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METHOD AND%%%BS FOR CONFI GURI NG AND | NI TI ALI ZI NG A I\/EI\/Dgé‘?%E\;?? AND
MEMORY CHANNEL RELATED APPLI CATIONS This application is related to an

appl i cati on seAiMETHODAND APRABARRIS RQR BEHLFIGURM GLARD INMTIMEIDING And

Appar atus For Levelizing T s, Far Channel Of Devices Such As
Menory Devices In A merlvéggéés;spgﬂlééaﬂﬂ&MéM%%Ys@HMNﬂunber /-, ’
(Docket No. P6628)) entitled "A Method And Apparatus For Configuring A
Menory Device And A Menory Channel Using Configuration Space Registers,”
and application serial nunber / REUTHEAPRLICAGON entitled A Method And
Appar atus For Restoring A Menory Device Channel Wen Exiting A Low Power
State, all. of whilifh appdicalierds delded teran prpieatign serig@amm@ReUND/1__Ei el d

ot ocossi ng. oy LB NRoPEBRE HTRL AERE! ARk Mad:Pa e Befleter

initializing D&lag®FHdrgAr CRENABNDTYDEGEEES Sudhin Az WRiRGry DBdieas!in A. M_emor?(
Description of Related Art Menory devices and nenory Subsystens typically

have cert ai n SuhsystEm a@pphicaliapsserial/ Bumbegi st ér val uefOetket NeedPB62Bk
rogranmmed priQr, 1,Q.N | ;operatiaon,, Re nded .st g and val ues ar

gf t gn det ai Feecp 'i“ﬁaa“n&%ﬁ?dsﬁ%%?%ﬁpcaa{ﬁ“&nﬁg%'ﬁga”?% @%?@ﬂ{yd@selv e?\ggvxﬁo
desi gn ot her a¥sloRfORINAERUBING CoinfigGiatidnvepdlcd PR oIRER! Y afl§ vbpRsatidr serial
initialization routines are further optimzed, however, initialization my

concl ude nor euoberk Lyl _advant{Bgekets Np. #6630)ngntitied " As Meatieod @firat dppanatuso
conmence sooner. e.chgnpel (i.e.). a pus c i gurat.i o which requires a
s ont T cant - TanRerering A MemdiBatied CaRnel Wt E Sl R pdb iy Slate,Fan
RanbusT"" Di r et ifeniavs filed corcufreMiig reRith. * O 00; 2Gr88 PCT/ US991 24752
Dynam ¢ Random Access Menory Channél (a D rect RDRAMI™" Channel). This
channel is described in detail in docunentation available from Ranbus

Cor poration of Mountain View, California. RDRAM nenories and nmenory
controllers interfacing with a Ranmbus channel have various registers that
need to be set through the initializgAoRGHECRES- It is clear from Ranbus
docunentation that a nunber of initialization operations nust be perforned
prior to using Biekhobthe kiventieh. I n general, the nenory controller reads
all the read-only gegister || RDRA [ gcess i,s information, and
Chen weitos a3 h picsantddayesranans 5 SE2ER ol aBraessas Vhers.

proper operat\iBee BaARUIARY 1RE! fredBAt Hi¥AosUrE Perifins 18 iRt MRG [ éonfiguri
read-wite regi stgrgs tuhat resp@cti vely set rtﬁje dagvi ce lald‘arleséﬁs foronngrlflgrn
t ransact i ons rmptharheedlizieayn wanesdrgichasneky read dat a.

2. Description of Related Art

Memory devices and memory subsystems typically have certain
initialization steps and/or register values that need to be programmed prior to
nomal operation. Recommended steps and values are often detailed in a
memory specification provided to system designers who design other system
hardware interfacing with the memory devices. I[f initialization routines are
further optimized, however, initialization may conclude more quickly,
advantageously allowing other system processing to commence sooner.

One channel (i.e., a bus configuration) which requires a significant

amount of initialization prior to proper operation is a Rambus™Direct Rambus
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A uni que ser;b@ dev ce identification value may be set for eaé%wwsérﬁm 1003

t he channel 0?0(85 ng through the entire serial chain and as
”sequential serial identification nunbers (see, e.g.) p. 28 of the Direct

RDRAMT™" " 64/ 72D \MvdrhicoRBAdSIEAEGe sSAVRESROChahrve (deDiBé AIRD RANIBICIRthriet). aFhid
device ID allows nenpry accesses through the Ranbus channel during nornal

operation. A UM BedaseriPedainsodefaldin (drauneeiptipogayeiiable deom cBambws

EQEC?PSQSG!n@ﬁwﬁ{erafﬁ%&%ﬁr a1y orabte FRSRAN HeRRfiS ahiCriciory

prechar ge, C%drﬂfﬁlleﬁ@iﬂtbﬁ@érhgr\mﬂ@ @& R@ﬁ{br.@aéﬁﬁdr@ havad/RiusOMgy iR hat need
functions (see, of the Direct RDRAMI"' 64172 Mit Data

Sheet). Wil eiotb%%t f(‘f‘ﬂh‘#ﬁi’hﬁ@ @rt@hgéh@m araogsdi scussed in the Direct
RDRAMIN" 64/ 72 I\/brt te initiali i on seduence Qn ot
be. provi ded. _Addi ! dRatPs! T tREBYR Fondnielln: 6RO Rl ot
of specific n@ﬁ@*aﬁoﬁ@'ﬂrﬁtﬁé%'d ﬁéﬁ@ﬁﬁed‘?hopﬁ‘) @yﬁlg;'eﬁwaﬁwbu-ghéﬁénr{é?elrﬁ”g'eﬁéra’r"ﬂ'\e
fray not provide an adequate or conplete nethod and apparatus for

confi guring amsetorpfcardraliey reiees edsthienreadreripriggitensnel all RDRAMs, proeesass

d t f f d/ tial 3"
O oo baras. Hls UeBSmakaay At Bee hetdh il Yo b e, Vehiste et diiacs e
initializes agpR{aNy |ﬁ@‘fﬁ@brc§{er%r§tuﬁ’¢ Whédd YO &fic r@ﬁa WF_?O@I?Q%HS are

configuration registers entification nu rs are assi
nenory devi cesnputgriteteadwrite negimess doatt redpestiveliddet |tbraaldbyr,cegraddpﬁssoﬁor

moory devi ey TBISCHaE Bnadns GelvAlaR i E A Bead BABt he nerDr

menory devi ce e e nenory

devi ces are enable on
-y yrﬁgl#& %ﬁfée\he;én tnﬂé J?Pvﬁbg%%bér%%tﬁ;reéé‘dﬂnbwtdn

Is illustrated by wa |mtat|on n the tigures
acconpanyi ng treashargsel by I@upmglthrbhgtsulneataeﬂreoeenelnd:hmh At asig@ing ysetqmential

using configuratiaq isters in a nory controller to de

initializati oﬁe%éﬁg%@tr'fgﬁé'of'dwrﬁgﬁﬁr &%ienﬁtg aPi 28t9fdhe [reg sz%%ﬁﬁ@ﬁzamt
fl ow di agram I c | er n§p i
enbodi nent of Bfahag %%#em of Hi gl?‘ra)tg9 \l’glkggs'h{ebll% r@Hrﬁegf[ ?gﬁaés)%or%bg%bg?j E{r%)g&e
of a nmenory cowmaly acdedsestthpeudoths marnrbu;r crmrtnealdmmgr nomraak opdratignt oA

val ues | oaded into control_ and data re(gl sters., Figure é illustrates a fl
di agram for aYRENSr JeuERi (R alse neads 1o he Set Jffr Ve PBKices on the channel;”

however no specific technique for assigning device IDs is described in the
literature.

Additionally, RDRAMs can execute refresh, precharge, current
calibration, current sampling, and various other functions (see, e.g., pp. 8-9 of
the Direct RDRAM™ 64/72 Mbit Data Sheet). While these commands are
generally discussed in the Direct RDRAM™64/72 Mbit Data Sheet, a complete
initialization sequence may not be provided. Additionally, details of initialization
and/or configuration of specific memory controliers may not be available. Thus,
the prior art may not provide an adequate or complete method and apparatus for
configuring a set of memory devices in a memory channel.

Summary

A method and apparatus for configuring and/or initializing memory
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Fiigure 5 illu one enbodi nent of a system i npl enenting
nt ol §zat MR Shoun i F gures 6-9. 3 - 7 APR 2003 Y S5'25°4b13%788

"PCTI US99/ 24752 Figure 6 illustrates a flow di agram of one enbodi nent of an
overal | initig@hviged isfiseRBEENCR disdloddie miRABY YnifaREEss eRembnt BSnyEredAd a
shown inFigure 5. Figure 7 illustrates one enbodi nent of a serial device

i dentificati opiuflite eels Mgy eca@Wralier ueenfigusatiameregiatersi me Herigk -idemtifiastion
portion of a gr device identjfication process. Figure 8B illustrates one
rbodi ment of A HPBUA!G AeRIeAs s Fietand HRYEES Saup? 16 ngpema iGoniolete
8A). Figure Bﬁ?ddiiltibﬁéw,%#r@ép@@?d@%@@%émﬂ{ca%n AuPRELE dwARK 8 bRedl d1e SEOHP
identification process TromFigure 8A. Figure 9 illustrates one enbodi nent
of a menory dedit o8 thermemary idelviczasizes Pecssignediogineemetnary|desicest asddhe
enbodi ment of the r%gfcess of re hll‘ ing froma suspend-to- RAM power
managenent st REE° eéﬂcleéoarﬁ)&@&’ ‘:fff‘i on The fol | owing description provides a
nmet hod and apparatus for initializing a nenory device and a nenory channel .
In the foll owi ng description, numerous specific details such as register
nanes, nenory types, bus prot ocBlief Dsperipticncofithpdsguresconponent s, and | ogi ¢
partitioning and integration choices are set forth in order to provide a
nore thorough understandi ng of the present invention. It wll be

appreci at ed, howev i ol t J&Pﬁ‘p. i : e
practiced w t hout Eﬁéﬁ?%(spéeﬂg??\?égh@gﬁglnf%ﬁapﬁd gﬂﬁve [ n%tanclgs%%dgﬁmrﬁ%nb
structures anid thetfgurewy of tha acuonsarmave dresvings. wo oon67ss - 7 APR 2D03
PCT/ US99n4752 been shown in detail in order not to obscure the invention.
Those of ordinary skill in the art, with the included descriptions, will be
able to inpl enment i ) LG it : :
experimentation. Lﬁéﬁggﬁ ﬁgéﬁféégéeﬁg |b§e rﬁ?é@ﬁ@g‘f“taeégﬁlrﬁn&&ggfbe%?qfig&raethotn and

f1 exi bl e menoregistard inad memhogyrcominplibetgpdedignatedniti@brdticrl opevadtidas éorr egi ster s
may be progranmed, thereby causing a nenory control hub (MCH) to perform
initializati oWeGb%Vé‘P'?'BV%g{PPODs) according the values | oaded in the
registers. Since the registers may be programmed by software such as a
basi ¢ i nput/output system (BIOS), the initialization my be altered with
rel ati ve ease. Fi gHigurd 2iilllistsdteaeftow deagratmosti pregtanairey asideatuting i zi ng
registers to performnmenory initializafign. The systemincludes a processor
195 and a nenbitiRlizaliany opermtions it Rae YPROIFIAN! & the SystRENeYFigEEhr ol hub
(MCH) 100. Al'so coupled to the MCH 100 is a secondary bus 180 having
coupl ed thereto an input device 190 and a non-volatile nmenory 185

contai ni ng Bl CS r oBiguneS. illlstratesenendmbodiers of airhbeorptohdlhhul thalhe
non-vol atile nenory 185 and the input device 190 may be coupl ed&ﬁjo t he MCH
100 by a secoR@rfewmhe mm%wunﬂlﬁmat%mqrdmﬁ toyalyas lgadedirtg conehrRg data: ne
menory subsys;% 4 includes three nenory nodul es 160, 170, and 175
coupled to the 00 via a serial bus 142 and a menory bus 132 (al so
referred to as a channel). Each nenory nodule may contain a set of

i ndi vi dual menory devices. For exanple) the nmenory nodul e 160 incl udes at

| east nenmory devi cEigured, illugtrates adflow glagramdee adrBB@YERVicetgase jnitiafization
devi ces 160, és%)'@,l,@ﬂd 168 are Ranbus DRAMs (RDRAMs), the nenory nodul es are
Ranbus In-1lin r'y . Modules (RIMWB), and the channel operates according
to protocols defined for RIMMB and RDRAMs. The MCH 100 i ncludes a control
register 112 and a_data register 114 which may be used for initialization
purposes. An initi kigurat §olusisatesopnei emibiodiment &fea usystemiimplementing@n
operands (I OPs),.whigch are proara I n the control register 112. The
control regi s@qaﬁfﬁo?@ﬂm 9"9“ Irﬂgﬁ%%ssé&'her fields to specify information

about initialization operations, and sonme of the operations
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invol ve datgoe%@ﬁgﬁge with devices in the nenory subsystem (é’.ca./qsg\;(ﬁ‘??ng
* and reading of nmenory device control registers or~ otherw se generating
control signals). FAgass iGlillustraess ac @owi diagrami 60 qenembloelimsar bhlarc @verid
and data . sequepces on the serjal bus 142. Sone of the commands executed
by the initidnii2s3lan SSAUeBFe clior diver MErePYe fHPEYHAENAE thRAdFYHeMatRows hhe
menory subsys}figm via the serial bus 142. Control registers, including
devi ce registe sefo'r identification nunbers, may be read and witten via
the serial interface circuit 140. A nmenory interface circuit 130 transl ates
menory data to and_from data packets which are exchanged with the nenory
subsystem | n one T8RRI fdlitstratee erReLOGiMmantagke acredali Hevise aidratifications| c
Cell (RAQ) fﬁrﬁ%%ﬂ ng substantially as described in the "Direct RAC Data
Sheet" avai l € Trom Ranbus Corporation of Mouwuntain View, California.
Briefly, the RAC converts the Ranbus Signal Level (RSL) signals on the
channel (bus 132) to signals which can be processed by other portions of
the MCH 100. Sim |kiguye BAhduRrg@esameembodieenteaba yirys partion obe groypaleyiaeo
RSL si gnal \AhidCh'fcaag‘ be A ogessed by nmenory devices on the Ranbus channel.
A seguence of' Fﬂi'f‘i S RCFER> event s for the systemof Figure 1 is
illustrated in Figure 2. As the systemis reset or turned on, the BICS
typically perfornms various initialization operations. In block 200, the
Bl OS reaches the neigury &Briligjtatasi ore ponbédimenbepieadinogpodeyine asgignoent
menory and the intended e .U e, dJdAnitialization operations will be
sel ected (bl oRiPC8B5{e Gy tﬂﬁg( égéﬁ’ ?@Hewti cul ar sequence. Mre details of
one enbodi ment of an initialization sequence for a systemutilizing RDRAMs
are discussed with respect to Figures 5-9. As indicated in block 210) data
(if any) for the phigure @Gillustratésabne ambediomEntatfi @secend portanh dhthehgraigt a
regi ster 114,. and.the initialization operand itself wth other control

i nformation ide8 (PN} RTACRES OM FEUB&R st er 112. In sone enbodi nents, the
BIOS may performthis function by witing to peripheral . conponent
i nterconnect (PCl) configuration registers. Alternatively, other 6 - 7

APR 2003 CVO 00l 26FgmreCBNdhesttes 2 oner egntsodimentayf be usemonor dgéoer gbre
pur pose rrem)r%.l ?cati ons either wwthin or without the MCH may be the
control regi sTHRIZANORN PERCESShe control register may be any storage | ocation
accessible to the MCH prior to nenory initialization that is capable of
storing sufficient bits for 10OPs and any ot her needed control infornmation.
The initializationFgueedtd ilnstrate scamerembodimentat theaptoceshant retuenipgdpem a
initialization- operati rMand/or control information are programred into
the control r%ﬂﬁ%‘ﬁd‘tq{ POWeE AL MeRStal&cuti on of the initialization
operation indicated in block 215 may be acconplished by setting an initiate
initialization operation (110) bit when the initialization operand is

| oaded into the control register 11Detdied De8chptiomay be a field of the
control register 1 so t he sa regi.ster w.ite transaction set the |10
bit and provide thiﬁﬁcﬁ)'ﬁo‘@aﬁpl CH%“B‘F PF@”‘PWt?alm%tgppor‘?%gg%&qrﬁwsm@' be
signal ed in apyJ r,s i cle ler ' r BI t ;
initializati oﬁ*"bﬁ?’aﬁei%n”‘fﬁ‘sﬂ%n%?z{% g tae%?rphﬂjfer? Eharitel Sg‘yt"qél fdildfing
aut omat i cal | ydeseription)ewunidrobstspsiuific déteils suchaas redisten napeesytmemory types,
conpletes. If the BICS polls the 110 bit) it nay determ ne when_t he
initializatioRUspRierels, canasifia dypas phrataR@REMS, ANE Kogiso Paptitiqnipg and

initializatio At i e B ont | j
the 110 bit. ngr%éghn% P&ﬁz%%o%ggggﬁhthnaﬂfﬁ gﬁg@%'deeg’é]th@% @rlﬁ%@g
sel ect the neghdémtdndihhzlthe preseritanveritiond It REll bei dpprédiatid, Paweeerascone n
bl ock 205. The input device 190 may either accept programinstructions from
a conput er st skille@d inethiec artitimt (theginveation pmiayabe opragtiegtk twithaiit ssuchr speeifie
storage devic r froma network or co ni cations,interface.194. . Bl OS
code (1. e cBRtlEer I fBr diBRSS RoriGi Ry ot e AT fRleD VAT Pl hekg ot
di scl osed techni ques nmay be progranmed into the non-volatile nmenory 185 in
several ways. The BI OGS may be programmed when the systemis manufactured or
may be |l ater delivered via a conputer readable nmediumthrough the input
device 190. , In cases where the BIOS is |later delivered, the instructions
may be delivered via a conputer readable nmedium Wth an appropriate

interface device 190, either an electronic signal or a tangible carrier is
a conputer 7 ~0 00i ~67ss - 7 APR 2003 PCT/ US99124752
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readabl e nedi um For exanple, the conputer storage device 192 is a c0 t
readabl e nedY@f¥#43%ne enbodi ment. A carrier wave 196 carryi ffFVHCERut er
instruction is a conmputer readable nediumin anot her enbodi nent. The

carrier wave B86nhpwieinTaeiahestder net ke obseara Y Miveatie. TRoS§O W dréinary
instructions that can be decoded by the input device 190 using known or

ot herwi se avafkilonetheoatftumitatiieoinaudashdgaeriptians, evilles able do Impderventptheer
i nstructions o Vi C ter readable medium Figure 3
i1lustrates agg%[?%%ﬁg?%é?ﬁ&ﬁl‘és Vd’ﬁ“ﬁ“%%e’é%‘?ﬂ%i‘ 3oL b (MCH) 300.
Details of specifi ¢sirRitsd predtmipdisdiosed ié&?ﬁwiq@ésﬁ,%ﬂﬁciéh?bﬁdqlﬁﬂimétﬁé}ﬂ%ry

and initialization operations are given for one enbodi nent bel ow. Q her
enmbodi nent s wiritializatiappanasht be o peessedf skiontral nante data . registeral maly thee

ti bel ow i nvok L fi ds_def i ned nbus, jn,.t he 6472
vbit Dara ShoBICHARERG Theeby FAGSHE: - THIBPH Thedi! oBrp nDUCERerS ety o
operations t hafitidiRatiGardpraftéss i((orsf astoiding nERRNEs %Edbcﬁﬁ)rﬁ)ftﬁémbgrtgﬁ?rsb f

control signals are sent to the RAC." As detailed below, this enmbo
t he MCH 300 i firudeesh&ntegistRAC roaymizedwogyrarpmed duys| ysofimarai sath easha dvasice

and in new net ho r .sequen In this ex | ary enmhodi nen he MCH 300
i ncl udes a RAEPYSEU %%geé'? R§F0$)r\tt'é? f%@'@ﬁgﬁ “‘Pﬂ%bggjﬁeé‘?d m‘ﬁ%&eﬁa&a’s eReg-
uses cl ock (SCK), ! 1 filidetEate VA e ld I [ '
(S100 and S101 ) tg\%dergd1 e{gld vvrtléte I%)D%ﬁ:il\%ggh?ﬁ{gt??% is’g%@rnégﬁiltk@bs}éggt%ﬁnﬁ) as
t o perform ot perfoiroRpenidtg iMidlizdigm. i Mhleudgstean desludes reeprademsod s 4MRD)

regi ster 314. The DRD reqister 3}%1‘ I s at aidgress of fset 90-91 h in_ PCl
confi gur at i on ALY SYRRYSIRIP 44 thah PIR.CPYPIBEEBIR MEST BV Ontrad hwby WACHREJ08: er

is a read/ wi i r i : nlgg@,r [ ' l e
1. Table 1: A%%gnggﬁélﬁgntto ﬂé? q\tAF\:g'e E)éR%'ggg%é}?’er tb%gsﬁéf(?gta ?@ﬁl%@%ge%?s r-é?‘p
Data (RD): Bi ts ihpuDdewntdia® ahed alfordvolatibt menoordyel 88 cbhiinihg BIOS routines.
RDRAM egi ster or the d?{p%ﬁ read f register as a result of |QOP

rom a BDRAM :
execution. DalhS@M§ BERPAHTNENHn&HNERET PO Bf theNoRr\RlBgNSMAY 1821 thihs
from1 to 0 nput device 190 may be coupled to the MCH 100 by a second control hub (not

shown).

In the illustrated embodiment, the memory subsystem 104 includes
three memory moduies 160, 170, and 175 coupled to the MCH 100 via a serial
bus 142 and a memory bus 132 (also referred to as a channel). Each memory
module may contain a set of ir;dividual memory devices. For example, the
memory module 160 includes at least memory devices 160, 161, and 168. In
one embodiment, the memory devices 160, 161, and 168 are Rambus DRAMs
(RDRAMs), the memory modules are Rambus In-line Memory  Modules
(RIMMs), and the channel operates according to protocols defined for RIMMs
and RDRAMSs.

The MCH 100 includes a control register 112 and a data register 114
which may be used for initialization purposes. An initialization control circuit
120 executes initialization operands (IOPs) which are programmed into the
control register 112. The control register 112 typically includes other fields; to

specify information about initialization operations, and some of the operations
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RDRAM | ni t i 2Pi%3f738n contr ol Managenment (RICM) Register 312.

 Register is at address offset 949o0h in PCl configuration space, the default

val ue is 000@pRBIfied4bhi the) JORBINVBR/E atstexthhfig8 WRRAMeVidd<E ik Qgésﬁn‘éhorghe
fields of the RICIVIregzl ster for this enbodinent are set forth in Table 2.
t

Tabl e 2: An Bybsustesht(edr, widingl oM Regdige of Bnemesy rdayideoaoairal registers or-
Initializatiaqgp i.on (110 to 1, the execution of
theinitiali zé’tth?c)&ﬁ%%bﬁﬁﬂ%wgs Oég%/\y?lségf’% "the 1OP field (below) starts.
After the executi g0 s&GAMMiekgeb diRRuiMIFoC|RARRatEBestdd) Bbink&hd® afd data

sof tware program should check to see ifthis bit is 0O before witing to it.
Dat a from opseaueonss \iri te spdeal bys dl 42 giSome of dharcamiminda execufRDRBMthe | |

be valid in th .re ister when the 110 bit is cleared to00.22: 21RESERVED:
These bi t 5 ard AASUSCRORSH! FEFial 2SI GBS S10/ot dafa 15 he temory
operations. Z%%%b@n'\ %Pé irféns&%ﬁ&%t ¢42! @ontB @%éf‘éé inluRiny He{n@eﬁg stets
initialization o Mrenmory array I s conpfete.19Br oadcast ess
(BA): When BAox sdmitftcatlon nurhbeixi miagl be aeadnamp exrtterovig NUP)serwbriniedaast

lo all devices in tg) channel. When BA is set to 1, the SDA field (bel ow)
i snot used. yP6BEVi40 Regi ster Address (DRA): This field specifies the

regi ster address fQr

Devi ce/ Channel Ad 95%’“??%@&%| é%%qb?tgg t%bﬁegﬁrﬁ?l eejshgtt'—’l ﬁgﬂaﬁ‘?ﬂr% data
t he serial dedoketd Dwhicht hereR2RANadgedc avithorthBDRAMBegi stitlesysikead, In one
RDRAMRegi ster Wite) RDRAM Set Reset, RDRAM (] ear Reset and RDRAM Set
Fast 0 ock ModnpPegimesimih@smerry diedace st Sowe FEsWPHEASNY (RIWERAGIN

Exit, Nap Ent t: r ﬁ:ggl e
| OP conmands fw%“&g’qﬁgﬁgg ggég Or(%c:{ 'traégr'\ﬁg?\%d%?géthgﬂbe%gégénﬁgggs -
7 APR 2003 wdrami RanstsusPCornpSafioad 65 MBuntais diewt |®aiili8n'ilau tBa:bﬂyatheDrRAC
Opcode (10OP): This field specifies the initialization operation 10

done3: Oon a RRXRNEdPERamPUsHRIgNEHLRME! EBISL[signals: @) ”G)éhﬁﬂ'i‘%‘r{bgﬁe@a‘)ﬂedo

ge'? ORegngRé\Méﬁig%[%m%%@ %%%%e%m%ﬁmﬁfg égﬂ:e @ock WQ&A 0

1 0 1 Reserveate RAC dofivdriRiNd ﬁwmer;abumﬁolféals@maisetomablsiguaaildwhhaman be
TerrperatureCallbrateO 0111to 1111 Reserved7 0 0 0 0 RDRAM Core
Initializati dHOFeRId by merpony @@RSAWF sndhediasphup channg). RDRAM Power down

EXCIUJ; rlegt OC;-J 1+ Sanplsge'x.ység%gg @%}Lnuaﬂ %J?]}%Lﬁqgé yb%Pﬁr%%@h)df‘ﬂﬁ%ﬁatSdl
1 0 Load MCH iRAGgoanPl OAsritgi Sfstemwist haséafoantmw@ a‘RDtrrseBnGSeuythuy perfbrms

Initialize MCH RAC1, 1. 0 0.0 RDRAM Nap Entryl 1 Exitli 01
0 RDRAM Ref r &&#ipus @u@hzamem@mar deml@%feﬁer ”&%rﬁi%f%ﬁ@sam memory

rable 3 bol oworigoratorBolseh, SRS AR BrORE o B ot fid ridhdittiae"

illustrated iof ddaye, dniBializatioh bpetatidnsasillinseleetad(bletk 206) by2heBIOSin a
i ncludes an RDRAM | OP execution circuit 325, Details of the variqus | OPs
execut ed by tRsticwas regquanceui t More details| plianeatasabedimess| ef an |intiaigations)

'St et o tneroSUHEE T % huste ufghd RERARRa 6 Faitpad 816 sedpdd o Tidue

initializati gugoperation 0: This field is to be set to O for this
initialization operation. 1. This field is to be set to 1 for this
initialization opehatindicated imtblecki21Q%] dateu(iti any) feodharpasticular dpijaligationt e

for the particul af. initializat eration ration

Brs (18 3 GyRalian e, ieHoR e Rttt 134020 i etz et bdng T °
perforns the mﬁ'&hae%égﬁaﬂ .&Bnhaﬁoﬁf??%f&gmﬁé SRAfid irggiskr P2 apdsome
DRAfi el ds. The data rea beavai l abl e 1n DRD regi sterwhen the 110 bit
is cleared toe)nbodlrﬂemslm%gmayerpexfﬁhnsthlmupemlmrm wiitihg to peripheral
serialWitewite of the RDRAM reqi rspegified by SDA and i el

wite data i S{HBRPRRY (IREfRNNGRH (SéﬁsFQPFW'\ﬂF'PFe"%é’teﬁl orf£i %"31'VQX)RQ-{H'
devi ces on thechannel can be perfornmedby setting the 8Afield to 1.0 0 0 1

ORDRAM Set ResetxxThis |1 OP perforns the seiial setting of a reset bit in
anRDRAM devi ce specified by 11
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Name8ASDADet &7 ¥t SDA field. The setting of the reset bi tbeg'l’(f?gu%?glﬁé"rs?od ;

+ for theRDRAM device to reset andprepare to respond to allother defined

oper at i ons. ThexghsersRanst beQised,sor gehsialpu mémagt iocaitiohd esithe? Within or
1RDRAM Cl earxxThis |1 OP perforns the serial Resetclearing of the reset bit in

anRDRAM devi c¥WitapeldtheiMethiawdbe the eontral repistar. Redast, Sieeontrempaistertmay be

devi ce i nt oPoygr t : 1L 4 cyel t pass,.after t .
Si CRequest _Pabiet 98 18 orl ekt % e PR i B THEAY TRrdize8ha Bt
state. The C eedpditsedbf anerfing | SBENNMitsbgoi 3OPRd HRf AKIIRREEneedan éontrSIK
cycl eshave occurred after the Set Reset operation.0 0O 1°0 ORDRAM Set

Fast xxThe Setinfeisatoreck Moded ock Mbdeoperation prepares t heRDRAM devi ce

i i ve .dat RSLS|. | i R | ock K). 11
ORDRAMLXUpon recer S g A2 BB ALTE RS TP ncA 5 defedeghy Wnth tRe Brdper
" Tenper at ur eCaitj iz afion Eop&atienl ahbairectmedll mioPh&lid? are- pfodBMrBA3IN® the
oon67ss PCT/ US99I1 24752 Bits [18, 3:0] Operation NamaBASDAIget ai | sand

t henr equest paentee! egistenddZenper exampiantbdiaxesiyiobyofdBel initiadizatiore operadioor e
Cal i brate" SIORequest cket,.to al | RDRAVS. 1.0 0, 0 ORDRAM Cor eNENEUnon .
Cacei ving t hi SORA R (HIpYS 21 FoReYrHFa AACUHBINISY BYC NG 0l RGN SEeation
Figure a)l. Bpgadtiant (1IRoyaitduMeRxide nitiaiFatibal b;?@ra?ﬁldl iSRRBOMLRS e 8bhtrol
RDRAMdevi ces on thechannel.3. Broadcast Tenp Cal Enabl e and TenpCal . 4.

Br oadcast NAPragistey(iif. blhe §Q bBShay bBPRAMIdrafghst @mtiad raégister 112 $Cthe safiei t

20) of RICM regqi ster i etto 1 along with i.sCO nd), then_theMCH
enabl es RDRAM %&'?‘&H{'@&%&ﬁﬁéﬁ?%mayc%qt}%ﬂ%% p@ﬁY'jj‘éﬁEe M DLLRef r esh

l'ogic afterthis copgmhsletaRctiRS iniiializhti %ﬁpgﬁll\g SF%% [
sends an SIO pininitiali zgrr?iogn séradae'h%gg?g)p%lr l1 ysb‘%) ,'A R %%‘g@'%\ﬁgrﬁaﬁr@
00/ 36758 PC Tsuffis@h24d alerBior snfpr8)thad: BIDStha the initklireBASRAdTation $RERANMEte.

When t hi soperati on ocgcurs t | OOpin on. .t DRAM i sconfi gured as..i nput
Tne" 1010 Pl Bot BRerpltahe MEbau acadRrtAR.Arar i Bospndessernigk iation
set to 1.1 0 'BQP&MS f | YAl i : W
mt~ates a Pogg%ﬁwnem tﬁsléggél}er%fég% ?g@?%ﬂ%&&bﬁgﬁ@ng‘%{ﬁg Ie byglg%ﬁatr?(?
BA fields. Thegixizhtieh dopdratibnl coomplatas ahdnkivatee inDblockt 22Melf dhei initidbzaton

ID.1 0 0 1 7RDRA U i Vi t hi t hePower d Ent X
Power downEnt r P %ﬁgﬁin%g‘%f gbﬂ%@%ﬁ%éﬁ@éﬂéﬁé&%@%%'ﬁ%%%ﬁ ﬁé‘rla?s.

The SDAfield ﬁh@e&lizﬂtisﬁ%r&img%%@?ﬂ%@g, gr%te%taqss @ﬁ%%@la@%&ﬁe%ﬂiaﬁzéﬁ&

ORDRAM " Cur r ent xxUpon el ving thi "Current MCH sends
t hr ee Curr ent GakratioBanghe itihlizat@nesegOenpadkbloskd@dswed by one

CurrentCalibrate a Sanpl e, SCPpacket to the RDRAM devi cespeci fied by SDA
e 6 10 a5 Y R ER LA SneT RpoeHt SToEmm | ReteuF asaloah 2

2T RPR 2003 CoTBE B BEIRELE ge St §F rAFicHC AR o M Ybraght
Nanme BASDADet aidesite) ot fforfl Lo adtWott BACHENRilrcatiores witerface t1194d4s BEPS code (i.e.,

thecontrol reqgisterMCH | oads the MCH RACwW th data frontoptrol regisfer with
the dat aDRO r EGTPLERT (IBFITURRONSAD Garging: dne1 systerm 19 nimplament I\&E%Né@mﬁ&

recei ving thi L Ll t i : MQH, i

RAG ni ti al i Zaﬁégﬁ%ﬁ%ﬁ%&%@%@%ﬁg e‘bscﬁ@# Sofatid ety 185 in several
Tenper at ur eCawaysatThenBidStrhay Wehbridfamifedrwitereths sygletmissnanufactiired loe mayH
enabl est he periodic Current andTenperature Calibratjon ofthe MCH RAC even

if the 1Coit P8 lRr delivargdivia a cormpWrbreadalle madium topuehy theinpul Favires

| OP, theMCH sqgﬁs a Nap EntryPCP packet to the RDRAMlevice specified by SDA
andBA fi el ds. & SDA fi-el dshoul d contain the device ID, not the serial

device ID.1 1 0 0 JRR¥dsNaunersi thex HIO8 s ideliveRids thePinstfuetibis may be
initiates a Nap exitsequence forthe RORAMIevi ce speci fied by SDA andBA

fields. The soalivereddviso@ goomputer neadableemediump, With tare apprrarialgeintedace
D1 0 L OFORAM el aan Lithonal SGELYLRE SBha b SRSHE' 5REP 18 Fldrisller

7
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NanmeBASDADeY' S 1°¢6138al | RDRAM devi ces. Thebank address is spe&FTiUs8947Zpa
field.1 1 0 1 .1RDRAP~I 1xUpon receiving this 10P, thePrechargeMCH sends a

Pr echar gePCPrewadtté nigditife E@e@xém@@bwc@ﬁ?aiér SEBOM e §82 T a domitsuter
address isspecified by SDA field. Details of operations conducted by one
enbodi ment ofeadable medium ipaneoembegiment. & eaier vere 196 cagpingsbetapmputer

e A B P b St A0y 2 e

Next, as per whheckos PRay beem>aaHREE Bri RHEARLE NP AEH So4dshtbf h&tukfions

f
repeated sixteen tinmes for bank addresses zero to thirty-one. These nunbers
may be appr oprdtaias bedegodehby yhe inruy stewinent®0 ngingriendwmdr etheawise available

twenty-eight current calibration |evel.s and up ,to thirty-two banks. In
ot her yerrbgdi FRAYNIGatien fegnijigues, nﬁ@re'ﬁﬁerr%‘ﬁgltoiﬂf‘? cﬁ?é“ﬁ’fﬁér HeStGNSay fe

exanpl e, a | aef@dredvis BRidnSputBE FRIapl mddia@nt calibration levels are
available. Simlarly, differing nunbers of banks nmay be available in
di ff erent systensFigurebB dblstiélds additopal details ofi 8 rpemboy medtrioteehsbr(®@CHRL

t he powerdo xit 1§, complete and. that the refresh operation (REFA
comand) i ngP pebpba'lﬁe??gpﬂ%lﬁcirﬁg'ﬁ%%crka’ﬁfgt l’qcﬁt'BF%’cﬁ‘%%og'eléjnGéﬁgFo% and
operation COW{TEA\ ki e>g§.;é,l fold o b r RS tio

(REFA) in bloc s%génan 4%18%5Thr9eée ﬁgrgg ﬁgf- gggggteﬁgél&gommn s?%\?'e e@gﬁ{ed
in bl ock 435gendiddiwents swill fbeiapparentmto tthopasst bkillone tlee rat.r e Saveraichhtige
(REFP) command occurs. After another,. no operation conmand in block 445

anot her ref r OBRTHIOBSHRRIQY (NNRED)SRESHIFaFRMMandscdeinas Py Rardrs4othe G472-
7 APR 2003 ' jebor, ( d. |
executed in ﬁ%ﬁé@%%‘%#ﬁ%@?@ﬁﬁ%CPgll\I@gdrdatl?es@te (tjr %gé?%%@uoré%ﬁpgﬁ%rar? he
present |y i ndpesdtiethsdthatdee Ranmibwdi BAG dtselh ddrisko FADRAMS 49fen tppopriate
operation may be repeated twice. Then, as indicated in block 470, a sanple

(SAMR) commanire! eigpals: a¢ semdodhsfAC: Anrtrilgshaley. thie ercpodimantof ther

(s rmifani‘el el & cenidodamiieCo st
i ry-two. bARe AT RS MR ARG cofnallt ki Pro RN, Al Aelfware

Sequence W't andhe neborethodd brseqadrioes, oper ati ons, a system nmay be
initialized. For exanple, the system shown in Fi i npl enents a

] gure 5, which
Ranbus Direct RDRMMtRIgA%AEPlappdmbhodiment, dhe MEH 300 ingludes, 3t BAC 330aRsry
controll er 5QQ.: ~ed - tr o) .
orchestr at esggﬂé'?!’gﬁgﬁfég‘% fﬁgr? ' a(-:r‘th %v??ﬁl%s'%%ngﬁgrwﬁgo@# ?%I (irser alsse(;lal frame
initiates speCMD)¢c dr@A\bAirbbibrzdcderiad (D pihe (Sh@0Nehd Y icdlreadtagid agite
540 may be used to conmmuni cate with devices on the channel. For exanglré,so

cl ock (SDK), RIRAM centigiratienrsgisterg apwglk atta Bedrm efhe) IO The MC

S101 ) pins & . } f kgurakgl g I S
vel | a5t o paiades HRREiLS g, B0t YORH ORAYSFTA, TRU PR Rdsi 3B s 487
Cel | (RACQ) 53Qidresscofféet@0-91h dnvPClTcidfigaration spacecthye défaudtovaltieis 0000 (16
registers include a initialization registers 515, which are used to

initialize tRishpndthentagisten isa eadiwatelrmgistess Thedialdn of the DRD segiser atae

power down re t.] isters contain timng and other information
crucial to o%«g‘?%i'hgﬁtﬂgqﬁemry channel . In other words, the powerdown

restoration registers ar eTﬁBm'VAﬁ W‘ﬁ‘%n{ Bﬁheng% hgag@erj’ estored after

poweri ng down the nenory controlle order To restne accesses to the
menory channgt gy Tie TEYTSTETS MY . D€ PO pRdiptBRT at 1 O TEgi Sters.
. The menory cRan el _Jjncludes Rl MV nodules %Ug §65 and 570 that are
connected to|t15® MRelgist:d Diata (RDy:@its 50 camain thet1é bt dstadBRe writtknao a ®DRAM bus 17

register or the data read from a RDRAM register as a result of IOP execution. Data will

be valid when the IIO bit of RICM register transitions from 1 to 0
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may be term na y aresistive termnation 533, and a Direc §5(7:1 ock

* Generator (DRCG 580 may be provided at the far end of the channel fromthe

MCH 500 to provide clock signals over signal fines 582. Additionally, the
system i ncl udes an I nput/output control hub (ICH 505 which couples the MCH
to a secondary bus 506 and may contain a second serial interface circuit -
544 for interfacin j t S d [ 54f i righy c ct
(SPD) nmenory 572 (g-H#onM%l-iatl e rfag%)r?{ Csht?dcjef:S aé aﬁ%@@tr?‘% l%?@?a?aqg\%g?
and progr anmaenagadenn(BICM)NReyistdrd 122 dTHe RIOM Regiyertie at @ddregsooftdat 94-
serial interface 544 accoyding to a serial presence detect protocol. The
SPD nenory 5725 REboerisuration specenthedefadl valua is0GRMER4 bits), aedithe
or gani zati on) ey ge - ut rtd gul | g.:
More details c{? th‘% éPB ;5%%?@2@% Org\rééﬁgfscﬂg%g%l?% cﬁfhg-}é' %gﬁ@%b?%és%g%eﬂ“s
Det ect Appl i camiosdiBienttare ast foelH indBailé@. Di rect RanbusT'" Rl MMI™" Modul e
and the 64/ 72 Mt Direct RDRAMI"" data sheets available from Ranbus. In
one enbodi nent, the serial bus 546 is an 12C bus such as a system
managenment bus (SMBus). This enbodi nent includes clock (SMBCLK) and data
(SMBDATA) signal s that foltavethead eeisddimededf etk trspiMapagenent Bus
(SMBus) protocol as defined in the System Managenment Bus Specification,
Revision 1.0, available fromthe Smart Battery |Inplementer's Forum on the
Internet at http-//wwy shs-forumorg The |CH has general purpose outputs
(GPCs) which #B# uspBeswsiptiet rol vari ous system functions such as setting
t he frequency fef=—thpbDRCE=E80 i E i teH il B < Yfn5- 8 5 G- GGl Gt G
Bl OS may be cquiifed| inYiate,itiafization LRerajive (WPl Whea gl the exeoytignabing
backed- up random acfisializakdmpyrati@Ospeting fyahd 1eIPyicliB K e -stHntsNEIHEP e eRELtiGHRY

store powerdoywn restoration.cqnfiqurati val yes 592 for the ower doy
registers 510]so thecwt?d?&haewéggﬁﬁ@t"éeg@e@@Pﬁf?WaW@ﬁQ%ﬁ@fr@ﬁ#@ﬁ%w
perform ng thg full] fhisititisd beforeivoting®dulate ford eperatiaad whieh epecity 4 Bgister\iata
00126788 - 7 APR 2003, (ThSHRAG A VR hihe OIS dole} b 6210 R sRIRETS
may be summarijzed ap FolTows. After power up reset, the configuration
information frlom SefPal Presence Detection(SPD) data on the RIMVs in a
channel is redThs O] REESBAVED) Trese bt 278 AollBYd foF horma i RERIoY opdrationsl OF €5
configurationfinforhmtion for the RDRAMS 573 574 576 and 577 on the RIIM
570. The menmordy %Pont idfalizationramretetG) FHHOP sgip disbrto  pEeyntriralRfraltheRPRAMh¢
appropriate vgl ues [ memblyrapRlRohipfety, mation) and then the RDRAM device | Dy
are progr amed—syechtt-hat—each j iguelyv—identified-—anc
accessed by the WenpPiPadstAge k7 ) 18]
can be used. Fach RDGiblicdemsd aleddiices e cradandliVihercBA ©Betnd!MaRe SDA hiad (belo@) s ¢d
to uni quely s¢l ect A euv‘igace on the channel, the Serial Device ID, and the
G oup Device I[D._These PO | Ds_are used for distinct operations on the
RDRAM channel .| The psbeviet Registec Addiess (DRAYEThid fieldssteeitds thexagices aduness farlte }
menory controlller i§ I LALL al i i.on operations on the SCK, SIO a
CVD signal s ofl_the R %ﬂtﬁgﬁha;%{%%éﬁ&rdg'uo device 1D is used by the nmeno
control | er to |sdk4ct Serial Pevice/Ohvhnmel Address (STRPNT pia Skods tieItzasniéciIDEZﬁLttIJB«/NIlqe)'eiljsketsé
on R 7: 0] signals pf, t ' ' h
e sB@?ﬁM@U?@ Bfthe RERAN 35{])% é?ﬁbgkm%éfssﬁﬁnaéﬁbgﬁﬁm

group device I{D arejprogramed after reseft an ore devic y

i ndi vidual |y dddresfed Bgoistern Writgl RDBAM Sst Reset RORAWSCleardpsst and RORGWBLERIVN
packets, respdctively. ERekuBSe RSP ddaendnBé ti al i zation process of the Ranbus
channel in norfde detgil, a particul ar sequence nmay be followed to achieve

correct operatlion of * hte ®AR oy Pewerdeyn Eny, Raveardnuin Exit Napr&otng, NapiBxit 1 at ds

a flow diagram for propeuréd&amhteiahd tirvdnt ZabidaisamprReOR ebmMbiERNt , and

Tabl e 4 enunerjates $one of the variables used in this initialization flow
19. + the bank address for Refresh and Precharge IOP commands

14
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=7 APR 2003

PCT/ US99~24 Y420¢2678e W dt hDescri pti on(bi ts) Rl MWax2Maxi mum nRfEEYSBR4RE MVs

present.0 No Rl MVk

present1-3 1-3 RIMMs) present R MMCount 2Count er used

during initidlgZati
devices in a|parti¢

RINNIanberth5NBX|nun1nunber_of‘deV|ces present

a channel 0- 31 1+g32
used during dgrou

been assi gneqg d}@ur
devi ces on achannl
0- 31G oupDevifcel

Hbmmmaﬂortoa‘
to group devilce ID

.Iﬁnmv_ e

ol S e 2L L0 A

0-31 Maps to serial

ular R | |
Dpdde mwyerm.ts flRelY s ;
ndlcate # of deV|ces that have

Device I D index used to sel ed
device ID

PRsdribtionl €CL_a R VM RIVIVDEVI TECOUMT SNumer—of— RDRANV
lon

Device | nd &X used during group device
S| giﬁ géﬁ)o V?%%# 5:dt he next RDRAM devi ce. 0- 31

GlQﬂRDNWDeV|cBQBﬁMW&Nb&BﬁB@ilndlcatlng RDRAM t echnol o

definition. Bitdefi
tabl e of DRAN
enumner at i onag
order. MchTrdl
| evel i zation
MCH RDT 20

regi ster. Devi
during channg
In bl ock 602,
and prepares
of the systemis vg
configuration. If g
may proceed W th bl
is posted to |the ug
cl ock generatfor is
by software querying
not her board and det
operate. The 4

pr oceq
WO 0
ceTest
| | evg

Syst ¢
for if

pur pose out put (i. ; as sh 3 fromthe ICH 505. In one
enbodi ment) tjhe Bl @S wel st at | e&ORARRowWeedowadEMtry hi s step and t he MCH RAQ
initializatign. Aslipdicated in u MCH ' initialize
The channel gl ock frg%ﬂ ﬁé?DRCG g?@%ﬁg@égmukﬂﬁﬁe p#F€§Q%§+%EﬁPﬁAC

initializatidgn. The MOH RAC i ni t Manpa Guirem Galbratiee sh¥CHEWEd by executing t

MCH RAC

mtech
sign
y3Te

N4 bl @1 Rt Chesg SARLEG} wWhig" - DRAMConf i gl ndex3l ndex i nt
ol ogl es supported byMCH Used during group device ID

rOAp0 MR t o RIS Fesat t echnol ogydescendi ng
QF @ry 1S or aggpmAm kst gedg Meh Trdly duri ngchanne

jure. Bit definitionmatches the MCH s tRDLY field in t
128788 0 7 APRPEANPebLAT Gisth Moder 50
Addr e9s8232- bResdoldd address used to test a RDRANIdevi

el | zalbgn, Tenpl orary_index_u orit
en(} ﬁ et occur Egﬁ?ﬁ@%%ﬁra?%gg?‘?raé? Fnabfe angt"%ﬁ"n'% [Hies
i tialization. Chibrddé ock 604, nenory nodul e conflgurati
erified. The BIOS reads SPD data to determ ne the. menor
nly RIMVs are present, the RDRAMinitialization seque
db@ 5081 g Ghil xed heﬁhﬁwvﬁédules are present, an error
er and the systemis halted as indicated in 606. The

started in block 608. This operation may be acconplis

! ©n@ O%BD dat 5%‘1‘“""&%?{[’"91’%%5&& e present on the
ermicnomg a chaomaM giogwgency at which all R MV nay

S?OgEXQPe Set@@ﬁAPngﬁfg%B frequency by a general

10110 Load MCH RAC control register with data from DRD register
10111 lmmMeMCHRAC

11000 RDRAM Nap Entry

11001 RDRAM Nap Exit

11010 RDRAM Refresh

11011 RDRAM Precharge

All other combinations are reserved.

1.

e

m

he

More details on the operations specified by IOP field is shown in Table 3 below.
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inittialization 10P. The RAC initialization | OP perfornms basic -7 APR 2003
initializati¥? %8678 .... prepare the internal RAC of thePref5PY24752

" controller for normal operation. - . ., _ I'n one enbodi nent)

t he Bl OS provides aAl'sonqusttmedfmSFrlgui@rS ﬁéleanl irﬁlrehiz'atlon control circuit. 320 which-

. . to clear after t he MCH RAClnltlallzatlon |OP._If the 110 bit is_not
cl ear ed by t hdnclu deeramMRRABKIOP greeytian siewit 325¢pMatailhef dheovariousd/@Re
channel is un t I

P?ECF bytthé &ﬂpdl dir%gﬁ erg%@(ra@é’ wpq'sa%geg?]jgl ZI% 'learplé %ettﬁ/g_{

clears the |1

MCH RAC i ni ti adrbaatastradd%’ss (FEBIA)SfI@lHI(BM&Q lahfdltﬁe%'[DAtfllelﬂ?(tﬁ@B ) are listed either-
~- y) . theI\/CI—|cocksto stabilize and | ock. Also

in sonme enbodlaﬁefhfﬂ%Ofﬁ\Q)@Owrﬂg he . ..r.-- ., RAC may need

o be ol ear oo befongest e RS AL SRR GE bl BB MRty -

acconpl i shed by exeputi Mohit i idMsHo RAGS&aBt0 R)r tife GhifikRfatiepashek@Rok DRD =
00000h}. It nay also be 'EOSSI ble to performthe RACinitialization at a

later point in the 1:nitiBhisdigid stodmysetriod fon this imitizinsdisnraparstions

i ndi cated in block 612, r, of con tionre | Stens Xt be
initialized. In ong® enbo.gh Prém?[? SPHH'JFYWH@Q%’%‘Eg 3% gPRY ﬂ:]a%p?ﬁ
(PGPOL RIT) field (MCH Gaghyik2idWopé&tisat to 001 b to ensure no pages are
cl osed during channel |evelization (discussed below. The PGPOL RIT field
sets the nunber of host bus clocks that the menory controller will remain

inthe idle state before all open pages are closed, and a value of zero
indicates that there will be an infinite |latency before the nenory

controller starts cl osing pages 0, enbodi nent s, -
operating pools may be used to gT@a mpﬁ%‘@& @%tgﬁ?éfi ned RDRAM st at es.
In order to redug,eslqgej@U nP GHR¥RToh ,([anﬁ, evgggs ey DE Opdtmied 1 NLO
two operating pools called {'Pool A" and "|Pool Bl." In one enbodi nent, up tgd

ei ght devices| a9 be Dn Pool RPAAM Ragistere. IrDth s enbodThiei®P, padprrmmhéwnal
out of eight |[devices in Poo may be in |Active| Readl ;etc\g ﬁ@ﬂ\%%gﬁt&tes
ead/

at atinme, a the devices fin Pool A arelin either Actjve
Active, or S%:ndby states. {The nmaxi num nynber of devic

eF'ﬁeqﬂe)bﬁsDAoeﬁdsDRA
programabl e fand is specifijed by a PAC fijeld of{the R sPPVEdatRAGGR e Nt
regi ster (RPMR) register ( 053h). All |devices that jare not. in Pool A arle
menbers of Pdol B. Al devikes in Pool Blare ei}lher in| ¥4 905ReHreNap
state. The stjate of the devjces in Pool B is specified hwerahPIBSbftlseledreﬁftoJ
DRAM control }(DRAMC) registler (MCH 051h).{ In ong enbod nt, the RPMR
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644.1.2. MchTrdly = 0 644.1.3. Program MCH RDT: TRDLY field = MchTrdly.
644.1.4. Conpute tDet83 dfi dpeadtiors sohduttedtbyt bee RDRAM devit of thenmtialization

| evel i zation. 644.1. S10. Regi ster Read .| OP. I al l nt,
DRA = 40h control cwcu% 320 in response to receiving the RDF’(A!\% Core |n|t|a||zatlon E’

s

(10000b) are shown in Figure 4. In block 400, a broadcast powerdown exit
command is issued on the bus. Next, as per block 405, the sequence
indicated by blocks 410 to 470 is repeated sixteen times for bank addresses
zero to thirty-one. These numbers may be appropriate for a memory
subsystem having one hundred and twenty-eight current calibration levels and
up to thirty-two banks. In other embodiments, a different number of repetitions
may be used if, for example, a larger or smaller number of current calibration
levels are available. Similarly, differing numbers of banks may be available in
different systems.

In block 410, no operation is performed to ensure that the powerdown
exit is complete and 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.
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644.1.4.2.Th

Devi ceTest Address with TestPattem 644.1.6

e DRD &I\/CH 090h [15:0]) now contains the RDRAM s Device 4[6@3
WO 001 26788% 0 %2ABR 2003 PCT/ US991 24752 s 644. 1. 4. 3. Devi ceTeBE NYGPHL MvoH
GBA[ (DRD SHR 2) 1 ] SHL 23 + ((DRD AND 011 b) ' device size in bytes (from

GAR[ DRD SHR 2]) 64.chalibrateo (CMORRoMinaBdORE haki Wkecotardh esleck 455. This

read operation to

. . . Do QWORD read ¢ .
addr ess Devi 6eTuBaNg gabbtexMrives) IOk cueat fardbe presenrtlyPadicated device. As

e T

, . 644.1. 8. hsMitildded in BRCR 4BRdaf é@rﬁipl@l(“SRgﬁTE’&h%éﬂcﬁliéi executed. The

644.1.8.2.if MchTrdly = 4 then break to step

2 644.1.9. Decrenent

Seri al | DCountsagyie rotomapt undates tmedwht cusierd fondie goesantlytisgicaterd degice.

64. 4. 2. Phas
Seri al | DCoun
RDRAM devi ce

SDCA =

i el B ifor S Tor Bt Sk et Bl B s,

i§ fdpdA¥@-i zation. --_ 644.2.2.1. 510 Register Read | OP. DEVI
~ i, t:~" ., SeriallDCount, DRA=40h

Initialization Sequence

With the above initialization operations, a system may be initialized. For
example, the system shown in Figure 5, which implements a Rambus Direct
RDRAM channel, may be initialized. In this system, a memory controller 500
(also referred to as a memory control hub or MCH) orchestrates initialization
activities. The memory controller also initiates specific ROW/COLUMN packets
on the channel. A serial interface 540 may be used to communicate with
devices on the channel. For example, clock (SCK), serial frame (CMD), and bi-
directional serial IO (SIO0 and SIO1) pins may be used to read and write
RDRAM configuration registers as well as to perform other IOPs.

The memory controlier includes a Rambus ASIC Cell (RAC) 530, a
control circuit 520, and a variety of registers. The registers include a
initialization registers 515, which are used to initialize the system memory, and
powerdown restoration registers 510. The powerdown restoration registers
contain timir_\g and other information crucial to operating the memory channel.
In other words, the powerdown restoration registers are simply registers that
need to be restored after powering down the memory controller 500 in order to
resume ‘acce.sses to the memory channel. The registers may be PCI
configurat'ion, registers. 2 s

The memory channel includes RIMM modules 560, 565, and 570 that

are connected to the MCH 500 by a control and data bus 532 and a serial bus
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- - - L. N A 644.2.2.2. The DRD (MCH 090h [ 15:0]) now cont ai ns EZ\eAP.Rqu

-- 1o, IWOPRETEE ~ jj ~ ~w RDRAM's Device 1D, .- ~ PCT/US9924752. .
.o- . o~~~ e~~~ T~~1=; 64,4.2.2.3. Devi ceTest Address = NCH GBA[ (DRD SHR
2) - .. _ ~ 542 " The control and data bifs SSé Eﬁ\ay ba ~tetminateld %§ | (’é&BQeAND
011 b) “device size in, ~~ ~ . S i —== ~ —

(f rom GAR[ DRz r8hiratRn) 533 andm Difeet Rambu&&ock @enerator (DR’CG) 580. may be

"XV~ ~= G6442. W t t t
address - r prowded @t thegfar erLd.o t?e chanyel irom the H 50@I toep(r) ve;ég. cllg(}.:nk 0
Devi geTestAdg{rgtm R i AV A TJJ:T;
- OM il ~Yl," "' f (G\tidiﬁto\‘rally, the-system :ncludes ,an Input/Out;Sut contfd hub3mCH) .505. -

YU~y ~~STW o, ~
f,n 35/ _ _ which colples ‘the MCH%%@C@%M 506, a@on@mﬁa&a Muon

ea"d o PRMEOTIT AR RaR oo AT R 0P Ve R il
RDRAMs < Maxprdddnte( Hémﬁtsﬂl‘)DﬁlPﬁe&loﬁy Is2ngaenentvoldige RoBMdEry TELER as an

regi sters (TDAC & TRDLY) according to the TCDLY support table.
644. 2. 6. 2. Br etgetticallyt egsahle. ang magrammabigafread oo RORINPBE\ioE €ach medule

G e o0 o482 B BES TR 0L 14 B0l B8Rt o L SRR,

gagﬁggelrj IOOf PEYYBESIOWT He BIVBI thefRSWr 872 by abrovald ifoMahties dutht e Haidgery
information, device organization, and device technology about each particular
memory module. More details of the SPD protocol are discussed in the “Serial
Presence Detect Application Brief" as well as the Direct Rambus™ RIMM™
Module and the 64/72 Mbit Direct RDRAM™ data sheets available from
Rambus.

In one embodiment, the serial bus 546 is an 12C bus such as a system
management bus (SMBus). This embodiment includes clock (SMBCLK) and
data (SMBDATA) signals that follow the industry defined System Management
Bus (SMBus) protocol as defined in the System Management Bus
Specification, Revision 1.0, available from the Smart Battery implementer's
Forum on the Intemet at http://www.sbs-forum.org.

The ICH has general purpose outputs (GPOs) which are used to control
various system functions such as setting the frequency of the DRCG 580. A
non-volatile memory 585 containing the BIOS may be coupled to the
secondary bus 506, as well as a battery backed-up random access memory
590. The battery backed-up memory 590 may store powerdown restoration
configuration values 592 for the MCH powerdown registers 510 so the MCH
can resume accessing the RDRAM channel without performing the full

initialization sequence detailed below.
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merrory 590 of ure 5 as indicated in block 646. Notably, this ogeratl on R 2003

may be perfo\"’ﬁé’&’gé'tssany other stage after the appropriate val Be5¥UA%Pd™Heen
determ ned by the initialization routine. The values are saved to preserve

the initializationgqdtg! o 'wﬂﬁal%h@h%r@@és@)‘né)hée'%ﬁhﬁ'rn'zéétalsofbl@mceﬁﬁe? 0
this point. Wen a |ow power state (e.g., suspend-to-RAM is entered by the

system power Powerhep masetnitye benfigwatied. mfbmatuonffrqmeSemaltfPraalsenae|Qﬂtectlon

information i reser e.entire initialization proces have
bo. repeat od.  SoRARRED TRTMME SEABRRNRFSRAE: SaneseaHibns SErags cavice,
menory may ad\@ﬁ)%ﬁ@ﬁh@ $7§P§%¢e§‘@5ﬁﬁ§tﬂa§:6ﬁ%f§%ﬁh@n|f8N‘&rQDWRW§tS373 B,
difficulty of storing such information is increased by the fact that the’

menory subsystS&i, wndl 5Hoon ke RINM 530al Thenmemaeryesmtrodieuesniiguratiens registers
Any non-vol atil e nenor vvh'c n be witfen to tq store the
appr opri ate | ATEIRDD PR RetrritP s dabes Eomanes S b atean St b y
I's present in tH@HXh&WHMK devREams éf'éd BhYEE sTBY 1h& éaého YA BNdevice

choi ce. In one enbodinent, the regqi sters @ iow are stored In e menory
590. MCH G ouwanAbe hmlqnelynée(n@m%) andgmcxiessed (lﬁ),llmeﬂfﬂx?m)\oryTbesmltwgl Sneesa
i ndi cate device configuratiqn for, each such as the nunber of banks
and the DRAM tq@dfrﬁ?omgge?gl"flé?“m@z” can 54\ 2003 WD 00| 26788

PCT/ US99I1 14752 w khes
the timng paraneter or aI gvﬁggg?g. ﬁk? @a}g&anne?1 nJ%rerg%\/IS%%ntg&q 18
(DRAMO) r egi stigiiq€l lseligct aldesiceawi gieechammd!pties Sehiel B@@IceBl[nzmchthe)Group

Select (PBS) bhit, a ry transfer hub presence bit

speci fies an d%%‘f'ﬁ‘?l' ﬂgﬁ"}‘?ﬁﬁet"%ﬁ '@ﬁearﬁ“/d‘%?ecg?ﬂ ﬁt'ﬂﬁ’ePPGFaé'oﬂéc%éh@ RYRAM
Enabl e bit whi % s
aperture range&taér?@ fr?r?i astalﬁ%ﬁ%év%?e ar'%lg%é?g{% Fé‘%gg]dgo F\eﬁ’qgolr:ﬁgy
(PGPAL) Regi staontfdliB2hy: sé’ridusrsgrnaglaﬂamnrorsmrémm mglthg POK, cSICt andbGMB

i ncl ude a DRAM_ Refresh Rate é\ % and a_ RMC idle Timer (RIT). The DRR field
adj usts the DRIgNalefatdba HIERAM shanRel. RThe drenp d@é{tf@rmﬁeys%@vﬁuﬁb@ﬁmw

Q?ZE engfglrgcngﬁnlgﬁotbgggletgpg%%Ugé%l\(&)%rgr{@g %}’9&\/ 6%@%95 éh’ll S regl ster

i ncl udes a Devparﬁ(ebﬁbddﬂ\ﬂ[ﬁomlgné@\ﬂbthbl RDG{AMmhéthVeBBﬂvmmsenml dRavite 4D
(ADPA) field, a Device Napdown Enable (DNE) field, and a Poo Pamty

(PAC) field. TR theroroun aeg'ssdﬁa@spfqgéawmﬂ%aﬂef regsdtand Be etﬂ\% GRSTORY
|1 i1.dl
Cohed out 1o MhornBRididly, 1BduRARd" SHEM InfidiREHoA Y bEErABNEIClIcR and

devi ces in PooROWCQLUMMN phekéts, rsbevtiveRpad/ Wite or Active state at a
tinme. The devices in Pool A that are not in Active Readl Wite or a\cilve

state are in standbyoaking at thees inbigtizatien (RiReass & the MRMbIHLBaANRSlIn: MARel
t t
val e excoeds gl Abdfitiar S8 m%%ybﬁll\fﬁ?&&%eﬁwaeéys  gReR SpérafgHBre!

devi ce from Pape ADRAMUdAdced onPdel clilannelheFigure 6-illustrates_a flow dld’t_’ﬁéhf forl d

defl nes the maxi num nunber of RDRAM devices that can reside .. <<, ~":
~ . . .proper channeljipitipization inrone empedinment, apd Table 4aqmim@fmfa$?m8f

Pool A bel ong 5hEQAriaBles used in this initilization fiow,” 2
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GroupDevncelDCount

5

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

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

Ior song
he

1€

Ay

174

ed
)

RIMMDeviceConfigNo

Byte indicating RDRAM technology definition. Bit

definition matches GAR register.

DRAMConfigindex

Index into table of DRAM technologies supported by
MCH. Used during group device ID enumeration
assign group IDs to RDRAMs in a technology

descending order.

MchTrdly

Temporary storage of maximum Mch Trdly during
channel levelization procedure, Bit definition
matches the MCH's tRDLY field in the MCH RDT
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MCH GBA registers (060-6Fh) MCH Configuration Registers MCHCFG ( OBE- B'F']nf\PR 1003
. 7 APR 2003 P&PNSQ91884752 After restoring values to these regi BEWPSI 2R MCH
can once again access itens stored in menory when the STR state was

entered, incfUdinMg SUCH TTENE ap NE Pl RRRes0l CONMTEXT T Saved —Tte TEMNpry
devi ces perfbrmself-refresh infthe STR State so other data is not |ost.
Next, the clpgk,.QeBaradeds 1 S St assed aPSé Bigtﬁ@ﬁé’djeésrhspd QQ&A%AMT&Q,CQI’OJGI’
Ranbus channgl frequency is read fromt MCH MCHCFG regi ster (MCH OB [ 11
]) which was|restored in block {030). N"{'\é’ﬂcf'%e'd?vﬁﬁq@"?’e al | oved to
stabilize, t re—MEH-RAC— st I.F‘ZE'U Hre-catet—rPBtock—31656—Fhts Ry
be acconpl i sh@?i“%weéxecutl ng thJ MCH R E'T‘F?ﬂ'?'}’ QF’?’&‘&FFSH"WQ@O"WHW tionally,

t he DRD regi ster—maybetoaded—w-th—08606h—and—tHhe—MHRAC—control—regtrster

| oad | OP executed to initialize a bus in the RAC (as discussed with respect
to block 610). Nex urrent calibration is perfaqrnmed I ndi cat ed, i n bl ock
1060. This nay be ifﬁ @B‘F’fr&pzassbqtg%ég%ﬂ RFEHSr eshi&tM &z* BE8ele Bﬁz'tsdrﬁiate
boure S Erldard Brasaee KACERMEANDN. DliACki2OkohOMRRIoly MBabfe
bit in the R reg| ste , allow ng nornmal operations

i mredi ately commgwetnon@emmeystem is verified. cTU*rerBl@Seeédi)S@rD datdm:sdetermine
conpl eted. Thus) the resune from STR sgﬂuence may be substanti al I¥ faster
ftia

than the enume MEMen Gordigrmtiofe dfi onyeRINMsiare PrapeM. treREAM nitializatios;
powered up si EE&u%r{i?é]Hfay zarsxséa %ﬂﬂh‘tﬂ k%ﬁ’@ fwm@d‘ﬂ\emdprg%@eaég%P?ﬁ?ése?ﬂ,d a

nunber of oth [ tron op era I ONS may be av

concl usi on, aaneirturds @ndtemotmhetusertand thélstysﬁelm & ngterl &% INtfiyatdein 666, . r:.
', . 35 ~ WO 001 26788 - 7 APR Z003 .
PCT/ US991 24752 andTaenelﬁﬁkygmam isj sfafed dnokleak AR el mer%ﬁrah@ww &ey

enbodi rrents h Hb 5

is to be ' é?%’?gﬁ%‘%ﬁﬁv gﬂaenbd%%%ts are éﬂé?;@f‘%é&g [IV '“8 uland
not restri ct I pﬁesymtdmetHer pRthérbvard had detenthihingt a chaBnénlveqiénay ammu‘@h all
limted to the specific constructions and arrangenents shown and descri bed,

si nce vari ous FoMiMs maydeperata-i Bhe DG CoeRQmayobe setto hedpioper frpayrRNeY EM 3 n
the art upon SEUEW BAHMS oipht (1% UEPOREs shown in Figure 5) from the ICH 505. 1|

one embodiment, the BIOS waits at least 8ms between this step and the MCH
RAC initralization.

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
|mt|ahzat|on IOP The RAC mmallzatnon IOP performs basic |nmahzat|on to
prepare the mtemal RAC of the memory controller for normal operatlon N

ln one embodxment the BIOS provides a time out of 5ms for the IIO bit
to clear after the MCH RAC mmahzatnon 10P. If the 11O bit is not cleared by the -
MCH after 5ms the BIOS should report the error, and the channel is unusable -
An addmonal 5ms delay may be added after the MCH clears the 1O bit due to _'

. completlon of, the MCH RAC initialization 10P. This allows su_fflclent‘ time for‘ )

~ v’,ﬂ -

the MCH cloclgs to stablllze and lock. Also in some embodiments, a bus in the\ o

-n—-'-‘

RAC may need o be cleared before other operations commence. This may be. .
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-7 APR 1003
- .7 APR 2003, t 1s claimed is: A nethod conprising: initialjzi nory
controll er;%q\i\fy’h??fé#si zing a plurality of nmenory controller coﬁ#&%gﬁ?%ﬁ
regi sters; assigning serial identification nunbers to a plurality of nenory

devi ces whi clacavemplishpti &y éxeduiegnBeaViZHRANG driiol FRgfdtenLBad 4OV (BRD =
i dentification nunbers to groups of the plurality of nmenory devices based
at least in Obh Ay algevhe dassiie 1 peripsay é}ﬂ Rd G injldlizgtionoatea tlater -

Bh
identificatiaqn. 1.0 r i [ a | argest supported size;
and assigni n?&éﬂgﬂgﬁ%iﬁ{{'&f%@%g%‘@%’%ﬁéﬁgﬁée‘%bi%‘”}eéﬂ% ning menory devices
having snal | er si zesindid288 #MBIdE 6 £YiSh@hbel Bf RATH RhfighRtiBhUuealstérs Mby
menory devices to equalize a sumof a device response tine and a

propagati on d@xayer indinlizeeh lreepeyembotioeento the@aging policyo regisier MMCoidiel |
of the pluralit dgvi,ces, enabl i.n he plurality of nenor

Gevi ces 5 “Himer B GRT RO R ARG EA i Sek 7 B 1BHE siyB S Bages
controller fﬁrbk@bs@@rﬂurin@eéhémt|fteb@||@ka?tibﬁ @Ms‘ée@%ﬁléﬂb.' eTh&RGROIEFRT Y

interface circuit. 3. The nmethod of claim1, further conprising, before
assi gni ng serfiedd setseliing number ohhnahbes stocke thatt thegnamesy cahtrotierewfliaemain.

The et hod Of Shelh kISt SPIBLLSHA esiin Mstien Lg plutallik o
e o " RER) e ZSAIBE,  R Ahblobd A ¥l BN o
cl ai m 4 wher @ageasesti ng whet her the plurality of nenory devices are the
first type of nem/{gdiﬂgxg'f?s?ncgormgi gr%%:odiments, 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 devices 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, the RPMR register is set to 00h,
selecting a pool A of 1 device only, and 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,
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testing whether the plurality of nenory devices are Ranbus RDRAMS; and - 37

- 7 APR 20080dP2&M88i ng any of the plurality of nmenory devi ceBCHPUR4ERe |
different types of nenory devices. 6. The nmethod of claim1l wherein '

assi gni ng deyi *F@stvd gjétéF?ﬁéypﬂ BYBS wirfttdnfo Rl &126rY Ha.],éf%mwhéieqmes

further conprises: ng a va ue 1 ndicating a core technology size froma
sel ect ed rremgetmnjspepmedpmama@g 37031‘ thachirdetv RORAM 64/F2skibitcbetd Bbest y

nodul e: assigning, a d vic i d ificati r s a funcfion of a
group count et® ’éﬁ?g‘ %&3 é?g’ﬁbert é't%ggg’ i@%&?l OW%l-zébhahﬁl% =
|ncrenent|ngobggh roup counter 7. The nethod of claimé6 further

conpri si ng: ng a group attribute register for each device in the

sel ected nmenory nodule. 8. The method of claim 1l wherein assigning serial

i dentification nunbers to the plurality of nmenory devices further

conprises: assigning sequential Sarcl Deiviped DsAssighmiedent i fi cati on nunbers to
the plurality of nenory devices according to a serial sequence of the

plurality of nenDry devices along a serial bus. 9. The met hod of claim1l
wher ei n aSS|gn|ng

ent,ification nu ersf er ..Conpri ses;
di sabling a seri at E}"i‘iﬁ‘ f'nab‘?%gbheﬁﬁwl Y)F%é &caﬂoa@g&qsaﬁDs ) may
identificati g Aesidresd pasel In peaermxwwgafﬁwé(ﬂe%magywt|deéf?f1esTB§cHTabwa€ SH
claiml1 wherein initializing the menory controller Conprises initializing a
Ranbus Appl i ¢t i d‘mr‘a@cid iatlowntiritjaizationCopetationsA8) G)e GargeteRAQ) .individual

ol urali ty of ey TonPar BPeB P fieanonDF NSt steBdiodng miARa NG

o The! oo SRR 19 B SISOk ) BRGNS
of the pl uraldeviceolD iretEhyindally REFRAMs 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
SI0 packet to the next RDRAM device. Since all devices have the same serial
device |ID after reset, an individual device may not be accessed p}ior 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 705, the SIO repeaters of all
devices on the channel are disabled (Broadcast SIO Register Write IOP. INIT,

DRA = 21h, DRD = 001Fh). This operation causes all serial device |IDs to be
set to 01fh. The SIO repeater bit is set to zero, so only the first device on the
SI0 channel can be accessed. "~ e B L

Startmg with block 710, the process loops through all devuces on the
channel and assigns a unique ID to each. The serial ID of the current devuce IS:—I .
set to SeriallDCount and the SIO repeater bit is enabled (SIO Register \_Nnte C
IOP: INIT, SDCA = 1Fh, DRA = 21h, DRD = 0080h + SeriallDCount). Next

whether the devnce is actually present and functioning in the system is tested . e

+
Y LR N .
»
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based at least in part on nenory device sizes; -3 8 - 7 APR Z003 =T APR 2003
progranuni ng¥P&Yr&B&rs m each of the plurali~ of nenory devi cBRSTAUSISHIRE i ze
a sum of a device response tine and a propagati on delay from each nmenory

device to theameme@qntm@éd #45F aheoabrRM tRET Péélé\t%'rrrgét Keoa(d?‘f 1R INreY e

and enabling the plurality of menory devices. conpri si ng:
initializing aamenmsalpecwhiohoWaer just miritieml isz prapexlypreadiliack odt (BIEbMRegister -

controller co ers; | | i dentification nunbers
to a pluralit G%L‘@ndﬁcrdﬁebk @ﬁﬁa??‘@ ggﬁéi 3(%?) t he nenory
controller; assigningndeHat$ higeNdd ! 1%% |1@Bt AU TRe o di0 ﬁ%@“péeﬁéuﬁ)%m is
plurality of menory devi ces based at ast In part on ne devi ce si zes

by: determ ni ng:relment&d $hlpek 7260y and itoa seoallB&dundfis a:hpblaedilto tspeoWwhatharray

nodul es; selecting a sel ected nmenory nod based on its device size;
assi gni ng devf‘??é" YEhEHY @épfigﬁv'ﬁﬁﬁ‘é‘éﬁs- F‘B*YaEWQ have Been @f"@lﬁ‘dDéf(%W@ on

the sel ected mﬁelrg}'neém@%&nt%gﬂ :ﬁ&?ﬁf'&lé‘gaﬁ&’l n@%l 119, el 1o§e‘?)d€e\clﬁseigj

nodul e and assi gn evi ce entiftrcation nunbers until I ces ave
devi ce identi fn bisckq®5nunbers; and programming registers in each of the
plurality of rrermr¥ deV| ces to ual i 2e. a sum of a device response tinme and
a propagation del a %%D?W%l e maxXmeEmMyBRENipSBEh Ak, & if e
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control | er coafvayiabi traokingghettetas nbytiber 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 SI1O repeater of the RDRAM with the highest serial ID
is disabled as shown by block 740. 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

detemine if the final device count is correct.
Group Device |D Assignment

Retuming to Figure 6, after the unique serial IDs have been assigned
and the SIO output of the last device disabled, group IDs are 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.
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ini'tializing a group boundary address register; initializing a group -7 APR 2003
_architectur eVPdg2E®B&r; initializing a RORAM timi ng register; PATAS#H# g a
RDRAM control register; initializing a RDRAM power rranagenent regi ster; and

initializing a RDRA\NH!t%h"aH?'théaﬂdvﬂihafiﬂﬂtm@hrerse@AStan iIRSEhEY &Sb éﬁ{ﬂo%'iment
I dentification nunbers to a plurality of frenory devices which are coupled

to the nmenoryotthe poddass; of eaumeratingARR WD AR viees I niimdjcatedi ineblock 630. As -
identification punb th I f d

e Tenst Cin pldCRRS 1B bRRCAUS o °Eioes FA i “ivihe? iy Vanptlerate: Fytalese.
menory devi Ce%’an%fﬂesA et kediaQBYunti N9: mbhbélewgder@cauﬁﬁmy AAIMc !

initializing a plurality of nemory controller configuration registers,
assi gni ng ser RMAMMe(fJoum,l and nHHﬂM@evﬂ@@orﬂichal atey initialiwarty desd. ced

whi ch are cou e no ontraller; aSSI evice identifijcation
numbers to grg)uﬁfg"'épn @&u\‘@{%@? I3 fniiRAs,t °d€v q%‘igéﬁp%ﬁh? QPS'G ROK®ar t
on menory devj p?@.@ H urality of rrem)ry devi ces by:
resetting the p ura ty "of §/%®\%es broadcasting a power down exit

initialization opeAstindicated dadbleski 8Q5,adatat isf asdd dtame kheo8PD mémetyl phta on
operation; and initializi nc};,&l cor§ of eacts of the plurality of

devi ces. 15. Mpdurd{meduia identifying ithe ngS"?HS"'&'EfP'@gY)fOféaéh
of the plural lias . RS INEHRYAERS R TR RRS ind i RAB Gt msgwaév.w fle

menory devi ces or curren sendi ng prec arge operations 't o

each bank of gagiberiwojurdayipe;devive, aheamimhm of baries pet tieaulcezahd @hether
operation. 16. The nethod of claim 15 further conpri sing: executi ng1t he

core initialihabankopes dependenter indapendsnlt Nexegs indicataskinnkipalk 8161 the

claim16 wher

epeating. TofINMEHKLCBAALHNG i€ SEFoy Rahbdiihé The BO-SRELRRIAY (IS RO
operation ComePDemutvai@em aﬁmpmmbMUﬂb (@Ammég@@r@qmmrd vadue,
operation conmand; executin and a fourth refresh conma

executing a third, Nextors t C%tﬁd "ab#qqktﬁﬂ%dheﬁlw{lp@wcg@rﬂwwanam Is set fo
APR 2003 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 process indicated in block 820
for one embodiment are shown in Figure 8B.

in general, the enumeration process adds the number of RDRAM
devices on a RIMM to the first éerial 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
whetiwer group device IDs have been assigned for all devices in a pa'nicﬁlarh
core technology.- If they are unequal, all devices for that core technology have
group  IDs, 'so the SerialiDCount is set to SeriallDCount blijs
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, B

. .
. > B o
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exeécuting a refresh precharge command; executing a sixth no o eratioﬁ7 APR 2003
conunand; &X@&YUE§78Y a second refresh precharge comand; execBtTH§¥ 245 st ,
a second, and a third calibrate conmand; and executing a sanple comand.

18. A system conplfi SRINIMDBeRESTES/O! ;arti TENRMbetOBLAPL! | & COHl egetd  a
processor, the nmenory controller having aﬂglurallty of control registers

and a seri al GrawrdigvieriDSiqungils assignedde pesne diowp dgvisep Puefathiet RDBAMw DT v

Controt 1 or: g SaitA 0Bty 18 1% Pradon Tails ol e DGt s, BEUFRER I blaets
the additi ongdg mNaxtytHie¥LEENDEIdUD BEGRESLA®IrESs trBgistRMEBAYT &N Lp QAR to

prior to initializing the plurality of nenory devices, the additional
menory devi crefleonhtts addiioa ¢f theahéwydevice ke thiag@roopsaswindidgted fin dleaiuBad. by

the system gause the system.t.o0 rformoperations. c ri.sing; initialjzing
the memory. conbrey e SepmPltted By ey as BRicRaNe ) tha s Sie t
confi gurati offerSalR IS SR8 imtha B Al re! tification nunbers to the
plurality of r?érﬁgry e\f/al%esﬁjvr\hi (I:h are C'SJSP%?}'&O the nenory controller;

assi gni ng devi ce Ndght tHa daoupbernicdhbCound is heomppareal itbyfafr (theomaxitaumces

based at least |n rt on nenory device sizes by: assigping a.et of |owest
Cdent i 1 cat | BHRERBLAEVESS RERGFGURE CBESTRERRET MbigEs EFuplidre SO R
and_ assi gni ngy SRS RRMANG rd e RIdHiteE b M JUIER LR AOId 4R By eghidtedy ces
having smal | er sizes; programm ng registers in each of the urality o
menory devi ciedidated duailode 884s uthef GARI & iupeatezs po msepeilyréndioateathe group

propagati on del ay from each nenory device to the nory controller for all
of the plur af9Rfigusation (ep.y the GrEder %{W%%ﬂ# e H@MI @FEPPWY&\S'ZR&WDW

ggynio ces. 19-pibBR S¥8bEM SLADRLEHSCHIRL ©'i8 SHAMRAY, | OMerhbEdiint s
decremented, GroupDevicelDCount is incremented, and RIMMDeviceCount is
decremented. The process then returns to block 824.

Returning to Figure BA, if either RIMMDeviceCount or MemberCount is
zero, RIMMCount is incremented as indicated in biock 850. If RIMMCount is
less than a maximum RIMMCount, as tested in block 855, then the process
returnsg block 805. If the RIMMCount has reached the last RIMM, the
process continues in Figure 8C as indicated by block 860.

Tumning to Figure 8C, if MemberCount is zero (as tested in block 865),
the device ID enumeration process ends. If, however, MemberCount is not
zero, the next MCH group is selected to start enumerating the devices in the
next DRAM technology as indica‘;ed in block 870. GroupDevicelDCount may
be updated by adding three and performing a logical AND operation of the
resuiting value and OFFFCh.

If GroupDevicelDCount is a maximum number devices allowed in the
channel (e.g., thirty-two as tested in block 872), then the group 1D enumeration
process ends. If, however, fewer devices have been given group ID numbers,
the DRAMConfigindex is set to the next smallest core technology supported by
the MCH as indicated in block 874. !f the DRAMConfigindex indicates that
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testing whether the plurality of nmenory devices are a first t'}/ e of nmenory
K yseesist

devi ce; andWQ{0/26788 7 APR 2003 signaling an error if there ar
menory other than the first type mxed in a nenory nodul e that includes

menory devi capeff atddd bialief ¥BRe tehnoldtfies ¥obeBHEE ©!di MHAMERk§INdex is
assigning identification nunbers further conprises: assigning a séet of

| owest i dentifdrosas tasted b diack 876k bery thie VD ersinhanating procasgestiss up tlereed
si ze; and assi gni ng subs ent i.dentifi ion nu O renmi ni ng. nenor
devi ces havi rJSIRRTT BPTE FRIOI08ES, et Rep I it FIUMIGCu Rt f3reT HL 28D o
medi um havi ngs freficfled IS bRRR 87 laktahk Pfodlss RRIMYGHIHMLK 85 ﬁhFigue gxecut ed

by a machi ne, cause the machine to perform operations conprisin assli gni ng
devi ce identifi catTheapsustercodeddite ipdicatelsidperatiometnat ynalebe esedb@ased at

| east in part on nenory device sizes. by: determ ning device size,

i nf or mat i on 1REMREL MGBrakRICL PRNMELAST REiRsisE R BlAckEC el Eigtis§ ia o8l ect ed
menory nodul e,bhasaghaft. its device size; assigning device identification
nunbers to at |east one group of devices on the sel ected nenory nodul e; and
repeating sel&80.i ngnamesate et deede meoaps, nodul e and assi gni ng devi ce
identification nunbers until all devices have device identification
nunbers; and progr @3%anborR rreughSIMM IR ngemeneand gretR the devieener jhe

devi . Ui : . - |

from each menory devi oo’ s T HE IAsGEs8ERAEEy HefletTfive: 6 BRARRK ATET) =¥

of menory devices, 22. [Bwesidrogs with '(hleaieﬁhﬂdlog?%i‘z@' dedreasimgcdy the greagabl e
Cc

mediumis a storage device. 23. The article of aim 21 wherein the machine
readabl e mediumis a caffiiRie@B&e. 24. The article of claim 21 wherein said

operations further COMPELEq: ¢ get 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 1D 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 reaq
- from RIMMs SPD. ‘ ».
-630.1.8. RIMMDeviceCount = # of RORAM devices in RIMM -
#RIMMCount, read from the RIMM’s SPD EEPROM.
630.1.9. Assign group device IDs and program MCH GAR and
& - - 27 GBA registers for RIMM. | SR
+ 630.1.630.1. If RIMMDeviceConfigNo !=
DRAMConfigindex, break to 630.1.10
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initializing a nenory controller; initializing a plurality of rrermry—7APRmm
control l er YOPPREdBati on registers; assigning serial identifPEhUSSRARTDEr S
" to a plurality of nmenory devices which are coupled to the nenory

control ler; and -42 -7 APR 3095 |enAMMONIddtTo & 616rbKad e Y

devices. 25. The article of claim 24 wherein sai oper ations rt her
conprise: testing whether t620.plusal MlembﬂrCnenb#)O theadlcs630.8. 10 first type

Chan the first type mixed | FO AERoHp Hoails WRIR I PRD: Sty devi cos

of the first type. 26. The arti cggngﬁngghW whegieigirpssi gni ng devi ce
identification nunbers conprises: determ ning %ew cé size information for

each of a plurality of nenory noGubesDewedl®Courd. a sel ected nmenmory nodul e
based on its device size; devi c entification numbers to at
Ieasttone gr oupt of ;jevitcgsa%%qmegg: PS@@&#@%&WW@?V'%@%@% gt

sel ecting a next sel ected nenory C?l%?l'gﬁﬂel ifi,cation
nunbers until all devices have dzI/mce |ﬁ ] icatl qul&rllu%ﬁejﬁgsll—ﬂﬁg

.A_. AHe. AR Ay. Ay. ACe. Ay. A5e. A, Ammwﬂwaoemwey;céanmA A?. Afe. Ae. AS. Aly.
ASe. AGR AYR AOy. A . AR ANy. A Ae. AFE AR, A‘l} Ah,f> E
Rck, | wr mhc”Y] ca] ca] ca] ca] ca‘]%%*] <hP dLPEHRE %ﬁ'@&]‘?ﬁ-ﬁ]‘ @é‘]@é’ﬂd&]-cﬁ] ca]calcTa] ¢
Ta] ca] ca] ca] ca] ca] ca] ca] cal] ca] cgi a] 8l d\%g?n{w b] X] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]ca]ca]ca]cal)ca]calc 'ca 'c'a]'ca l‘?ca] cajca]ca]ca]ca]ca]c
a] ca] ca! ' B$$$$$$+- $->-L- N- 56 GAR[GroupDevicelDCount SHR 2] =
6) 6u667Y7778f 888F999#: r: : | wnhc”Y] ] ca) ca] cal] ca] ca] cal ca] ca] ca] ca] caljca]calc
a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cé] &]Q%]Q,%C]\' QE‘L] cajca'::;j;

; <S<<<=7=Mra====>>>CP>] >| > caU] ca]caU]ca]c
aU] ca] calU] ca] ca] ca] cal] I:a] céa)t:fca] cal ca%%@@e\o@caﬁgb@a} caJ] ca] ca]U]ca] I:a
] ca] ca] ca CDDD' D<DGDDDDE<ENSNG:{ BEBHhfrentént ISErialiDCount

I 21 EI xI } 1111 ~xsnmhb] XSmh] ca]é%}caUéca] cal] ca] cal] ca caU] ca] cal] ca] caU] ca] ca]
ca]ca]ca]ca]cal]ca]calca]c fgaames &l

| oLLLLLMM NNNNCO\ O CeOr Sd cal] ca] cal] ca] c
aU] ca] caU] ca] caU] ca] cal] ca] Ec§a] cia‘]Q?g] c?%g%%%'&rﬁcmaﬂﬁécgacﬂcaﬂcad ca]U]caU] C
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| CaUl ca] call cal caUl ca] 654 AbAPMAT WG oo ealealea

630.1.11. If RIMMCount < RIMMMax, 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 =

630.1.18. RIMMCount =0

630.1.19. Go to step 630.1.7. This will begin searching the
RIMMs for the next smallest RDRAM technology.
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cahbratlon cycles needed since the callbratlon value could only be off byﬂ"_i,,;“

apprommately half than the full range of callbratlon values. PR L . 5
Next precharge operations_are performed on each bank of each_,;':"'.-;_'ﬁ"-‘

HDRAM device. To perform the precharge operations, the MCH counts up T

through the banks by two first prechargmg odd banks, and then even ones. A " .

wT -

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 H RS
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nitialization |OP is executed six times as indicated in biock 940.

Channel Levelization

Returning to Figure 6, after the initialization of the RDRAM cores in
block 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-code 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.
644.1.4. Compute the 32 bit address to test the RDRAM device
for levelization.
644.1.4.1.S10 Register Read IOP. DEVID, SDCA =
SeriallDCount, DRA = 40h
644.1.4.2.The DRD (MCH 090h [15:0]) now contains the
RDRAM's Device 1D
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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 530.

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

and the DRAthechnoIogy (size).
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also to one so that normal operations of the MCH may commence.
Restoring the Channel when Exiting a Low Power State

After nommal 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).
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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 0BEh {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 IOP. Additionally, the
DRD register may be loaded with 0000h and the MCH RAC control register
load IOP 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 thga
final iteration indicated by block 940, however, the IC bit in the RICM register :
may be set, allowing normal operations to immediately commence once the
current calibration has completed. Thus, the resume from STR sequence mray .
be substantially faster than the entire initialization sequence required when ;He
system is first powered up since channel levelization, SPD quetying," ’I_D
assignment, and a number of other initialization operations may be avoided. '

In conclusion, a method and apparatus for initializing a memory device
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assigning device identification numbers to groups of the plurality of memory devices
based at least in part on memory device sizes by:

assigning a set of lowest identification numbers to memory devices having a largest
supported size; and

assigning subsequent identification numbers to remaining memory devices having
smaller sizes;

programming registers in each of the plurality of memory devices to equalize a sum of a
device response time and a propagation delay from each memory device to the memory controller
for all of the plurality of memory devices; and

enabling the plurality of memory devices.

2. The method of claim 1 wherein initializing the memory controller further comprises

resetting the memory controller and a memory interface circuit.

3. The method of claim 1, further comprising, before assigning serial identification
numbers:

resetting a serial interface.

4. The method of claim 1 further comprising:
testing whether the plurality of memory devices are a first type of memory device; and
signaling an error if there are types of memory other than the first type mixed in a

memory module that includes memory devices of the first type.

5. The method of claim 4 wherein testing whether the plurality of memory devices are the
first type of memory devices comprises:
testing whether the plurality of memory devices are Rambus RDRAMS; and
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disabling any of the plurality of memory devices which are different types of memory

devices.

6. The method of claim | wherein assigning device identification numbers to the plurality of
memory devices further comprises:

reading a value indicating a core technology size from a selected memory module;

repeating, for each device on the selected memory module:

assigning a device identification number that is a function of a group counter and the
value indicating the core technology size; and

incrementing the group counter.

7. The method of claim 6 further comprising:

updating a group attribute register for each device in the selected memory module.

8. The method of claim 1 wherein assigning serial identification numbers to the plurality of
memory devices further comprises:
assigning sequential and unique serial identification numbers to the plurality of memory

devices according to a serial sequence of the plurality of memory devices along a serial bus.

9. The method of claim 1| wherein assigning serial identification numbers further comprises:
disabling a serial output of a last memory device having a serial identification number

equal to a maximum device count.

10. The method of claim 1 wherein initializing the memory controller comprises initializing a
Rambus Application Specific Integrated Circuit (ASIC) Cell (RAC).

11. A method comprising:

initializing a memory controller;

initializing a plurality of memory controller configuration registers;

assigning serial identification numbers to a plurality of memory devices which are
coupled to the memory controller;

assigning device identification numbers to groups of the plurality of memory devices
based at least in part on memory device sizes;
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assigning device identification numbers to groups of the plurality of memory devices
based at least in part on memory device sizes by:
determining device size information for each of a plurality of memory modules;
selecting a selected memory module based on its device size;
assigning device identification numbers to at least one group of devices on the
selected memory module; and
repeating selecting a next selected memory module and assigning device
identification numbers until all devices have device identification numbers; and
programming registers in each of the plurality of memory devices to equalize a sum of a
device response time and a propagation delay from each memory device to the memory controller

for all of the plurality of memory devices.

13. A method comprising:

initializing a memory controller;

initializing a plurality of memory controller configuration registers by:
initializing a group boundary address register;
initializing a group architecture register;
initializing a RDRAM timing register;
initializing a RDRAM control register;
initializing a RDRAM power management register; and
initializing a RDRAM initialization control register

assigning serial identification numbers to a plurality of memory devices which are

coupled to the memory controller;
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14. A method comprising:
initializing a memory controller;
initializing a plurality of memory controller configuration registers;
assigning serial identification numbers to a plurality of memory devices which are
coupled to the memory controller;
assigning device identification numbers to groups of the plurality of memory devices
based at least in part on memory device sizes;
enabling the plurality of memory devices by:
resetting the plurality of memory devices;
broadcasting a power down exit initialization operation;
broadcasting a set fast clock mode initialization operation; and

initializing a core of each of the plurality of memory devices.

15. The method of claim 14 wherein mmitializing the core of each of the plurality of memory
devices comprises:

preparing the plurality of memory devices for current calibration;

sending precharge operations to each bank of each memory device; and executing a core

initialization operation.

16. The method of claim 15 further comprising: executing the core initialization operation

five additional times.

17. The method of claim 16 wherein executing the core initialization operation comprises
repeating, for N iterations on each of a plurality of banks:
executing a no operation command,
executing a refresh command;
executing a second no operation command;
executing a third and a fourth refresh command;
executing a third, a fourth, and a fifth no operation command,

-40-



|[/vU4 S S S +F10%%& ()-@ S +F10%"s& ()-@S *s10%%& ()- S -7 APR 2003
(@0%%& ()- S& 10%96& ()- S&Sf10%%& ()- Jlqrstva S S 1008& ()- &
mMLO%& ()-10s%10s%10s% S, | 7ML0%%& () - S510%9%& ()- S

| 4mML0%9%6& ()-3n*{Z9vU4 S  0- 109%00& ()- S- 109%& ()- S- 1096& ()- ,-

10% " & ()-11> 10%e& ()- - 10% & ()- /rT|[ VUA 'S M 10U () S
1090& ()-- S ! 1099& ((%( “()- - 10% 0& ()-)TvU4 S SY
10%& ()- SF(I MLY% ?C“iﬁg iff‘@f%‘p‘é“l‘?rgiﬁ%?“ S 10% 0 & () -f

10%"& ()-T, M [:vU4 Ssxecusng aaw&o@perslosxmc() S s109%& ()- S, 109%& ()-
SG 1098&' ()- SY 109 Y 91098& ()-S S1008&! () -

SLI 109%& ()- S 10%& %g‘“‘%g %Jﬁ%%ﬁ??hp‘aﬁél BEHR TG [ vs S S

S3' @O%WE ()-S SYA0YRMREdu)ing SNrsh a 3OYRR/a4] a thi cal OV EINiandMIL0%E () - S SY

executing a sample command.

18. A system comprising:
a processor;
a memory controller coupled to processor, the memory controller having a plurality of
control registers and a serial interface circuit;
a memory bus having a plurality of memory devices coupled thereto, the memory bus
being coupled to the memory controller;
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:
initializing the memory controller;
initializing a plurality of memory controller configuration registers;
assigning serial identification numbers to the plurality of memory devices which
are coupled to the memory controller;
assigning device identification numbers to the plurality of memory devices based
at least in part on memory device sizes by:
assigning a set of lowest identification numbers to memory devices
having a largest supported size; and
assigning subsequent identification numbers to remaining memory
devices having smaller sizes;
programming registers in each of the plurality of memory devices to equalize a
sum of a device response time and a propagation delay from each memory device to the memory
controller for all of the plurality of memory devices; and

enabling the plurality of memory devices.

19, The system of claim 18 wherein said operations further comprise:
testing whether the plurality of memory devices are a first type of memory device; and
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20. The system of claim 18 wherein assigning identification numbers further comprises:
assigning a set of lowest identification numbers to memory devices having a largest
supported size; and
assigning subsequent identification numbers to remaining memory devices having

smaller sizes.

21. An article comprising a machine readable medium having stored thereon a plurality of
instructions which, if executed by a machine, cause the machine to perform operations
comprising:
assigning device identification numbers to the plurality of memory devices based at least
in part on memory device sizes by:
determining device size information for each of a plurality of memory modules;
selecting a selected memory module based on its device size;
assigning device identification numbers to at least one group of devices on the
selected memory module; and
repeating selecting a next selected memory module and assigning device
identification numbers until all devices have device identification numbers; and
programming registers in each of the plurality of memory devices to equalize a sum of a
device response time and a propagation delay from each memory device to the memory controller

for all of the plurality of memory devices.

22, The article of claim 21 wherein the machine readable medium is a storage device.
23. The article of claim 21 wherein the machine readable medium is a carrier wave.
24. The article of claim 21 wherein said operations further comprise:

mitializing a memory controller;

imitializing a plurality of memory controller configuration registers;

assigning serial identification numbers to a plurality of memory devices which are
coupled to the memory controller; and
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assigning device identification numbers to at least one group of devices on the selected
memory module; and
repeating selecting a next selected memory module and assigning device identification

numbers until all devices have device identification numbers.
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