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A METHOD AND APPARATUS FOR RESTORI NG A MEMORY DEVI CE CHANNEL WHEN EXI T+ §i&PR 2003
LOW PONPR STATE BACKGROUND 1. Field of the Invention The present disclosure
pertains to thedomwbsd of data processing systens. Mire parti crcanspsr4ziss

in a nenory channe| gnd restoring menory devices when exiting=a | ow power

p
state. 2. Desqyj el ated Art Placing a conputer system \
power state |3mmmmml\lm"mmn techni que for saving power. For exalmmm“mmmm\m
Advanced Configuraf)on and Power Managenent Interface (ACPl) speci figgahi on
suggests the use of several | ow power states and defines the interfaces
bet'ween t he opArMETHDD YNRAPRRARNIUS POR BESTORING AVIEMORYSDENKDE- t 0- RAM

(STR) state is a cCOMUEHANNER WHEN IEXITANGIA MBVGIRIWHR &YRlTecat i ons.
Typically, when this | ow power state is entered) processing activity

ceases) and certain values are stored in nenory, preserving themfor when
processing resunes at a | ater point BACKGROUNOr exanple, the ACPI S3

sl eeping state is a stf te where all systemcontext is |ost except system
menory. Processof ild® @Mt rol | er context (i.e., register and
internal nmenory val ) | i | aAddif 1 an power
managenent techni qu-gﬁé r%'%g‘?rr‘ltcﬁ%g‘eosglrém eztraﬁiﬁagcfetgei ﬁé@\hﬁﬂcﬁg{%g&ee I { er
and/ or nenory switees. | Mofe phitieakirlyp thaTprayent eistidsirk feriigs toHitializpg N9
menory controller values may be particularly problematic in a systemthat
requires menor97 CORNIPHINGtMBMANE (fleNiesss i oa haermpeny; ahannal and orestaring

comuni cat e pr&%ﬁﬁn\; d@vgﬁstmeﬂ%ggdy&éawitﬁﬁgval ues are restored) the

mai n menory ca be "acCesseéd. n - 9 APR 2003 WO
00/ 26753 PCT/ Us99é2dnpifonof\Retatal Artcannot be used to store the
configuration values or to store a programfor restoring such values. To
restore val ues to sBlacingamompsar system inde a lyy powes stalads peld daewmoul d

be t t h ti initializati { -establish th
ost it al 1 ZENBRUR{o B Bl EoriBlartile, 58 FfiEntE Faiibbidrt cous
for two reasongnd FiowdrMaifgdribit ldrietie (NCRIPEPEEREaIGH slifyd st Hidiise bher eby

causing a significant latency to occur he systemtries to wake up
froma STR st asevergklovhpeyer states and definesitheintedagasrkeiwesn therdperatingne

operations thaf ] | t { f the nenory. If nenory were
i ndeed | ost by£¥ﬁgﬁﬁﬁ@$§ﬁﬁsf§€%§g@§ag €such an approach woul d not be
practical for sone Anmhsymﬂtt_atmmﬁ(s‘f‘ng stta B! £ corim@istdtd uddieinpbive 53

state corrupted nenory, the inplenentation would not be conpliant with the
ACPI speci f i cafapagemant gpplieationsy egpically, whendhistipyanwerratatet is gntered,

e 22t 008k OoB e REL G ol AR oA, TP, 1.
i s described i prebeivihg themdee Wientrotessiny absurhks at hameRpBMtsn Gpe0Fat i on

of - Mountain View, California. Numerous nenory controller values nmay be | ost
when a nenory €%empls, ithe AGH 33 plespina state is @ stateivhereradl systeyprconigmis T

ot provi de anchéatabt Bl tanolly HAioBERREr Ab8uRemRil CorbiglRh &Rt hoa
and apparatus (i@, registél shdh FesHRBY ewmdr® VARG andesexint ithE asthew
power state is disclosed. One nethod involves storing a set of nenor

i ni tializati onAdditioaslly,r othest powge rmanageroast itechnigues may dneludel similant o a
menory that mai 1%ai ns_val ues during_a,power down state. The val ues nay be
necessary to at@ess' W TROIRIEY andRL INeman, Xallies &) A-CUpSEtes MemATY g,
the val ues arecsRFdiRdreffelestt he storage locations in the nenory controller.
-2 - 9 APR 2003 ° WD 001 26753 PCTI US99/ 24755 ' BRI EF DESCRI PTI ON OF THE
FI GURES The present Losingrmemory sohtrollen vaitues mgy hepasficuadyrpreblamatindn
limtation in the fi es of .the acconpanying draw ngs. Fiqure.l. .

| Tustr ares ong Srste hehrowires wvam catiggratsn reaiears oo Beiidatized in,
merfory contr ol t i I b b Al i i af NEA0
initializati onbﬁc{—elrgtgrgﬁg I uagterﬁapfggﬁg \?lﬁ'ﬁ)\l}vﬁ%irﬁg@g 'ogmglr!oéga{cgmﬂ négaarfa
executing init redtomak ithe magr stemory onanst bertzmtiessed. ofiotdwvesy thee maih
Figure 1. Figure 3 illustrates one enbodi nent of a nenory control hub that
performs nenory initialization according to values |oaded into control and
data registers. Figure 4 illustrates a flow diagramfor a nenory device
core initialization operation. Figure 5 illustrates one enbodi ment of a
systeminplenenting an initialization flow shown in Figures 6-9. Figure 6
illustrates a fl ow di agram of one enbodi ment of an overall initialization
sequence for the nmenory subsystem of the system shown in Figure 5. Figure 7
illustrates one enbodi nent of a serial device identification process.




Figures SA-8C illustrate one enbodi nent of a group device identifi cat r8rhPR 1003
process Figure 9 illustrates one enbodi nent of a nenory device core
initializati onWWEE3Y. Figure 7 0 illustrates one enbodi nent JCTYRE9247SS
process of returning froma suspend-to-RAM power .nanagenent state. -3 -9
APR.2003 CVO OO 2Gr53 PCT/ US991 24755 DETAI LED DESCRI PTI ON The f.ol | owi ng
description provides a nethod and apparatus for restoring a nenory device
channel when exiting a | ow power state. In the follow ng description,

nuner ous specific details such as resister nanmes, nmenory types, bus

protocol s) specific types of conponents, and | ogi c partitioning and

integration choices are set forth in, or Q vid e thorou

under st andi ng of PHIECRF £8BAP Bﬁ\}‘gﬁpl ths qrg \%\hel 80@@%%{9%8?@‘?&0’ Fﬂ)\ﬁgv@ra by
one skilled in thgogiam fdiaksioifigistkRValuyy, My be practiced without such
specific details. 1In other mstgnces, control structures and gate |evel

circuits have not beeﬁl'cshes\hmre rvalletsaitd $unmntiemon,otcmﬁgmtmioureeglsters one

i nventi on. Those of -or nar Skl Il inthe art,, with the .include

descri ptions) wi [3PPARA Y"é’” d.be Imexsrite the enfite memory '”'8@{]4?"8?‘&‘%9”@‘39 to
wi t hout undue eXF?@rés'i‘ﬁﬂfsﬂtthgWost%nklﬁﬁ%a{tfb‘?\ Huﬁé@nfﬂhvs Q%aﬁ%eﬁer#ows iHiPBe
efficient and ftexibte nmenory 1 nitiallzation ertor med and

data registers rrmysa’(&yapltmggmfedwd reesobyg. (Fatst) thg |alt|a‘ﬂ:amwl smmelnoé rimbie
(MCH) to performiniti aI | zation operations yg accordi ng the val ues
| oaded in the redgrgtbByst %Pﬁ)éé?at-'ﬁ'é'gr%gﬁ‘%’!'fé?%mn‘é N5y 19r BgfUnvRen dhe systetar e

such as a basic ippuUtd QUi ”E;P__S%ﬁli% @%ra onBi: A ﬁgﬁﬁi&rﬁgﬁa%’ec@%nce

altered with relatlve ease ure es oné enbo Stem
utilizing registensy perfpnhfsmma mmzms mhat jabpariizedthe Jd]ﬂeﬁwséﬁﬁelméﬂnbﬁkﬁs a
processor 195 and a nenory subsystem 104 that are coupled to a nenory

control hub (MCHIf memonyweredadprdipst byiradnitilizingdhe §yate§sc$¢n¢baa~ryaanr§agbo

h led th
Cont ai'ni ng. Bi s 1o sl be PRistid b Shpt B afiise, FB} ShBrit g
non-vol atil e menapy AGBEI B stdie domomediWemarﬁ%enﬁyplmeﬁmu@he%bm hoe bCH
PCTNSH01 24755 ANt WIGShPAGH SASYisaen: , ¢ ho memory Subsyst om 104
PCTNS99I 24755 ' ¢ e nmenory subsystem

| udes th
:atngelrjl gls bu;ei4gegg:jya6Rnglr$Du%St ép%cﬂé% gm}\zgrétfggvgbﬁgoggmg aanneﬁ;r?oq ach

menmory nmodul e nayprepet eperation 68 a(ﬂamdeW Dirict FRIMmLIYs Dywam&snaﬁaowkecmlse
t he menory nmodul e 160 includes at |east nenmory devices_160) 161, and 168.

I n one enbodi nentMemgsy fBaBA§! @eDIT@@sRP@‘)MTG1Ch3é'ﬁ6|)16§h'&r@1ﬂ?!§rrﬁﬁ§0fm
RDRAMs th I d
'Ehe cha?mel gpg‘rea (r%" z;rﬁc)?ércgﬁ'ng&?q F’%E@#ﬁ%d&‘?s ddﬁfl ne %%M&ar%’?% o

The MCH 100 incl udew, @amm?hraolNnmgr@i@memawtdwtmlldamlu@sghay@e Ib3¥whish e
may be used for ini tialization purposes. An initjialization control circuit

120 executes i ni trn@momppewol&qséeraﬂ@yS(arebéyctm Hke the:DifesyRamhus 'Y whanpak
cont ol register dfiectifs SOMAAy [PH Mok, SR CBNANENBHUIER AEehor

fields to speC|fy|n of ma I'zati on 'operati ghd &4

the operations - gpevidei iflativqidie mmmmqb\recwérahes@bams with devi ces In
the nenory subsystem (e.g., witing and read| ng of menory device control
regi sters or otherw se generating control SUMYARYS). A serial interface

T2 "some of the. commdhdbees AR as  r 1oL TieP oy BeiEs  hanel
120 send Comnd%vt@érdéﬂnungaé ow poWBEsfm@Wé Yistibsad t ©me\thatidiEingelvea!stéritfg
142. I n one enbodi nent e serial interface circuit inplenents a serial

presence detect (sSPE) obmmom inft@alizatiommyaiuss from slarage hecatiomsr iy 8 ubeyenem
104. The SPD protoc ilizes a §P cIo k. SCK in. a_conman

oin) and bi —c r ecorgRupr EUp ey Tl eeincarbes B4tnd AROPREAPHY FH6m
and writing to mefgy u S | IS i ;

i ncl udi ng devi ce reg?&g![uee% sh%)oors]égng%? ?%é'? H gﬁb%%é;ge%@%f;{ﬂ b"e‘éﬁgadwgé{g the
witten via the SRwemdemnactateAbdiexitedalthg, values are @siirBd2t03heOstorage
001 26753 PCT/ US99124755 nonp-vol atile ne y for each nodule may be read via
the SPD i nterfacéo?ﬁf'%'grtﬁﬁrﬁ%emﬁWo?‘?foq%ﬁ such as timng information,

devi ce organi zation) and device technol ogy about each particul ar nenory
nodul e. More details of the SPD protocol are discussed in the "Seri al
Presence Detect Application Brief' as well as the Direct RanbusT"" R MMI™"
Modul e and the 64/72 Mit Direct RDRAMI"' dapa sheets available from
Ranbus. A nmenory interface circuit 13D translates nmenory data to and from
data packets which are exchanged with the nmenory subsystem In one

enbodl rrent) the menmory. |nterface CII‘CUIt |s a Ranbus ASI C Cel | (RAC)
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Figure 3 illustrates additional details of a nenory controller hub (MH ApR 2003
300. Details of specific register nanes) |ocations, sizes) field

defini tions, avgngog,,%gg alization operations are given for one epdpdssvRatss
bel ow. Ot her enbodinents will be apparent to those of skill in the art.
Several of the operations bel ow i nvoke specific comands defined by Ranbus
in the 64172-Mit Data Sheet and the Direct RAC data sheet. Th&se defined
operations are operations that the Ranbus RAC itsel f sends to RDRAMs when
appropriate control signals are sent to the RAC. As detailed below, this
enbodi nent of the MCH 300 i nvokes known RAC commands by previously

unavail abl e hardware and i n new net hods or sequences. In this exenplary
enbodi mrent) the MCH 300 incl udes aBHE¥IDESCRETICN OF THRF&GUHBBD) regi ster 314.
The DRD register 314 iis at address offset 90-91 h in PCl configuration
space, the default vallie presenigoventia isilustiatethBy may elyasprie ang npt

read/ wite register. .. | el f I: shown in Table 1.
-g - 9 APR 200 %"@6?@&%@%@%@8@3%@5%@g’rfi‘@fnﬁﬁ- Enbodi ment of the
DRD Regi ster Bit Descriﬁp?d@mlmumgwe;ﬁgbgjn@ﬂp)o: aByisterhQisthgcont ai n the 16
bit data to be witten to aRDRAM register or the data read from a RDRAM
regi ster as a resanhtigwtiooregistais iroa.m@acs opntrolies to designatecinitiatizatiaro bi t
of RICM register tra%{si ti.ons from].'eigg 0.The MCH 300 al so includes a RDRAM

Initialization CSREF IOW%_%BE%W' i Hﬁ\%ﬁoﬁ_egi ster 312. The RICM Register is
at address of fset 94- $hhrerp Mlhtraeald %W@ﬁé@ﬁnﬁ@f?&@grérﬁﬁmir%ﬁﬁ&'e&e&@ﬁdqe I's
000000h (24 bits), and tThe register is a read/wite register. The fields of
t he Rl CM r egi st ernifiaizatiohopenatiatisnefmneaembodimentrafihe syFtep of BiguT\BLE 2: AN

EMBODI MENT OF THE RI CM.REG,STER Bit Descri ption23i niti Initializali
Coesaton (5501 vy T2 ShESrE s SRRDBPIRET Tkl bt
oper ati on speci }‘\/i@gfgﬁg,st,ﬁ@mbgﬂn el Stid D 8EEHInY BN value HNda@iedlifX&sitlol On 1S

t
conpl eted) the ars the 110 bit to 0. ATsoftware progranshoul d check
to see if this biandidatar registare. waUng to it. Data from operati onswhich
specify a register da read. from the AM wi|l] be valid in the DRDre
i sl et when the 110 bi 'Q‘é’eﬁd ystsates 2 6‘."?3@@%5{9&\?@?""ﬂ%§’lévﬁﬁtc§r%re not
used for normal imiikitiorEddrich.erations. 20l nitialization Conplete (1C):
BICS sets this bilt |to 1 aﬁﬂerﬂﬁlcﬂ}ti alization of theRDRAM neno arra is com
| et e. 19Br oadcast Addr ddgureER\llustiatas ene iesniadiment of atsystémiimpégrnestingan
operation(lOP) is .Prloaag.casf@o to all .devices .in the channel. When BA is set
to 1, theSDA fi elY'BHABRM V‘f‘lﬁtﬁo RIFIGHEPES ce Regi ster Address (ORA):
This field specifies tF!?@urreG@Iu’ﬁ&ﬁéte%déiﬂ&wi&%rafrm& bife eRtidimBatofas oveidie ©
erations. 8:4Serial DeviCel Channel Address (SDA): This 5 bits field ]
speci fi es t hef ol lintinkzgtionrsequentcelforihe memay stibsysieRDNNkiedsysiers shownRDRAM
Regi st er Read, RDRAM Rsﬁi ster Wite) RDRAM Set Reset, RDRAM Cl ear Reset
andRDRAM Set Fast™ '&f§ck Mbde |1 OP commands. the device ID for Power down
Entry) Powerdown Exi t)FiQ{% ﬁmgeuatéga&@éhbo@%émf £86Hd) FvicePid nificatint
Calibrate & Sanple | O°P Conmands. the bank address for Refresh and Prechar4e
| OP commands _g_prosess. APR 2003 WD 001 26753 PCT/ US99/ 24755

e on s Tl el T, Aol S i
RAC. Bi ts[ 18, 3: Ofiq&micatibn ified0 O 0 0 0O RDRAM Regi ster Read0 0 0 0 1
RDRAM Regi st er wieriiticatia %réf%%RAM Set ResetO 0 0 1 1 RDRAM Ol ear Reset0 0
1 0 0 RDRAM Set Fast iguile Bbifleétrates on¢ Gmbedireelt 0f B mémBRRAEVice core

Tenperature Calihrate Epabl e and thenTenperature Calibrate0 0 1 1 1 to 0 1
1 1 1 Reservedl Oniyalizalionir@EeeSHre Initialization (RA)1 0 0 0 1 RDRAM SI O

Resetl 0 0 1 0 RDRAM d j r ] 0
RDRAM " Current Cal" aﬁw&?m%@i@% %n%aén%ﬁbgaw gpm%%sggfr %%%@;nd)

Cal i bration of MitdbrRAGudpbntl-td-RARIpOKEr MAGagentientistategi ster with data from
DRDregisterl 01 1 1 Initialize MCHRAC -1 1 0 0 O RDRAM Nap Entryl 1 0 0 1
RDRAM Nap Exitl 7 0 1 O RDRAM Refreshl 1 0 1 1 RDRAM Prechar geAl | ot her
conbi nations are reserved. More details on the operations specified by |IOP
field is shown in Table 3below. Also illustrated in Figure 3 is an
initialization control circuit 320 which includes an RDRAM | OP executi on
circuit 325. Details of the various | OPs executed by the control circuit
320 are illustrated in Table 3. In Table 3, the broadcast address (BA)
field (bit 19) and the SDA field (bits 8:4) are listed either as one of the
followng: NE: This field has no effect on the initialization operation O:
This fieldis to be set to O for this initiaPization operation. 1: This
fieldis to be set to 1 for this initialization operation. x: This field
shoul d be programmed as appropriate for the particular initialization

A NN o~ - ~ 1 " ~ A INIE™N /NN NLY ANTLN NN NS =~




WO Of 7/ 26753 PCf/ US99~24755 Bits [18) 3:0] Operation -9 APR 7003
NanmeBASDADet ai | soperation occurs theS100 pin on the RDRAM s configured as

i nput andSl 01wai w2ss3confi gured asout put. Additionally) theSl ®@GT&FERESSDI t
is set tol.1 0 0 1 ORDRAMkxUpon receiving this | OP)Powerdown Exitthe MCH

i niktiates aPower down exitsequence for the RDRAMlevi ce specified by SDAand
BA fields. The SDAfield should contain thedevice ID, not the serial device
ID.1 0 0 1 1RDRAMkxUpon receiving this (OP)Powerdown Entrythe MCH sends
aPower down Entry PCPpacket to the RDRAMlevi ce specified by SDAand BA
fields. The SDAfield should contain thedevice ID) not the serialdevice 1D. 1
0 1 0O ORDRAM "Current xxUpon receiving this I10P, Cal" and "Currentthe MCH
sends threeCat + Sanpl e"~Current AL Rt s fol |l owed by

oneCurrent Calibrate nd?a}m.e S | a{:ket t ot,he RDRAM devi ces eci{i ePI b SDA
field.1 0 1 0 1Manual PO RE SRUPRE RUPYIARY 7 HNSNepapd | aRalRiUSH ISt t he
MCH initiates a OﬁA@r@ﬁ% j i i Mgk 4he0 1 1
OLoad MCH RACNE@pon recei v?rgge?ﬁ{%&?gg%!:gh? ﬁgﬂpéﬁg?g‘g?’? ﬁfe Nmzlgf‘ogat?;g t he
MCHW t h dat a fr dofndngadrscoiptiorghsmerous speiifiic detgilst sidhhas degister mamesde

DRDre ister.1 01 1 1lnitialize MCHNENEUpon .receiving this | ,R@ﬁlhe. MCH
initializes theNBRMRACIYPER BUWSHRIROFNIS: SREFIHS (YRES i G v a0d dagiGence,

-13 - 9 APR 2 0001, 2647 ; : i : : e §
NareBASDADS! ai | SEL HanD AT R0 oA REd) 3% Sk Jophim, dicker BOOAMA o
RAC. After executrmog tthosughmamderstandiNgHehabke présentpaniention Curlt ewill ded

TenperatureCalibration of the MCHRAC even if the I1C bit isnot set to 1.1 1
0 0 ORDRAM Nap EHRAT§%atgshhowaver.hpygne sxdleddp thaamihat dbe drventica ray bg pcp

packet to theR i Cif i s BA {] fi
shoul dcont ai n the %ﬁcgﬁf@ﬁngﬁ'ﬁg@é&ﬁ@l& el\}s'i ceH %ltﬁé&?@?tgﬁ?%ﬁlbﬂgp -
Exi t xxUpon r eceistiueturebiand gRiet leoeMoktuitsi haval rst bedlapbown Hedetaide order

t heRDRAM devi ce specifiedby SDA and, BA_fields. The SDA field shoul dcontain
the device ID, r¥ttitAcoRsGUrQ thedyyentionpThosepiongtrgaaikitein i atupdh the

receiving this I . oyt h i.fi,e nk
of al | RDRAM devi'@gagqhé%gaéﬁ%(ﬁggg‘r Svs"fe‘?és%?ﬁé’?.gf F‘Z@Eﬁ&'ﬁk ﬁ%?’%eg%% .%gp;a
1RDRAMLxUpon 1 eaghicuits gvithoius uhBbe iBxpehmeptdtion. MCH sends aPrechar ge PCP
packet tothe specified bank of all RDRAM devi ces. Thebank address is

spec' rfiedb SDA fi el disingathe presentiy disclpsed trehpinues, efficiond aintl figxible

s of ; ‘ _ : IS SR IS
control i roui t B0y UAEHEH Rl BahAiRid Confla) b e reibleE A, o,
| OP (10000b) ar epes hrogramniedy uiherdby | dausinit ka 4068)ndy beoadsiagtibp gvieH) o

exit command is issued on the bus. Next, as per bl ock 405) the seguence

i ndi cated by bl Retominitialization pperatippgt(iKaPs) 3gcsding theyatugs 9adrd R thesses
zero to thirty- : ese; r r i \ bsystem
naving one hundrBdstoa: - SinaP A cReris Hiaf BEtBGHAhhed by bl thPRY
thirty-two banksa bhsicdhpatoetppogystent (BIGSYlithé afitalizationtaay de akkgretli wittons
may be used if, for exanple, a larger or snmaller nunber of current

cali bration | eveelptiypeas®ai | abl e. Sini %arl y, differing nunbers of banks may
be available in diffeg Vi I %1191 r.at | .0f:~1 Lor med
to ensure that the pgﬁmﬁphep\jﬁﬁ"té% elssfﬂ‘ceoérr@ﬁég'e aﬁdé}?%gyatgmah?é "P%Z?@g{erg
oper ati on (REFA teopevesIeh mempBroRftidlizafienf oThe dystent limsiiidéd B5procassdrotss 420,
anot her no operation conmand i's executed, followed by two nore refresh

oper ati ons ( REFANG g memsky subsysiam 184 thatareccaonpied te agpemary santrehiuipnds

e rooh pr echar MGRLEB)” Ak eRibBRBHbE MEFtod kR PR R datmand
in block 445, angiuped tAEFEI8 hariApHEdBRIceRIEDD) arnd MBI~V Slafie frdnistyl 188l ock

450. A calibrate (CAL) command is next executed in block 455. This command
cal i brates (drivestainmg BlOBerautines. t e spms embodiments; aither es\batke of Abe

i ndicated in blocks 460 and 465, IS eration m r epeat ed i1,C

Then, as i ndi cat%@‘yﬂ‘agl%wnl‘?’dﬂgga I%'WAI&)V"%%WfSeQQHB{?HéB%?he
sanpl e command tdtg@ ently indicated device.
Until all sixt egﬂ@?‘egg?i io%gs?'yé?ﬁg&tiﬁﬁyd??&% two banks are perforned,
this process is repeated. | N TIALIZATI ON SEG-UENCE - 15 - 9 APR 2003 WO
001 26753 PC TNS99/ Zz4755 Wth the above initialization operations,
registers, and related ' hardware, a systemmay be initialized. For

exanpl e) the systemshown in Figure 5 which inplenents a Ranbus Direct
RDRAM channel ) nmay be initialized. In this gysten) a nenory controller 500
(also referred to as a nenory control hub orf MCH) uses serial intertace
signals SCK, CVMD and SIOto read and wite to nenory device configuration
regi sters and performother initialization operations on the channel. The

o o - . o o ~~a AN .




secondary bus 506) as well as a battery backed-up random access nen [ XPR 2003
590. The battery backed-up nenory 590 nmay store powerdown restoration
configuration val ues 592 for the MCH powerdown registers 510 can
resume accessVRPIRHE3 RDRAM channel wit hout perforning the ful F&I‘JQ%M
initialization sequence detailed below. Briefly) the initialization process
may be sunmarized as follows. After power up reset, the configuration
information from Serial Presence Detection (SPD) data on the RIRMVs in a
channel is read. For exanple, a storage device, SPD nenory 572) stores
configuration information for the RDRAMs 573, 574, 576, ~and 577 on the Rl MM
570. The nenory controller configuration registers are progranmed wth the
appropriate val ues fyrom.the, SPD, i nformation. apnd then the RDRAM devi.ge | Ds
are progranmred such [%g%eedlwtrﬁ%hfw&e@ap NSe TMRMQRL| FUPYEHRT s 0 and
accessed by theiri&ﬁl&fsym@é’é‘h{é?ﬁérgrmo@fé%_fBO?el}?b?%nB?‘Wé)@@LE%bB'tB't IMGH, 1t
can be used. Each RDRAM device has two identification nunbers that are used
to uni quely sel ¢80 via deséerial s 142 apldaamemonhbusdid2a(alée vefeereddp asa@ t he

a Devi ce iD,, Th 1Ds for distinct 1 af | th
RORAMI channcl | SRRNT | EFCh VRN  HORCie Sy cbiab it SopRMAA ARRmPRG

menory controll TIPS \ hidl td 8 } radey ; ) and
C\VD signal s of t8 \gbéR%RKII\a/Ig%E%R reé:' ?H%h{e&géwgo@ggi?g'ﬁ%ﬁlid%gl%i%%&%rﬂ%mry
control ler to sdeecesd6isvitde andeh68.eniti oge Roviqriimieat, sthanthebidry\évicask et s
on R(~[7:0] signals t he  RDRAM channe oth the serial device ID and the
gr gyp. gev: f:e I (Iij)1§ el iﬁ%ﬁ?%ﬁ@dﬁﬁaﬂ%&s d’@@&s Wﬁ%{'@%@@@@é%'ﬁ%um
individually a L

packet s, respec?fesgﬁy. ﬁ'ggﬁﬁgmgﬁﬁy%@?ﬁ@@%%Heﬁflgic)e@ﬁﬂg#%g nbus
channel in nor eadedrding tospmtucolscdefaredsfon RiNibes any RBRANS, owed t o achi eve

correct 17 - 9 APR 2003 WO 001 26753 PC T/ U599/ 24755 operation of the
RDRAM devi ces on t he TBRMRH 10Ginpludes & gantel register a1 12 and ¢ dalaarpgisier

proper channel injtj ali | i hadk Tabl e es

sonme of the var P3%| @ldﬁgﬁddf%et E?‘g@ﬁﬁ?wgﬁmg%ﬁ"oﬁ%%%%%' Ta%ﬁeﬁﬁgﬂ%ﬁnabl es
Used in Initial caatrolocirbaitreld0diehbesesi Mitialization sofdrdiviibxA@Ps) wkichuaher of
RIMVs present.0 No RFMVs present1-3 1-3 RIMM s) present R MMCount 2 ~Count er
used during ini prograyped ntoo thes Icoptroh egiotes) 1ilBevithecsantreheaister ot 13DRAM

devices in a pafd a !M& RS i At LCES: t an
achannel 0- 31 1- w|%ﬁa evil c@gggrfesen?@oﬁmgﬁannah% ger{%oﬁﬁ{a@égﬁﬁ?er
used during grooperitionse anBesome raft ihen operdtiods cspezifiedo by ditvei GRS tifnadiveay e

been assigned group IDs. Seriall DCount5Serial Device ID Index used to sel ect
devi ceson a chafAl e¥cnanagih devicss; i thgspemory [subsystem (e.g., writing and

0- 31G oupDevi ce t 1 I Q.1 : dyy i QUD, | D
enuner at Lon to- et o giRoREebitel oo el iels U i HCH PaEraing s
to group devi cecomtroFSigmaibyDevi ceConfi gNo8Byt e i ndi cati ng RDRAM t echnol ogy

definition.Bit definition matches GAR regi ster. DRAMConfi gl ndex3l ndex into
tabl e of DRAM t echnoPogfealdDieHare <iromt gepgies seriaycommatband datp

enuner ati on assj i i
order. MchTrdly bg%%ﬁp%ég?éﬁ? %-.g%@@%@ 1#%?%%%%%@%@5@?\?%@ C g}lergepy
| evel i zati on pr theehitiglizafioh dedntiol toireoit MH2@ Beadtdomidainds arkiby dateltol the - 18

- 9 APR 20D3 WD 00/ 26753 PCTI US99124755 the MCH RDT . .
regi st er. Cevi ceMapRRYSUbsystem vig theganal bysd42. Jaane embegimentibanserirlyi ce

during channel j .08 . i 4 [ [

al'gor e hm 1 n blEERaes Eros B EE SERF bRéskncB et Bee Y BiteooLtor,
machi nes and pr ggainRsnitaion Wit #hé FAbimdty_dubshbierk RIM, TRETEFDNPrbIbEo]
configuration of the systemis verified. The BIOS reads SPD data to

deterni ne the nititizes @ &AD glockt(SEK) pin, armommaniiCMIR) pine apdtbi-dinesticmtam
initializati : ith, bl ock. 608 tf pi dul
e breacas o0 SEPMEYO TR ShEr st bl AR R Dol TR

i ndi cated in 608ypdytem Qsiitrayfatsteyer is started in block 608. This
operation may be acconplished by software querying the SPD data of every
Rl MM nodul e present &ontied ragistershoincluding dievimeniregisters dounidentificatignency
at which all RIMWs may operate. The 580 A .set_ tot .proper
frequency by a JHADELP 'B@V&?s@%%t‘m{iig%‘."? t@éﬁéén@mﬁ' A&#ﬁﬁnﬁ& 8
fromthe I1CH 505. fn one enbodinent, the BICS waits at | east 8ns between
this step and the MCH RAC initialization. As indicated in block 610) the
MCH RAC is next initialized. The channel clock fromthe DRCG shoul d be
stable prior to MCH RAC -5-




initialization. The MCH RAC initialization is acconplished by executi ndgd APR2003
MCH RAC initialization 10OP. The RACinitialization | OP perforns basic
initialization to prepare the internal RAC of the nmenory contro

nor mal operat i O¥O 0¥ £ one enbodi nent) the BI OGS provides aiﬂrnféiﬁm%ﬁﬁg%%

for the 110 bit to clear after the MCH RAC initialization 1OP. If the ItO

bit is not cleared by the MCH after 5ns) the 810S should report-the error,

and the channel is unusable. An additional 5nms delay may be added after the

-i 9 - 9 APR 2003 WD 00/ ?6753 PCTNS99J24755 MCH clears the 110 bit due to
conpletion of the MCH RAC initialization OP. This allows sufficient tinme

for the MCH clocks to stabilize and lock. Also in sone enbodlnents a bus

in the RAC may need to cleare bef are ot her rat i

may be acconpl i sh%f"'t‘f?la&fea?tm% %E:ﬁ‘% @ﬂ}})s é’l% atqrége( DRD
00000h) . It WBYtoaﬂél@rrhmeoiﬁ&ﬁhQu@ntQtheﬁ iR ﬁﬂorﬁ?&ndn”'cfe'vﬁ,“e' S@Ehﬁﬁtléﬁ a

I ater point in the initialization sequence in some enbodi ments.

i ndi cated in bl oc&nd kvice nechnalogy abiodt eachi gum@ulannmeerg:rstmodulnay Mevaet be
initialized. t nbodi t | ISt MC i d

(PGPOL RIT) 11 ol dORERIEaShn 5B pigtond ercledRas®in' FE "Shlat EdsonpaRetedt o
closed during changgficdidfetiémdsotei HssieSOREcP RafBusT RINHFOMGY e fdrfd d

sets the nunber of Bﬁost bus cl ocks the nenory controller Wlﬁ remal n
in the idle stat ethecs4/72 Mbit DfreoqoBDngé‘Sdamhéejsavauaﬂd feonv Hantbus. zero
indicates that there will be an infinite Iat nc %gerée t he nenory

control ler starts cl osPnemR¥sintettnne ciseuit | 53 ?/"ﬁ‘ @'r‘ﬁmefyrréiﬁias to and

t I
'horder b1 educ tRpas BT eAes AP e AP Sere e ey SIRSTNGRI PIES

two operating poobse aarhbedimdnyotheAtneanory” |ﬁterl‘ad& C|rbtmt e BahtilisnASIC Qelito
ei ght devi ces maybelnPooIAatatlme enmbodj nent, up.tq four

out of eight in PEMCH THaGtianing ﬁuh&qm‘é")‘?@édﬂ%q:rr‘tﬁ@ 'rérth%ctf?'(ﬁé:ts@%@egaéﬁ a
time, and the devﬁﬁgat”'a{baﬁgﬂl g lﬂrﬁafpgag'é&éﬁraﬁ‘fb 1\/\'32?19:{ iNWib§: Caf qbr%l'% or

St andby st at es EoRR UM BuBer ' evi ces |n prog &0 e and

is specified by aBHéfwfmeINAofcddwnBBRAMmm Si@mmn(nsegs@hars SRR
regi ster (MCH 053h AI| devices that are not in Pool A are nenbers of Pool

B. Al devices inciryelgbds 433) tongignals wirieh Sﬁﬁrhﬁ)l?f%esﬁ%bytqa@%f porliens okt e

of the devices in e
(DRAMC) register r{e}C@fC‘dEfbﬁ) %ﬁ] laf'l eﬁi‘g%% mente frfsetbg rﬂém%&pgé\:g@%g%ls
00/ 26p3 PCT/ US99I %H&LtﬁgnﬂPwﬁamgﬂa@t ee pmm’seUObQOInenme@é\nm drpthe A

of 1 device only, and Pool B operation is set for standby operation (MCH
051 h [6] = 0). NE@Mbuschamebated in bl ock 614, additional channel

tertace) reset bsingt edusTs of MifinENionEvatiS A hal S<feid Fighup F1it S
conpl etion of theijlgbtates @i FsgiaamceAsAﬁél systeval isy resat e tureed sdrerthevxalms

may need to be |n|t|aI|zed for proper, operation may, be set at this point
For exanple, in sbpic Wtﬁﬁm@h?t‘éi)”%'sr@éﬂawaﬂ%PEP@t'%y Inddack 80Bethay BIOSH

i roct  RORAMI - 641 PHCHBE T easiyc pofidirafion "Rk, COMBARTRT o 1 HPG.A, o
| OP: TEST77, DRA mehhbry &itDtive Gt6Abed riveds A @Eyé%mihzéﬁShWowwnll be

indicated in bl ock 620, serial device identification val ues

b
assi gned next. | nsglestad(bloak205)dy the BIQS inyadrarticdan FFW%@F% aM‘PT%I é?ilQ!Blen

devi coe. The. ser | S elitisnbf o *BncAidizalPR  S8plEnce 18F, 7 sRtplu Urtpi™
register (index 2RORAME é}bt@sdhs@ed%tref he;gba fcﬁE@u)’eé Be@.defaul t val ue of

the serial device IDis 1 Fh in al channel . Al so, after

reset, the Serial Repedisdndicster nmlnlocmmmﬁm(marow)]fpr the gattlculamnltt@hwunng
each RDRAMto propagate SI O.dat cel ved on_ Sl 01 pin,
passing the SIO pgeg@tﬂ%’st%@mﬁg 2 W&ﬁt‘é'éqqér ﬁ@gqﬁﬁmlﬁ@l\ﬁ%@ ?/'g’r@he
same serial devi casdPwith! Sthef gafftrol .ﬁfbm{uﬂvow id Upbredeini e dmﬁrdn%g@@raqgesmed
prior to assigning unique serial . Further detail t he Seri al

devi ce enuner at i osoper bmbmhtnb;ztsortheeBﬂaal mayt parfermhtium funcﬁbrgdwewritlng nto

bl ock 700, the vari abééar eriall DCount .i.s initi @25? 'Hufﬂg’enéhg?ﬁg?erﬁre

i ndi cated in bl ockeHR hePOsRON M o iNiRICOPNEG |
di sabl ed (Broadcast SIO Register Wite IOP. INIT) DRA = 21 h, DRD = 001
Fh). This operation -21 - 9 APR 2003 1VO 00l 26753 PCT/ US99/ 24755
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causes a!l serial device IDs to be set to Olfh. The SIO repeater bit is set
to zero) so only the first device on the SI O channel can be accessed. -9 APR 2003
Starting wi th R{@6dzef30) the process |oops through all devices muT/Ume/24755
channel and assigns a unique ID to each. The serial ID of the current
device is set to SeriallDCount and the SIO repeater bit is enabled (SIO
Register Wite IOP: INIT, SDCA = 1 Fh, DRA = 21 h, DRD = 0080h +

Serial | DCount). Next) whether the device is actuall y present and
functioning in the systemis tested as indicated in block 715. The RDRAM
INIT register is read to determne if the sane val ue which was just witten
is properly read back out (SIO Register Read | OP. 1NIT) SDCA =

Seri‘al | DCount , DRAlternafively, olrfertrlaglstﬂasamaat bdesedasort gariegdl pnrptd%che?rﬁ?cﬂ)r)
seriallDcount is | ncrenent ed (hl.ock 7 e seriall DCount is, checked
to see whet her a RERHRMEFRRTNE 'Bford'lé'él‘)é‘ééh‘égﬂé ,Mayibe; the Gantral degisiste dn

given |1 Ds (bl ock )thel ,lnlgs;qy%t Sa al
| D, the next dew%‘gpltgel %Oerﬁ{bﬁf g%‘l n bl oc a;‘%gkﬂolr?é%‘ﬂée&;ﬁtgﬁ a el)%otﬂ%ttaethb
exceeds the maxi nM@Hperior &simeneoryahitialization that lie cdpalble difstomtg satficierit rbits

bl ock 720, then the | ast device has bee iven an I D) and a variable
tracking the tot aler HaFsand (ﬁnYQ@f)Pbégeﬁi%C Rtraldp af‘ﬁ@ seri al | DCount as

i ndicated in block 73 k 0, Y
the last permtted de\\r;’lr %é;)m@iz%g?%%rp%'r%tg@ %I‘X?;ﬂ %ﬂb"}%ﬁ%?ﬁiwﬁﬁ @
serial 1D is di saplopdr ifitigiation Bperatdty andddrt taritadi I%Wn@ﬁén(areeprogrammed
i nproperly functioning devices or devices beyond the maxi num e.

g.)
thirty-two) do nointa ebei wentehragisterardd 2 heFor opsamhtsul thenoexaoeélpomf the an

addi ti onal check, i exam.ne
determne if the 'PH%’ ?ﬁbog'{/ °88Paét9un no(fca(?ggr Beg OCW@"C@ CERITR: gg"?ﬁkﬂ\?ﬁ’l\l‘l’
-22 - 9 APR 200setify G0 Q\ﬁ%’i@ |rﬁﬁ31izlal$881c%5’e7r5’éoﬁ€(n@? mithWHich MALDbE & fieRf 6T
t he uni que serial |1Ds have been assb%&en and the SID out put of the | ast

devi ce disabl ed, ‘Geceqgntrabsegisterakid mmaiﬁah@mp@rml&baﬁeﬂenmthe
i ndicated in bl ocgo SJJ N enbodi ment, the MCH supports up to
| i e e

thirty-two RDRAM ght groups. Each group has up to four

devi ces and has a QVOU@ohmHéIlb’Nmmeﬁnﬁarmioﬁt@ elddBh) mhay B digealedan Gy P
| D and the upper and | ower addresses for e ThusS) each GBA

regi ster may be pmegnanawiicient to alegreripfarm &nedgl@slmaé tbeﬂnm@ig@moacnneé@pn

gt oup and & gr oot BRI 8 e RRpE i MG (y FiBmaGely' Bidte et b
8C i |l ustrates ongherhRd ifiBalizatibn idpRr@tict e6mphiteSNUNMERION polio ihe HEV bR Sit

I'Ds indicated in block 630. As indicated in block 800 in Fi gure 8A) a
nunber of vari abl @ayAeteminge; when due injtalizativeorssptien compigtes as indicated in

G oupDevi cel DCoun I . R i | ceanki re
D ee 0o s abigoR AR o 'Pﬁﬁw SESTARLn AL Aol ORI S BIOG Tnal

i ndi cating the | ag@ifuecgbiing @R&ND &ty HupieoinitRiizAtion bpeMidn Ras idbmsieted
in block 805, data is read fromthe SPD mem)r'y of a nodul e (nodul e nunber
Rl MMCount ) i dentithg B@OSh@a&weie@temmoeag}mtm iZzatigh eperatien imhine intializatien on
fmay i nclude the number o devi ce, the number of columms per

devi ce, the nunbe?e%l‘fe%grm§c\é§$ vice, and whether the banks are dependent
or independent. Next, TJReiApliteRiite 190 PALEitFdOAc F&L nserichons &bk & s
set by translating the core technol og%/ vaI ue read he SPD into a val ue
in a Goup Architeemputer(storRger dgyisee Q%ﬁ@gv.aa@mptmal ae magnetic diski erdpthered

bl ock 8 h Co bl the nunb '
| ndi cated by t ho SO mﬁéwggx 8 Momeg nefnik éfﬁ%?rﬁhﬁn“’ T RE S
be assigned and g?@d% orn%ﬂ!téf Shstrittions) T¥us 6753 s’gﬁféhﬁ' tbNirpigRtent dfe

Further details 9 APR 2003 w0 OOl CTNS991 24755 process
i ndicated in bl ocdlsem@eﬂdecbmqueatmdy rien pragrarsiedninion tié quanevalBtilel memory
gengral) the enu tion process er of RDRAM devi ces on.a Rl MV
Po the Tirst Sori 15 imSanbral Wascoths BIGS.AIY pProgramRAMAST iha Sratam s
Therefore) as ind WyRe he
DRAMConf i gl ndex |§%?1;é’§%é {étdgéj'gﬂé rm r'lagwpv\h%rgth éerrelalgr oqu: g&ggéeﬁ h%s&éhl vg?elbeer?l‘
assigned for al! tlggugheshe impat daviceckdOar core technology. If they are
unequal , alt devices have group |IDs, and SeriallDCount is set to

Seri al | DCount plus R MVDevi ceCount (as indicated in block 830) and the
process returns to Figure 8A as indicated in block 832. Additionally, if

Rl MVDevi ceCount is zero (as tested in block 4) or MenberCount is zero (as
tested in block 826)) there are no nore devicés to give group 1Ds and the
process returns to Fig. 8A as indicated in block 832. If RI MvDevi ceCount
and anber Count are not zero) a GroupUeV| cel DCount |s assi gned to be the

~ . r " o — o o Y oy o




on the RIMVs. The | argest technol ogy devices nust be grouped in the | ong4PR 2003
groups, with the technol ogy size decreasing as the group #s increase.

630.1. 1. Set Mpdesstesnt = Menber Max 630. i . 2. Set Serial | DCourCT/US®24TESi S
is the Serial Device ID counter 630.1.3. Set G oupDevicelDCount = 0. This
is the Goup Device ID counter 630.1.4. Set RIMMCount = 0. This_is the RIMM
counter 630.1.5. Set RI MvDeviceCount = 0. This is the counter for the # of
devices on a RRMM 630.1. 6. DRAMConfi gl ndex = Largest technol ogy supported
by MCH 630.1.7. Conpute RI MM #RI MMCount's core technol ogy

630.1.7.1. Rl MvDevi ceConfigNo = core technol ogy read from Rl Mvs SPD.

630.1.8. RI MVDevi ceCount = # of RDRAM devices in RIMM #Rl MMCount) read from
the RIMM s SPD EEPR~M I gesas whepséhgBl@Sda;bataedeb\eeremsﬂm@spuo@rmnmmR
and GBA registers

RLMM 630. 1.630, 1.

DRANCONT | g ndex - APLUIER o 3o e Jeadanie SIorkurRy VYD AL seatmpriate itetace
to 630.1.10 630 1q goVesTiRr t

2003 WD 00/ Z653 PC% RecladSRE SR lectolic %’%&ﬁé@b* qetrieffs CDE?/Q‘AE'R
SDCA = Seri al | DCoveadatbRmediath, mmmmleumaomumBMage devuce 192 is a

630. 1. 9. 5. Program NCH B@%L{HDEVI cel DCount SHR 2

GBA[ Gr oupDevi cel DEBTIRULE ablg ) mediripingRD irge c% cagier wave 196

630.1.9.6.1f Gou e r
GAR] & oupDevi cel DRAURE St 3 *_P@P&&%V%‘g&% NS gy peepRL AR in
G oupDevi cel DCountan6fi{er lethbddirhent. enBhe Semealw%um% 66ﬁy1b§ thddedatede ot

Menmber Count 630.1.9. 10, Decrenent Rl MVDevj ceCount 630.1.9.11. Go to step
630. 1. 9. 2 630. 1. 10thanwise-maniPuiioddguFantainonstryetionsy that m&ﬂwéewwdmm&e

go to step 630.1. 0,1, t b 0
630. 1. 13. Sel ect YeDQﬁ 8%‘6'5% %‘:’ %ﬁp k‘%% ?'ec?ﬁ?\%'%ge 5‘%@%”% @ﬁﬂu’watm
G oupDevi cel DCountechnidaias) pinesitie?|dacel tie dorfigdtebinsthietioAd niayoB8 delivéredivia

G oupDevi cel DCount = 32 then break tgQ step 10 630. 1. 15. DRAl\/Confl gl ndex =
next smal | est DRARIGQSRPMST FRadabio medigm. [ f ORAMConf i gl ndex = 0) then break

to step 10 630.1.17. Sesd gb! DGRistates Cadififlortat Hetaild W%’émor)p cofitfoller” hdb

APR 2003
(MCH) 300. Details of specific register names, locations, sizes, field

definitions, and initialization operations are given for one embodiment
below. Other embodiments will be apparent to those of skill in the art.
Several of the operations below invoke specific commands defined by
Rambus in the 64/72-Mbit Data Sheet and the Direct RAC data sheet.
These defined operations are operations that the Rambus RAC itself
sends to RDRAMs when appropriate control signals are sent to the RAC.
As detailed below, this embodiment of the MCH 300 invokes known RAC
commands by previously unavailable hardware and in new methods or
sequences.

In this exemplary embodiment, the MCH 300 includes a device
register data (DRD) register 314. The DRD register 314 is at address
offset 90-91h in PCI configuration space, the default vaiue is 0000h (16
bits), and the register is a read/write register. The fields of the DRD
register are shown in Table 1.



WO 00/ 26753 PCTNS99/ 24755 630.1.19. Go to step 630.1.7. This wll beglgmpR 2003
searching the RIMs for the next smallest RDRAM technol ogy. Returning t
Figure 6; after up I Ds have been assigned) the individual-RPRNE
devi ces may be B/ybf‘?glﬁisgout of powerdown node and put into fast Iglcock rm“&se5
for normal operation as indicated in step 640. The individual RDRAM tim ng
registers in the MCH and RDRAMs may be progranmed. The REFS and-REFR RDRAM
control registers may also ' be initialized (Broadcast SIO Register Wite
| OP. REFS) DRA = 41 h) DRD = 0000h; Broadcast SIO Register Wite |1 0OP. REFR
DRA = 42h, DRD = 0000h). The RDRAM devi ces may be reset by executing a
Broadcast Set Reset 10P, and in sone enbodi nents this nay be done tw ce

wi th-del ays after each reset. 'h?oIBQRAMSEﬁBEdPﬁQHQﬁEh@?R[?fRe?Mﬁ down by

executing a br oadcast RDRAM power down exit tOP, an ock mode is

| OP. - Thereafter) the=RDRA} e camrsa S 8 GGt S d Bl=ad k
642. Further detaill ©%f B‘df‘ %'°|bﬁ|“t"f‘§7 §°z“at| on lare
shown in Figure 9] As i s’ Prer 'R AS @desulf oHO
prepared for curré 3 i‘ ‘ﬁ‘afﬁ’)}' éﬁgﬁtevﬁ?'?fém'ﬁsb""t"h
appropri ate RDRAM -S-eF-5—Br-oadcas } s PRA =

43h, DRD = 0040h; Broadcast SI O Regqi ster Wi te ICP CCB DRA = 44h DRD =

0040n) . Forty hexadeci g, sy boyai 0P ARGB Al BSHARF ARRIVAIY® dhid

enbodi nent that has on ed and -seven possi bl e cur

calibration |evel warﬁ@émemg(mcmwﬂ%gm&lesmdl The ijmeﬂég|§tér&st Aeaddreab
nunber of calibration cycles needed since the calibration value could only
be of f by approxi rifiset F4nfh in Rl eondiguration ghaee.oihecdefabitaidles is H09090h- 28

nertor med on sach BANHELNH T ROIRT s i 1R AT PRAE Tl e R RicM
operations) the Mydgpesitbsthid ebiboelabniidve deafdesh By Tabre,2.fi rst precharging
odd banks, and then even ones. A bank index is set to zero in block 905. A

broadcast precharge | OP is TheiE 2x&¢EMBoDatENTTH THE RICMrRibdieter 910. The

bank i ndex val ue |§nrm, Ao
br oadcast prechar g ' PEN £ or even bhanke yntil th

found to be equal to’*‘-3a ninitiate dnitialization Opperatian (IO Whgn setitej rth%/e&ewﬁybn pithe]l ock
920. Once the maxijnum n|irielizatsm opamlien ﬁpéc'ffeéé’bfﬁlfdop ipid (pelow! Siapadtierthe set | o
one) and all odd Banks RPXcHionisfempleted, top MSHqRarsihe O bk il p@kﬁ‘@é%’ﬂﬁ’%ﬁé‘

i mber of |bank ‘R/F*Gd*rte's Pmsﬂ qu W Gt
o 2" cat o | o A 0D Lo e A&%upﬁm@%’ﬁgm 5

6) after the initifetiretranony er‘"e PR hanpet

.eL hl acl

{

e B2

1%

a1

. 1722: 21771 RESERVED: These bits are not d' for normal initiali a{ior pe,(a‘flons
Ceal ot the sufy o s Pty %‘%ﬁ"ﬁ‘wﬁﬁggﬁ e
equal i zi ng the surh ot t &bﬂ}?e‘?e e an ;5 opa Fel s\
is levelized, all I\/ ‘ pq,(, n the
same nunber of bus | ue o- cog}g mcfnq% es a seqéuenc

|9} < ph .y .

| evel i zati on procgss 1 nfl bé’% g Abp géf,f
channel 644.1. Phgs
ROT: TROLY 11 &1 d = [NENTE By aesiot oo AR50 QA TSP RELLSAN=84 7 b
644.1.4. Conpute tihe 32| bi tR@ﬁﬂﬂ%@lsfePWn%Shthﬂﬁmdﬂ)ﬁmckﬁfﬂesetand
DRA = 40h 644. 1. 4.12. The| [RDink etic® i 0r bdwerdtnh EneY FeRidivi Exit, Map BRIRAMap
Devi ce 1D Exit, Current Calibrate and Current Calibrate & Sample 1OP commands.

o ﬁo
fromthe RORAM Lot %as?fddre 7“ e BT WS o ¢ b'%ra‘anW“”
égb E(f W
of steps that may L ;
e, ope
Seri al | DCount = Manbérl\/é s (spaL, ) Ty s RS rémﬂés
| evel i zation. 644.11. 4. 1| S1I0rBRAMHEEasrerRek M6¥S 10PRYMRand)CA = Seri al | DCoumt )
o the bank address for Refresh and Precharge IOP commands




644.1. 4. 3. Devi ceTest Addr ess

011 b)’
operation to addr
read operation e

MCH GBA[ (DRD SHR 2)-1 ]
wr
vi ceTest Address with TestPattem 644.1.6

ss DeviceTest Address 644.1.7. |If data read I'=

TestPattem 644.1.7. 1. Increnent MCH RDT: TRDLY field. 644.1.7.2.1f MCH
RDT: TRDLY field <= 4 then break to step 644.1.5. 644.1.8. Else (if data

read
644.1.8.2.if MhTrdly
Serial | DCount 644.i.10.
644, 2. Phase 2: Determ

= TestPattern) 644.1.8.1. MchTrdly

= data read from MCH RDT: TRDLY fi

= 4 then break to step 644.2 644.1.9. Decrenent

If Seriall DCount >= 0 then go to step 644.1.3
ne the RDRAMS | evel i zation tlmng val ues 644.2. 1.

Seri al | DCount
RDRAM devi ce for
Seri al | DCount) |DRA =
644.2.2. 2. The JMCcH
644. 2. 2. 3. Devi ceTlest Adqg
011 b) device size in |
operation to addriess De
read operation tq addr¢
Test Pattem t hen Qreak t
Max TCDLY (from §PD) 64
TRDLY) according |to thsg
644.2.3 644.2.7. \Mark t
Seri al | DCount 644. 2. 9.

initialization r
informati on deter
9 APR 2003 WO 00l
suspend-t o- RAM i
Thus, if the init
initialization pr

m ned
26753
S ent d
i alizd
0OCesSSsS

information to a jnon-val'édistere nenory advant ageousl y speed wake-up f
such a | ow power Jstate.|] T di¥ficul i"g‘aée ARG such information is
i ncreased by the ffact thét”ﬂ%é’ msm)rg g B’sy@t will not be functional
until these valugs are rkst%? DRAM Nap Ext
1010 RDRAM Refresh
11011 RDRAM Precharge

%SB’E}) LOITput e te—S2- bt d.UUI BSSTU test—t
R/IA 2_2 1 _S10. . Bani

Awhahzg@n Opcode fiPR): iogée'm@mwe%\alaln@mswrams5

@gﬂﬁne{%@ RfAM geviceonthgiMid Be RDRAM s Device I D

50 MCH GBAJ ( DRD SHR 2229 1] SHL 23 + ((DRD A
i :

644.2.3. Do QAORD W |
ttern. 644.2.4. Do QA

gst%r nt§ 5. If data read =
er,§ f TCDLY field of RDRAMs

Tc%DLY regi sters (TD
Break to step

devi BBakg 143 pg?m?ebémmg@gatgb.a oflg R e

h(? Ser’i al | DCOUNtremzetute 2 Af
one enbodi ment stores a nunper of powerdown.

igatian val Wes 1 p 1 h@ebaldery backedup nmenory 59
Not ably, this operation nmay be perforned at any
pproomd @t e vaRpRAMTYEinhaRmicd¢tey M ned by the

{l

)

by otche o ni t i aRDRAMIRewe@bOCESS t0 this point. -31
PCTYOUEA9/ 2475BDMARPowvetdown Batmer state (e. g.,

red b9 & he syBDBAM “Govant Calbartdit@urkdttCalas/Sdmple”enov
t1 ot Prif or mat Menual Gurest Calibeatien ofMOH BAG entire

nhyP have to bboaddfierRAE comtroblepiatgr witydatairem BRPz at i

S TEY- N

All other combinations are reserved.
More details on the operations specified by IOP field is shown in Table 3

The val ues aRPRAM\RO Resetpreserve the initializafi

SHL 23 + ((DRD ANDAPR 7003
" device size in bytes (from GARIDRD SHR 2]) 644.1.5. Do

A

ite

pCHBsddHs

eld

A\C &

t
er

as

below.

Also illustrated in Figure 3 is an initialization control circuit 320 which includes an

RDRAM IOP execution circuit 325. Details of the various IOPs executed by the control
circuit 320 are illustrated in Table 3. In Table 3, the broadcast address (BA) field (bit 19)
and the SDA field {bits B:4) are listed either as one of the following:

NE:
0:

This field has no effect on the initialization operation
This field is to be set to 0 for this initialization operation.

This field is to be set to 1 for this initialization operation.

initialization operation.

Table 3: I0P Operation Details
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This field should be programmed as appropriate for the particular
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configuration register values are needed. The BIOS may cause the I CH 505 to
access the battery backed-up nmenory 590 and restore the registers listed

bel ow (saved in block 646 of Figure 6).
MCH DRAMC (051 h)

RDT (050h)
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MCH GAR regi sters (040-047h)

MCH



34 - 9 APR 2003 WO 00I 25753 PCTI US991 z4755 MCH PGPOL (052h) MCH 003
(053h) . MCH GBA registers (060-6Fh) MCH Configuration Registers MCHCFG
(O6E- BFh) Aft r ing values to these registers, the MCH c ai n
access itens S&%P‘g@ﬁ%ﬂ menory when the STR state was entered, ?ﬁ%@ﬁ%ﬁﬁg’%
such itens as the processor context if saved. The nenory devices perform
self-refresh in the STR state so other data is not lost. Next,~the clock
generator is started as indicated in block 1040. The proper Ranmbus channel
frequency is read fromthe MCH MCHCFG regi ster (MCH OBEh [11], which was
restored in block 1030). After the clock is allowed to stabilize, the MCH
RACis initialized as indicated in block 1050. This may be acconplished by
executing the T lalgi L 1 ] ey Ty, THenLaRE T €01 Stjer
may be | oaded Wit ﬁﬁg&gﬁm]and c%pﬁg&?ﬁ/%ﬁaa% cg}%?r I%ngi ster Il())ad | OP execut ed
toinitialize § bus in the |RAC (as di scugsed wilth respesdt opsratitinock 610)) .
Next, current ¢alidoratioonoi |SRprAMSenedt a3 1 xdi dat &d i ThOBadastiGl&R - Mollei 5 may
be perforned a$ di scussed wicibckMegect t ¢ bl ock 642 deerﬁiogw@a&stﬂen the
final iteratioh indicated bl ock 940, however{, the |IROABMdevidetche RI GV
regi ster may be set, allowing normal opefationg to i mecdkindtapdyecevadeacke
once the currept calibration has conpletgd. Thuys) ti ljenRSétsigeal$ nsmp STR
sequence nmay b¢ substantially faster tham . thd enti ] &ORAM dledki(RGtK)on
sequence requi | €d Owhen 1t he SHBRAWMh i s firgt powgred up UppmeeeichatnsdDOP,
| evel i zati on, BPD queryi ng)| Terpesatimgnent], and {a nunijdre MEH issbasra

initialization|operations libeateGoabired.l | n cancl usi| SFempgrature Ratbrated
apparatus for festoring a ithenjevi ce d¢hannel| when | Eoable TRIO eduesy ponkr
state is disclpsed. While -[EEmperatorespR 3003 W) 00/ g PSGeE 9124755
certain exenpl fry enbodi rrenrt%a'ﬁéﬁ}% been described and BMedi#eYRY Bhe '
acconpanyi ng dgawi ngs, it ijs to be undergtood tjhat syc e rafraesr b
merely illustrftive of and jnot restrictive on the brg RoHest RaskeEt 93l ¢ hat

f=y

this inventionfget %‘Lid f-Hetd—t-o—the~speg-H-Ee——eeRsSirt SHS e —

arrangerments shdw? afd degcﬂ%gﬂ%ce naﬁ'ﬁus[;opﬁer %ﬂfﬂc{‘ 'Hggg?gprm

occur to thosejordinarily skM'PEEPA t he |art uppn stufp?ﬂﬁ‘@n g To
2 . . oftbwing: .

- 36 - s aP~ yoo3 Wat is bég%g@geh)s, 1.| A method cqnpfl Shdideastt OF i NG} a

plurality of mgnory initialjzation valueg fromp plurlali typ er '@Bfe

| ocations in almenory contrjol ler into a renmory phich {maionialais MBCEEM

during a power {down state, fthe plurality|of menpry initialigaidign val ugs

bei ng necessary to access a system nenoryf; entefing tihe posseAMAeRcst ate;
restoring the plurality of frenory initialli zati oh val Ues t ood e cilnaeial i §y of
storage locati¢ns in the nepory controll gr when|the pows pi@dcasstehs |9
exi ted; executing a routinejto derive ong or m)(e addi t i onal Bmabie ayd
initializationlvalues in Temp Cal.

4. Broadcast NAP
entry (if bit 6 (PBS)
of DRAMC register
is 1).

5. If IC bit (bit 20) of
RICM register is
set to 1 along with
this command,
then the MCH
enables RDRAM
Refresh, RDRAM
Current Cal,
RDRAM Temp
Cal, and RDRAM
DLL Retresh logic
after this command
completes.

1 0 0 0 1 |RDRAMSIO Reset NE NE | This IOP sends an S10

pin initialization sequence

to all RDRAMs. When this

vJ
c
=
@D
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response to exiting the power down state. 2. The nethod of claim1l mhg£ggg 03
entering the power down state conprises entering a suspend to random @
menory State. met hod ~f claim 1l wherein storing the

|n|t|gllzat|o QSWéE§3conpr|ses storing the plurality gf inifia |z%%¥gﬁ£

val Ues in a battery backed-up nmenory. 4. The nmethod of claim1 wherein
storing the plurality of initialization values conpnses: storinhg at |east
one architecture register value in the nmenory which maintains val ues during
t he power down state, the at |east one architecture value indicating a
menory organi zation for at |east one nmenory device. 5. The method of claim

4 wherein storing at |east one architecture register value conprlses:

storlngaplurad—rgwm Ttrect g $tet =37 -9
APR 2003 6. Thé neth cl a‘?‘*nﬁ* mﬁé”?ﬂéﬁ n s }gri ng he plur aPutEy of
initialization{values conprj Sés: storingfa trmng re?bggrg{on\baéd@mbn T
rrem)ry whi ch nﬁu ntains val ues during the |power [down $isahEepin binfhe ROMARD
regi ster valuelindicating timng values flor a pl ural i isycoffiqurgia linputkdi [ces
coupled to thelnenory contrpller. 7. The {nmethod of cl @i din whenturdstof i ng
the plurality ¢f initialization values cqnprises: st doutpat. Adamdnany tiekevy ce
control register value in the nenory whi dh maint ai ns |\5&D wepsateibitiiiget tohe
power down stafle, the nmenoriy device contriol regj ster Wal ue having a popl
operation seleg¢tlidh ¢iel do pRDRAMry trangferx hup preseépoe rdceehghthisd@s,
aperture acces$ enabl e fi el dPovBrddeExitt Hod of [cl ai m|thedi@r gitiatestor i ng| t he
plurality of i mitialization|val ues conprilses: sitoringPawpagened i cy val ue
in the memory (hich maintaips val ues durijng thej pover sgaencessiorthe RDBAMThe
met hod of claifn 1 wherein sforing the pldrality| of i nidevies speeifiedday SPA ules
conprises: stofing a power franagement redister \al ue i2d BAdielde ndeBDAni £h
mai ntai ns val ug¢s during the] power down stlate. 10. The fiREsheH entaiiteg m
wherein storing the plurali fy of initiali{zation{ val ugge¥ ng
at | east one g - access—val-deti-R—thel-Aeroy —AalRtal

val ues during §He Dofer' ddw RQ?%V’e -3 8| -*9 |APR 2¢0P°% feceiffesdPRod| of

claim1 whereif storing the ?)?"(ﬁ’g?‘f"?§ ™ linitializati owerJ:vqgrgnthCP

packet to the RDRAM
device specified by SDA
and BA fields. The SDA
field should contain the
device ID, not the serial

(=

device ID.
1 0 1 0 O | RDRAM*“Current X X Upon receiving this IOP,
Cal” and “Current the MCH sends three
Cal + Sample™ Current Calibrate SCP

packets followed by one
) Current Calibrate and

Sample SCP packet to
the RDRAM device
specified by SDA field.

1 0 1 0 1| Manual Current NE NE | Upon receiving this IOP,
Calibration of the MCH initiates a
MCH RAC manual Current

calibration operation of
MCH RAC.

1 01 1 O |Load MCHRAC NE NE | Upon receiving this IOP,
control register the MCH loads the MCH
with data from RAC control register with
DRD register the data from the DRD

register.

1 0 1 1 1 [Initialize MCH NE NE | Upon receiving this IOP,
RAC the MCH initializes the

MCH RAC. The MCH
RAC initialization includes
Power Up sequence,

-13-



conprises: storing a frequency value in the nmenory which nmaintains val ei
during the power down state. 12. The nethod of claim 1l wherein stori ngtt{ @2003
plurality of initialization values conprises: storing a data integrity nmode
val ue in the memow0Y26#dch maintains val ues during the power dowR Wé?%’"si%.
The method of claim1 wherein entering the power down state conprises:
powering off the nmenory controller. 14. The nethod of claim 13 £urther
conprising: sensing a suspend term nating event; and powering up the nenory
controller. t 5 The method of claim1l further conprising performng core
initialization operations for a plurality of nmenory devices. 16. The net hod

of claim1 further conprising: returning to normal operation by executing a
plurality Of inlfJQlllﬂ_fJDh nnnr:\flnne \Ahn A nl |r:\|if&l of jinitializatli n

operands are | ogddefitt HB3: A mp rrBP‘ifa%h’t'?'B?l br BAon{ r¥PA rlegi sterDe‘al'? The

met hod of cl ai mEt—wheretrn—returntng—to—morral—operat+o, C e %uan $es:
starting a clocH generator; executing a mepory ipterf ”"eﬂ'i ?'g ‘Lr.‘ 0
operation; and gerform ng cofe initializat}jon fof a pl pey:m ?y
devices. -39 -] 9 APR 2003 18. The nethod|jof claim1l jé@ e@mﬁ, cytl ng
conprises: perfdrmng a currént calibratioh sequence. d of

claim 18 whereirl performng @ current calibpratiop sequ Q\%Q‘eg@\% ho%?cs

perform ng saidjcurrent calibration sequenge froma rre O @onCAHdI TeRRE R

val ue. 20. The rfethod of clajm 18 wherein perfori ng theasilisrLdtthe MCH *'E
S

calibration congrises: execuling a core inftialization QREeniQRe Bbitid |
21. The nethod df claim20 further conpris|ng: setting| shsdtid{.ializatio
conplete bit; arfd resomog (P RORAMTRIPENMALCESS Dpexk al | Ofth-reclinghhi§ IOH, €
conprising: a prlocessor; a ngnory controllgr coupl ed tptheMOFRSERES a NafIE
menory controll §r having a centrol registef; a menory DPERryFDF fagkeal to the
plurality of nmenory devices ¢oupl ed theret b, thel|nenor yRDRSM ldevitedspecitigal ﬁed
to the nenory cqntroller; a frenory which npintaips val UpsSDAIaRdBA fisldsowe
down state; an gdditional negory device coppl ed fo the| ThelDA/fiddstonld! | er
the additional nenory device|being accessiple to|the npemptajn tbedeviaelIDawot
prior to initiallizing the plurality of menbry devices,|thheerpidévicedhal |
menory devi ce cdnt al nPng0a Yl RPRAM Nargxit x x | Upon receiving this IOP,
the MCH initiates a Nap
exit sequence for the
RDRAM device specified
by SDA and BA fields.
The SDA field should
contain the device iD, not
the serial device ID.

1 1 0 1 0] RDRAMRefresh 1 X Upon receiving this IOP,
the MCH sends a Refresh
PCP packet to the
specified bank of all
RDRAM devices. The
bank address is specified

- by SDA field.
110 1 1 RDRAM 1 X Upon receiving this IOP,
Precharge the MCH sends a
Precharge PCP packet to
the specified bank of all

RDRAM devices. The
bank address Is specified
by SDA field.
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ilnstr\uptions which, if executed by the system cause the systemto pe_rgciggmzum
operations conprising: storing a plurality of nmenory initialization vafu

froma plurality of storage locations in the nmenory controller i
menory whi ch n&%/%"coéﬂ?é val ues during a -40 - 9 APR 2003 pomefcﬁé'@/ﬂ&%tgsést e,

the’plurality of menory initialization values beiing necessary to access the
plurality of nmenory devices on the nenory bus; entering the power down
state; and restoring the plurality of initialization values the plurality
of storage locations in the nenory controller when the power down state is
exited; and executing a routine to derive one or nore additional nenory
initialization values in response to exiting the power down state. 23. The

system of claim 22 wherei.n the nenmpry co ro.furt her conprise

control circuit coupl g’&%@ &Er ?B?r%?'gx?)l ﬁ&i‘fq%h%ﬁo?y i S i%ﬂ’ﬁ?gﬁ%ﬂ _%thgt I ons
when a pluralityiralizBtibh abh#all ciRuitEZY iANEspérise {PaRelind ive RORAATHR!

regi ster during the process of returning to nornmal operation. 24. The
system of cl ai m hitializatien NG 30000k amenmtiones in Jagater Hi ngina biagkr 400, a
calibration sequence T tem of claim.24 wherein said, opgrations

25, h i
Forthen bomr t o BREticaST RgWardGWIE £Xh SARTSRE © BRuSe on e SifknbETt iR bt e
initialization OBWcﬂth@@,? tl'%ngegﬁérﬁ&r 'iﬂcﬁébtﬁﬁrl%/ iphddidsalt @ abl figr rePeate

plurality of menory devices. 2 An article conprising a machi ne readabl e
medi um havi ng st sixtzbrt tiraes dor zank addressgs péroi toghinyedneanThebe abmbiers exagcut ed

by the machi ne, cause the machine to perform operations conprjsing: storing
2 plural ity of mBREPPIORTAIE AT 2 TBANLSHERIEIST BRVAT AR BHDIPCAnd Mo
| ocations in a ”E\%P\'i yc&%ntreﬂlb‘?éudmtl&e?s &I fup Y@!tﬁfﬁyﬂ%ﬂfb%hg& Vi WiRer
during a power do state, the nmenory Initialization’values belng necessary

to access a syst emboeitoents, -al differen® MAPROE00S8 repetitionsy mdne bEowesedd ifyufor

state; and restorin he plurality of initialization valyes the plurality
of storage | ocat F’Bﬂ'g‘p’% R HArgeEn®r sMAYRE mymier Qﬁé‘H"ﬁﬂE calinkatiopolpve's; afe i s

exi ted; execut i ngy gy | Bnfghf1<Gili4fing WurflbelOBP LAARL a0 be "RIRGKIS in _ _

initialization values In respo exiting the powe State.
article of clai miferevitesystemshe machi ne readable mediumis a storage
device. 28. The arti chg of clajm 26 wherejn {he chi ne readabl e nediumis

a carrier wave. 29. T QP?'FC?EO'OPOCPHPFW'?@ Fhrefamede dat PRSI MAL e
performng a curbeRkrddhh PEAT IONcGRPIESICENd that the refresh operation (REFA

command) is properly performed in block 415. In block 420, another no
operation command is executed, followed by two more refresh operations
(REFA) in blocks 425 and 430. Three more no operation commands are
executed in block 435, allowing sufficient time to pass before a refresh
precharge (REFP) command occurs. After another no operation
command in block 445, another refresh precharge (REFP) command is
executed in block 450.

A calibrate (CAL) command is next executed in block 455. This
command calibrates (drives) I, current for the presently indicated device.
As indicated in blocks 460 and 465, this operation may be repeated
twice. Then, as indicated in block 470, a sample (SAMR) command is
executed. The sample command updates the |, current for the presently
indicated device. Until all sixteen repetitions for the thirty-two two banks
are performed, this process is repeated.

INITIALIZATION SEQUENCE
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30. The article of claim26 wherein said operations further conprise:
starting a clock generator; executing a menory interface initializati%APR 200
operation; anil performng core initialization for a plurality of menory
devices. 31. ®&opaE®N conprising: a systemmain nenory; main REMBISY/2I8%r 0
logic; logic to store a plurality of nenmory initialization values froma
plurality of storage locations in said main nmenory control logic into a
menory whi ch naintai ns val ues during a power dawn state, the plurality of
menory initialization values being necessary to access a system nenory; -42
- 9 APR 2003 logic to restore said plurality of menory initialization
values to the plurality of storage |ocations in the main nmenory control

| ogi ¢ when the power down state is exited; logic to derive one or nore

addi tional menory i niWithl theagbove vialtialization opepations, t registets, and trelapesher

d tate. 32. Th t f claim31.wherei idlqgigt [
moro. addi (1 onal MABAE: o AtET T2 s VAIEES Esiiaced) fip SYSem g m o
current calibrai ¢Ryae, HHiimplémehtSa REMUE Diretd ADRAM Scfhgﬁﬁéﬂna]y be

conprising logic to perfozmcore initialization operation or a plurality
of menory devi casitializes]. . ks thid systémAadngginAsamraliek. 590/(alés Beférred to .adsy . A

T o IR 6 RSB 451 sk, o an
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(109%&' ()-! 109EemOmI5anoghe patlenydvacked)unmenqy)a3 maycst@(aamwmow 10 10
10, 2510% ) G800 o FAGH Uit B b RO SRAG0 1
}éﬁ{)%&é f‘)loif’$*% g/? %%/é@g%@ﬂifealug ré%uﬁnbz)%e%%ﬂﬁﬁ Hee %ga?w%ﬁnév whﬂcﬁn& () - K
performing the full initialization sequence detalled below.
Briefly, the initialization process may be summarized as follows.
After power up reset, the configuration information from Serial Presence
Detection (SPD) data on the RIMMs in a channel is read. For example, a
storage device, SPD memory 572, stores configuration information for
the RDRAMSs 573, 574, 576, and 577 on the RIMM 570. The memory
controller configuration registers aré programmed with the appropriate
values from the SPD information, and then the RDRAM device IDs are
programmed such that each RDRAM device can be uniquely identified
and accessed by the memory controller. Once a device has been
initialized, it can be used.
Each RDRAM device has two identification numbers that are used
to uniquely select a device on the channel, the Serial Device ID, and the
Group Device ID. These two IDs are used for distinct operations on the
RDRAM channel. The serial device ID is used to select devices when
the memory controller is sending initialization operations on the SCK,
SI10, and CMD signals of the RDRAM channel. The group device 1D is
used by the memory controller to select a device when sending ROW
packets and COLUMN packets on RQ[7:0] signals of the RDRAM
channel. Both the serial device ID and the group device ID are
programmed after reset and before devices may be individually
addressed by initialization operations (IOPs) and ROW/COLUMN
packets, respectively.
Looking at the initialization process of the Rambus channel in

more detail, a particular sequence may be followed to achieve correct
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MMDevicéCoun i Number of RDRAM devices in a particular
RIMM.

MemberMax 5 Maximum number of devices presenton a
channel

0-31  1-32 RDRAM devices present on the
channel

MemberCount 5 Counter used during group device 1D
enumeration 1o indicate # of devices that
have been assigned group IDs.

SeriallDCount 5 Serial Device ID index used to select devices
on a channel.

0-31 Maps to serial device ID 0-31

GroupDevicelDCount 5 Group Device 1D index used during group
device ID enumeration to assign a Group
Device ID to the next RDRAM device.

0-31  Maps to group device 1D 0-31

RIMMDeviceConfigNo 8 Byte indicating RDRAM technology definition.
Bit definition matches GAR register.
DRAMConfigindex 3 Index into table of DRAM technologies

supported by MCH. Used during group
device 1D enumeration assign group IDs to
RDRAMs in a technology descending order.

MchTrdly ' 3 Temporary storage of maximum Mch Trdly
during channe! levelization procedure. Bit
definition matches the MCH's tRDLY field in




FpX<6 @O%#& ()-C @O%#& ()- @O%#& ()-C @O%W#& ()- @O%#& ()--9 APR 003
'F- F. F/ FYFZF[ FUFSW6 @ 0%#& ()- @O0%#& ()-C @0%#& ()- @O0%#& ()-C
@O0%#& ()-u FEEFFXX@C @O0%#& ()- @LOY%#&E () - C ALOYDH& priuseonarss
@O%p#& () - PR @cpX<6 @0%#& ()-C @OY%H#E ()- @OY%pHE () - C

@O%#H& ()- @O%#& ()-% G GaG GkE GGsW6 @O0%#& ()- @0%#& ()-C
@Oo%#H& ()- @O0%#& ()-C @O0%#& () - GGECEEEKX@C @ 0%#&' ()~ @O0%#& ()-C
@Oo%#H& ()- @O0%#& ()- CGEEGEEEEGHX<6 @L0%#&' ()-C @O%#& ()- @O0%#& ()-C
@O%#& ()- @O0%#& ()-GHH H HkH HsHsW6 @O0%#& ()- @O0%#& ()-C

@O%#& ()- @O0%#& ()-C @O%#& ()-sH HuUHI JJJj176 @0%s 610% & ()- s 3
10% & ()-S L' 010" & ()-S s

the MCH RDT regrster.

DeviceTestAddress 32 32-bit CPU address used to test a RDRAM
device during channel levelization.

Tempindex 8 Temporary index used during algorithm,

fn block 602, system reset occurs. The MCH resets all its state
machines and prepares for initialization. In block 604, memory module
configuration of the system is verified. The BIOS reads SPD data to
determine the memory configuration. If only RIMMs are present, the
RDRAM initialization sequence may proceed with block 608. If mixed
memory modules are present, an error is posted to the user and the
system is halted as indicated in 606.

The clock generator is started in block 608. This operation may be
accomplished by software querying the SPD data of every RIMM module
present on the motherboard and determining a channel frequency at
which all RIMMs may operate. The DRCG 580 may be set to the proper
frequency by a general purpose output (i.e., GPOx as shown in Figure 5)
from the ICH 505. In one embodiment, the BIOS waits at least 8ms
between this step and the MCH RAG initialization.

As indicated in block 610, the MCH RAC is next initialized. The
channel clock from the DRCG should be stable prior to MCH RAC
initialization. The MCH RAC initialization is accomplished by executing
the MCH RAC initialization IOP. The RAC initialization IOP performs
basic initialization to prepare the intemal RAC of the memory controller
for normal operation.

In one embodiment, the BIOS provides a time out of 5ms for the
11O bit to clear after the MCH RAC initialization IOP. If the 11O bit is not
cleared by the MCH after 5ms, the BIOS should report the error, and the
channel is unusable. An additional 5ms delay may be added after the
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10% & ()-]1/T 1090DK. (Th]s/éﬂows sufficient time for the MCH clocks to stabilize and lock.

Also in some embodiments, a bus in the RAC may need to be cleared
before other operations commence. This may be accomplished by
executing the MCH RAC Control Register Load IOP (DRD = 00000h). It
may also be possible to perform the RAC initialization at a later point in
the initialization sequence in some embodiments.

As indicated in block 812, a number of MCH configuration
registers may next be initialized. In one embodiment, the paging policy
register RMC idle timer (PGPOL RIT) field (MCH 052h [2:0]) is set to
001b to ensure no pages are closed during channel levelization
(discussed below). The PGPOL RIT field sets the number of host bus
clocks that the memory controller will remain in the idle state before all
open pages are closed, and a value of zero indicates that there will be an
infinite latency before the memory controller starts closing pages.

Additionally, in some embodiments, operating pools may be used
to group RDRAMs based on defined RDRAM states. In order to reduce
operating power, the RDRAM devices may be grouped into two operating
pools called “Pool A" and “Pool B.” In one embodiment, up to eight
devices may be in Pool A at a time. In this embodiment, up to four out of
eight in Pool A may be in Active Read/Write or Active states at a time,
and the devices in Pool A are in either Active Read/Write, Active, or
Standby states.

The maximum number of devices in Pool A is programmable and
is specified by a PAC field of the RDRAM power management register
(RPMR) register (MCH 053h). All devices that are not in Pool A are
members of Pool B. All devices in Pool B are either in the Standby or
Nap state. The state of the devices in Pool B is specified by a PBS field
of a DRAM control (DRAMC) register (MCH 051h). In one embodiment,
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Pool B operation is set for standby operation (MCH 051h [6] = 0).

Next, as indicated in block 614, additional channel initialization
may be performed. This may include performing an SIO (serial interface)
reset using the SIO reset IOP, and allowing sufficient delay for
completion of the SIO reset sequence. Additionally, other registers which
may need to be initialized for proper operation may be set at this point.
For example, in some embodiments, a Test77 register may need to be
written to with a zero value after the SIO reset as specified on page 37 of
the Direct RDRAM 64/72 Mbit Data Sheet (execute a Broadcast SIO
Register Write IOP: TEST77, DRA = 4Dh, DRD = 0000h).

SERIAL DEVICE |ID ASSIGNMENT

As indicated in block 620, serial device identification values (IDs)
may be assigned next. In general, the software uniquely identifies each
device on the channel to allow initialization operations to be targeted at
individual devices. The serial device ID for each RDRAM is stored in the
RDRAM INIT register (index 21h) in bits 4-0. After SIO reset, the default
value of the serial device ID is 1Fh in all RDRAMs on the channel. Also,
after reset, the Serial Repeater (SRP bit (RDRAM 021h [7]) is set to 1,
enabling each RDRAM to propagate SIO data received on SIO0 to the
RDRAM's SIO1 pin, passing the SIO packet to the next RDRAM device.
Since all devices have the same serial device ID after reset, an individual
device may not be accessed prior to assigning unique serial IDs.

Further details of the serial device enumeration performed by one
embodiment are shown in Figure 7. In block 700, the variable
SeriallDCount is initialized to zero. Next, as indicated in block 710, the
SIO repeaters of all devices on the channel are disabled (Broadcast SIO
Register Write IOP. INIT, DRA = 21h, DRD = 001Fh). This operation
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serial device 1Ds to be set to 01th. The SIO rggeatgr bit is set
to zero, so only the first device on the SIO channel can be accessed.

Starting with block 710, the process loops through all devices on
the channel and assigns a unique ID to each. The serial ID of the current
device is set to SerialiDCount and the SIO repeater bit is enabled (SIO
Register Write IOP: INIT, SDCA = 1Fh, DRA = 21h, DRD = 008Ch +
SeriallDCount). Next, whether the device is actually present and
functioning in the system is tested as indicated in block 715. The
RDRAM INIT register is read to determine if the same value which was
just written is properly read back out (SIO Register Read IOP. INIT,
SDCA = SeriallDCount, DRA = 21h).

If the data matches (as tested in block 720), seriallDcount is
incremented (block 725), and the seriallDCount is checked to see
whether a maximum number of devices (e.g., thirty-two) have been given
IDs (block 730). If the seriallDCount still indjcates a valid serial ID, the
next device is identified in block 705.

If the seriallDCount exceeds the maximum permissible value, or if
the data did not match in block 720, then the last device has been given
an ID, and a variable tracking the total number of devices may be set to
the seriallDCount as indicated in block 735. Finally, to disable any
additional devices beyond the last permitted device, the SIO repeater of
the RDRAM with the highest serial ID is disabled. Accordingly, any
additional devices (i.e., improperly functioning devices or devices beyond
the maximum, e.g., thirty-two) do not receive commands and therefore
should not respond. As an additional check, the SPD information on the

RIMMs may be examined to determine if the final device count is correct.

GRrouP DEVICE ID ASSIGNMENT
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assigned based on memory device size as indicated in block 630. In one
embodiment, the MCH supports up to thirty-two RDRAM devices and
eight groups. Each group has up to four devices and has a group
boundary access register (GBA) to define the group ID and the upper
and lower addresses for each group. Thus, each GBA register may be
programmed with a group ID and a nine bit upper address limit value.
Unpopulated groups may have a value equal to the previous group and a
group size of zero.

Additionally, the fiowchart in Figures 8A - 8C illustrates one
embodiment of the process of enumerating group device IDs indicated in
block 630. As indicated in block 800 in Figure 8A, a number of variables
are initialized. Variables SeriallDCount, GroupDevicelDCount,
RIMMCount, RiMMDeviceCount, and RIMMDeviceConfigNo are
initialized to zero. A DRAMConfigindex variable is initialized to a value
indicating the largest core technology supported by the MCH.

As indicated in block éos, data is read from the SPD memory of a
module (module number RIMMCount) identifying the core technology of
that module. This information may include the number of rows per
device, the number of columns per device, the number of banks per
device, -and whether the banks are dependent or independent. Next, as
indicated in block 810, the RIMMDeviceConfigNo is set by translating the
core technology value read from the SPD into a value in a Group
Architecture (GAR) register equivalent value.

Next, as indicated in block 815, the RIMMDeviceCount variable is
set to the number of devices indicated by the SPD memory for that
RIMM. Thereafter, the device IDs may be assigned and associated
register values set as indicated in block 820. Further details of the
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in general, the enumeration process adds the number of RDRAM
devices on a RIMM to the first Serial ID and then counts down until the
RIMM is finished. Therefore, as indicated in block 822, whether
RIMMDeviceConfigNo equals the DRAMConfigindex is tested to
determine whether group device IDs have been assigned for all devices
in a particular core technology. If they are unequal, all devices have
group IDs, and SeriallDCount is set to SeriallDCount plus
RIMMDeviceCount (as indicated in block 830) and the process retums to
Figure 8A as indicated in block 832. Additionally, if RIMMDeviceCount is
zero (as tested in block 824) or MemberCount is zero (as tested in block
826), there are no more devices to give group IDs and the process
retums to Fig. 8A as indicated in block 832.

i RIMMDeviceCount and MemberCount are not zero, a
GroupDevicelDCount is assigned to be the group device ID of the
RDRAM with the serial ID equal to the present value of SeriallDCount as
indicated in block 828. Next, the current group boundary address
register (GBA) is updated to reflect the addition of the new device to this
group as indicated in block 830. This may be accomplished by adding a
value indicative of the device size to the previous value stored in that
GBA register.

Next, the GroupDevicelDCount is compared to four (the maximum
number of devices per group) in block 832. If the group is full, the MCH
Group Architecture Register (GAR) for that group is updated as indicated
in block 834. The GAR is updated to properly indicate the group
configuration (i.e., the number of banks and the DRAM technology
(size)). In block 836, SerialDevicelDCount is incremented, MemberCount

is decremented, GroupDevicelDCount is incremented, and
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X109%#&' ()-1 X10%& ()-/ X10%t& ()-/ X10%t& ()-/ X10%t&' ()-/) 2dVWWANWNV-bBsR1

X10%+& () -/ X10%#& d30.1. LebpAhfodgh RIMM SPD memory and group the devices
on the RIMMs. The largest technology devices must be

grouped in the lowest groups, with the technology size

decreasing as the group #s increase.

630.1.1. Set MemberCount = MemberMax

630.1.2. Set SeriallDCount = 0. This is the Serial Device
ID counter

630.1.3. Set GroupDevicelDCount = 0. This is the Group
Device ID counter

630.1.4. Set RIMMCount =0. This is the RIMM counter

630.1.5. Set RIMMDeviceCount = 0. This is the counter
for the # of devices on a RIMM.

630.1.6. DRAMConfigindex = Largest technology
supported by MCH

630.1.7. Compute RIMM #RIMMCount’s core technology
630.1.7.1.RIMMDeviceConfigNo = core technology

read from RIMMs SPD.

630.1.8. RIMMDeviceCount = # of RDRAM devices in
RIMM #RIMMCount, read from the RIMM's SPD
EEPROM.

630.1.9. Assign group device IDs and program MCH GAR
and GBA registers for RIMM.
630.1.630.1. If RIMMDeviceConfigNo |=

DRAMConfigindex, break to 630.1.10
630.1.9.2.1f RIMMDeviceCount = 0, break to
630.1.10
630.1.9.3.lf MemberCount = 0, break to 630.1.10
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X10948&' () - 1) 2dXXXXXXX~bBsR1 ~ ®B0%@:4($I0 REgEwsaN(ie JOR1MED| SDCA =

SeriallDCount, DRA = 40h, DRD =
GroupDevicelDCount.
630.1.9.5.Program MCH GBA[GroupDevicelDCount
SHR 2] = MCH GBA[GroupDevicelDCount
SHR 2 - 1] + RIMM #RIMMCount device size.
630.1.9.6.If GroupDevicelDCount AND 011b =0
630.1.9.6.1. Program MCH
GAR[GroupDevice|DCount SHR 2] =
RIMMDeviceConfigNo
630.1.9.7.Increment GroupDevicelDCount
630.1.9.8.Increment SeriallDCount
630.1.9.9.Decrement MemberCount
630.1.9.10. Decrement RIMMDeviceCount
630.1.9.11. Go to step 630.1.9.2
630.1.10. Increment RIMMCount
630.1.11. If RIMMCount < RiIMMMax, go to step 630.1.7
630.1.12. If MemberCount = 0 then break to step 10
630.1.13. Select next group for next RDRAM technology.
630.1.13.1. GroupDevicelDCount =
(GroupDevicelDCount + 011b) AND 011b
630.1.14. If GroupDevicelDCount = 32 then break to step
10
630.1.15. DRAMConfigindex = next smallest DRAM
technology
630.1.16. If DRAMConfigindex = 0, then break to step 10
630.1.17. SeriallDCount = 0
630.1.18. RIMMCount =0
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RIMMs for the next smallest RDRAM technology.

Returning to Figure 6, after the group IDs have been assigned, the
individual RDRAM devices may be brought out of powerdown mode and
put into fast clock mode for normal operation as indicated in step 640.
The individual RDRAM timing registers in the MCH and RDRAMs may be
programmed. The REFB and REFR RDRAM control registers may also
be initialized (Broadcast SIO Register Write |OP. REFB, DRA = 41h,
DRD = 0000h; Broadcast SIO Register Write 10P. REFR, DRA = 42h,
DRD = 0000h).

The RDRAM devices may be reset by executing a Broadcast Set
Reset I0OP, and in some embodiments this may be done twice with
delays after each reset. The RDRAMs are brought out of powerdown by
executing a broadcast RDRAM power down exit IOP, and the fast clock
mode is entered by executing a broadcast RDRAM Set Fast Clock Mode
Initialization 10P.

Thereafter, the RDRAM cores may be initialized as indicated in
block 642. Further details of one embodiment of the RDRAM core
initialization are shown in Figure 9. As indicated in block 900, the
RDRAM devices are prepared for current calibration by writing an
intermediate value to the appropriate RDRAM registers (Broadcast SIO
Register Write IOP. CCA, DRA = 43h, DRD = 0040h; Broadcast SIO
Register Write IOP. CCB, DRA = 44h, DRD = 0040h). Forty hexadecimal
may be an appropriate intermediate value in an embodiment that has one
hundred and twenty-seven possible current calibration levels. Starting at
this intermediate value limits the total number of calibration cycles
needed since the calibration value could only be off by approximately half

than the full range of calibration values.
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RDRAM device. To perform the precharge operations, the MCH counts
up through the banks by two, first precharging odd banks, and then even
ones. A bank index is set to zero in block 905. A broadcast precharge
IOP is then executed as indicated in block 910. The bank index value is
incremented by two as indicated in block 915, and the broadcast
precharge is repeated for even banks until the bank index is found to be
equal to a maximum number of banks (e.g., thirty two) in block 920.

Once the maximum number of banks is reached, the bank index is
set to one, and all odd banks are precharged. Once the bank index
exceeds the maximum number of banks, the RDRAM Core Initialization

IOP is executed six times as indicated in block 940.

CHANNEL LEVELIZATION

Retuming to Figure 6, after the initialization of the RDRAM cores
in black 642, the channel may be levelized as indicated in block 644,
This process involves equalizing the sum of the RDRAM read response
time and a propagation delay from the RDRAM to the MCH for all
RDRAMs. In other words, once the channel is levelized, all RDRAMs will
provide data at the memory controller in the same number of bus cycles.

The following psuedo-cbde indicates a sequence of steps that
may be performed in one embodiment to implement the levelization
process indicated in block 644,

644. Levelize the Rambus channel
644.1. Phase 1: Determine MCH tRDLY field value.
644.1.1. SeriallDCount = MemberMax
644.1.2. MchTrdly=0
644.1.3. Program MCH RDT:TRDLY field = MchTrdly.
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device for levelization.
644.1.4.1.Sl0 Register Read IOP. DEVID, SDCA =
SeriallDCount, DRA = 40h
644.1.4.2.The DRD (MCH 090h [15:0]) now contains
the RDRAM'’s Device ID
644.1.4.3.DeviceTestAddress = MCH GBA[(DRD
SHR 2)-1] SHL 23 + ((DRD AND 011b) *
device size in bytes (from GAR[DRD SHR 2})
644.1.5. Do QWORD write operation to address
DeviceTestAddress with TestPattem.
644.1.6. Do QWORD read operation to address
DeviceTestAddress
644.1.7. If data read != TestPattemn
644.1.7.1.Increment MCH RDT:TRDLY field.
644.1.7.2.1f MCH RDT:TRDLY field <= 4 then break
to step 644.1.5.
644.1.8. Else (if data read = TestPattern)
644.1.8.1.MchTrdly = data read from MCH
RDT:TRDLY field
644.1.8.2.it MchTrdly = 4 then break to step 644.2
644.1.9. Decrement SeriallDCount
644.1.10. If SerialiDCount >= 0 then go to step 644.1.3
644.2. Phase 2: Determine the RDRAM's levelization timing values
644.2.1. SeriallDCount = MemberMax
644.2.2. Compute the 32 bit address to test the RDRAM
device for levelization.
644.2.2.1.510 Register Read IOP. DEVID, SDCA =
SeriallDCount, DRA = 40h
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644.2.2.3.DeviceTestAddress = MCH GBA[(DRD
SHR 2) -1] SHL 23 + ((DRD AND 011b) *
device size in bytes (from GAR[DRD SHR 2])
644.2.3. Do QWORD write operation to address
DeviceTestAddress with TestPattern.
644.2.4. Do QWORD read operation to address
DeviceTestAddress
644.2.5. |f data read = TestPattem then break to step
644.2.8
644.2.6. 1f TCDLY field of RDRAMs < Max TCDLY (from
SPD)
644.2.6.1.Increment the RDRAMs TCDLY registers
(TDAC & TRDLY) according to the TCDLY
support table.
644.2.6.2.Break to step 644.2.3
644.2.7. Mark the RDRAM device to be disabled.
644.2.8. Decrement SeriallDCount

644.2.9. If SeriallDCount >= 0 then go to step 644.2.2

After levelization completes, one embodiment stores a number of
powerdown.recovery memory initialization values in the battery backed-
up memory 590 as indicated in block 646. Notably, this operation may
be performed at any other stage after the appropriate values have been
determined by the initialization routine. The values are saved to preserve
the initialization information determined by the initialization process to this

point.
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When a low power state (e.g., suspend-to-RAM) is entered by the

system, power to the MCH may be removed. Thus, if the initialization
information is not preserved, the entire initialization process may have to
be repeated. Storing key initialization information to a non-volatile
memory may advantageously speed wake-up from such a low power
state. The difficulty of storing such information is increased by the fact
that the memory subsystem will not be functional until these values are
restored.

Any non-volatile memory which can be written to may be used to
store the appropriate initialization information; however, a battery backed-
up memory is present in many computer systems and therefore may be a
convenient choice. In one embodiment, the registers below are stored in
the memory 590.

» MCH Group Architecture (GAR) registers (040-047h): These registers
indicate device configuration for each group such as the number of
banks and the DRAM technology (size).

« MCH RDRAM Timing Register RDT (050h): This register defines the
timing parameters for all devices in the channel.

e MCH DRAM Control (DRAMC) register (051h): This register includes
the Pool B Operation Select (PBS) bit, a memory transfer hub
presence bit (MTHP), which specifies an operational mode of the
MCH, and an Aperture Access Global Enable bit which prevents
access to an aperture from any port before the aperture range and
translation table are established.

 MCH Page Policy (PGPOL) Register (052h): This register specifies
paging policy attributes include a DRAM Refresh Rate (DRR) and a
RMC idle Timer (RIT). The DRR field adjusts the DRAM refresh rate
and the RIT field determines the number of host bus clock cycles that
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pages are closed.

« MCH RPMR (053h): This register includes a Device Napdown Timer

(DNT) fieid, an Active Devices in Pool A (ADPA) field, a Device Napdown

Enable (DNE) field, and a Pool A Capacity (PAC) field. The DNT field

specifies the number of host clocks the memory controller is idle before
the least recently used device in Pool A is pushed out to Pool B. The

ADPA field defines the maximum number of RDRAM devices in Pool A

‘ that can be in Active Read/Write or Active state at a time. The devices in

Pool A that are not in Active Read/Write or Active state are in standby

state. The DNE bit (when set to 1) enables the channel inactivity counter

to count continuous inactivity time. When the counter value exceeds the
threshold specified by DNT, the least recently used device from Pool A is
pushed to Pool B. The PAC field defines the rr;aximum number of

RDRAM devices that can reside in Pool A at a time. Devices that are not

part of Pool A belong to Pool B.

« MCH Group Boundary Access (GBA) registers (060-6Fh): The GBA
registers contain a group ID and a value indicating the upper address
limit for the group.

« MCH Configuration Registers MCHCFG (0BE-BFh): These registers
contain the Rambus Frequency & DRAM Data integrity Mode fields.

Also, at this point powerdown configuration options may be
programmed. In one embodiment, the self refresh and low power self
refresh options are set (for each SerialiDCount: SIO Register Write 10P.

INIT, SDCA = SeriallDCount, DRA = 21h, DRD = 400h (LSR, if SPD

supports) + 200h (PSR) + 80h (SRP)).

Normal operation may stan, as indicated in block 650, after a few
more registers are programmed for normal operation. The page policy
register is set to operate normally (PGPOL RIT field (MCH 052h [2:0]) to
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001b) since the page closing timer was effectively disabled for levelizing,

and the power management features are enabled at this point via the
RPMR register (MCH 053h). If the Pool B Select bit (MCH 051h [6]) is
configured for NAP operation, a broadcast NAP entry IOP may be
executed to put all devices to the NAP state. In the same I/O instruction
that sets the 11O bit, set the IC bit in RICM also to one so that normal

operations of the MCH may commence.

RESTORING THE CHANNEL WHEN EXITING A LOW POWER STATE

After normal operation continues for some time, the system may
enter a low power state due to system inactivity or for another reason, as
indicated in block 1000 of Figure 10. One state which the system may
enter is a suspend-to-RAM (STR) state in which the MCH loses values
stored in its registers. After entering the STR state, an event which
causes the system to exit STR may be sensed as indicated in block
1010. Accordingly, the BIOS powers up the MCH and other system
components.  The configuration registers; of the MCH may be
automatically reset to a default value in this process.

Accordingly, to again access memory devices on the memory
channel, at least some of the configuration register values are needed.
The BIOS may cause the ICH 505 to access the battery backed-up
memory 590 and restore the registers listed below (saved in block 646 of
Figure 6).

e MCH GAR registers (040-047h)
« MCH RDT (050h)

« MCH DRAMC (051h)
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» MCH RPMR (053h)
» MCH GBA registers (060-6Fh)

e MCH Configuration Registers MCHCFG (OBE-BFh)

After restoring values to these registers, the MCH can once again
access items stored in memory when the STR state was entered,
including such items as the processor context if saved. The memory
devices perform self-refresh in the STR state so other data is not lost.

Next, the clock generator is started as indicated in block 1040. The
proper Rambus channel frequency is read from the MCH MCHCFG
register (MCH OBEh [11], which was restored in block 1030). After the
clock is allowed to stabilize, the MCH RAC is initialized as indicated in
block 1050. This may be accomplished by executing the MCH RAC
Initialization |OP. Additionally, the DRD register may be loaded with
0000h and the MCH RAC control register load |0OP executed to initialize a
bus in the RAC (as discussed with respect to block 610).

, Next, current calibration is performed as indicated in block 1060.
This may be performed as discussed with respect to block 642 and
Figure 9. In the final iteration indicated by block 940, however, the IC bit
in the RICM register may be set, allowing normmal operations to
immediately commence once the current calibration has completed.
Thus, the resume from STR sequence may be substantially faster than
the entire initialization sequence required when the system is first
powered up since channel levelization, SPD querying, ID assighment,
and a number of other initialization operations may be avoided.

In conclusion, a method and apparatus for restoring a memory
device channel when exiting a low power state is disclosed. While
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accompanying drawings, it is to be understood that such embodiments

are merely illustrative of and not restrictive on the broad invention, and
that this invention not be limited to the specific constructions and
arrangements shown and described, since various other modifications
may occur to those ordinarily skilled in the art upon studying this

disclosure.
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storing a plurality of memory initialization values from a plurality of storage locations
in a memory controller into a memory which maintains values during a power down
state, the plurality of memory initialization values being necessary to access a system
memory;
entering the power down state;
restoring the plurality of memory initialization values to the plurality of storage
locations in the memory controller when the power down state is exited;
executing a routine to derive one or more additional memory initialization values in
response to exiting the power down state.
2. The method of claim 1 wherein entering the power down state comprises
entering a suspend to random access memory state.
3. The method of claim 1 wherein storing the plurality of initialization values
comprises storing the plurality of initialization values in a battery backed-up memory.
4. The method of claim 1 wherein storing the plurality of initialization values
comprises:
storing at least one architecture register value in the memory which maintains values
during the power down state, the at least one architecture value indicating a memory
organization for at least one memory device.
5. The method of claim 4 wherein storing at least one architecture register value

compriscs:

storing a plurality of RDRAM group architecture register values.
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8. The method of claim 1 wherein storing the plurality of initialization values

1098& () - X

comprises:
storing a page policy value in the memory which maintains values during the power
down state.
9. The method of claim 1 wherein storing the plurality of initialization values
comprises:
storing a power management register value in the memory which maintains values
during the power down state,
10. The method of claim 1 wherein storing the plurality of initialization values
comprises:
storing at least one group boundary access value in the memory which maintains

values during the power down state.
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powering off the memory controller.
14. The method of claim 13 further comprising:
sensing a suspend terminating event; and
powering up the memory controller,
15 The method of claim 1 further comprising performing core initialization
operations for a plurality of memory devices.
16. The method of claim 1 further comprising:
returning to normal operation by executing a plurality of initialization operations when
a plurality of initialization operands are loaded into a memory controller control register.
17. The method of claim 16 wherein returning to normal operation further
comprises:
starting a clock generator;

executing a memory interface initialization operation; and

performing core initialization for a plurality of memory devices.
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a memory bus having a plurality of memory devices conpled thereto, the memory bus
being coupled to the memory controller;
a memory which maintains values during a power down state;
an additional memory device coupled to the memory controller, the additional
memory device being accessible to the memory controller prior to initializing the
plurality of memory devices, the additional memory device containing a plurality of
instructions which, if executed by the system, cause the system to perform operations
comprising;

storing a plurality of memory initialization values from a plurality of storage

locations in the memory controller into the memory which maintains values during a
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23. The system of claim 22 wherein the memory controller further comprises a
control circuit coupled to perform a plurality of initialization operations when a plurality
of initialization operands are loaded into the control register during the process of
returning to normal operation.

24, The system of claim 22 wherein executing comprises:

performing a current calibration sequence.

25. The system of claim 24 wherein said operations further comprise:

starting a clock generator;
executing a memory interface initialization operation; and
performing core initialization for a plurality of memory devices.

26. An article comprising a machine readable medium having stored thereon a
plurality of instructions which, if executed by the machine, cause the machine to perform
operations comprising:

storing a plurality of memory initialization values from a plurality of storage locations
in a memory controller into a memory which maintains values during a power down

state, the memory initialization values being necessary to access a system memory;
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28. The article of claim 26 wherein the machine readable medium is a carrier

—

wave,
29. The article of claim 26 wherein executing comprises:
performing a current calibration sequence.
30. The article of claim 26 wherein said operations further comprise:
starting a clock generator;
executing a memory interface initialization operation; and
performing core initialization for a plurality of memory devices.
31. A system comprising:
a system main memory;
main memory control logic;
logic to store a plurality of memory initialization values from a plurality of storage
locations in said main memory control logic into a memory which maintains values
during a power down state, the plurality of memory initialization values being necessary

to access a system memory;
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