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- Single-and Multiple Channel Menory Detection and Sizing Field of [|nvdritiinil?
The "presentPPHé¥Mt i on rel ates to a nethod for detecting an8CTUSBYI4AY menory
devi ces according to their characteristics during boot-up of a conputer

system Background To i ncrease system nenory performance in co rs,
menory devices with interleaved banks of nmenory cells ca mﬂ@ﬁ ﬂ@ For
exanpl e, Rambus Inc. provides technology for an integrat i ce,

the Direct RDRAMI" (Ranbus dynam c random access nenory)) enpleayi*ng

interl eaved banks of nenory cells) along wwth a protocol for connecting a
nunber of such mergeigie dadi Mestiple Chamed MentdNDetlectif@lan@dSidinki r ect
RanbusT' '' Channel or Direct RDRAMI''' Channel. A plurality of such nenory
devices are provided in a nodule, called the Direct Ranbusn' R MM nodul e
(Ranbus in-line nenory nodul e)) which may contain one or nore Direct
Ranbus' ~' Channels. Direct RanbusT' and Direct RDRAM ~' are trademarks of
Ranbus Inc.) Muntain View) CA IE. f(gn E'}e desirable for a nenory systemto
conprise RDRAMs with varying char AtTEPT B1YeRUON by i hg boot-up of a conputer

systen) the BI o - needs, . 1.he how
much menory isC?\‘/‘éigreg%’ﬁéd\{‘égﬁg)qjgl&&é%ra%a&gdgm&%g%’\#)ﬁ[qﬁéé‘?p"%@?@?ggs need
to be pr 09rd@('m@s(ﬁcc&@digtt@&emf&geﬁ&msrd&gg%%&%atc‘?) uBisdgef fici ent

menory accesses to the various Direct RDRAM devices. Brief Description of

the Drawings Fig. 1 is a high-|evel Bdclagoand of Di rect Ranbus RI MM nodul es.
Fig. 2 is a high-level diagramof D rect Ranbus R MM nodules with nultiple
channel s and conlvsstregbetspstemmeamary pedntmankce av confiugers.3nérsoy devighs wakel

di agram of a two-channel, Direct Ranbus nodul e with RDRAMs havi ng varying
char act er i sPieEgavshbana oOEmgMRBY <elis can pa empieveshhor sygmpdy. SembyseCT/ US99/ 04720

ib. -1 fl ~ for. Bf de f d i i
o o 7 SRR B el 8 SRR T
lasram Or{@&% @?dl\iﬁ% n%cgléj Sgﬁ%,'ﬁﬁjé @g\pﬁ}%‘gﬁBQHPA\@@ bR Ynehry @elﬁ}’ilB?&%C anne

D rect Ranb Rl nory devi ces on any given annel
have the saWgh &baiae! RY t&drnecting Sihimbed of Such rdridty deAgédafl REmdbty CRargerle for
detecting and grouping nenory for a nulti-channel Direct Ranbus RI MM nodul e
where al | neatted y Direvi Raesbush Glapneji ordhirechRDRAM MaGhanhéle Agdumelity of such
characteristics. Fig. 7 is a flow diagramfor BIOS code for detecting and
groupi ng memempryidsivices araprqvidedan aaiodole; ealted demBigesct Rambusd ®dM wadklenenor y

devi ces havj varyj.ng characteristjcs. Detailed Description of Egbodi nents
Fig. | provi b kAR mem e Red BT 2 F9RIRARF G PBHEDIEHG RS 1 our

Di rect RDRA&I}3 g}ﬂl}{%ﬁg ' ﬁqmm ' ' g@gﬁM annel s
have Menory %B‘gg’?g#réﬂf}bs &P%Ct\z%bs 0\/\/r1tal|lelrc1{.lr Fg?fk%gfIRn VI d‘l?;il RDRAM
devi ces 130Mpudaiddiecatad for the two-channel R MM nodul e only. The
physical |ayer 140 of the Direct RDRAM Channels are indicated as shown,
wher e term nat or & cn bdgsirable der pmemery $ystem watbimpnisé BIDRAMs BitheatyiRDRAN
Channels. Currently, each RDRAM Channel may contain up to 32 RDRAMs. Mdre

t han one RI KhArpRderisties. PLoinggpobup elohpempwer %Yéteﬁbihsr%/IQ:igGhawsumm ogpPl  as

h i Fig. 2 i b 220. IL.ndivid RDRAM devj h di ff t
Shormct ot s i ue peelS iAo iR SO SRHIPE Cop RS DBt aumber of

bank addreszz[ﬂt’; %n?ﬁ Ss
bits) etc. For e%‘n%%"g?&ﬁsgés lgeg%&ggéﬁg eévdz d(;ﬁggg@mm fcsgkét{%ﬁ%g?fﬁel
RI MM nodul e prdvide SRRRAM SRNdrg @8caists itd theaK ¥y Wir€d) RDICA BY desides.s on each

Di rect RDRAM Channel. An EEPROM (el ectrically erasabl e programmbl e read
only nenory) 310 may be pr esBnief Biesdriptiar efthd Drawiegsar di ng t he vari ous
characteristics of RDRAMs present on an RIMM nodule. 1f no EEPROM i s
present) each RDRSv!ded/high-loie! dagpmniiyerst BapbustRIFEMimefwasdual 1y read to

‘obtain its characteri.stjcs. 1 OCT 2002 9] 6Q7! 79 I.US99/ 0.1 720 To
pro~~ide effici eﬁ:{’g'ﬁé%hﬁ'lﬁ"&g‘??g@ o léecé%ﬁ%sr%?‘?g%eﬁ %ugp;eect

RDE" : ~~ts hagz gsa\ﬁa@{ﬁr{égte&tf@ﬁ Ak &drndfer. t he Bf OS should efficiently
detect. assign dug ~cc Ds, and grioup according to characteristics various

RDR. AM5 on one OIFigoriga Migh-tével didpdi ¢S twotdha@izEDéct Raftbubiodait WwRBR. AM
Channels. Fig. -4 1s a flow diagramfor BlIOS code to provide device
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for Direct RDR 4Ms connected to a single Direct RDRAM Channel and toqegrﬂ%wﬂnz
the RDRAMs_ according to their characteristics. In one enbodi nent, th

maxi mum nufBer’*Yf® RDRAM devi ces to a group are four, and t REFASPY0E20axi mum
of eight groups in a menory channel. The BICS code is firmvare, and may be
stored in such devices as EEPROM or flash nmenory. The BI OS code causes a
processor to conmmunicate with a nmenory-ontroller, which comunicates wth
system nmenory via a bus. fn other enbodi nents, DRAM devi ces ot her than

RDRAM devi ces may bhes £iml Qe iR g 108 odd @t ¥ieab Muﬂ@éirﬁgﬁor@?& e

identified by anaddress. In one enbodinent) to Fnitra evice once it
i s ready, thelesysiRIDBEORshUIRIMNIGESRM the I nitialization Control
Managenment (RICM register in a nmenory controller. In sonme enbodi nents, all
Di rect RDRAM deViccéss x Bewaimgrdno fde BFOBexie fondéibrinDavd eubrguehssry Astdr ess
before they have been assigned a device address by the system BI OS. Once

t he Rl CM r 8gilstanntlsDisecs Fombne 81 ¥dt madplamthesullmemeyiderices treanyngivérat e
Initializatjon Qperation Hﬂl 0%1‘ i.S. started. This command sends to the Direct
RDR. 4M dev i R¥gel qveggtsamﬁ YrdA¥Esin the RICM register and the Direct

RDRAM devi ces r n i O t vi.ce. Reqgi,st er.. Dat a

register in the%%%%a;ﬁé%ﬁj%éﬁz%é@ée&% %dc&%@gg@%ﬂ gf%@f?%"@%[a&—t%g)m
regi ster anchiPLRAH@NDAL! RIGHRS RANVMN FieduleRaetPNIBhEho GFURRRE DA aﬁdwéi_%rponnect )
Configuration registers. The PCI Configuration registers reside’in the
menory contchainkEtfave Thessafe\wha@ctkfsteed group | D are then assigned, as
described in nore detail below The device ID and group ID are stored in
regi sters residifigy 7iina floe dizgron YorddOS widt ér detectirgptanp cddlping mémogdbes i ned
whether a nmenory nodule is present. |If so, then a channel identifier is
stored in a{“‘éh&%ﬁmelQHG?‘&%“‘NS&IMMﬂ@fé‘CM mymerveeaisaghavangivassios 01 OCT
2002 "0 99/60. 179 PCT/US99/0-1720 tield is stored in a register located in
the menory ‘CHAEFOTUISr. Refresh is disabled in step -t06. The roup counter
and device counter are iniiy.al:i A [ ten =108. The RDR ~ht
de~~ices are initialized i ?eg'gée‘g?stcm}?‘gﬁq(ralfg?ne%’dﬁﬁu he | 1ODbit is set to
zero by the mentgy, l‘é?ﬁbiﬁ@i sRiml& JfRAMMinfbduleall 16 AR IMEBHMVIG ing GodlrS T eady.
The 11O bit is in PC( Configuration space, i.e., a register in the nmenory
control | er.Dittat RORAIREMrmihelsi REMdhaodalee with tmuddplaDirechRD RAIACidnélng st ep

414 and the PCl Configuration registers are then nodified according to the
data read. hwemwmmmﬂébﬁbzwa h20 EEhrenis Fi il nipdividuaRBRAAM
characteristics, en step 414 is nodifi tQ where the _device

characteri s‘%qvt%s éll’(garreé Cfgf—'ﬁi &t@%mﬁgﬁﬂﬂﬁg{[%ml?ﬁ%T rpk‘é?‘cz’érlaé@bnce
detect. The I NKN directed. roper.! r.oupi ng.t he
Corect o The AR b SURAEER Bl o6t B UIAL S REOBACIN AT AMBLGo! e

devi ce char gel Rk ipdhef fernGRdiof {5d MY DiteePRORAM @YEnMRILVI Ousl ~~ been read by
the BIOS during nmenmory configuraton. |If the device characteristics have not
been previously Cemehtly, Bash RDRaM Chdnne? niageoRAlBtoBRVRDB AN Meretlmnl Ds ar e

programed based upon the current device and group counters, and the device
counter is PRfc edulpy 19 may bageannesteddge mgmonoeantreter A 0; acshermne Eig- by one

i t 424, 1.f, h ). t 41 8.it, i det i d that t devi
I(:Ra?aglto eri sti %%bﬁﬁ%ﬁéﬁgm Vf’%%\ﬁ%"% ﬂgégh%gﬁﬁﬁs‘%étsé‘%%ggl \(/:\ﬁet her
h oy . . B Lah fo e f U A

four Cronber ey bigf PEmEy bk BOAE R nERpED LT Hdrdes bief nunfBEE BHOW TES

are other eg&irk’ssgﬁ@,blﬁ?nﬁé@th&hﬂﬂnﬁ@d??ss‘b'i@%?&?@“x%ﬁ?&?ﬁg@@%i[ﬂigﬁﬁ')ve[t hen an
enpty group is chosen and step 420 is repeated. If step 438 determ nes that

t here are ndiagtdnesf £6Wd-shaghelRIMMinhdduldweitic RERaM @evisés lxv)ngtvaeyingt ep 440
determi nes whether the maxi rum nunber of groups have been reached. If so)
then in stepgharagteristies devacbeDirest BIARAMLChanoels An WEBBOM (ilectrally Stasablev t h st ep
434. 1f there are no other enpty gr.oups and the Xi mum, nunber ..of groups
have not be@ﬁ°5’%‘&’6‘ﬁ€la,rea?‘t%’tly F‘ﬁ"‘?fygﬁqgf@yt SrgapRtxath srorgd da reRaring 8, | ps

are programygd based elg{acst&%ﬁkmde%gm& aggy&gy@cpﬁa&et@ﬁz%ng these

counters are | Nncrenen as indicate step In step

99! @-i 79 PGHLRUD-RIRAM HevicelotPa RIMMVE mdeiile hilistidint vaduall{i €ead 16 6btaini S not
full, then in step .130 the |1 ZDRAM group IDis progranmed to ha~~e the sane
| D as that grsahprabmyistvg. t he sane characteristics, and in step -t3" ' th:
~i~~ice IDfor the RDRrl~l is set equal to one nore than the highest
device I D of the matchin!, roup. O her enbodi nents nmay have group sizes not
equal to four. The above descri bed steps therefore perform grouping of a

Et DELAM Step 134 determ nes hether there are any nore R DI ZAM devi ces on
the Direct EtDR AM Channel, and if so) control is brought back to step 412.
if not) then refresh is enabled. step =136, and the grouping of the

e T - - 1 NA NS R v o



and 708, limt the nunber of useable groups on a single channel to 401'ﬂgT2%2
. the nunber,_ of ~~roups is less than -1, then step 710 prograns the channe

| D) .group VB?Y8Hd device ID re~, i st~rs based upon the cor r BSHBRUEEO
counters, and step 712 increments the device counter by 8. and increnments
the group and menber counters by one. Step 7!-1, followed by steps 716 and
718, limt the useable RDRAM to 32 menbyrs for each channel. If the
characteristics of the newy read RD RAM match characteristics that have

al ready been readq, L& er R. M Vi e channel does
not ex)ceed 32 aﬁg p@q?%dﬁ ‘enfmﬂ%%/fge%si\c ﬁ r%?rﬁoi]ﬁrﬁﬁhel has not
been reaChfF@)F\I\bﬁ'?\asTn@Qam aﬁpa%(eﬁgmsth%@pg%ﬁoJl@rgtrG%\«llﬁae[ _m;s?%hster Wi th

the |argest value anpng t'he group o read

char act eri giti€siDs afduup acordthd ldﬁ?ﬁﬁlc&hslﬁd@@ah@&mmﬂ\ﬁr&%e% Zlﬁ)}e which is
seven for this enbodinment. If step 720 is answered in the negative)

i ndi cat i ng RINBY! radraligsrvent mnscbrynmre&jregt BOBRAN Ghatndlall 1) then the foll owing
steps 722-726 group the newly read RDR AM wi th t hat group and update t he
appropri ate couﬁﬂer‘esalﬂm@@wwi@ BIOSedoverrsavife dgvige 1dgmtifi lﬁﬁwﬂlf\lﬂe) egnd | f

Tebry chanRoh A RO SRR A s Qe LT s S R e
channel | D)ngkgglﬂ aﬁcpardﬁ\@q%ﬂfeyr i +tpr idRs e oHQ?xﬂbocﬂ%erﬂptﬂE Qrﬁfdn%rﬁ n&%‘oﬁtt ers.

Steps 728 and e useabl e nurbe on a nenor annel to
4. 1t is t%f@mgﬁd@‘i&@%5Q%bpﬁx@ﬂ'@uﬁindth@re‘@ihﬁ%%uﬁ?&'c?éiﬁr %ougeﬁpil bed in
the di scl osed enbodi nents and in the cl ai ns bel ow need not be physi cal |y

di stinct frdmegchatichehe BTOS codarfing)vare, aed/magbd fbredin Sichidedts a8 group | D
register for a ne device may actually be distinct fields within one
physi cal regiRR@M or\liashmqmdﬁmu&i@tsl A& canass bhpropasei 1o cormmanidats ovidsed

enbodi nents w t hout departl ng fromthe scope of the invention as clained
bel ow.  0IMERPYRFOUFHaNiCE CemaIURcales $4th AYHEP RSOy Viagr s pin r?éhel"rermr y

devi ces connect dto ry chann hod conpri si rea
charact eri setrf“%s R %‘fgﬁ@ %%eéi @5 @“&ngﬁev‘%ﬁﬁg‘a Wpoq'ﬁ% ovlc5edgnd i f
t he char actelmvgdacgm@{gevqg ggldaﬁmé&éd isgny , then progranmm ng device

| D and group ID registers upon a vice counter and a group counter,
respectively, ang dd&@h%&ﬁﬁdnﬂgotﬁl@aldewdsac@mtxeg rédily ghe WRRHEBIDS S a group
size, and increnenting the group counter by one. 2. The nethod as set forth
in claim 1, stould pregracothp inisalizgtion €ontird Manageamdne (RICM )orsgikiar @ abaemop'r evi ously
read and if a roup x of menory devices with the previously

.
char act er i sEleg In garse emborigenth all Digsct RREAM dejr ersogd f%bF(a?Vauptheo

di .
the devi ce PBVFegruEel® edbide Dy Bebif Rt Rei P @ R Rl 02D
armong gr OUpS}Xsten:?‘BlageO tth@ﬂb@ﬁ r§%§terf Qg}gréﬂm@é ?dr 1ct1Hf Hd\Bde, BRMPI I Si ng:

if the characteristics have been previ y read a if a group x of menory
devi ces Wi t Mitikte [pikiaNza008 Opefatiafl (ICORIs3 k] Biis Gcﬁnm&lcgsehds witeDirefren
programm ng device ID and group ID registers based upon the device counter
and t he gr oRPRaMevices akkdm(ptugwamyl;d arﬂje RiCMenepintet oyl thenDigenRRBAMUNt er by
g and the group counter by one. 4. net hod as_set faorth in claim?2,
further comppyisssrigturs Fariays detade @etﬂ,ﬁmcgt&eseten&?@ (98&) TR 18139 Pemerd and i f

t
Dol pon Eratoliy e BTl S AT IeAT uE TS Femirane ol fPall ReckELS | ST
devi ce countgei &%@Bfﬂ%g &,gsnaﬁwac&wat)eonhgu%regste& \merpgt er readabl e

device with store de to programan at | east one processor to: read

‘char act er i stGdn$igQfatian FERISRITY redidy ircthe aRATvRE t@totler. Thedavivey Deand igrotip; [Deavel i f
the characteristics have not been previously read, then programdevice |ID
and group | Dhereagsighet, as bessubtdip owradealbalew cBerdeice Hhandgrgrp L arestareer
‘respectively, increment the device courﬁ er by g, where g is a group size,
and i ncr enenf TeAHeTs resifAng 51t BEMBTY QRO Ler 01 OCT 2002 6. The conputer

readabl e device a3 sl O{Js{ageegm%e@mtﬁerat,n@m&ly%&?ed@ eS8 heP) 00T am

the at | east one
channeli identifier is stored in a channel address field, step 404. The channel address



if the characteristics have been previously read and if a group x of g@'ﬁ?%ﬁl
. devi ces "“%9{9{%@7 reviously read characteristics is less than g in s@ ,

t hen progra group | D register of the nenory device to PICIGISG0E2

where mis the group ID of group x, and programthe device ID register of
the menory device to indicate a+l, wherge a is the |argest device |ID anong
group x. 7. The conputer readabl e devi ¢t as set forth in clai m5, the BICS
code to further programthe at | east one processor to: if the

char act eri sieldcis sivaaden heesistprlovitaiiallye medoryasddubfieraR g &HRs His@ledRIREY

devices with the previously read characteristics is g in size, then program
device I D aAf. group I D registers based upon the device counter and the '
group counter, respectively, and increnent the device counter by g and the
group counter by hgueupgounheandsienise spumeraaainitaliged iczeram gen 48%rhh in cl ai m
6, the BI o.further. program t t | east one processor to: if the '
char act er %@gghé‘?}é@ﬁéécn‘“H}‘“‘Bﬁdo‘ﬂs“feyp “{lga@ Sé?fﬁg\?f ”}fr@Qdmx'SiS%t '§ 1P ¥ ze, then
progr am devyj : regi @gﬁe on_t he devige.counter and
t he group \é%ﬁﬁf Jgrg naérbgggg%ﬁ P\[/Ae%a,me%%g&?ﬁﬁ& enent the 8‘3&' cé ecltl)éﬁ’t“e'? by g and
the group CPQHr(!cﬁ&'ﬁg@bﬁti@@?pac&-i.eﬁaﬁ&tfifl&qnftwm%@%oﬂgpﬂ&mﬁr)fctqﬁykﬁﬁ connect ed
to at | east one nenory channel, the nethod corprising: reading

char act eri skvics chdra@eristioDiry tteavtadeluciap sep ted ahdihk PE] Wonkigaation Rgist@sor y
channel; and if the characteristics have not been previously read, then

pr ogr anmi ngire Henmeddifidd, acgording 19 e dalrdeate Vi the RIMM egidsteaostaessERP ROBN
channel, group, and device counters, respectjvely, and increnmenting the
group count¥ng the RARAMehageaagics, themistep hsano perhasg therfievice0. The

t hod t forth in claimg furth ising. if the characteristi
of the oA el Bty ol S EERR M aite Gentprese e AR clhecount er
O o . : : |t
wni ch-the nsparye S AFREARLATRon 0 IRELa b Aolea BRI el fo

char act er i sdds&shed@a@dw Where d is a channel -9 01 0 C T 2002 nenber si ze,
then reset the group, device, and nmenber counters to zero and increnment the
channel counter $pobtRdetdrinineblwhettet hedease skdradiedstibs tead duAngst@P414 urt her
conprising: if the characteristics of the menory device have been

previ ousl y havgdrevigushtheen eapd by thedliSduring sremasy cprftBusator [fthgrdgvice a1l

menory devi ces connected to the neno channel to i C e nenory device

i s connect e@%‘sﬂﬁhﬂaﬂoi%PPr%W%ngit i‘Bé‘CBﬁ\ggi“&I}%{)M%lg‘”%d if the
menber coungier is ss_than i r .size, then ogr.ammi ng

t he channel AP 'é%*@staé? pgﬁ?@?%%%%”&@dﬁ%?%?mg? gvt’%eean § lfpycodlggffcgn 0
indicate ¢ aRGeNce EEEREG in¥RinteWRS TEurGnd il gibdld Suh &S REaLeMRh¥dbhSachannel
ID and the group ID of a group x, where the group x of nmenory devices is

t he nost reenép y24.ead group of menory devices having the characteristics,
programm ng the device ID register of the menory device based upon the

devi ce! count er, &nbowewer.amstap # it isdetaraneddhatiby daviasehargergriseasdiay one. 12.
The nmethod as set forth in clai 1, further conprising: if the )

char act er i sPFYUslY tteﬁ'é‘%‘ﬁﬁ?ry“%gl\ﬂ]oc@tms b‘é@ﬁ“egﬁ\s\ﬁ%{é}v*%@%ﬁ%e depicene

devi ce countgr _does. not. i ndi i || Vd Ge. ed to
dovi ce count BN RpANY ks deRle ol FRAPEX ARA R S0RSH
their charageRihiks ﬁ?]zﬁéﬁﬁéreu&:&h&%%q §3pd With i SARERRLraCRH/ISR! arldndli Ccat es

g, then progranm ng the channel |ID register, group ID register, and device
| D register sbahedatpaptytddcupcis @hisseh andistep ¢20 isaepeatiydo Ustepotd8t datarmines that
respectively, resetting the nenber counter to one, and increnenting the
group and ddbgre erecuothesresnplty goHps Witls thexharacisaigtidsotheg ssp P geteEnrtdey devi ces
connected to at |east one nenpr hannel , the neth conpri.si ng: d

readi ng charhether themapdmpm @%@M%%}’é&?&@%&ﬁ%&?‘ggfﬁ%{gﬂg é‘Fgﬁ’égrEi‘F one
menory channgl ; _i. i r.Ladi . uﬁﬁ; i i |1
menory devi gc%gicgé{]%@%g%génggoﬁ%éﬁ&n@%bgg%e%%ﬁfzﬁ@q 4(;@5-’;. I cﬁétﬁnﬂg%rr %}i‘%‘z\,' ce

i s connect edyh@yenA @itk hilgntmGhaibacs Birb$isitate REQEEPHENE! @adlin sbpad @set ti ng
group, device, and nenber counters to zero, and increnmenting a channel
counter by ORPRAM devitecandetrdupdDaaresgrbgrumntield basedoipan thel@yrehudevierand
conprising: -10 01 0 CT 2002 if a device counter does not_indicate d and
if all nenorgrodeoouness.@od thess eodnters arpincraspanisd ashadicied stapt Sh ttiRsterenor y
device is connected have not had their characteristics previously read,
then determ ning whet her the device counter indicates ng, n=1, 2, . . . ,
N-1 where g is a group size and N is such that Ng=d, and if true,

i ncrenenting the group counter by one, programm ng the channel 1D, group

| D, and device ID registers based upon the current values of the channel,
group, and device counters, respectively, and increnenting the device

r o .



(i1) determ ning whether the characteristics have al ready been read fﬂr
anot her nenory device connected to the sane nenory channel to which AT 2002
menory deVYRe"§%%connected. 16. The nethod as set forth i nPEI/HPIR04%30

further conprising: (iii) if step ii is answered in the negative, then
determ ni ng whether a group counter indicates k, where k is the maxi num
nunber of groups per nenory channel; (iv) if step iii is answered in the

positive, then not grouping the nmenory device and deternmning if another

S en, _ ce a _ her
s Connect £60 nos SRRRRE! ERAE elolB RENL BRI IRACKTRATEREDY Gevi co
| S not pre%&tmanmgego Hng%ﬁysmamlmmfg e e hAd a%ééhﬁrﬁfe%&s?g#ﬁmf%eﬁ a

devi ce counter; an menmber counter to zero an I ncrenenting a channel
counter bys@epea;? anrdie( k) Difbr BE RIDRAM ib Set 298RS 6k MBret hen BRUBEHNEdevideen
progranmm ng a channel 1D register, a group ID register, and a device ID
regi ster baBSedhtponchihe sohpndDek; ergbaiipentamdy devd greug oized estequilesfret i vel y,
and increnenti ng_ t he device counter by g, where g is a group size, and

i ncrement i ng t he hgpbys depriibae sspy thewinrte eedomy sonping bf 2 RPBANbt et Bs set
forth in claim16, further conprising; -1 01 0 002 (yji) if step ii
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are incremented by one in step 512. If, however, it is determined in step 508 that
characteristics of the newly read RDRAM have been previously read, then step 514 is
performed. If in step 514 it is determined that the device counter is 32 or if the end of
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group, device. and member counters to zero, and step 518 increments the channel

counter by one.
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by one, and |ncrenent|ng t he device counter by g. -13
. AF. AF. . A3¥emb¥r colinteds b zeAhan to increment the channel counter by one. If step 604 is
} answered in the negative, then step 610 determines whether the device counter is equal
to various multiples of the group size, which in the embodiment of Fig. 6 is 8, 16, or 24.
The remaining steps 612-620 following step 610 perform the proper counter
increments and resets needed to group the RDRAM devices into groups of size 8.

Fig. 7 is a flow diagram for BIOS code for the multiple-channel case in which
various memory devices with varying characteristics may be present on the same
memory channel. The embodiment of Fig. 7 limits the maximum number of useable
RDRAM s per group to 8, for a total of 4 useable groups for any single channel.
However, other embodiments may be limited to different values. Step 702 determines

whether the characteristics of the newly read RDRAM have already been read for other

RDRAM devices on the same channel. If not, then step 704, along with the steps 706
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equal to multiples of one less the group size, which is seven for this embodiment. If
step 720 is answered in the negative, indicating that the previously read group is not
full, then the following steps 722-726 group the newly read RDRAM with that group
and update the appropriate counters. If step 720 is answered in the affirmative, and if
step 728 is answered in the negative, then the number of groups on the memory channel
have not exceeded 4 and steps 730 and 732 program the channel ID, group ID, and
device ID based upon the appropriate counters. Steps 728 and 734 limit the useable
number of groups on a memory channel to 4.

It is to be understood that some of the various registers described in the
disclosed embodiments and in the claims below need not be physically distinct from
each other. For example, a device ID register and a group ID register for a memory
device may actually be distinct fields within one physical register. Vanous
modifications may be made to the disclosed embodiments without departing from the

scope of the invention as claimed below.
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What is claimed is:

L. A method for grouping memory devices connected to a memory channel, the method
comprising:

reading characteristics of a memory device connected to the memory channel; and

if the characteristics have not been previously read, then programming device ID and
group ID registers based upon a device counter and a group counter, respectively, and

incrementing the device counter by g, where g is a group size, and incrementing the group

counter by one.

2. The method as set forth in claim 1, further comprising:

if the characteristics have been previously read and if a group x of memory devices with
the previously read characteristics is less than g in size, then programming the group ID register
to indicate m, where m is the group ID of group x, and programming the device ID register to

indicate a+1, where a is the largest device ID among group x.

3. The method as set forth in claim 1, further comprising:

if the characteristics have been previously read and if a group x of memory devices with
the previously read characteristics is g in size, then programming device ID and group ID
registers based upon the device counter and the group counter, respectively, and incrementing the

device counter by g and the group counter by one.

4, The method as set forth in claim 2, further comprising:
if the characteristics have been previously read and if group x is g in size, then
programming device ID and group ID registers based upon the device counter and the group

counter, and incrementing the device counter by g and the group counter by one.

5. A computer readable device with stored BIOS code to program an at least one processor
to:
read characteristics of a memory device connected to a memory channel; and
if the characteristics have not been previously read, then program device ID and group ID
registers based upon a device counter and a group counter, respectively, increment the device
counter by g, where g is a group size, and increment the group counter by one.
-8-
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if the characteristics have been previously read and if a group x of memory devices with
the previously read characteristics is less than g in size, then program the group ID register of the
memory device to indicate m, where m is the group ID of group x, and program the device ID

register of the memory device to indicate a+1, where a is the largest device ID among group x.

7. The computer readable device as set forth in claim 5, the BIOS code to further program
the at least one processor to:

if the characteristics have been previously read and if a group x of memory devices with
the previously read characteristics is g in size, then program device ID and group ID registers
based upon the device counter and the group counter, respectively, and increment the device

counter by g and the group counter by one.

8. The computer readable device as set forth in claim 6, the BIOS code to further program
the at least one processor to:

if the characteristics have been previously read and if group x is g in size, then program
device ID and group ID registers based upon the device counter and the group counter,

respectively, and increment the device counter by g and the group counter by one.

9. A method for grouping memory devices connected to at least one memory channel, the
method comprising:

reading characteristics of a memory device connected to the at least one memory channel;
and

if the characteristics have not been previously read, then programming channel ID, group
ID, and device ID registers based upon channel, group, and device counters, respectively, and

incrementing the group counter, the device counter, and a member counter by one.

10. The method as set forth in claim 9, further comprising:
if the characteristics of the memory device have been previously read, and if the device
counter indicates d or if all memory devices connected to the memory channel to which the
memory device is connected have previously had their characteristics read, where d is a channel
-9-
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member size, then reset the group, device, and member counters to zero and increment the

channel counter by one.

11. The method as set forth in claim 10, further comprising:

if the characteristics of the memory device have been previously read, if the device
counter does not indicate d and if all memory devices connected to the memory channel to which
the memory device is connected have not had their characteristics previously read, and if the
member counter is less than g, where g is a group size, then programming the channel ID register
and group ID register of the memory device to indicate ¢ and m, respectively, where ¢ and m are
respectively the channel ID and the group ID of a group x, where the group x of memory devices
is the most recently read group of memory devices having the characteristics, programming the
device ID register of the memory device based upon the device counter, and incrementing the

device and member counters by one.

12, The method as set forth in claim 11, further comprising:

if the characteristics of the memory device have been previously read, if the device
counter does not indicate d and if all memory devices connected to the memory channel to which
the memory device is connected have not had their characteristics previously read, and if the
member counter indicates g, then programming the channel ID register, group ID register, and
device ID register based upon the channel, device, and group counters, respectively, resetting the

member counter to one, and incrementing the group and device counters by one.

13. A method for grouping memory devices connected to at least one memory channel, the

method comprising:

reading characteristics of a memory device connected to the at least one memory channel;

and

if a device counter indicates a member size d or if all memory devices connected to the
memory channel to which the memory device is connected have had their characteristics

previously read, then resetting group, device, and member counters to zero, and incrementing a
channel counter by one.

14. The method as set forth in claim 13, further comprising:

-10-
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if a device counter does not indicate d and if all memory devices connected to the
memory channel to which the memory device is connected have not had their characteristics
previously read, then determining whether the device counter indicates ng, n=1,2,...,N-1
where g is a group size and N is such that Ng=d, and if true, incrementing the group counter by
one, programming the channel 1D, group 1D, and device ID registers based upon the current
values of the channel, group, and device counters, respectively, and incrementing the device
counter by one, and if false, programming the channel ID, group ID, and device ID registers
based upon the current value of the channel, group, and device counters, respectively, and

incrementing the device counter by one.

15. A method for grouping memory devices connected to at least one memory channel, the
method comprising:

(i) reading characteristics of a memory device connected to the at least one memory
channel; and

(ii) determining whether the characteristics have already been read for another memory

device connected to the same memory channel to which the memory device is connected.

16. The method as set forth in claim 15, further comprising:

(iii) if step ii is answered in the negative, then determining whether a group counter
indicates k, where k is the maximum number of groups per memory channel;

(iv) if step iii is answered in the positive, then not grouping the memory device and
determining if another memory device is connected to the memory channel to which the memory
device is connected;

(v) if in step iv it is determined that another memory device is not present on the memory
channel, then resetting the group counter, a device counter, and a member counter to zero and
incrementing a channel counter by one; and

(vi) if step iii is answered in the negative, then programming a channel ID register, a
group ID register, and a device ID register based upon the channel, group, and device counters,
respectively, and incrementing the device counter by g, where g is a group size, and incrementing

the group and member counters by one.
17. The method as set forth in claim 16, further comprising:

-11-
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(vii) if step ii is answered in the positive, then determining whether the member counter
indicates a member size d or whether all memory devices connected to the memory channel to
which the memory device is connected have had their characteristics read,

(viii) if step vii is answered in the positive, then resetting the group, device, and member
counters to zero, incrementing the channel counter by one, and determining if another memory
channel is present; and

(ix) if step vii is answered in the negative, then determining whether a indicates ng-1,
n=1,2,..., N, where N is such that Ng=d, where a is the largest device ID among a group x of
memory devices with characteristics matching the characteristics of the memory device, the

group x being the most recently read group of memory devices having the characteristics.

18. The method as set forth in claim 17, further comprising:

(x) if step ix is answered in the negative, then setting the channel ID register to c and the
group register to m, where ¢ and m are the channel ID and group ID of group x, respectively,
setting the device ID register to a+1 where a is the maximum device ID among group x and
incrementing the member counter by one;

(xi) if step ix is answered in the positive, then determining whether the group counter
indicates M, where M is a maximum number of groups per channel; and

(xii) if step xi is answered in the negative, then programming the channel ID, group ID,
and device ID registers based upon the channel, group, and device counters, respectively,

incrementing the group and member counters by one, and incrementing the device counter by g.

19. A computer readable device with stored BIOS code, the BIOS code causing at least one

processor to perform:

(i) reading characteristics of a memory device connected to the at least one memory
channel; and
(ii) determining whether the characteristics have already been read for another memory

device connected to the same memory channel to which the memory device is connected.

20. The computer readable device as set forth in claim 19, further comprising:
(iii) if step ii is answered in the negative, then determining whether a group counter
indicates k, where k is the maximum number of groups per memory channel;
-12-
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group ID register, and a device ID régister based upo a.nne group, and device counters,
respectively, and incrementing the device counter by g, where g is a group size, and incrementing

the group and member counters by one.

21 The computer readable device as set forth in claim 20, further comprising:

(vii) if step ii is answered in the positive, then determining whether the member counter
indicates a member size d or whether all memory devices connected to the memory channel to
which the memory device is connected have had their characteristics read,;

(viii) if step vii is answered in the positive, then resetting the group, device, and member
counters to zero, incrementing the channel counter by one, and determining if another memory
channel is present; and

(ix) if step vii is answered in the negative, then determining whether a indicates ng-1,
n=1,2,..., N, where N is such that Ng=d, where a is the largest device ID among a group x of
memory devices with characteristics matching the characteristics of the memory device, the

group x being the most recently read group of memory devices having the characteristics.

22. The computer readable device as set forth in claim 21, further comprising:

(x) if step ix is answered in the negative, then setting the channel ID register to ¢ and the
group register to m, where ¢ and m are the channel ID and group ID of group x, respectively,
setting the device ID register to a+1 where a is the maximum device ID among group x, and
incrementing the member counter by one;

(xi) if step ix is answered in the positive, then determining whether the group counter
indicates M, where M is a maximum number of groups per channel; and

(xii) if step xi is answered in the negative, then programming the channel ID, group ID,
and device ID registers based upon the channel, group, and device counters, respectively,
incrementing the group and member counters by one, and incrementing the device counter by g.
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