | b PEe Lo SRR BHEEIAAY Sy PP AERELF R G GUBES for ACP
interface_ 21. Ha verﬁg ggggs 304,, 308 are nodified slightly to handle

addi t i onal S FYal e PRSI FFRUEPE AFPLERAE¥OALAGYM card 7b to

read data ue 304, and {to AlMMMcard 7b fromwite data
ﬂ) m&&gaﬁie %ransactgons to be issued simultaneously. As long

as transactions on the independently arbitrated buses do not
compete for the common resources, they cén proceed in
parallel. The arbitration algorithms and policies fulfill
particular agent requirements and may favor different
18 aspects of system performance, for example, low bus/resoﬁrce
acquisition latency, optimized instantaneous peak bandwidth,
or optimized sustained bandwidth.
AGP interface arbiter 106 detects external request
signals 109, internal request signals 111 from CPU interface
20 20, and data queue status signals 113 from scheduler 102.
Along with determining whether the AGP master 7a or GMCH 3
owns the physical interface, arbiter 106 dictates to the
external graphics device 7a (the AGP master) the type of

transactions that can be carried out during its ownership of

-8-



gqueue 308 within local nenory interface 22 over the AGP. ~o0 Schedul er 302
and | ocal nenory arbiter 306 function together to control the %\ of dat a
across |woadigvessory interface 22. In Gix node, the si gnal 75)6%rt| cuI ar
pin of AGP interface 21 which is used to indicate whether or not ~51is
operating in AGP node should remain functional as a ref erence vol tage for

sanmpl i ng §h§VlIln§g:Lada({g§r§ql’ ¥agat a 'ﬁ%ﬂﬁgﬂtﬁzﬁﬂ@& Ocaﬁe\éﬁ}g on the pin

is identical to the IeveI used in nory Signals
opt i 2t R Ay ey SLR=5F N A CACB s o £ TR peCRB8: “on e
Cypos of ACESraniot SRtEe ety e TnphiheRen a'?ﬁd"r%.%bg?ﬂgﬁeiﬁeﬁ'ea'. 12
exist 220?ﬁe of B ARG A B A hone =

h t b | ls. . assi nrrents for
ACP i anaf BESRA LML Sﬁ%uf? “4%“3 %ﬁlﬁﬁﬁlﬁabl?%ﬁo%ﬁca FstErgur s 6A
d 6B. AGP_add I Pl PE ASI na PIPE# is a
gﬂst ai nedl?li?]‘(il %I Sefne ? g E‘Faﬁjr?ﬁelu‘%gs%@r?ﬁ@ g—}}‘rﬁ §§SE‘onLr ol l er)
to GMCH 3,,_which tri a pi peline read. PIPE#ls asserte y the current
m(;st er toaiﬁalﬁ%l‘irtgat%%tdh§F°§p’F‘g‘f“Pr%%dn madigr 8¥aiiabley He %ARUEHEBS t he

target. The master queues one request per rising clock edge while PIPE# is
assert ed. &ﬂe\"P PIPEe urngda o¥er (AR s idif -

Because the decisions of arbiter 106 depend on the
10 state of the read buffers 104 and write buffers 108, the
| arbiter functions in conjunction with scheduler 102.
Scheduler 102 dispatches AGP non-snoopable requests
internally to system memory interface 4 and identifies to
AGP interface arbiter 106 the priority in which it should
15 service pending requests and accept new requests. Scheduler
102 enforces compliance with AGP ordering rules and, along
with system memory arbitration logic (not shown), allows
hiéh priority requests to be handled as highest priority
events in the system.
20 3. Local Memory Interface
Referring to Figure 4, local memory intexrface 22 of
GMCH 3 provides a dedicated 32-bit wide SDRAM channel to
transfer graphics data between internal graphics components

25 of GMCH 3 and local graphics memory 202. Local memory

-9.



requests are queued across the AD bus. SBA signals are sideband address
signal s sent across sideband bus 107 and 15 are used to pas|s4%ggrﬁlgj: and

comand &iod fromthe AGP master to GMCH 3. Pipeline r deband
addr essi ng arﬁz&fv\o_ mut ual | y excl usi ve mechani sns used to ggg’@é@p& sts

fromthe AGP master. When PIPE# is used to queue addresses, the master 20

is not all d.to ue addresses i ng sideband bys, 107. Duri.ng

confi guraltl?}(é)\%r ?cnee?zuffa%tsl?emﬁﬁgggr” Eﬁ%li P REE TEmiEd 9EeS¥h her

mechani smF the.configuration software will indicate which mechanismthe
mast er wi FFo0EESTomhe FERCEY dREC T Hrs dedttedenteHBRPSntXRRithe t i s
reset and,-13 VWO 01/97006 1 4 DEC 2004 PCTNSOL/ 17168 reprogramred to use
the ot her *HbBE"2 A THERHES0LOHEd8S BB SCHbIPH ERRI8InakPEa®FFP Ut onl y when
the device,is first configured after being reset. AGP flow control signals
i ncl ude RBERY fEgmengiesspis 180 nagaherisr# Mize andad3Bulizr whidh si gnal )
indicates if the master is ready to accept previously requested | ow
priorily Pa¥dPeatndeqements °§aﬁé?edr®l?nif%thwe begi nni ng of a cycle, and
when it is asserted GMCH 3 is not allowed to return low priority read data
to the AGP nasherPisvidnsly netedo BEBckntesdice t2e andi Lechlifiieworwl |
signal) indicates if the master is ready to accept fast wite data from
GVCH 3. VBFEerfaeam? ereomhysicallhy deaperhi rpdofthe synkecompsharten it i s
asserted, GMCH 3 is not allowed to drive fast wite data to the AGP master.
ST si gnal B1p$ ov¥elensedtiieyr botdr Anteohadesnmalshanight enl§06né o t he AGP
master. ST signals can be used to indicate that previously requested | ow or
hi gh prioihtgrface ch dearsappeirhgdr et lamedyiver dmeast Ehe &lated he nmaster
is to provide low or high priority wite data for a previously queue wite
command, oéntéhfidcd heedmsiserchkaauhben @f ieihs?brp@MIHSSI @Rat OwSi Al thed bus
transaction. ST signals are always an output from GVCH 3 and an input to

the AGP masyetred\GR fowapitt( RGb) iaHgpadent NGltedirdgeERANEH, | RDY#,
facilitates routing the design of the motherboard into which
GMCH 3 and the card holding local graphics memory 202 are
plugged in four layers. The reduces the GMCH cost and the
15 Dboard cost. As a result of the shared interface, almost all
local memory interface signals can be mapped onto AGP
interface 21. When GMCH 3 is configured in AGP mode, the
shared interface supports the AGP interface 21. When GMCH 3
is configured in Gfx mode, the interface becomes a local
20 memory interface 22, but local memory is optional and SDRAM
devices need not be connected to interface 22.
Local memory can exist on an add-in AIMM card 7b that
complies Qith the AGP form-factor. The user may populate

the AGP slot in a GMCH system with an AGP Graphics card 7a,
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TRDY#, STOP#, DEVSEL#, REQ#, ONT#, AD, C/ BE, and PAR signals, are based on

PCl signals defined in PCl Conponent - 14 WO 01/97006 1 4
PCT/ USA blok@8eggreci fication 2.1, but are redefined when %ﬁ@%wy out
AGP transactions. FRAVE# is asserted by GMCH 3 during fast wites to

i ndi cate the beginning and duration of a data transfer 5 transaction. REQ

is used t e access to,t us to.initiate . a PCl or AGP request. For

fast wri tgn%k?g#jsiéﬁqeor? ,S%FﬂD%r?%g)(ﬂq(%?er?ob&ab?/[?fi‘éarftc?Q%(ﬂ ate that the AGP

master is_r t rovi de.all wite a for the current _transaction. Once
7Yl St Bt

| RDY# i s ass ACRPLLEY b rtlS 817 cehdr nBEtEYEh &M A IN¥: carflowed t o

i nsert wai tates., T assertion of | RDY# for reads indicates that the
nast er isbﬁr)eg%lyeqagﬂterra{ﬁ‘ff EFg{)\Fﬁ PP P LeTHO L RERRLIITARPIGSsert wait states

bet ween transfers of .BZF%te ata bl ocks, but not during a transfer. GVCH 3
deassertsp?ﬁﬁﬂ?‘ﬁr}fq ASe FEXWBPES st ftldLBATReEn B PGB PiPclean TRDY# is used
by the AGP master during fast wite transactions to indicate if and when

the AGP nhEPR+D | RG5! ePER1E M flauwastgcassubiagrdr ssiledikont read dat a.
The target is_allowed to insert wait states between 32 byte data bl ock
transfersT™he A iGard ghopRugarint e teadard2dcRT@Mrdatarsed thei ndicate a
signal disconnect or target abort termnation. DEVSEIr# is used to indicate
that the PPE%%&Q%%.%—‘aﬁ%@t cenppiet & wheMmgbubheibstrad tafapsbeidiREQY i S
input to AGP interface arbiter |Ofi to request access to the AGP bus in
order to PRP{PGE £unrtdoraditpClthe marstcidopsaingsgraphics memory,

for example, one 2Mx32 SDRAM device or two 1Mx1l6 SDRAM
10 devices 202.

Since the local memory interface supports both 100 MHz
and 133 MHz frequencies, a strap can be used to determine
which frequency to select. When AIMM card 7b is plugged
into the AGP slot on the motherboard it communicates to GMCH

15 3 its appropriate operating frequency on one of the pins of
local memory interface 22. GMCH 3 samples the pin during
‘reset, but the value on this pin may also be over-ridden by
software via the GMCH configuration register.

Since current SDRAM technology uses 3.3 volt (V) logic

20 rather than the 1.5 V option supported by AGP, AIMM card 7b
sets a signal on a pin of local memory interface 22 to
indicate it requires 3.3 V power. Furthermore, the AIMM

card should only present a 3.3 V key to local memory

-11-



WO 01197006 1 4 DEC 2004 PCT/ USOLl/ 17168 ONT# is asserted if read data are
pending in the read data return queue 104 or if a wite co gg‘%%recei ved
E@ Sig

and spacggoieddedi | able is the wite data queue 108. GNT# | % ed when
there are no active inputs to AGP interface 5 arbiter 106i.) aﬁts are
address and data signals sent across AD bus 105, 107 and are used to pass

address and._co nd . signals, fro AGP master to GVCH 3. C/ BE

( command/ b%eerga-rr%ol &) aglggﬂ%ﬂ:sa p{nb%/it\gé‘eé’(bnﬁﬁnariaﬁ?%? met i FrPwhERPequest s are
bei ng queued qije;dn pi pel i geg transfers, 1o and provide byte information
during AGPYFTT% (s Bcti BT OF BEEUNGHAPE -ar e not used during the return
of read dat a.oﬁé\tR is a parity signal used for PCl transactions, but not for
AGP transacti -ering; &0 LY et/ tihe Aepdpaucuaeld qind iy ided

m scel | aneous signals include AD STB, 15 SB STB, TYPEDET#, RST#, PME#, and
USB si gnaff8eushH ipapopas BereBe)inegfieges 22i fingtion Smidmdlax cl ocked
data transferred as AD signals and C/ BE signals on the AD bus 105. SB' STB
(si debhndtet ¥ eyeast/srides anene ngfewraal iagerfrce 2l ockiawaletra transferred
as SBA signals on SB bus 107.. 20 TYPEDET# is used to indicate what kind of
| ogi ¢ si gABfuhall4,be08s agdewnodi bhed\ Vod&dy tp bardle addiggedhailnt o t he AGP
interface. Since current SDRAM technol ogy is always 3.3V rather than the

1. 5V opti épcal semampdetegablys AGDatharhl Mviitsed ShoulAIMetcadie 7TBYPEDET#
signal correctly (open -16 W) 01/97006 1 4 DEC 2004 PCT/USO /17168

i ndi cat est8. 8ead dpteumpedei A0d casmd tlo ATVM tardn@bchAtem ivriteqgdatas a 3. 3V
power supply (not grounded). Furthernore, the AlMM card should have only
the 3.3V keguarbhotithia 1ob¥1keymopy egririfagei L2f 608 bgieiqademserted into
1.5V-only 5 connector. RST# is received fromICH |1 and is used to reset
AGP i nt er Baedi gt B0 ahidn 16881 Mo RMEE iReWe B0 FRFRICHESY MHer S Used
to wake up the device froma suspended state. USB signals are universal
serial bugsost@titsl the lFaeal oFeaRtyY £33 Iocat! MeRoMA 1M r A2 CSH#, RASH~
CAS#, WE#, FREQ SEL, and TCLK. MA (menory address) signals provide the

mul ti pl exed.row and col um addresses fromGVCH 3 to the |ocal nenory 200.
MD (nmenory data) signals are used to interface wwth the | ocal nenory data
bus. DQM si gnats Géx e, OkhkhsiFRADIOh &HeApadRdcALhr 8515 Y e@ni zed out put
enabl es during read cycles and as byte enables during wite cycles. CS#

(chipset sgtegtacsiaNahissl €6t §séferd 0GRl JHRED LY e SREAM £ 0 when
asserted and indicates when a valid SDRAM command 1S present. S# and CAS#

are ray 2053060 o8| AP RGENoAE! T A iR oS LB ShA AL S o T ESPECTT Ve .

WE# (wite enable) signal 1s asserted during wites to lTocal nmenory 200.

e SEL PAERASS IR eI 0280 LSOl M7 15
inputs. The voltage level on the pin is identical to the
level used in AGP mode.
4. AGP and Local Memory Signals
20 The pin mapping assignments can be made with the
primary goal of optimizing the layout of the AIMM card. AGP
signals as they exist on the standard AGP connector serve as

a basis for the pin mapping, but special types of AGP

signals such as strobes and any open-drain signals can be

-12 -



1 4 DEC 2004 WD 01/97006 PCT/USQOL/ 17168 5. Internal G aphics Subsystem
Referring to Figure 7, further details of the internal graplh'(b C 20
functi ongbigiMdee of GMCH 3 are shown. GMCH 3 and internalpﬁ%@%hgﬁ;;ﬁS
retrieve geonetry, texture, and frame 5 buffer data from , system
menory 4, and AlIMM card 200, via nenory interface 24 or |ocal nenory

i nterface g t en g I'CS. tihvonal Lty 2 0 Jinel S cache 34
to avoid ?Irgge%qtuéedqn't 'r%eri%%r' yggg?cﬁg%ﬁ%?rﬂeh%gnf F‘%gasg%a‘%}gextgl}%gldg%? a?‘éio Overl ay

stream colyeldier (GSCL40240) SIS 438 SQRLLALLSr P3G ,04, and

command stream controller manage t he requests an

data Lo angh (oI dgeqlisotbaly oM CaLenibLIY eV AYRHELY bt or face

24. The stream controllTers marntain requ rency, ormfgrlim'ted

buffering J t a erform address translati,on.to and from absol ute

nenor y ad%?%s%%?%%s% doﬁgt E%g?agirsrra reofﬁtsa:gddéf‘a.h% ‘-Tf-%’lﬁ 62’10?"Hel§ubsyst em

30 perg or 3D re@ﬂg?idnggaccel eration. Texture maps are | oaded into system
r

menory 24 Y Hid d into 3D pipeline subsystem 30 via system nenory
interface 24 d stream and di spat.ch controller 26) 3D pipeline
subsystem 30 t n%gﬁgggpﬁw% e iPﬁ%Eigg?‘?i‘i{ji%& $1GRatScan be used
to interpol%f the data at anZ fi xel w thin_a polygon, for exanple, colors,
al pha, z & 158 FHr&700891 5 D P4 9Bets Gser) e 6w skegt Hi-Pog, texture
coordi nates, and the |like. The pixels covered.by a polygon are identified
by 3D pi pEi¢ n%raﬁjﬁﬁ?stcé’ﬁltée}l%rcw (A Cal @B SRk ISR Bl texture

addr esses. 'Aﬁi{—j{i[t engi ne_31 provides hardware_ accel eration for 5 bl ock
transf er sPOFe %r(e@%'tt?ﬁﬁf’. BPi 23297t ive t98 prevaRfedasterabel ity to
copy a source block of data_fromsystem nenory 4 and perform operations (e.
g., ri&teindheAt ithad 2ofulhevydbh addeassy i tRi hei areuadhibygitishi cs 25.

Blit engine 31 speeds the display of noving objects on a 10 di splay devi ce,
for exanpkeargethi neticomasseronhewgs engl tRsidesy wendolwing cloapkagkigeal user
interface (GQUI). For exanple, text scrolls faster when it is copied as a
cont i guoushbleBIBRRH lisi eseagtad. 31When tRiPEdeis geaassaftacdhercdnepl ay wi ndow
rat her than processing every character on 15 every line. Afilter block 410
i s shar edre@eenten axe aughefiuacroonathedd hes,. f 8BA exdigrplles avet i on

conpensation, texture
sideband address signals sent across sideband bus 107 and

18 are used to pass address and command signals from the AGP
master to GMCH 3.

Pipeline feads and sideband addressing are two mﬁtually
exclusive mechanisms used to queue requests from the AGP
master. When PIPE# is used to queue addresses, the master

20 is not allowed to gueue addresses using sideband bus 107.
During configuration time, if the master indicates that it

. can use either mechanism, the configuration software will
indicate which mechanism the master will use. The master

will use the selected mechanism until it is reset and
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filtering, overlay and stretchblt engines. Stretchblt engine is used to
nove source data to a destination that 20 need not be the Janpesiz® W th
source tweng®aoency. The video output subsection of GMCH go/i6d e Primary
di spl ay engine 27, overlay engine 28, and cursor engine 29, Ich all feed
into a display digital-to-anal og converter (DAC) 32. DAC 32 provides the

anal 00 OU@lod ekl b58LEYendSoendIOQUOTORO . 4, DEC 2004 PCTIUSCI /17168

devi ce. The video syncs an I'mng are progranta &fat ed

i nternall i ne .28 provides.the capability to conbine

a full rr[)%/?éo?\b Vi ﬁec?%?ta%g%nh%?t ﬁgﬁeo%lryaﬁlgeﬂu%g%rd%ﬁ%e. }Isneélﬁﬁtti on vi deo

data can : h, horizontally and vertically prior to being
TR Aeorerar S

conbined w't ramne ." The display cursor is also integrated
with the display shreamin this. subsection. Tg ideogispla section
supports displa r%téLs?%I ﬁf’lrlgﬁgff?’lo?ﬁ N eAs o %F%ﬁm o égl s and can
pF q%_ : 1% t i d t G aphj dat I b
perfor J C% C non%ﬂf eOPS- a, aphi cs data can al so be
out putgnt hr%g%lsa' di éi% al(!CBFdE%a eI d 313‘31%%11 netlisiadessdéd to drive a
flat-panel. or television display device. The video capture subsection 420
of the grdphi fEnEERBRaFP tIF P H B RIvaeYs prreaeREahpowr e of digit al
vi deo. The capture engine can capture YUV format data. It puts these data
in the | RECOEoIFadafdtene BHed dissprdgdconty odt erhe dreaiswinhese dat a
directly for its overlay output, or an application can receive a pointer to
these 20 Yatd FGLer hengurpesel bfiyarsestedgCdCH eXt is eatam flogedi to 6.
Choosi ng Between AGP Mbde and G x Mdde at Startup
return low priority read data to the AGP master on the first
10 block. WBF# (the write buffer full signal) indicates if the
master is ready to accept fast write data from GMCH 3. WBF#
is sampled only at the beginning of a cycle, and when it is
asserted, GMCH 3 is not allowed to drive fast write data to
the AGP master. ST signals provide status information from
15 arbiter 106 to the AGP master. ST signals can be used to
indicate that previously requested low or high priority read
data are being returned to the master, that the master is to
provide low or high priority write data for a previously
queue write command, or that the master has been given
20 permission to start a bus transaction. ST signals are
always an ocutput from GMCH 3 and an input to the AGP master.
AGP frame# (PCI) signals, including FRAME#, IRDY#,
TRDY#, STOP#, DEVSEL#, REQ#, GNT#, AD, C/BE, and PAR

signals, are based on PCI signals defined in PCI Component
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Referring to Figure 8, when the conputer systemis reset, it automatically
detects whether an external graphics controller or an Al Mcanpgdci gopl ugged
into shagedip5ds! ocal -20 WO 01/97006 1 4 DEC 2004 PCT/l;é%é(ﬁle,&% menory
interface and 1nitializes the conputer in the appropriate graphics node.

The conputer system 1 can be reset 500 when it is powered up, reset by the

user, or automatically.reset by the 0 ter syste During early Power
On Sel f %cj(r%@%)logoz'?heb% s%re%rﬁglggégpﬁp@erbdﬁﬁ?{nt?yﬁéﬁg(%’1168)

per forns i Ous te%t.s of the conmputer system hardware and software

i ncl udi ngxcg%t%’aqsr?ﬁ sy8fem nenory and basic initialization of hardware and
software. Duri e . POST, the BIOS tests  if, an AGP 10 graphics controller
is plugged i ntw A@DagFﬁft%E’%fWeé’ufiPﬁbn% &5 Fd&Si 88 read to the
PCl bus. [f_an AGP conpatible controller is present, it is detected by the
syst em Bl HELGRF &S dhFe SGAnPIRI fithifUEe tight PHI 2 faortnams tesnput er system
The conputer systemis 15 initialized in AGP node 510, and an AGP/ G x

sel ect® bi Er#Rsacdiiony oRER* ol MFeYatPEHePEgRRERYS th ttheckushts fact for
the system No further initialization of internal graphics need take place.
| f an AGPLREEHER i P& Icont AEF | #9qYssthot Frscheeld, wite Xyagseptienssystemi s
initialized to operate in (G x node 520 to use internal graphics, and
AGPl G x sERR¥L i5 tdniyegebyt 6MQH Nfterindigafedthas e d@fediasthe BSOS tests
522 for the presence of an AIMM card. If an AlLMMcard is not present, the
conput er 593@erkq PHoviideablzedrite tada Hoer e grapditc s radbaction01/ 97006

Once IRDY# is asserted for a .write operations, the master is

10 not allowed to insert wait states. The assertion of IRDY#
for reads indicates that the master is ready to transfer
ﬁrite data. The master may insert wait states between
transfers of 32 byte data blocks, but not during a transfer.
GMCH 3 deasserts IRDY# to insert wait states between data

15 blocks. TRDY# is used by the AGP master during fast write
transactions to indicate if and when the AGP master is
capable of transferring a subsequent block of read data.

The target is allowed to insert wait states between 32 byte
datalblock transfers if multiple blocks are to be sent.

20 STOP# is used to indicate a signal disconnect or target
abort termination. DEVSEL# is used to indicate that the
transaction cannot complete during the block transfer. REQ#
is input to AGP interface arbiter 106 to request access to

the AGP bus in order to initiate an AGP or PCI transaction.
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1 4 DEC 2b04 PCT/USOL/ 17168 functionality with system nmenory 526. If an
AlMM card is detected, then the operating frequency (100 MH% BEC 288 MHz) of

the locaoopomoy i nterface is determ ned by sanpling a sipgw@absaan7esspi n of
| ocal menory interface. Menory timng 5 options, such as such as colum
address strobe | atency and row address strobe pre-charge cycles, are then

det er m nedne#pis i £ d ey ikhecaySora RIS peli@nBl U7 $hartSadyaPrHL9ramm ng
slow timngs, then functionally tests nenory. The BIOS then attenpts to set

| ncreasi ngbyutASq@dud 1194783 1@ 4Niitd ntrld SHRLERPGEYT SngULp

functional testing of nmenory. The settings that optimze performance

W t hout c } B fs ionak ity thed. i opl enentations are
W hin thessotrarts ny ATy Re g Ueses SRRENER. TBER IRTME T A menory

cont 10l | e BB COMIl Ehededata 80 SAMAONLLALLCL APt Ak L oei5e @ System

5 nmenory to store graphics ta and to contro unctions o e system

‘ i nterf : te nory J4 nterface; r aphi cs

Subsy<] enPEREr o 1% ( KO SaCa=LF, E3%, hnaan A0 S7Tana 90858 ctHS perform

hi ti i data: and dedi cat e raphi c ort adapted
2o Rount e ERR Sk AR P DG 2R S Uhed AL FRSE SRARRPRCE TR oo, 15 b
Th trol] hub. of i further, comrisin vi deo out put port
coﬁplng:jm'[ %ogﬁgnésﬁﬁﬁ%uﬁ%%gkgh&%&%ﬁ ng%gugpugcz?ﬁeo Si gnalos fPom
the nmenory controller hub. 29 3. The nmenory controller hub of claim?2
wher ei n tHE°WFa%%/?Xﬁ?nﬁnﬁ9$Ft PLIBFLDtRAP TSGR A BEBTBR HRAr s directly

to the display device. 23
wgenyrequests are being queued during pipelined transfers,

10 and provide byte information during AGP write transactions.
C/BE signals are not used during the return of read data.
PAR is a parity signal used for PCI transactions, but not
for AGP transactions, ca?ried out over the AGP bus.

AGP clocking and miscellaneous signals include AD_STB,

15 SB_STB, TYPEDET#, RST#, PME#, and USB signals. AD_STB (AD
bus strobe) provides timing for 2x and 4x clocked data
transferred as AD signals and C/BE signals on the AD bus
105. SB_STB (sideband strobe) provides timing for 2x and 4x .
clocked daﬁa transferred as SBA signals on SB bus 1.07..

20 TYPEDET# is used to indicate what kind of logic signal shall
be used with an AIMM card if one is plugged into the AGP
interface. Since current.SDRAM technology is always 3.3V
rather than the 1.5V_option also supported by AGP, the AIMM

card should set the TYPEDET# signal correctly (open
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WO 01197006 1 4 DEC 2004 PCT/US01117168 4. The menory controll er hub of
claim 2 wherein the video output port conprises an anal oy yipgeogmut put

port. S5.wohgesggory controller hub of claim2 wherein thq,é@,ﬁ@qll?ﬁgput port
conprises a digital video output port. 55 6. The nenory controller hub o

claim2 wherein the video output port conprises an anal og vi deo output port

and a_di gi4alcyi gleq, QUL BOKleq endiia BT ¥ FONLS AAGI U s0f ol aim 1

wherein t cs port”iI's adapted to coupleée e MENnory controller hub 10
to the ex raphi y[.C h dedi cat s .i.nterface. 8. The
menory co%%"gﬁees? ah%l:i 381‘5 P gﬁ%%: mgu/é%\yerg(éllo% ?ﬁeuﬁgﬁgga%‘ﬁtﬂﬁsﬁ%ﬁer face

i ncl udes erated.araphi cs port (AGPL. ..,5.5 9. The r ntroller
hub of cl gﬁ?n ecraeﬁdﬁ spﬁgﬁgxﬁt‘ae‘{ena Bl gtﬁlﬁ 2:33 38&??%&?%6}9_]%&5261?{1-% inline
menory nogule. - =1 7.DEC 2pp~ 10.. The. nmenmory c ol l.er hub of claim9
wher ei n tggbgr D féélstlﬁér f‘ti[)gr%%g%fzéw tlélsterré:%'éf é?xarg}r)%\{ ¥t a bet ween t he
system ne nd th .nline nme l e.through t he, data stream
contro |eEgéﬁ%ﬁﬁéﬁwaugﬁégﬁésdE%?%%H%éF%ﬁé?ﬁﬁg¥eﬁ%a8%$ PEedrke nenn{yd
controller_hu claim.7 wherein t external graphics, device includes a
gr aphi cs Egﬁ?gdﬁg%w¥ﬁiff;afﬁefﬁ%h%rxighﬁﬂléaelgFHhubgﬁﬁ#iﬂRﬂWﬁrll wherein the
10 graphics port is adapted to transfer graphics data between the system
menory anﬂa’[’g‘éerber’gpiﬁvc?gtéoﬁ?rB’F‘F%rt? YTy P FBS a9 %< r'ea® Gontrol | er and.
through the dedicated bus interface. 13. The nenory controller hub of claim
11 wher ei AUPRENYSH FtadRi-csUSBNE+EMRLT ane awdpesaal os¢fridd duisvi deo signal s
to the display device. 14. A conputer systemconprising: a CPU, 20 a

di spl ay d&¥PR2LSa system menory, the system nenory adapted to store video

data and non-video data; and 25
10 Local memory signals include MA, MD, DQM, CS#, RAS#,

CAS#, WE#, FREQ SEL, and TCLK. MA (memory address) signals
provide the multiplexed row and column addresseé from GMCH 3
to the local memory 200. MD (memory data) signals are used
to interféce with the local memory data bus. DQM signals

16 control the memory array and act as synchronized output
enables during read cycles and as byte enables during write
cycles. CS# (chipset select) signal selects the local
memory SDRAM components when asserted and indicates when a
valid SDRAM command is present. RAS# and CAS# are row

20 address strobe and column address strobe signals,
respectively. WE# (write enable) signal is asserted during
writes to local memory 200. FREQ SEL indicates whether
local memory 200 is to run at 100 MHz or 133 MHz. TCLK is

the clock signal sent to local memoxy 200,
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~~ ~ DEC 200 a nenory controller hub coupled to the CPU and coupled to the
system nenory, the nenory controller hub being adapted to péDESr Blbhenory

cont r ol va®g1/&ogphi cs functions, the nmenory controller hut:i,cglqﬁgf'lg' g: 5 a
vi deo out put port to provide video signals to the display devi é’e;idgnd a

dedi cated graphics port to couple the menory controller hub to an external
graphi cs device. 10 15. The c%rlg S of £l,aim_14 wherein the video
out put port is adapted tog]'prow Leérr\?}%(]ie%?% gln% sscu(ﬁsryeﬁgtem to the .display.

16. The conputgr. f.clalm-14 wherein,the vide iS Qut put port
conpri ses an é‘%&e%iéﬁ%ﬁt%%r < %Y.fufﬁ eﬁo%ﬁle]rs- t &PECE’FBF 14
wherei n the yi.deo .out put rt rJ a,digital output port. 20 18. The
conmput er ¥y&emo uBFgf"ﬁ?% l%?rq‘{eri%rf f%ﬁlgﬂv?d%ge o%?cﬁﬂ't pFCH3npRfses an
anal og out put %t and. a d'%ita]tl output port. 26 = WD 01/97006 1 4 DEC 2004
PCT/ usmﬂf&fa‘éJa 9*%R lEBn% e ISR APOTSEF i Nt e Y Ft R8BS £8APRI sing a
dedi cat ngr bﬁfﬁfi nt rfgce coutﬁl ed to the graphics port to couple the nenory
contrdl | FEPnETER GF Nl 1 RN BSBRYY cb 3pd B PRadcdRBut er system
of claim_ 19 wherein the dedicated bus interface includes an accel erated
gr aphi cs ‘Pt EREY) nteyfaqs & Rp s lspereny oinkezfianel@2uherei n t he
external graphics device includes an AGP inline menory 1o nodule. 22. The
conput er SAloOrePhRiL AP 29unticruiat itie 2§ appP cknpbides & sdapeeddto
transfer graphics data between the system nmenory and the AGP inline nenory
nodul e vil® V@i fsrguesht romee fakshasdofhrecemt naisistitextadebus 15
interface. 23. The conputer system of claim 19 wherein the external
gr aphi cs ¥iA-ce i ncl udes a graphics coprocessor. 29. The conputer system of
claim 21 wherein the graphics port is adapted to transfer graphics data
bet wetn Overlay stream controller (OSC) 402, display stream

controller (DSC) 404, and command stream controller (CSC)

406 manage the requests and the flow of data to and from the

agents that communicate with system memory interface 24.

The stream controllers maintain request coherency, perform

15  limited buffering of the data, and perform address
translation to and from absolute memory addresses based on
the format of the data.
A 3D pipeline subsystem 30 performs 3D rendering
acceleration. Texture maps are loaded into system memory 24
20 and then read into 3D pipeline subsystem 30 via system
memory interface 24 and data stream and dispatch controller
26, 3D pipeline subsystem 30 then converts per-vertex data

into gradients that can be used to interpolate the data at

any pixel within a polygon, for example, colors, alpha, z-

-18-



- 27 WO 01/97006 1 4 DEC 2004 PCT/USA /17168 the system nenory and the
graphi cs coprocessor via the nmenory controller hub and thropggct

dedi cat gdoRiR7dopt €' f ace. 25. The conputer system of claing ARfgn the 5
gr aphi cs coprocessor is adapted to provide video signals to the display
device. 26. The conputer systemof claim 14 further conprising an engine to

determne,if the graphics port is, cqupled to, an extern graphi cs devi ce.
10 10 27. 9% cIFut ?xg§§ eﬁ??ﬁézﬂ 'eﬁv23nﬁh53%if3%qﬂa gh&iﬁég?£sadapted f or
generating a signal to activate an, external graphics device to control the
processi ngomregc?abghiacgo £e9n| ?r%nl%%&térfr’r&a Bgagﬁi%’spﬂé\ﬂecéuﬁy%ﬂbl ed to
the graphics port at boot-up_tine, and . ,the engine is adapted for ~5

gener at i n§la Hiftaithed &é@FSéfE@?kR?WﬁHﬁﬁe} ES%F?EﬁI?ﬁdqﬁﬂ§eFo control the

processi ng ofczgrap_hi cs data_if an external graphics, device is not coupled
to the graphi & Rt eRgiBSoPhpPIP e harAvAEE hRECRFHATIGIMEOr-28 ~1 ~
DEC 2004 if an external graphics device that is coupled to _a nmenory
contr ot | ePloeh wiansfegspeefaty st tidingdt-er BlhbEeY PRSP ed to a bus of
the conputer system activating the external graphics device to control a
di spl ay devevkdearideoabpddittyets aery vatsavgce §laphies daig faeomn the nenory
controller hub to control the display device. 29. The nethod of claim28
wher ei n t Bgshem heindry peehdr redf b ersr@tdomsutier gsy staghas reset. 10 30. A
menory controller hub conprising: a data streamcontroller adapted to use a
syst em neppeyatborstloran ghephets HetcallgndvitthicompketndlinptamvissoR 5t he
Blit engine 31 speeds the display of moving objects on a
10 display device, for example, animation, scrolling, and
moving windows in a graphical user interface (GUI). For
example, text scrolls faster when it is copied as a
contiguous block by blit engine 31 to the next part of the
display window rather than processing every character on
15 every line.
A filter block 410 is shared between several functional
engines, for example, motion compensation, texture
filtering, overlay and stretchblt engines. Stretchblt
engine is used to move source data to a destination that
20 need not be the same size, with source transparency.
The video output subsection of GMCH 3 includes priﬁary
display engine 27, overlay engine 28, and cursor engine 29,

which all feed into a display digital-to-analog converter

(DAC) 32. DAC 32 provides the analog output to the display
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system nmenory; 15 a processor interface; a systemnenory interface; a
graphi cs subsystem coupled to the data stream controller d to

perform b@?ﬂ 0(09(? operations on graphics data and 20 a deg#gf;hg Y hi cs
port ad‘g couple the nenory controller hub to an e %F%ghl Cs
device, wherein the graphics port is adapted to couple the nenory
controller hub to the external graphic¢s device through a_dedi cated bus
i nt er f acedeVisahe TBPNVEARO &Yr&%é}ndgrt&b‘ﬁpgsaa%vﬁ”f%gqaﬁ%‘}%& agd ABP inline
menory nodul e, and 29 ~ ~, DEC 2004 wherein the graphics port is adapted
to transf¥nefiakssi éataaral bt GMEh8 sy Sveri amRdine @& BEOREHeEN| i ne
menmory modul e through the data stream controller and through the dedicated
bus interfkrecapabdlity tonpenkine astfavhlcoebipyi nidea WRYam dilspl ay devi ce:
a system nmenory, the system nenory adapted to store 10 video data and
non- vi deotltRatfxamendug faendaa corfthreirogid ohubideopilatk taant e GRYledd coupl ed
to the systemnenory, the nenory controller hub being adapted to perform
menor \d corriolhomidogtaphi cand urettiimed lvt beinenbe yoeiorg rasinkdmeldub
conprising: 15 a video output port to provide video signals to the display
devi ce; awiktla thedifcamedbygf ghidstapor tTheo disppbe ¢hesomnir yalsent rol | er hub
to an external graphics device, wherein the external graphics device
i ncl udes amteAFRtAA milthnehaedbsyl apdiireamanid whes eswbddret igyrraphithe port i s
adapted to transfer graphics data between the system nenory and the AGP
inline video display section supports display resolutions from
320x200 up to 1600x1200 pixels and can perform Gamma
10 Correction on the video data. Graphics data can also be
output through a digital video output port 33 and then
processed to drive a flat-panel or television display
device.
The video capture subsection 420 of the graphics
15 functionality 25 provides for video capture of digital
video. The capture engine can capture YUV format data. It
puts these data in the local memory,.and the video display
controller can use these data directly for its overlay
output, or an application can receive a pointer to these
20 data for the purpose of generating a texture map from it.
6. Choosing Between AGP Mode and Gfx Mode at'Startup
Referring to Figure 8, when the computer system is

reset, it automatically detects whether an external graphics

controller or an AIMM card is plugged into shared AGP/local
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menory nodul e via the nenory controller hub and through the dedicated bus
interface. 25 30 .AS_. A 1 4 DEC 2004 AL A
L. AA@. AU, A. A% Ay. AS . A@ . Ayr. A. A9. A. A . A@o AS% AN _. ASr . : . An
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}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] cal] ca] ca] ca] cal] ca] ca
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a] ca] ca] capd ad eftjwzaieca) Pakéay celje HAAV] tapcBI @] ked ] idajedaPe! M 1 JIWKKLLMF
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] cal
i1 yiii & abib&i@y Kok idT@YBRERNBIOS and serves as the graphics
nnl nnnopCpr pp| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca
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ca] ca]{1 71} gﬁllff%f%é;&]mhw}naabcawpaa]rcca]aemahcaycakcaém&tca:}iaﬁ]m! yPygynyyyy
z0zQz ~~~
'-0: | wrngL¥] £} cql ool £ aldnzaleahe abs af sl aalc abcakaak cab La] eajc Aorxa] cal] cal ¢
aJ ca] ca] ca] ca] cal ca] ca] ca]ca] ca] ca]ca]ca! =Q'1g3z[] G %iH ,ytoje [V]]ca]ca] ca
1ca] ca] calgalksat sl ofd crleakeal s e £ ajtaahcal] eateavl T adraliciaiscal ca) caj ¢
a]J ca] ca] ca] caJta] ca! 29Ang#yt oj e [ V]] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca]ca]ca] c
a] ca] ca] cg]ega] Eé‘%& £al£al cal ca] ca] ca] cal] ca] ca] ca] ca] ca] cal] ca! ** Ang#yt oj e
"[V]]ca]caJca] ca]ca] ca] calU ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
| cal cal ] ca] cal o8l 6ol £ AhgAkIB)El Kal@AOPES (o Bol0XEEatda, the
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1090°& ()-iK.S, 1090 & ()= QAT & (- £ ) se it is )
1090 & 8-%?0@5‘%?&%%%%% ; (&Eog‘rgg%fo’%s B8R 31_05/3@ %3-110%1&' () -
1090& () - JIQUT &G~ m@d 00T & Vet LQ7T hé ) 5139 K9 522KEbK- Kne

presence of an AIMM card. If an AIMM card is not present,

the computer system is initialized to use internal graphics
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" 1096 10%
()emplr%ag.?l.y%y the system BIOS. The BIOS starts by
programming slow timings, then functionally tests memory.
The BIOS then attempts to set increasingly faster timings
10 until a data mismatch occurs during functional testing of
memory. The settings that optimize performance without

compromising functionality are selected.

Other implementations are within the scope of the
claims.

15
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system memory;
a processor interface;
a system memory interface;
a graphics subsystem coupled to the data stream
10 controller and adapted to perform graphics operations on
graphics data; and
a dedicated graphics port adapted to couple the

memory controller hub to an external graphics device.

15 2. The memory controller hub of claim 1 further

comprising a video output port coupled to the graphics subsystem
and adapted to output video signals from the memory controller

hub.
20 3. The memory controller hub of claim 2 wherein the

video output port is adapted to provide video signals directly

to the display device.
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video output port comprises a digital video output port.

5 6. The memory controller hub of claim 2 wherein the
video output port comprises an analog video output port and

a digital video output port.

7. The memory controller hub of claim 1 wherein the
graphics port is adapted to couple the memory controller hub
10 to the external graphics device though a dedicated bus

interface.

8. The memory controller hub of claim 7 wherein the
dedicated bus interface includes an accelerated graphics

port (AGP).

18 9. The memory controller hub of claim 7 wherein the
external graphics device includes an AGP inline memory

module.
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11. The memory controller hub of claim 7 wherein the

external graphics device includes a graphics controller.

12. The memory controller hub of claim 11 wherein the
10 graphics port is adapted to transfer graphics data between
the system memory and the graphics controller through the data

stream controller and through the dedicated bus interface.

13. The memory controller hub of claim 11 wherein the
15 graphics controller is adapted to provide video signals to the

display device.

14. A computer system comprising:
a CPU;
20 a display device;

a system memory, the system memory adapted to store

video data and non-video data; and
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5 a video output port to provide video signals to the
display device; and
a dedicated graphics port to couple the memory

controller hub to an external graphics device.

10 15. The computer system of claim 14 wherein the video
output port is adapted to provide video signals directly to the

display.

16. The computer system of claim 14 wherein the video

15 output port comprises an analog output port.

17. The computer system of claim 14 wherein the video

output port comprises a digital output port.
20 18. The computer system of claim 14 wherein the video

cutput port comprises an analog output port and a digital output

port.
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10 module.

22. The computer system of claim 21 wherein the
graphics pbrt is adapted to transfer graphics data between
the system memory and the AGP inline memory module via the
memory controller hub and through the dedicated bus

15 interface.

23. The computer system of claim 19 wherein the

external graphics device includes a graphics coprocessor.

24. The computer system of claim 21 wherein the

graphics port is adapted to transfer graphics data between
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25. The computer system of claim 21 wherein the
§ graphics coprocessor is adapted to provide video signals to

the display device.

26. The computer system of claim 14 further comprising
an engine to determine if the graphics port is coupled to an
external graphies device.

10

10 - 27. The computer system of claim 24 wherein the engine
is adapted for generating a signal to activate an external
graphics device to control the processing of graphics data
if an external graphics device is coupled to the graphics
port at boot-up time, and the engine is adapted for

15 generating a signal to activate the memory controller hub to
control the processing of graphics data if an external
graphics device is no£ coupled to the graphics port at boot~-

up time.

28. A method comprising:
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graphics device to control a display device, and otherwise

S activating a graphics engine in the memory controller hub to

control the display device.

29. The method of claim 28 wherein the method is

performed when the computer system is reset.

10
30. A memory controller hub comprising:

a data stream controller adapted to use a system
memory to store graphics data and to control functions of the
system memory;

15 a processor interface;

a system memory interface;

a graphics subsystem coupled to the data stream
controller and adapted to perform graphics operations on
graphics data; and

20 a dedicated graphics port adapted to couple the
memory controller hub to an external graphics device,

wherein the graphics port is adapted to couple the
memory controller hub to the external graphics device through a
dedicated bus interface,

25 wherein the external graphics device includes an AGP

inline memory module, and
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a CPU;

a display device;
a system memory, the system memory adapted to store
10 video data and non-video data; and
a memory controller hub coupled to the CPU and
coupled to the system memory, the memory controller hub being
adapted to perform memory control and graphics functions, the
memory controller hub comprising:
15 a video output port to provide video signals to the
display device; and
a dedicated graphics port to couple the memory
controller hub to an external graphics device,
wherein the external graphics device includes an AGP
20 inline memory module, and
wherein the graphics port is adapted to transfer
graphics data between the system memory and the AGP inline
memory module via the memory controller hub and through the

dedicated bus interface.
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