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1. Field of the Invention The present disclosure pertains to t "% el d of
data processing systens. Mre paritdEEPAPEYIGAB QN esent di scl osure pertains

to leveling tra r : | %1 pl a transfer, devices su S
menory devi ces 2@%? iaaﬁl?%lggﬁﬁi ggl%egynééfg cﬂlﬁ ﬁ%aé'lo.n Vil usr{:l}:"'frp’c—'r/rm-’vcrf— @;?Cgf"bd
Art 1 In sosepebary énarsfier Mysdermd Appaatit Fosf@inrdahay sSAREINBRANI® pet of
system devi ces and a bus controller nay need to be | evellzed neani ng that

the data tridngbet Reaicey And AdMesned Shannsht appbcswm ofria heoroteer a_t/r ansf er
del ay and the pr.opagat/ del.ay .i,s, equal ,to the sane nunber of cycl es
for all devi é’&gelgﬁ?'t ﬁéeéz%zsc.n%\l/\f%(hp“l %@gfq%;‘éagdgpéﬁﬁbnfﬂreEBHgg% ggﬁF@%%an
respond to bhbgeeRhl PEMERlorPThaNRY @0 erbeBfirhdbes pHk RRE M FRNALY appPd&hon

| evelization is typically performed at systemstart-up or during another
initializaticon! penbod Vhen dafocketadiefRG630D enhided ed MEthdéimslesppsatos Fer wi se

syspended. An effici,ent . technique f | evel i zi ng del ays mmay. :
agvant ageou ?%&O‘?’&’dgéﬁc?’ﬁ@' Ilt)‘éﬂﬁ‘f hﬂiﬁ“ct] &gh‘i“r#{‘f’ag i/\zgﬁ”’glr?“"’r SQ‘X-UQBO’.fi“‘—r%‘?'B9 1
1 APR 2003 RCHidd &ahrériRhdpaled. thereby allow ng faster resunption or
commencenent of system processing :lcWatrcS Many prior art nenory
subsystens require an entire set of nenory devices to respond during a
single bus cycle Although the response tine may be programed to a
cl:~~rent value or extended by wsertin~ wait states, all data is expected
to arrive at the ::1CrilOy controgheikdkbNDt he same clock cycle. A
systemin which all devices respond durrng the sane cl ock cycle nmay noo
requi re del ayFletd/ef thz &svemnon however) such designs rnav require expensive
printed circuit ppards and rnay he l.imted Ln achjevable |~ rr~clwyrdth. On
the other hand, B?r@reéﬁn&‘gﬂoﬁ%‘bPﬁa@“ﬂé‘?/ﬁtce’éelmfé}?%P@cﬁﬁé’lgt?yéf?ér&f' alll"gﬁ‘b a
relatively b " y Lt ha S . t
to conpl et eﬁﬁg?&e{tj%{}('aﬁgrﬁ}égflgﬁgg{bglﬁﬁ lEheh‘Bﬁu{g’ %J%IIJ nré‘"’ géél?f%fagﬁ 'LZ’% gg tg{/)cl e
In fact, theatelranifer dtvices ouch dsemérusryndeyidee con figurahmuginetrioat cthduelces on one
end of the bus distant fromthe bus controller nmay have a several bus clock
cycl e propagation delay to the bus controller. Conpoundi ng the propagation
del ay probl ?.%cs%ﬁhii&ﬁ’ﬁfﬁél‘éieﬁ%al ong the channel may Have different
tnansaction response tinmes. A Ranbus (TM Direct Ranbus Dynam ¢ Random
Access Menory ( Din aomeRDIRAMankfes sysiemne dets amngplséer odelay sbbeawaln ahsantafl systesn

menory devi ces along a channel. It is kno t hat Di rect RDRAM. Menor
Control | er BRNESS 3nsy2 dup&epirel rrf@%m@( be, yeliasch meaning Hwt the ¢ty tgandfer

channel durj i I A in
" root RUCISE T RBLAETH0 Blar Ml B o b LlRliss FIRPIA o SbDadIFST LTS |
Vi ew, Calif eguul & thersamied@mbar oOiisroykles fordd] davides @nshebud OWahdewtizéddelays,

l evel i zing del ays. Additionally, one or nore delay registers nay al so be
provi ded wi th biisi saatspller ean mepond tadbs eaure(set gf sysieny desices jropy padesM Ha8PEssed

in the Rambus ) RiLeGk e | i2fign
ctored in ¢ HaghiovEERoRRONCAR) felbirhed &3y fer AR o Pbr Mk Mot (P R ARYn @

devi ces al opgriédevheh adube transFsrpiccael set df hizvizentis otheewiseahspended. s sfficient
initialized first) then the delay values for individual rrermr}/] devices are
adj ust ed. Treshpique fordevelizing dedaysgnay advantageausharsiusn the lengghiefhe putiglizader of
cycles pcrfonned during initialization. In general) the prior art may not
specify particular ways Z
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1 1" APR 2003 WD 00i 26789 PCT/ US99/ 247~3 to test only a subset of th]al‘tlst%gtpn3
.nunber, of passi/bd’ey del ay val ues. The prior art also may not BPEUSTIR4E3
met hod of choosing initial values for certain delay testing iterations, an
efficient order for testing delay values, a nmethod for perform ng each
test) or a Awapdoftherhby ahowee éiyl‘»lqrelsrsmrnguan@r diosmh¢icamede o oystemherocessidgi n
val ues are reached. Thus) the prior art may not provide an adequate method

for |eveltzZihX"Hal ays al ong a channel of c~ewcca. Surmary A et hod and

apparatus for | ey r
di scl osed. One ne%h%?rg)gs%l @E’Z‘B’%g‘f@#%ﬂgg Ulgoﬁ??@ 5eP fﬂ‘%m&g%eh%%g]m
i terativel yret@stdi dugingenuingle buangfier &lthOUgi‘EﬁheI’rfﬂplfoﬁsaamhlal’ngﬁfsﬁc ﬁrb@ﬁ&fxﬁdfd 10 a
| atency val ue using a subset of all available delays for at |east one of a
plurality ofiRERbrylUEETicEEadedhayiRSeHHE w} Setgte AD dplade vixeecterb fagrival A éhe or

each of the, pn‘dﬁ%&rfl?’olf%{' »JI‘MP( sqg &(f redes &t r';])ex(rju DY h &R gr/ﬁtzilrcgpo

transfers using ‘a east one or ea h of e pIur

nmenory devi @Rty ﬁrclsafnemwmud Qﬂ) ofm TrchﬁerlcQWye&\a_ hﬂuﬁxﬁ esQidvet, NeR L QBnd S
illustrated by vvay of exanple and not Iimtation in the figures of thé
acconpanyi nigar Wﬁgscxncngm eprintgd |aysui gbesda dnidowadi Agr mitod ionachicvable
enbodi nent of a stemthat |evelizes delays for nenory devices. Figure 2

illustrat es} '(S‘Hé efbodi nent of a systemthat |evelizes delays for nmenory

devices. .3_ 10k HPR1ZLGAnd, MR QUG BRIUICHVRRINAAAP e IR ed along a
illustrates one enbodi nent of a first phase of delay leveltzation in \Rhl ch
a controll err»l«deflcaylﬁmgﬂwebussord@ﬂiemﬂnl neweth ll‘ﬁngmceﬁy&uﬂ Hokst mmt&e@nmneo entpltiarent

of, a second, phase of .del | evel i zation “fl1.Ch | nd | ce

del ays are E‘é‘r‘ﬂ%‘ﬂ‘é8°f‘6fl°¥‘éé‘&‘hb‘€rf§rﬁ 6‘@3? B‘és clpgh %r‘icl‘ed a‘cﬁf‘? B

fol | owi ng dﬁéqmspﬁthr&emxeweg&%hammm&samoﬁp@ﬁa%tftam bl dls?a\ﬁ%lno%ﬁ R bus
transfer delays for a channel of devices such as nenory devices in a nenory
subsystem d¢amttahier frolyl hmmcngsed'esﬁrbluptcﬂc&h)cynlmmpmgmmpfmt:fylt@ wetbas congoltdr. as

regi ster mepory types, bus roto speC|f|c ty nponent s,
| ogi c partl{'rEBQF(PH B&dh?tﬁ‘é’é‘ga&tqno eher %‘“a?’@‘%t cfvtﬁcfh‘ ‘g‘Fd‘%‘P" may

provide a npi{e diftef-aug Sld&qg{éwgé Ngeof the present i nvent| on. It will be
appreci ated) however) by one s led in the art that the invention may be
practiced w thout s&;mtbusp@d.\n)‘ Dorede tRaumbsts I])ymzmmxbeRamdwt ances, \/tm'fmyo(lDlrccx

structures | evel circ \Y; t heen shown tn det

o onechER AR Bus S fts GATIRGLa b b rnﬁvvsgﬂ?rpm.%%%g A haAndine
i ncl uded degGt [ pLdRBSw aWhitdct RERBDUEMERHBLARRRE (RR dr}ﬁ&\e AE Mo @i ve data
circuits wthout undue experinmentation. "The di sclosed te&chni ques nmay

provi de an &b dll elavicesialongla clatneindyingce partfcatar ltew elyclzi np fhel, ay sobedbleren a

controller and a set of. devjces. itializ praocess y be .
ef ficient betarSed dl yPuesd BHiky.d bfgf‘ﬁ Shest aPVﬁﬁer?m&f %%%@sgaermalw of

val ues needyifnbin WEEHEEalifdPhia® @a"ﬂi ) 2 @ERAUT FeBay RlofVerl 6 SALiBGinRY I'Pz‘?
ayoi ded by lusc{&rrllg an effi é’{lent aop er ?ozrl test?ér{g d@ﬂaﬁ val [ues§ 1351 ch %osxll
particul ar delays.al values for certain delay testing iterations) and/or by
aborting delay testing when certain values are reached. As a resu

utilizing the di &ddyionallyenehrqaers d e&mesl%srsc@ég§|5ﬂd>°@59v‘emawem8wc{ua'
restart nor @Q“j e al | .
Efficient |ﬁ|ﬂt !%%ﬁ?%gg er 3;@12(1111 syéﬁﬁqﬂ%&ﬁ%@g‘aﬁr’i}?@u@% y 64112
difficult dMbit"dDatalShekt a]fp 36pr¥gme§ Qiay \berstarbd @s thibse rapisiérniin bader Kaequalize
Since the rrermry itself is belggqlnltlallzed) it may not be avail able for

storage of HelapdPbaiweendhe yarioysdrviges migneytheighannely Rypigaly p thgcontrollerylelay
00/ 267S9 PCJ[{1S99/ J p LOS)

typically peélyg 5 %% 1 nlbl?ﬁ%f?lgﬁqﬁésuéagﬁsl U%lgéé’ﬁ’{) éﬁg?ﬁ m% ?d%?@r%%l ch
to tenporarbijpsefor e values. Thus) an ~nit-~alization routi ne may have

limted resources_available to support an optiml ~n~t-~alization flow _ Sone
enbodi ment s of tI h@ m@cm@sw Polo Pstyidsea traedhanigiie tanisdusy shel npmbenh 88 ¢ yelgs

| ar k 5 f
cont ol or BERagRE A s kadens oy Rl e Bn el Ry RSl RRNchRy 3Rk T

devi ce del ay value. Efficiency may be nalntalned by |nteII|gentIy cutting
out unnecessary iterations in both |1aSCS2 the process. Figure 1
illustrates a “encralizcd flow diagramfor delay |evelization for a set or
a channel of devices which exchange data with a controller over a bus.
Phase 1 of this technique involves progranrrung a controller delay val ue
based on a maxi mum devi ce | atency. The Controll er delay val ue determ ned m
phase 1 is a function of the |argest transfer |atency value of the devices
on the bus. Depc;nding on the particular transfer initiation and/ or data
recei pt hardware enployed, t he controller delay value may elther be equal

oy Y . o



be.acconplished) for exanple, by aborting a phase of the testing m”ekAgRZMB

certain nxi gaapgontrol l er delay value is found or by startidiguspem47ss
iterations at the final value determ ned for a previous device. In block
110) the controller delay value is stored in the controller to allow the
control | eno test snigceadbed dfyhpendloumber afpdsibie éla valusd. OMRSpristeai &i6o @fhyt he
bus. In one enbodinent% the controller inserts the determ ned nunber oOf
del ays i nte! apeatiock mrabed of choosigpinivgd valyes Ut c¢raig delay testtnghitesatipnh an
receives data frorn the device The del ayed, ¢l ock.to the sanpling circuit
conpensat &35 YA %’l’ gf)sg’é’é’ttc&gaﬁ ‘Hjé‘ll%?yaf‘?%ﬁ?q ﬁoé ReSlorRmE ecf‘cﬁ Hgs}gc%’ng MY ¥y
al | owi ng thenGRMeA leslind SnBUCERTS! dthvicks MMk RehiindahRs AFd Mafhday Tihg, drvi ce.
-5 1 1 APR 2003 WO OO G/S9 PCTIUS99/z4753 Since the controller delay
val ue i s hasedromay et prvedt at adeuels method ot keelcong dollay erlonpyn dranyelbe

capabl e of successfully receiving data from devices which are chin th::
sane tinme ‘Goitain (i.e.) devices whose data arrives at the controller within

»

the ,,:;~; ~ clock cycle) at the end of pha.~e 1. Thus) at the end of phase
1 (after blocks 100 and ! | ~)~. further configuration nmay be appropnate to
allow the controller to receive data from;ill of the devices. In phase 2,

all enabl ed devices on the bus arc confi~~urcd to return data to the
controller within the sanme cycle. As JYPaRt ed in bl ock 1?0, a defy val ue
for each ~!~vice is determ ned by testinc one or nore delay values for each
device. Devices close to the controller may need to insert several delay
cycl es to obtai A methpeandlapparang foratvelizimgaransfeedelas, fewv Gasndatoftdaeickars end
OL the bus may need one or zero additional delay cycles. Mreover, the
devi ce wi thsalesd] aPgesneied chtdere JoigrBResSs § FepEelrnéday wajyh e iteyatigplyul d
not need gn L Sj | i he controller-is
mat ched tg‘“‘%{hn%td]qagg\?lp}gg.kn%%Sggg%%ﬁ%uas{lgg}g [e{srg}gﬁcgqg@s(?}!egﬁué :% lingian%U%éma%q ay
| evel i zat i gnat:ebRI GlISysi for lab geag0diELS a PlurdlifyEsrOmymeBNtEatdser AddiloRal BTl €S
of menory devices placed along a nmenpry bus or nenory channel. In_ one
enbodi mentmempey davagerdalayalug bor saghaelhe pirality of RORKY hviaesels delsmineddryi ve

enbodi ments may utilize ofher .bus chitectures ,or arrangepgnts ich

wit hout sueHM&TEMIht agﬁ§ersmb'ﬁlp%i 4 g%:ﬁs?r?n acic ayd&:th fgf F?Cg‘?gﬂ?hcbﬁguvr\@%l%fs (or
in differeRtmbhy @3RI Ns) dependi ng on the propagation delay caused by the
physi cal placenent of the nmenory devices. ) The systemin Figure 2 includes
a processor 205 coupled to a nenory controller 200 by a bus 207. The nenory
controller 200 includes a controller read delay register field (TDR) 222) a
variable delay circuit 210) and a latch 226 to allow capturing of read data
from menory devices that may be | ocated at varying di stances (and hence
varyi ng propagation delays) fromthe nenory controller 200. The controller
regi ster 222 nmay be one of a set of control registers 220 such as

peri pheral conponent interconge ). _configuration space registers that
Ry be witten to by the basig“?ﬁ%%gﬁgﬁ?%§€m§3¥‘%ﬁ%(BICS). The illustrated
enbodi nent of the variable delay circuit 210 includes a nultiplexes 214
controlled by the controller delay register 222. Four delay el enents 21 b)

( CVO 00/ 26789The prespr inGngoPETIwsge Dy way of7gxamidy anthapt 2mgtatighiie theeach

del ay Iatcfiﬁg oé t he Iatch.2%§ b% one bus clock) provide four inputs to
the mul ti pl'8WESObHG 2CoamPpanying PPELES 21.t provides a clock signal to the

| at ch 226 by sel ecting one of four delays based on the value in the
controller delay register 2?2. In other enbodi nents, other nunbers of delay
el enents may beFigueal] ilstragwiadlpwadingrageef ane esrbatiineant afiarbistent that lavelizgsxi num
controller ﬂelﬁf’ which . in this case ~, tour. Additionally, any type of
known or ofHAYSHOEBERMALY AEYFES- vari abl e delay circuit may be used. The menory
controller 200 al so includes serial control |ogic 224. The serial control

|l ogic may i nplenent a serial presence detect (SPD) transfer protocol

descri bed in t| Figutd® lillustriates Soc cmbodimestoficasybenedit lapgizes delaynforot e
avai l able from Ramqus. In alternative enbodi nents, the sepal control |ogic
224 may beMCBBIHERUCH t h control |ogic inplenenting another protocol, sepal
or otherw se) which allows the programm ng of registers such as delay and
identification registers in the various -gevices wth which the nenory
controller 200 comruni cates. The nmenory controller 200 is coupled by a
serial bus 236, a clock bus 232 (CK), and a data bus 234 (D) to three
menory nodul es. Each nenory nodul e may contain a varying nunber of nenory
devices. Afirst nenory nodule 240 illustrates a first nmenory device 241, a
second nmenory device 250) and a | ast nenory device 252. Several internal
features of the menory device 250 are shown and will be di scussed bel ow.
The serial bus 236 is a segnented bus which passes through each device. A
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I't;* ac~~mented fashion between each device. After the end of the third
Jremory. nodul\, @fQssot he data and clock buses end. The .i.ita 89924753
termnated in a term nation i npedance 238 to reduce srgnal reflections.
~l ucl; generator 2u0 is coupled to the end of the clock bus '?3? In one
enbodinent, the ~ lock bus Includes four signal |ines for bus clocks. In
this enbodinent a (-first clock ~:cnerator (not shown) delivers a "cl ock
from nmaster” (CFMgucd dclkusamcts iohs emomln&meofa first tphasel d MR fyfIE @Mzhdiéh ENOrY
controller end of the_clock bus 232) and the clock ~c:ncrator 380 delivers
"cl ock i oWEdtagonuotigngelay valke riigtarndnegonpl enent on two a~l dnonal si gnal
Ilnes fromthe opposite end of the clock bus 7?32 The nenory device ' ' ~0
II'lustrates a vanety of conponents which nay also be ) Included in the
ot her illustrat eddwRamilustieies ©a8 emBBlAndHRBf PEecthbihen &erePJv IERGEhYdlinl T OM
the data bus 234 by a core 243 which contains |nd|vrdua ménory ce s and
associ at ed eouthriotvidygl devige digysrare detemine@ &8t eiagh coniiddedbviae. t he core 243 to
drive data fromthe core 243 to the data bus 234. The driver 24? is enabl ed
or strobed by an output fromthe variable delay circuit 24-~ which is in
tumcontrolled by a delay register 249. The delay register 249 is coupl ed
to serial control logic 2-i8 arid therefore nay be programred wth device
del ay val ues determ ned by the Bl CBcaldd Deaminisint ed by the nenory
controller 200 via the serial control logic 22-1 and serial bus 236.
Additionally, one or nore identification register (IE» 247 may contain two
13.7s, a group d C C ar eVl c al so
referred to as tﬁék @é'\q/’Pc %ﬁ%rﬁ)%gh t:gggd\séga"? nlétgpr cu%d ;%ELAP“SIS %e\%vgepng
péerform ng dahdeodelagsmanch chamedadfi ondcdsskirg hbhancabs bu&c8534n aamilrlc(?:ﬁorpt her
control lines (not shown). The serial device |ID may be used to identify
particul ar HeRAYEER- %ﬂéHCJQNHQ”EhéeééPP%H PRIBETEBE SPIRBEC Siskily| sugkvasciegisBrand
t he device t b v Y be s cted to
opti m ze. perPatiianoiraPes S8 BrgPR; RS S ortohellRY ki PR EEUBES on
physi cal poahd iegragoréhdibes dresarfyrthl @y beRs to graeidéear inaky modﬁﬂgamn@trmﬂaxhg 244
i ncludes a set of delay bl ocks 246a-246n which may vary in nunber from
device to deyihsePrasentitienEor-o Iisdlibeapprygirted hopyevar orpngaikétiad ie theasthat
accessi bl e i.nf-ar 0 drc th
ot mam nanbiss gL g be DRy R AHE el L2 n N FRLES, 6o
nmodul e. A _@tructufes indBRe2004 dﬁd@t@ﬁh&&?cﬂ%eaﬁbtw% 344 Brtet th X Sscid S
sel ects a clock signal_fromthe clock bus 232 which is del ayed a nunber of
bus cl ock cylaﬂ wyentipay Tihgseiek erdinamn sldling thenart. it shesinehuded dascripBorfe wal) be
gt o 20 dpis BN ERAL o B TRAE Y ARV £ AN ASEL L ABH RN ¥E! oo as

needed to as a reaches con ing a particul ar
bus cl ock cycl e. Ther diREldeed/ mtmque:s rﬁaycrpmvrdc dﬁvm‘eumanm;@dhdns ®kedshfprend
of the bus, the deuwélvalue may be zero. For devices such as devrce 241,
which is cl develigivgt Yﬁebﬁswycrboﬁpmmlleéranéooyetﬁ WWSbJéwcwraésatwsr arloeess

necessar fo I a e 6.t I ce.
i nsertedyt orﬁ@'\c/j% ?arglcl%f]ﬁé&%ﬁ?eaa S%E%tgg’\e‘k CV\[K())&YH{B]H'H]:’%C ‘?Sé‘é”?"' %ﬂ%y g?s 'Pﬁc
Figure 2 al s@bk mtddd%rexwpremamhhatc defayCrestRigefia¥ Bc tah@dé@wwm @ﬂteffmtérﬁr

200. The bus 209 may be a bus which is directly coupled to the bus
control | er 2oderofor dersinghdelay ivaluesdby ebeosing pupicalar tlomphealnesmﬁ@rycmm delay er

1 ash. menor JFBBAE AR Rt dra e VBB e B St ol b,

the bus 209.edMit 6 MaAti dgeluye) disEIBS@ HeNnigEeSs, FB¥r %&@yﬁg% t ortRbfeadrereREf €S
or otherw se configured so they are accessible'to t he systent The i nput

devi ce 290 mmagreeapidly; theeebymllopringyingreasadstysigot thomighpniom a conput er storage
device 292 (e.g.).an. optical or netic di.sk or ocher stora c

from a network orE{gS'rﬁ‘?E léaj{z]a ”F%F%W&%é“bébﬁcmer%b%%‘éﬂtlrg%dﬁﬁ hg‘tﬁ‘&
instructions) la@ﬁlb?'s&ﬁagé‘?orS‘Yaﬂan&td%xnhgﬂhﬁﬁﬁ%uotnhesFi'icé Qﬂt@%ﬁ%&r?%@l‘fqy%&n@y
be progranmmed into the non-volatile nenory. in several ways

may be pr ogriamabzedyhe mayhet destvaitable fnamfactafrtedrpomrymzylube | Astdationadlyi ther ed
via a conputer readable nmediumthrough the input device 290. In cases where
the BIGS is |later delivered) the instructipns may be delivered via a
conput er readable nmedium Wth an appropriate interface device 290, either
an electronic signal or a tangible carrier is a conputer readable medi um
For exanple, the conmputer storage device 292 is a conputer readable nmedi um
in one enbodinent. A carrier wave 296 canrying the conputer inswetion is a
conput er readabl e nmedi umin another enbodi ment. The carrier wave 296 nay be
nodul at ed or otherw se mani pulated to contain instructions that can be
decoded by the |nput devrce 290 usrng knomn or othermnse avarlable



~:f~::1 chain of the channel in block 305. In one enbodiment, the ~kfrARR 2003
| ds are assi ~Q that the last device in the serial chain -

; -' 753

hi ghest reﬁ‘gg%ﬁgmr%gnber. The hi ghest ~e:rial 1D) however) nafleﬁ@tsgﬂg‘vae t he

| ongest trace distance to the controller. The serial bus 236 nay progress

in a fixed dir i Orrr o ht as shown in Figure 21 n each.

momory modul e a1 ophEn v G208 boRRal SN Ol Rabrd BR RRGor
di fferent diregtilBnhas Thue)ori ho MA¥MES AHUANERAEOWSpbRrSY afidre W diest heThus, an
hi ghest serial 1D nunber because, although the highest serial |D nunber may

not indicate thealztpnf eutinesmapeory lidewedcesburoe tihalabdntio obuppojt ht dmimal
likely to at Ieash be (}g the furthest nmenory nodule. Next, as indicated in
bl ock 310) t hé™¢SHTH SN I'E™ del ay value is stored in the menory controller
regi ster 222. After : e liayql . [ trald

regi ster 222, a tesstgn?;regﬁgggpﬁihgqgéﬁ%??‘noge? [i%xnogllg@g(f é’ghélﬁg%ﬁggkavgil%&lgg?d for
exanpl e) in orergerdrwaintsesttstoragply fir wdsang femo maxlmaatidony B sehe comuglley delay
devi ce being tested be itten to and then read back. The success of
this transfer Y& é%‘{nélée'} ﬁym‘tﬁck‘”g‘iﬁ’. epgh thraNeRt ACWE (R SPeaddbuek dalbrsYHer:
mat ch t he dat j t I r . ul.. .

data read bac ﬁE% ’cééa}re P?ag r&'?rﬂ ghﬂg(ctget@?@g‘gg%/&{?ﬁe&%nn%% q@g%{#%ﬂ -(L:[lrgl}ﬁ'ﬂ] : |§ns B(ﬂgt
proper |y capt yhascsarfdhd prect¢ssansfer is not successful. If the transfer is
not successful, the_ nenory controller delay is incremented as indicated in
bl ock 325 to give tHéuEak é‘”ﬁ‘fﬁ‘é’i%E?f’éf%llicﬁiegawlt‘tfé”#@hé?lyy tostizasiondpr a sctora
Whet her the ne . del. c Xi n del ay ,val Suppgr.ted
by the. contro Ie'i{Cl?og%&fcle% ﬁyh'ﬂ‘ﬁ]el%}réﬁl% %ﬁ%?‘“g} HEP&‘[%QF%W? %l})ruf) lthléi&t Eschelhg
in block 3S0. tkéhmque inRBIveOPtdRPArhRINg 5 cuf@blled dethyl NBQY basRBVATH ndRIAYS deice
read the data fromthe device, and no further tests are perforned on that
devi ce as the lsgppal Thp qogtrakier éhhydde idatepnineR 18404se h 15 pdunctipn]ofghr 12@es
W O 001 26789 one ' t I del vakue i.s four,. PCINS99 3
If, on the ot hle%nsﬁcgﬂ%?h{gﬁg&aceIogghclngé(vl’éegérs% % ﬁ’aen Phe h%?fih%rr? nd{e}]ca m\}ggr%e{rgnﬂé
supported by tRAgiMBARKY/OE afth r&klpehardivag: éfﬁgl'é&b’d.@&n@dn@oll@rrdczgﬂvﬂﬁé’md?'eiib(crtbhe
clock signal fromthe ~~ar~able delay 210 by another cycle and again try to
capture the dataal prarglenvebirpmobelnsgaseiransier latondy wdke. 315 if the controll er
delay is not greatep {han.the Xi el.a upport.ed py the controll.er
tested in bl ock SSOb"f)PcéS’é]Fs[ﬁ%é’é us?fétFl HW’Q%s”f%eercg?%o}gcétééxatye%cef?’ﬁmﬁ'f%gi‘( @fﬁ’,aV%
t he proper congk@ld. eAs dlicycdiadiRKEIVOIBEREVE NEEbrii@llef by PanLE nfay|bRIdeSRicY
device as indicated in block 330. If the ci~lay is the maxi num del ay
supported by thetcsorg poly|deupseof tielgyealur:ﬁaw@bé- J8Bthep epsds, grienirallergn baved
as Indicated in BlOG 338naPHASS Jhuce OPLE! 6 N1E6aU8 LARCORIT BULRT o HR!
utilize its maxium-delay value for This menory device aRa"Yrere s

accordi ngly novjridud'deiies ARmE 4 bus, QR 1&sNBEn MERkYwillehd 68Son ANt some of the
exhaustive controller delay testing nmay be aborted to save initialization
time. If the cowmony Heviceselndyr certaiie corditiens. t Has meskingofadebsey of delag valuge may

ot her nenory dgvices ar hecked to determ ne their del val ues., As .
indicated in bs%@ﬁc%‘a }&Fﬁ.e?%reﬂagrp??,[)g oat?ﬁf‘g‘rg f‘s&b“é%rognﬁ%t %%‘"?% wshé:f‘e%tcegmn
next menory deyjagRaurhRoRirolidt d3HG, valde ik FoslRt B figfinphRWniedratidiRr£ tid indnjalue

more nmenory devices to be tested. |f not) phase one ends as indicated in
bl ock 355. |n de¢termeintdrapievigktcedeyiache hi ghest >D nunber is first sel ected

d b t devi t t.i t L. D v el
ot er i nati on of -whit RIS HD; HRCoetaltr AFFE SRR oo o d RYTRE: oty e,
be made by testbdifblheb REEcetIFaLY %W%nif@rs'@ﬁﬁ at 16We st edice Ant @ik tAds] VI one

tests may be used for different 1D nunmbering and/or test sequencing. |f
there are any mmbedimembthe chnuiobesinsastsiibe detsmaidyd nhmbarafdeless inse aclesk path of a
bl ock 310. The control.ler delay value determned to he suffigient, for it

ot or mermor y. qSUTRNg SreRide g i A Gh frces drd e BE bisrad g aeiay il @bieio
the new menory ylevifiside LHERD cBRbensaRE ofl Yhe prdpaghtish RBAPT HomOfHe! IVIQS td the
nonet hel ess | i rtrtﬁ eidﬁglil gtehe sf(‘):we%absr evi gus dgr/i%aeg énd ngg n%t be ‘able to
decr ease t he coomtrallercailosiéhgthe vahtoalér hauceéssfudly lbyh $i data drigemby thetderice.
previ ously deternuned controller delay value, the nunber of testing cycles
may be reduced and the initialization procesg shortened. Furthernore, since
phase one may first test a device in the phySically nost distant nenory

nodul e, the |largest delays are likely to appear in the first set of nenory
devi ces. 1 1 APR 2003



CVO'0U 26789 PCT/ US99I1 24753 Accordi ngly, closer devices may be able to| 2000
transfer data back to the controller on the first test transfer. Thus‘l) W
selecting thehighest serial 1D nunber as a starting point in ptpkosadrss a
nunber of tests for | ow propagation-delay devices may be skipped. Phase 2
begins in block 400 of Figure 4. A a~n variables are initialized as

i nd~catcd in stepi4®5he TtrtoBpaldela® cduatisrbdssd ion theallirzes henthevaherithd |1 D
of the last device on the channel, making the fast device the sel ected

devi ce to bEPRELIERM2YTHRY degapabd heqfagpcseﬁswheregeveét%@ gf@méevw:e which tage an
R T O e A B Il o R e
sone devices nmy operate properly WTh To “=¢iciit~ona cf i cat ed
in block 41Qymn at]ﬁanwcyc)tmmse‘naroﬂéﬁuqondmmsedt tmeeh@stpﬁiae1$@ﬂxaecbt&¢ts rm(mtcy
device. If the transfer attenpted in block 410 ~s not successful) as tested
in block 412)0% hethes sosfizeaier enatebayppwipaelei © A aketontelisr Maxderivn dévi ce
del ay val ue rag] hpg{[gg glclsn bl ock 415. |If the tested device delay value is
the maxi mum'd hen the device has failed to accurately transnut
data to the rrermtrypﬁwat'r odll @fabates Bd e sastl tHegbush@e rax i Futay delrayird @ath tts Rt a
output. In this case) the nmenory device is disabled) as indicated in bl ock
425. The dewreeﬂhaywsen dh%a@ne@yb&t adsiigaicagd dn démkcé’q ] d/hlpy;wﬂug fvoteagts ed
by the rrem)r%/ contJ dsbo that data tran §ers e tahv %%bl ed device
and the conttdt CH’ '?)‘t CEUME T dRP e “Yot%%cr* de v“IC(}:‘ SVirhy ¢! ErEPY as
the renal 1R mwunerronbxsnﬁ?vrﬁe@qa 180Gt EQRr N RESSSyEANG &Hﬁ% O;Wb bt dkDGKiARS.
On the other hand, if the"transfer attenpted i'n bl ock - i's successful)
ag tested i nrrbrlsowkcrmdcvtme agl el fﬂeLdéICéyhtpb%Emt’Irytqbpogpammddniohhledclay

l ected d ff t.t tely t data to
Controf 1 or - Lt ORRED B BeCBy ity T K BesEetechRat B Get el B

counter is @Wl@%ﬂﬁ@cﬁ)mﬁ%dhﬂﬂinﬁ%&% ehcIbd Qpke &%Q}ena\onetth@to,ﬂmmer stth&ﬁch
remain to be tested is t determ ned. As indicated in block 435) this may
be acconpl i shedt dfmcwne enbodi nment by testi ng whet her the serial ID counter
is less than Zer q. m@ﬁjﬁces remain to ﬁ ﬁq next devi.ce no \ﬁé

i ndi cated by the BHes SPF 2YSSH 8 ﬂf’%r gy Hévch‘éﬁl(ItondeWP@guet ! as
the process cpRt §f tnethr%e&uPomr ahd an@reeyf Ex‘é‘ﬁtor‘yeﬂah&s iR laffhg PRERBN2 |
conplete as indicated in block 440. At this point) al evi ces are ei t her
di sabl ed or bhawe memenypdrandeyi be odelespodahang, y:hco@aamterda)s@etmatlméas:@xaem ce

cont ol | or St M GhSERT RytrdaERmpbGtegls B Squle bRty iByfcutelopr

U0!" ' 6789 REINRIRnEAiath, thh'BUtssuéh EotiRdoANdoRRNaNR WSl Qlndgediftieat B8s
transfer delays for a channel devi ces such as menory devices in a nenory

subsyst em i sydes tdros eliffergwt tirpe demaIShdepmdptgarrylhermM" peen delppoauspddp the
descri bed an cconpanying clrawin;s, it is to be understood
that such e Sﬂfaﬁr@mﬂﬁcgmﬁ% rlrﬁergllegp ﬁﬁ‘ggersati ve of and nut restrictive on the
broad invention) RAyiRaALintHje 2MeREDR pReesdde 205 BbiREl {002 dfonhedttiolle
constructions and arrangenents shown and descri bed, since various other

modi i cat i 0R€0rhaya busc207.t The meswrpcaitnelisr 2p05r¢dasch cantroHer eead daleymegister

st udyi ng t hi i 0 e. -1 1 .APR 2003 t S ainyed is:.A methpd
conpri si ng: %&fgﬁ%?% %V@Bﬁlfrqgiﬂye?“cd'étlég %‘%Mzmﬁy ?‘tcter%f%’v‘éﬁﬁ“‘t"és‘frﬁﬁ%“o
menory transfher ﬁoxmn&ﬁa@rdevttes hdt FHEBE 1dchRBSE Qhirylitt @RENce qhnBhetize R@ry?ing
subset of a plurality of nenory controller delays for at |east one of
plurality ofprmgemqn @kdarysc)ésm t!nndnmrercnmoldn; 2@0rréfhe|cymﬂélnrmlﬂferl?e?-9 may bﬁe
for each of the pluralit evices b oy n

using at | e&&f °c§ Set!létfaﬁ?xvg U’é’sﬁf? gér‘fcgfastpﬁéptbﬁrar?ﬂ ci?c %%rﬁ?rn §ad@[/cﬁt:es
2. The net hednfburadiéh @bécefregxktaesr (Ha@ Ry Bd Ritteh 10 byehe! BRicC Riph/Slp@r sydeimy
value in a contfoller storage location in a controller to set a channel

del ay that dBIOBk the controller to performtransactions with a sI owest of

the plurality of devi ces; .and storjng each devi value
in one or nore de %/ F’%Eg‘t’?%‘hs‘)’gfd"’egw g‘l" Helé‘yp iUy 2§8 lu
devices to 'lﬂ§l‘?xP ﬁﬁeﬂ&,\ﬁ ﬁé’oetw mc%néoﬁaf%ﬁayqegmtr b ﬂﬁxtraetapemtslms

bet ween the con er an the plurality of nenory devi ces.
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3. *The method of claim1l wherein determ ning the nmenory device del a}hﬁeﬁM@m
further COR‘C@HO?‘%?S‘) if l'ess than a maxi num nunber of device delysoxsises
causes the data transfer to succeed, then: determ ning a nunber of del ay
cycles that causes the data transfer to succeed; and if nore than the

maxi mim nudber216f ank i 2.evideh aychcdetdyelatchire asfaqun:nedn@byaau@ Bud blecklgiravide
transfer to succeed, then; stopping when the maxi rum nunber of device del ay

cycles is &HEdBRISH 0 Ahe ‘T’HEIPr‘r%’teﬁgd“*ofT}’@l’BPlr‘r‘\Pfoﬂh%r“bprPVd@ﬁe”rﬁWh ﬁgn@h‘é the

| £
1(‘: |OP ts{ Om%ragﬁdzg?\(@ lf)ﬁe l?’ gp (H .Séve@ ouqre&rrcﬁygagésng g h‘hlc rvsaﬁus?t Ny a%pn\fgﬁffegtfl%m an

initial dekayswabae, Ihhﬂhérl Erﬁbodiﬁieﬂbé vt ulkRJoRdEYTRRIMGEs &aG! 8 uskal ay
until data is received by a controller fromthe sel ected nenory device;

det er mi ni ngllrawn@quae&tr aysmallaraufider forglesxmamsnon goatealiec delgy avhichen tis ¢ase
first delay val ue PR 2003 sel ectin er of the
first del a?} (Péllrué‘\%cﬁﬂo?%lé ﬁ’é&tty%eiﬁ 5"%{1 %Oﬁgn{”ﬁ% agﬂh’lbfeo?‘fréa?’ Qdfiay cUshie.
The met hodof el &k 4 further conprising: repeating det.erm ning the next
del ay val ue for another next nmenory device selected fromthe plurality of
menory devi ces; Tamdmsmbgctomplrr @08atler incfudehsetdntanabl éogid@Rdy Tied seriahnd
the next del ay lvaI ue as. the controller del@t/ ahyﬁ 6. .The nmet hod of c¢laim
5 wherein £HEYIPEE MAYIBIRCBER AL HaEessnredfed & &P eeldesinbydivie of

the plural ity ﬁtwwrmvsynﬂerwe%%eq&r&rg@rﬁa&&? NEREhed, Hrtr?&lh ﬁ%ﬁfg Sgs:

sel ecting the next menory device by s cting a nenory device wth a seri al
i denti fi catltemaned embpdimentst thetseaalsainerol Baia22vDmyy @ew:pmccdmm mmfwdbgmf
o) aim1 wherein determning the controller delay val ue conpri

initializi HGPEMOHPE FNPBIET BENASPLy ARG Of SRV |sh: ﬁheﬂh fﬁlé’lwéy‘h?é’lr%am%%& Phg
whet her a g o@ﬂ%&%kﬁgf k019 gﬁgllmlﬁqz&rg@lﬂ@gx ?ﬂsﬁﬁ ViHE§L& S ces Winth BF; jch the

transaction o the select menory then increnmenti ng
control | er nttehary coalroker 280dofrefiunidntasg t 0 testl ng whet her the transactr on to
the sel ected nmenory devi ce succeeds. The nethod of claim7 furt

conpri si ng: |f ﬂr@ mrraﬁerar@rmeHert&Otlﬁéorﬁﬁ%Pyacréwlct@s@ééc'e@agk br%ﬁ% (CK),

gﬁzzgregidggum ng the contr{)[F’I erR%glnté{/ ﬁﬁéed cm‘?r@%gﬁ@g%ﬂﬁg%t ﬁleagl(raréélrrg(ray

devi cer W uchnsug aeeted oafmehogeﬂentesngAaﬁmwmmmqr podeii 28 fihetndeha first
plurality of nmenmory deyvices as the sel ected nenory device. 9. The rret hod of
claim?7 furrqr@ferycéﬁmq dtthga sesondnmemogn dgkics 0t anfé rrelaﬁ'em;mprﬂéirws 252.

succeeds, tsgg af‘ﬁﬁ& fé’é(ﬂff& ﬁgtﬁehﬁrc%ﬁf el @rzs@lezlré‘)éh&%uﬁ | Gy ﬁg {I‘Eﬁg&

controller ay va control del ay value Is ess

maxi mum comelow.| er deI ay value then returning to testing whether the

transaction to t'Ihh(?: ssc?'xlale%hs?quém}ggr g/cggn%\rq:cﬁebussu»%ﬁszgdpsasgzztthrough each device. A
second segment 236a of the serial bus 236 extends from the memory device 241 to the
memory device 250. Likewise, a third portion 236b extends from the memory device
250 to a next memory device (not shown). The clock bus 232 and the data bus 234, on
the other hand, pass continuously all through the channel as indicated by the dotted lincs
through, for example, memory devices 241 and 252.

A second memory module 260 and a third memory module 270 are similarly

configured. The second memory module 260 includes a first memory device 262, a
second memory device 264, and a last memory device 266. The third memory module
270 includes a first memory device 272, a second last memory device 274, and a last

memory device 276. The clock bus 232 and the data bus 234 pass through the second.

-7-



-15 1 1 APR 2003 selecting a new nenory device as the sel ected rreﬂTﬂrAPR 2003

_device; if {he controller delay value is the maxi mum control |p%‘r(1§%@b/§¥75ya| ue
then: storing the maxi mum controller delay value as the controller delay

value; and stopping iterative testing to determ ne the controller delay

val ue. 10. Themmethadoqimedidédant WARERID 418 BERDA) dbgiéeh@r_h%%leﬁmoddshgw@eéy

val ue fu~~ther conprises: if the controller delay value is less t
maxi mum cont:r gighmenteddhsyon/adiwegn ¢dabnlesiekect i ng a new menory device as the
sel ected nmenory i he control |l er delay val ue has been tested

d | f
for all of the prﬁ‘l\é:ﬁf eete;J‘?‘g %}Psﬁa‘ Pyn%waa%quhﬁ?onf dpendalosk besesiend1 The
further Cogpﬂr'ustlqué SRR AT D% )R [BRMRE Yo d G gselc"aﬁcd:v?ilg & lAtcRACh of a

plurality enabl ed nenory devices into‘a conttfol fie 6r the respective

menory devi cleck @ehgwel Rg@isdeugled tbniemempetihefciddeouplBralii toyc @mbdaIAMTY, the
devices to a conh~oller. 12. The nethod of claim 11 wherein programmng the
plurality oflogbrysyndudascleuyeieay hrdsufes bus ciaskspllrthlsi angbastimaptdr §rsdelock es

further conprises: i her..a devi ce del ay Lue for a.menory device
is less thaﬁugﬁrﬁrég(f&r%?r%nk%g& %’4_2' & ‘gya\(}(gl ugm ?ﬁ%cff(ﬁé) @8%?68%‘&%9“’@‘%‘«5 i's
greater thaontike B MAM GRYHemEe|@Yir¥déiend BenhdickaR! bing 28heanE Y ¥lock
device; if the controller delay value is |ess than the maxi mum controller

del ay val uegendidar $80 aletiverg 2a desh remmsierdéUThD dsckt hed sisl @mpdmamnar ywo
device unless,the controller delay val ue been tested for all of the
plurality of“?%%‘l’li’gd’é‘(/ﬁ%eégfonﬁ‘.c C}l/“rﬁ’ S‘We‘?'}‘rg‘aslﬁ‘f Cl_é’F}égj?ﬁ 1_@ wher ei n di sabl i ng
the menory devi caneQpRhbS ek viteSa) IiRGraes 8NaAby Seddd fdneak @ﬂci{%ﬂealﬁg bk he
rr;mory device. 14. A nethod conprising: determ’ning a first delay value for
a

first nmenmorgudtdvincée oyher tildwsataiodeingmionc deastsngDutiemfiy bstwdetrayo vakageived om
an initial delay value, t first del val ue bei.ng a nynmber of cycles
del ay unti | ?rcfPéTi ahg dataghyy Qg‘b byya zfoéfbr?'?go‘f’ﬁﬁk FIGHRY g F%‘c%ﬂ‘or%r?ﬁbil and
device; -1655otiafec AR P RoRidCLLHALE ARt DX é&%}pmﬂ [x%y%o;fe%aam@\te gRaory
device starting at the first delay value; selecting the greater of the
first del.ayfroat the carl24he thedstadeb 4§4.vThadnas 2426s eoritledodt @robde bgyan\catpue ;

Vel ue: and. F107% H BRBRCATEY Sty oy HHIRD FaniHe SRNERDE GivIaY Feais oty
Vo b e LA WILGA0L 0 4 Coky nAUE S B
to deternii peogrivemedniitioldbece delapyaleb mblermincd by the BIOS and transmitted by the
memory controller 200 via the senial control logic 224 and serial bus 236.

Additionally, one or more identification register (1D) 247 may contain two [Ds, a
group device ID and a serial device ID. The group device ID (also referred to as the
"device ID") addresses a particular memory device when performing data or command
transactions using the data bus 234 and/or other control hnes (not shown). The serial
device ID may be used to identify particular devices when using the serial bus 236. The
serial device ID and the device ID often are not the same because device IDs may be
selected to optimize performance whereas serial IDs may be determined strictly based on
physical positioning of the memory devices.

The variable delay circuit 244 includes a set of delay blocks 246a-246n which
may vary in number from device to device or module to module. Typically, a non-

volatile memory accessible via the serial bus 236 contains information indicating the

maximum number of delays available for each memory device of a memory module. A

-8-



15." The nmethod of claim 14 further conprising: if the controller del h} APR 2003
value is | es® doameot he maxi mum control |l er delay val ue then relcdvusngstsd
testing whether the transaction to the selected menory device succeeds

after selec new ,menor eV|c as C nory ce. 16. A
et hod ComPRIREsEE 2R AR 1056 A7) HATVIHEIE PEhgey Wiy sy tbs pimbsiach of
a plurality,gf ¢ ra;@wywegqumcesdmérh@nadngt Yl')ﬂldUﬁlluerE%FQBanﬁ% fawagaﬂcusxepgwg a
nunber of delays up’to a maxi mum delay” va l'evel i zes a°read del ay
for the pConshidylyoh memanyydediseicas snseantdldyasiclesgsweededas assulediata geathesy

value for a menory devjce is |ess than a maxi num device del ay value; if the
devi ce del"aynS/BPR&ORYOF0Suring apapralankys ﬁwﬁt SWFCgOU@FWW%VJéS ¥h

di sabling, £ e, JIBIRY YnfBl GP een@Sst! @ObOY AL U SEHLRY) 6220 0N ikl t; on
nunber; it the device delay value 'i's ess maxi mum devi ce

val ue t hesuchestdenge\#a¢] aichdnoldseto dﬁvmﬂﬁo@&lo@)(ro\l/iad 2090, fa@tnaapqiubeycleeﬁmr y
device is |less than the maxi num devi ce del ay value. 17. A system

conpri si ng¢ epsaveipssiata ¥ proRpgYC EOM %\f!%%@é@ﬁ%@ 281 ey be inseserbio  a
plurality, of hzrreg%glagsega%su Lrﬂgaic?v tlg menory controller; and a
Separate fenory devi avin ore Tereon a plurality of instructions
W uch, if executed by the system cause the systemto performa set of
operations conpht Syfign oflfigurcl2 hisARR:1A063a des eoWitmitng cauglanta dicl wemdsl ay
value by iteratively testing nmenory transfers to determine a | argest
transfer FOhey20Ql fe bus easﬁaeéwsmm@ lmdencaqlx EQUPTd IRERDPYS CBHOHB | er

del ays {050t LERYnON: BlaRcR VEANLE Yo B HEABLY (HRKEPS00aToflet iyt o

nprory device vaIue or ‘eac Vi ces by

testing WBﬂ@dfcychrdeaﬁSf ar ﬁomsmagleaxtncﬂne@stzsmegdel ﬂyshvmlcuer;)owoneﬁmhg @&1qgshe
plurality of nmenory devices. 18. The system of claim 17 wherein the

separ at e fiedforid gevinsk drgice 2AQ ara erupiqd @ the byp GQParﬁqtmewﬁBmagse devicese and
wh t t t / t
e ol ok AL b OBAALEEpREA Bl 2 ROSLE A AR SR
oper at i onsysatht her conprises: storing the controller delay value in a

controller storage location in the nenory controller to set a channel del ay
that allows thd&haenpitydeyisst 2390 MY cithehHGCERl PROSTAM ARHEE RSOt h CYNRYE e st

of the pl E’{o?;lgctc}év&fcg%”@ & zgxfééézg‘gigoﬁ gugg?ﬁifgodﬁﬂ‘gr b 588 r&vQ@)"bP{?oﬂG‘d ay

val ue in one or nor ns of eac “the plurality of

menory devie®esk tar tommmnhicatsnl ayerfaew 194z BJOS cydzl €. cC.Od‘.b’]ﬁpolGT idabaions)

transacti ons between the menory cont]-oller and the plurality ﬁ% menory
¢

devi ces. wsmm@essystfﬁmowniqratw&wdmﬁl@ﬁfét t§CRRIARESINAY Pty PEASEATABAD IR0 4R%/i ce
del ay val HEh TR e djsé%ﬁ sebdral §35s.t ARD Eﬁdsamaw BUEBEIma wiley inse

del ay cycles causes t ta transfer”to succeed
system is manufacmrcd or may be later delivered v1a a computer readable medium

) through the input device 290.

’ In cases where the BIOS is later delivered, the instructions may be delivered via a
computer readable medium. With an appropriate interface device 290, either an
electronic signal or a tangible carrier is a computer readable medium. For example, the
computer storage device 292 is a computer readable medium in one embodiment. A
carrier wave 296 carrying the computer instruction is a computer readable medium in
another embodiment. The carrier wave 296 may be modulated or otherwise manipulated
to contain instructions that can be decoded by the input device 290 using known or
otherwise available communication techniques. In either case, the computer instructions

may be delivered via a computer readable medium.
-9-



then: determining a nunber of delay cycles that causes the data trardsl AR 18
succeed; and if nore than the maxi num nunber of device delay cycles are
requi red to BauUeE6Id¥e data transfer to succeed, then: stoppi nPCHESPIRHE3
maxi mum nunber of device delay cycles is exceeded. 21. The systemof claim
17 wherein determning the controller delay value conprises: determning a
first del ay val epefarongoffanesmbodimenyt cdeld systdny of Feruad R velljusirared eagienfow he
first del ay val ue tI%iom ar}Lﬂiﬁlgi tial del aé/, val ue, the first delay_val ue being
a number of ‘EYUREe HepLy i Whigh gespectivsbrilipsas phagsel #shpitage @ OReTEPNSEr
fromthe s OFESYOLE; ige. 1 R L. v i a. next

del ay val uglll 1(‘%g6rd§£g3 next lﬁé%neé'r{f%gseev}i)gglsnﬁarlﬁi ng a%%?%%rqgﬁgg@lggeﬁg)}m\ya lﬁ"'ed;' and

sel ecting tihe greatyecornfollehdelhy vatucdieliayializddie amehitifievanexthatedpayseral e as
the controller 1de%%y val ue. 22. The system of claim?2l wherein the set of
oper at i ons "FIPEh&t dE@hveiee dirstygpedivnie Jeemar eamigllehe Aagmmigiizathevianale

for anot he[‘orﬁ‘ﬁ&(}?cr m@{ﬁﬁr%l&evﬂnco%esc%t%%%ﬁrﬁgntf g ri%P %sr@!x ggéﬁlmci xtn tiaﬁ&gﬁ?ﬁ‘érﬁ:%ﬂgc next

devi ces; and selecting a greater o e ton I'ay vd

del ay val uervashd tvatotiot daddy edudgInd)p r¥akitBan Beesshie syst em of cl ai m 22
wherein the first menory device has a last serial identification value of
the plurality offdfeuenallyddgisedd IRheoumresrie inikalizedt thoaditue threlascdmmire inabe

sel ecting the nex: ry. devi y.s5el gctin mory device with a serial
i dentificat %‘ﬁ?@%‘l“u‘;ﬁg‘?f%}““ ]o'"th?%cq‘saé(ﬁsgcﬁ'e%nen%ﬂ@?{)r%ﬁ%ﬁ%e\c“214&1_5?FFe“éﬂFé‘F m of
claim 17 wheneitnhdrieddidd Motht BeriQ QRbinOhdsQhe €RIhaYt s¥ALUD FOABEA SBIR highest
initializing a controller delay value to an initial delay value; testing

V\A%‘uet her a t¢aHdRehPBAvaromay Sel betddc denesslyuaredigencsue tleeertroller. ¢ e serial
t

ansaction to,khe sel ect ed nory, device fajls then incrementin e
control | er b8£e|-3§ Ve e and gg‘f‘ﬁ? ry(|ii"ﬁ§“?“o&t‘€s{°|ﬂn‘§ Qﬁétahéﬁo‘f'?lé“ H%ﬂﬁ%é@ Pbn to
the sel ect @EcHBBMAy dRYALE wike GBEUSta B 2T eraS¥StLmrRfcnt InfddMR4iniigkfinp t he
set of operations further conprises: if the transaction to the nenory :

devi ce sucéeeersonst hEhus; ét majii begadvantagseusnty sihatwigh thenbighesirssdial M muirdet he
sel ected nmory_devi ce succeeds usi.ng,.the controller delay value for, the
transact i g%“f%&éf‘hglyrf?é’%r@eggg}?céb SSWGCHS Médg?ﬁ' art é?éa’gzé?’{ég’fi‘ﬁ@y Jurhsst
menory  devingénbdydBvideefromhalcbhyrolRdr, TERTMIELAEY hCRIaR: bRehS ahrifitethe FRIPT Y
device. 26. The system of claim?24 whereinthe set of operations further

conpri ses: Mddulhe transaction to the menory device succeeds, then testing
et e e oML ey Bl SRS ) Frethe s 10
control | er cdelralervtadister bIENAFREL HE RoAGolie? defStis BBrothBUREEordthlet Fegie@cionon to
the sel ected rrermrty devi ce succeeds after selecting a new nenory device as
t he sel ect @dCHeEmPBipr iseRaroan as indicated in block 315. For example, in one embodiment, a
particular memory location in the memory device being tested may be written to and then
) read back. The success of this transfer is tested in block 320. If the data value read back
does not match the data written, then the transfer was not successful. Thus, if the data
read back is earlier than expected by the memory controller, it is not properly captured
and the transfer is not successful.
If the transfer is not successful, the memory controller delay is incremented as
indicated in block 325 to give the data more time to reach the memory controller.
Whether the memory controller delay exceeds a maximum delay value supported by the.
controller (e.g., in the embodiment of Figure 2, four), as tested in block 350. If so, the

controller is unable to insert enough delays to read the data from the device, and no

further tests are performed on that device as the serial ID is decremented in block 340. In
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if the controller delay value is the naxi num controller delay val ue 1thamR 2003
storing the maxi mum controller delay value as the controller delay val ue;
and st oppi ngwotteratsove testing to determne the controller dePaV/Vsdlasgss 27.
The, system of claim 17 wherein determning the controller delay val ue
further conprises: if the controller delay value is | ess than a maxi num
control | er UEIERPOFHPERS; the imaximumedelayhpalue 1|ﬂ“\€§9\!dfmem)ry devi ce as the sel ected

the plural ity of monsie SuEURngs b 8513y Beb e Su e aSY e SPPePRE. set
of oper at i ons HeUntMery EAMTRIIEE QRS RHQEY RBHRGING 200&nAEATLY tﬂeylb&esxgﬁilafyod{a' ue

for each of a plurality of enabl ed menory devices i'nto a control field for
the respective’ Hnebmrqﬁlid’emQ:é}'t?OOIYeveb/clzemdeigaystr? nompaich tref dathe Thhbsirtaki ty

f d t t f cl 28 whe
or oor anumi oG e & BESE o Hilr 5 inlbr BSEN ) caieaatin B PRETBIT ARy 1y
of menory deyhees E)lj{}-{ef}%ﬁlr@]q)gmglléﬁ% inttfki339, Whet her a device del ay val ue

for a nmenory device is | ess than a maxi mum devi ce del ay value; and if the
devi ce del ay valQecd & sgeeeatfel tradséer is hietarwdi imbtvded2@ ehdetaer vadtdlet delay

di sabling the devi if the controller delay value is |e han t he
maxi mum con}i“‘r“aeF'gB ‘é d@%ﬂ tha PAHEHUSBFRER Hyics Heldiraihy b H’é@ﬁgé ixfs‘%t’- he
sel ect ed i e f r t d
for all oFe‘Fﬁ%ygf‘ﬁ?affﬁ'f;“ms‘ Ot B hE g PO MO IR RS, FShE
wher ei n di satelis ngmprwcdmrmdgcame\m bk &SPr |P$1esz: Hissavlatfilérgd hesmid ek controller

identification value of the meqmry devi ce An article conprising a
chine rea®HHIHeiliae oS MAXHAYRI A B wdfor H‘é? E’Gﬁloéy B vigeadndi hersfis pqerdingdy pons

L o TERAM R0 &LERERMBIDRy AGAUSE TS SRAMNE LAARE LA RuRERal

operations conpri sing eterniining a con

val ue by i tieratorreehy sdveshitializameroinye.t ransfers to determne a | argest
transfer |atency val ue usjn a subset of a plurality of nenory controller
del ays for at | eddbe gopradier delgy yplye g yotghe WW@@?;VCV@QJC H158 ofher B16MAY ng a
menory devi §&idel Ay HAlE § HetcbAGR BbirldEPLA | LS RlRIPHYHIJAY BESSHDY
testing menory transtfers using at |east o elay va or each of 'the
plurality oferiakiropudeyiicdecre@znted he saletti mlnextorfncmbey m»aac wive blekck 3ubeit is
conputer re dable(gegi‘g,mls a storg?gﬁg device., 33. The artlcluer of claim 31
wherei n t heSeeBtENIFBaLEBIe2 ARy JRITF IR HeyiGes Rabelessd. Urpet ahast ope of

claim 31 V‘hﬁ{d%'ag 1&&]&@@ fn BIbcIOBSS, a?ﬂ ﬁugscnfﬂéﬁhﬁéﬁ w%FQf’(h!c%‘?incstsﬁ?BﬁrHchtnf‘ﬁrst

controller delay value in a contr r storage location in a controller to
set a channsllect=l ayd tshhkcqakxitodsmtdaemosdlafcaﬂd &y denarqmmﬂmgnxhtr%sxanibmrlhcvﬁ th
a sl owest of the lurag of . menory devi ces; g stori ng each me

onkethsT R

devi ce del a§F'TARREI9NP BT thEE dryiaalfios: BERgs Aodssits ‘EfFCderﬁéthP¥aPﬁe
plurality ofy wRiRE mﬂmewﬁéﬁ% Quidbef s 1e8s ﬂshgxm' emunaa,wl@:s%,l Be G&dNfor f OF

dat a transactl ons™ bet ween t controller and the plurality of "‘nenory
dévi ces. 35d1ffEmmHBmumbenmg amgd/ari test3tqueneingi N det erm ni ng the nmenory device
del ay val ue furtﬂ_ ri ses:
rc ar any more memory devices to be tested, the process returns to block
310. The controller delay value determined to be sufficient for the prior memory device
is the starting point for the next iteration. Even if the new memory device retums data
more quickly, the memory controller is nonetheless limited by the slower previous
device and may not be able to decrease the controller delay value. Therefore, by starting
with the previously determined controller delay value, the number of testing cycles may
be reduced and the initialization process shortened.
Furthermore, since phase one may first test a device in the physically most distant

memory module, the largest delays are likely to appear in the first set of memory devices.
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if l'ess than a maxi nrum nunber of device delay cycles causes the data 11 APR 7003
transfer to succeed, then: determ ning a nunber of delay cycles that causes
the data trangben2¢e9 succeed; and if nore than the nmaxi mum nunbBETYHFIEVIce
delay cycles are required to cause the data transfer to succeed, then:

st oppi ng when t he maxi mnum nunber of device delay cycles is exceeded. 36.

The arti cl e AsfordinglyncBise e eeis majetcerbid wi egsfehdamdntk of theconted ey onahaibrst

comprises: del el og 2 List. del By ELe LanR LLLsl, ey, do) ce By
the first dehay, ¥aht? BPRAGoPIGMIRELRINGKENAR AR A, WRLilppdata i s recei ved

by a controller fromthe selecte Tor'y ice, determning a next delay
val ue for a next Pheso? \bednsi weblstiardOOngf Bigutehd. f iApain detabjesvak ueaitiabing] a1
1 1 APR 2003 selecting the greater of the first, delay val ue and the next

del ay val ue 44X ¢bicERR AOPI eFheddtrey Ragqreter 3y inttinbzogh o) e escrl BP &if st
wherei n thed@fﬁl&e %}O@P%Q{: eg.n%afu%t(ﬂ?rlas?odm{c%ﬁ%:scfcﬁBﬁaﬁcgﬂ?rtgeﬁech'ﬂcﬂ' n?h% he

next del ay val ue ano r next nenory devi ce selecte mthé plurality

of menory devvieedelanifsk selserticdPcaicgheadtad aafinftAe velant l1n oht @mbdeingy:, Virkale
and the next delay value as the controller delay value. 38. The article of
cl ai m 37 whér¥i be tuned @5 ragt impHpyajud sice esofgsdevifess may epricglte indeprriyf witht pon
val ue of the;dmlggﬁldiefa% of menory devices and wherein the set of operations
further conprises: sélfecting the next nenory device by selecting a nenory

device with a serdsaindicdeatinfiieat 4 0n & AlerRrPhiafifet & EdHRuEIRH @6 el (REENENed
device. 39. The article of claim 31 wherein determ ning the controller

dehay val ue eIy idsaise. jlhithd sanemetcanpiehin dldckr4 delsayotvaresssivb asredted i1 al

del ay val uey, test,ihn ther .a transacti.on to a, selected nenor Vi C
sucoveds: 1 Piochelier oG B MR AT o PubPuadf s ST SRl e

i ncrenment i ngs idiRceaninrabéies 1 Heffaye wadled@ievrRBUela§t kY RGhd Mak f&irh AelayRafRer
the transaction to the sel ected nenory device Succeeds. 40. The article of

cl ai m 39 whéleai the tdquice dias ddiledpler axcumgredy tnansrnié datsotepthic seasnory feconpreller despite
transacti on_to Eh(ﬁ rrermrrr% dgvli ce succeeds t[herf rg.t urni n@ to testidn ce s
whet her t he *tPRRSAE TEHE AHEY ') U FEd RURYr y Tl & L8 BHDOTs | ?1‘8 T he
control I er delaBMdval eichRH ih bfodk £35S aFld B8VideOmhh BeBBIA KleydsiRindhd 8évice
succeeded after selecting a new nenory device fromthe plurality of nenory

devi ces as tReviieh isoroedsaddyohy mpavary eontgaller T ehaadeti giapsion belvgemtizodigidedi n
the set of rations further ,conprises:..if the transact]on t.o y
BRTEE SRR vl R GAET ALY risale st ErRaERL PRy kDR TR

. (o
devi ce SUCCGGdlS, mt'x en el1s a

maxi mum contségdlBreodsles 20shnted ahdl iHefRocRBEImBukeviH@I @) 428] ue is | ess than
t he maxi mum controll er delay val ue then returni gg to testing whether the
@

transaction to t K Gepther bandvifitbe yranden atempledciadrackat 10eis sucreesdel agtesied iy
menmory devi R & ltzbﬁlesa%lvsc%td%ijayn&c%hxy %?é’ér%r%inea%% the selected device is sufficient to
) accurately transfer data to the memory controlier, and other devices may be tested.
Accordingly, the serial ID counter is decremented, as indicated in block 430.
Whether any devices remain to be tested is then determined.  As indicated in
block 435, this may be accomplished in one embodiment by testing whether the serial ID
counter is less than zero. If devices remain to be tested, the next device now indicated
by the decremented serial ID counter is the next device tested as the process retums to
block 410. If no devices remain untested, phase 2 is complete as indicated in block 440.
At this point, all devices are either disabled or have a proper device delay value
programmed so that each device in the channel, in response to a particular cycle, returns

data to the controller after the same number of bus cycles.
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1 1 APR 2003 if the controller delay value is the naxinun1contro|Ié#‘é£$g¥3
val ue theny,5f,@kiddg the maxi mum controller delay value as thecwoswnretsser
‘del ay val ue; ang stopping iterative testing to determ ne the controller
del ay value. 42. The article of claim 31 wherein determning the controller
del ay val ue furThes. xomthédsesd apparathe footaveliting riragefeayeleab fer pshhrngd afhan a
maxi mum control | er delay val ye, then sel ecti a _new r q§ iice as the
Sel ect ed mARUF WY IASENERPBSHIERS BB AEREP Gl thio%Hs 1IBLA CPRaP eg
for all of _t ur.aly r Vi 4 T. rtic hinel
wherein thékggl fcgggbgP%%%s ¥ur¥ﬁgf(%%ﬁ§¥gs§gq %?g§ré% %gnﬁﬁgﬁ#ﬁgyﬁgnnry
devi ce del ayawiabler fsoro Baahderfioad Hausatt embedimenabirednarelyoillystdeive cdsndnt o a
control field for the respective nmenory device to |levelize delays from each
of the plunal Fesincsve n@smbhey bepad ineentiog. and ghatrtdis| wrenuop nqbe dinifed| © &e
claim43 whereln prqoarami the. pl urali f I Vi lay. v es in
t he pIuraIPPV”%ﬁcﬁﬁﬁg¥§ﬁﬁéggge§%¥%ﬁ¥?ﬁ%r&%%ﬁb?ﬁggg?xyggtfﬁgcgﬁggﬁ%fﬁgy

devi ce del ayoNR¢didnt Ghay JFBIDEY 1RV 6dirasily €RSlc hanie ARxipouMsdémMhg ahdel ay
value; and if the device delay value is greater than the nmaxi num device
del ay val uelitchsnredi sabl i ng the menory device; if the controller delay val ue
is less than the maxi mum control |l er delay val ue, then selecting a new
menory device as the selected nenory device unless the controller del ay

val ue has been tested for all of the plurality of nenory devices. 45. The
article of claima44 wherein disabling the nmenory device conprises disabling
a serial identification value of the nenory device. 46. An article
conprising a machi ne readabl e nmedium storing instructions that, if executed
by)a machi ne, cause the machine to performa set of operations conprising:
determining a first delay value for a first nmenory device by iteratively
increasing the first delay value froman initial delay value, the first
del ay val ue being a nunmber of cycles delay until data is received by a
controller fromthe selected nenory device; determ ning a next delay val ue
for a next nmenory device starting at the first delay value; selecting the
greater of the first delay value and the next delay value as the controller
-23 1 1 APR 2003 del ay val ue; testing whether the controller delay val ue
is a maximum control |l er delay value; and if the controller delay value is

t he maxi mum controll er delay value then: storing the maxi num controller
del ay value as the controller delay value in a register of the controller;
and stopping iterative testing to determ ne the controller delay value. 47.
The article of claimd46 wherein the set of operations further conprises: if
the controller delay value is |less than the maxi num controll er delay val ue
then returning to testing whether the transaction to the sel ected nenory
devi ce succeeds after selecting a new nenory device as the sel ected nenory
device. 48. An article conprising a nmachine readable medi um storing
igstructions that, if executed by a maclune, cause the machine to performa
set of operations conprising:
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det ermi ning an individual nmenory delay value for each of a pluralityl HAPR 2003
menory, devices, the individual nmenory delay value being a nunber of del ays
up to a maxi mum del ay val ue which levelizes a read delay for the plurality
of nmenory devices; and testing whether a device delay value for a nmenory
device is less than a maxi num devi ce delay value; if the device delay val ue
i S greater Whans dlimedXxi mum devi ce del ay val ue then disabling the nmenory
devi ce by assigning an unused device identification nunber; if the device
del ay value is | ess than the maxi nrum devi ce del ay val ue then testing

whet her anot her gaﬁhﬁ@c&ﬁhamgvalue for anot her nmenor y device is |ess than

t he maxi num devi ce del ay val ue. ystem conpri sing: a processor;

menory cont rol | 4 THIRNEFOREOleh éelﬁ’r %@é’é’ ater ahéelbfeﬁ?‘% Tqrygor bf‘a‘ﬁ%ﬁofe@‘é’q}f’% es

coupled to Jlb@emmm 1&@1&9 Kathé @ing DBseBoSANARY Bf FBMBI K oftelIeE 81413 YorAf
stored thereon a p uraljity of instructions which, if executed by the

system cadewt st @ plurality pfgneseqry @9vides 8@t of operations conpri sing:

determning a fldeﬁénndﬂ{gaemn&ﬁdrrae\fl&rdeﬁyfvhmsrorWmeq)ﬁmmﬁommh&rzﬂ@«txée\g@yy
increasing the first dela froman initial delay val ue first

del ay val ugessgs mjmé.’%‘{ﬂ%fé'fs using ahleaspene glgley yalpefor pach of Qe pLIrAlige off HTBPTHyY 2
controller dekRe.t he sel ected nmenory device; -24 1 1 APR 2003 determ ni ng
a next delay value for a next nenory device starting at the first delay
val ue; selecting the greater of the first delay value and the next del ay

val ue as the contHeQhdtRdd dtelamy 1 VidiheCsondpBisihi:Ng mhether the controller del ay
val ue is a maxi mum controller deh@g value; and if the controller delay

val ue is the maxsioRIHeaoRTelfer d¢lay wnea%@llmé%ageé%?%@ arcARroigkiofelm

controller dghyddtdl Ha aBéwd hecsHedNérad p&fort hMdctionb Wth b Blowedi 80ihe pRikalidf oft Ne
menory controller .and stopplng iterative testing to determne the

control | er BENYY dgdeeseandso. The system of claim49 wherein the set of

operations furt h@srifpRaN hessy dé\ﬁcetdéﬁﬁﬁﬂﬂ& [rQnk 8F meR|deMy Vidtad€loe&ionsfcatngn
t he HBX|nun1controIIer del ay. val ye then returning to testlnq whet her the
#

transact i orft¢ BurRHY sté‘}e@’(?fye%FVﬁé%‘Br“iﬁefélé\‘??lé>é16§‘ill?8‘§é‘d>§°18f?"élf fog g4R EPTAYOBS new

menory deviyegvas thehBnibdleLaidant praaR bf fleMbsAleviods. A System conprising: a
processor; a menory controller coupled to the processor; a plurality of

menory devi ces coupled to the nmenory controller; and a separate nenory

devi ce having stTHeaflethddfeRin & whbrdindleieiiini tﬂdlﬁérﬁwammiemiv&he furfheiexecut ed
by the system cause the systemto performa set of operations conprising:

det er mi ni ng°BRFdi vi dual nenory del ay val ue for each of a plurality of

nmenory devi ces, if s thirtld Mbtam niBber of deketeaelayal¢les dagded the datd inEér tOfuceriay s
up to a maxj nmum del ay value which levelizes a read delay for the plurality
of menory dé% ces; and testing whether a device delay value for a nenory

device is |ess than addte@iniiga number of delay cycles that causes the data transfer to succeed;
and
if more than the maximum number of device delay cycles are required to cause the data
transfer to succeed, then:

stopping when the maximum number of device delay cycles is exceeded.

4. The method of claim 1 wherein determining the controller delay value comprises:
determining a first delay value for a first memory device by iteratively increasing the first
delay value from an initial delay value, the first delay value being a number of cycles delay until
data is received by a controller from the selected memory device; |
determining a next delay value for a next memory device starting at the first delay value;
and
-14-



device delay value; if the device delay value is greater than the néxi ARhd003
devi ce del ay val ue then disabling the nenory device by assigning an unused
device identification nunber; if the device delay value is |less than the
maxi num devi ce del ay val ue then testing whether another device del ay val ue
for another nenory device is |ess than the maxi num devi ce del ay value. -25
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controller delay value has been tested for all of the plurality of memory devices.

11.  The method of claim 1 further comprising:
programming the memory device delay value for each of a plurality of enabled memory
devices into a control field for the respective memory device to levelize delays from each of the

plurality of memory devices to a controller.

12. The method of claim 11 wherein programming the plurality of memory device delay
values in the plurality of memory devices further comprises:

testing whether a device delay value for a memory device is less than a maximum device
delay value; and

if the device delay value is greater than the maximum device delay value then disabling
the memory device;

if the controller delay value is less than the maximum controller delay value, then
selecting a new memory device as the selected memory device unless the controller delay value

has been tested for all of the plurality of memory devices.

13. The method of claim 12 wherein disabling the memory device comprises disabling a

serial identification value of the memory device.

14, A method comprising:
determining a first delay value for a first memory device by iteratively increasing the first
delay value from an initial delay value, the first delay value being a number of cycles delay until

data is received by a controller from the selected memory device;
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register of the controller; and

stopping iterative testing to determine the controller delay value.

15. The method of claim 14 further comprising:
if the controller delay value is less than the maximum controller delay value then
returning to testing whether the transaction to the selected memory device succeeds after

selecting a new memory device as the selected memory device.

16. A method comprising:

determining an individual memory delay value for each of a plurality of memory devices,
the individual memory delay value being a number of delays up to a maximum delay value which
levelizes a read delay for the plurality of memory devices; and

testing whether a device delay value for a memory device is less than a maximum device
delay value;

if the device delay value is greater than the maximum device delay value then disabling
the memory device by assigning an unused device identification number;

if the device delay value is iess than the maximum device delay value then testing
whether another device delay value for another memory device is less than the maximum device

delay value.

17. A system comprising:
a processor;
a memory coniroller coupled to the processor;
a plurality of memory devices coupled to the memory controller; and
a separate memory device having stored thereon a plurality of instructions which, if

executed by the system, cause the system to perform a set of operations comprising:
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18.  The system of claim 17 wherein the separate memory device is a non-volatile re-
programmable memory device and wherein the plurality of instructions are part of a basic

input/output system (BIOS) program.

19. The system of claim 17 wherein the set of operations further comprises:

storing the controller delay value in a controller storage location in the memory controller
to set a channel delay that allows the memory controller to perform transactions with a slowest of
the plurality of memory devices; and

storing each memory device delay value in one or more delay storage locations of each of
the plurality of memory devices to insert a delay levelizing a cycle count for data transactions

between the memory controller and the plurality of memory devices.

20. The system of claim 17 wherein determining the memory device delay value further
comprises:

if less than a maximum number of device delay cycles causes the data transfer to succeed,
then:

determining a number of delay cycles that causes the data transfer to succeed;

and

if more than the maximum number of device delay cycles are required to cause the data
transfer to succeed, then:

stopping when the maximum number of device delay cycles is exceeded.

21, The system of claim 17 wherein determining the controller delay value comprises:
determining a first delay value for a first memory device by iteratively increasing the first
delay value from an initial delay value, the first delay value being a number of cycles delay until
data is received by the memory controller from the selected memory device;
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22, The system of claim 21 wherein the set of operations further comprises:

repeating determining the next delay value for another next memory device selected from
the plurality of memory devices; and

selecting a greater of the controller delay value and the next delay value as the controller

delay value.

23. The system of claim 22 wherein the first memory device has a last serial identification
value of the plurality of memory devices and where the method further comprises:
selecting the next memory device by selecting a memory device with a serial

identification value prior to the selected memory device.

24, The system of claim 17 wherein determining the controller delay value comprises:
initializing a controller delay value to an initial delay value;
testing whether a transaction to a selected memory device succeeds;
if the transaction to the selected memory device fails then
incrementing the controller delay value; and

returning to testing whether the transaction to the selected memory device succeeds.

25. The system of claim 24 wherein the set of operations further comprises:

if the transaction to the memory device succeeds, then returning to testing whether the
transaction to the selected memory device succeeds using the controller delay value for the
transaction to the memory device which succeeded after selecting a new memory device from the

plurality of memory devices as the selected memory device.

26. The system of claim 24 wherein the set of operations further comprises:
if the transaction to the memory device succeeds, then

testing whether the controller delay value is a maximum controller delay value;
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storing the maximum controller delay value as the controller delay value;

and

stopping iterative testing to determine the controller delay value.

27. The system of claim 17 wherein determining the controller delay value further comprises:
if the controller delay value is less than a maximum controller delay value, then
selecting a new memory device as the selected memory device unless the controller delay

value has been tested for all of the plurality of memory devices.

28. The system of claim 17 wherein the set of operations further comprises:
programming the memory device delay value for each of a plurality of enabled memory
devices into a control field for the respective memory device to levelize delays from each of the

plurality of memory devices to a controller.

29. The system of claim 28 wherein programming the plurality of memory device delay
values in the plurality of memory devices further comprises:

testing whether a device delay value for a memory device is less than a maximum device
delay value; and

if the device delay value is greater than the maximum device delay value then disabling
the memory device;

if the controller delay value is less than the maximum controller delay value, then
selecting a new memory device as the selected memory device unless the controller delay value

has been tested for all of the plurality of memory devices.

30. The system of claim 29 wherein disabling the memory device comprises disabling a

serial identification value of the memory device.

31. An article comprising a machine readable medium having stored thereon a plurality of
instructions which, if executed by the machine, cause the machine to perform a set of operations
comprising:
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32. The article of claim 31 wherein the computer readable medium is a storage device.
33. The article of claim 31 wherein the computer readable medium is a carrier wave.
34, The article of claim 31 wherein the set of operations further comprises:

storing the controller delay value in a controller storage location in a controller to set a
channel delay that allows the controller to perform transactions with a slowest of the plurality of
memory devices; and

storing each memory device delay value in one or more delay storage locations of each of
the plurality of memory devices to insert a delay levelizing a cycle count for data transactions

between the controller and the plurality of memory devices.

35. The article of claim 31 wherein determining the memory device delay value further
comprises:
if less than a maximum number of device delay cycles causes the data transfer to succeed,
then:
determining a number of delay cycles that causes the data transfer to succeed;and
if more than the maximum number of device delay cycles are required to cause the data
transfer to succeed, then:

stopping when the maximum number of device delay cycles is exceeded.

36. The article of claim 31 wherein determining the controller delay value comprises:
determining a first delay value for a first memory device by iteratively increasing the first
delay value from an initial delay value, the first delay value being a number of cycles delay until
data is received by a controller from the selected memory device;
determining a next delay value for a next memory device starting at the first delay value;
and
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the plurality of memory devices; and
selecting a greater of the controller delay value and the next delay value as the controller

delay value.

38. The article of claim 37 wherein the first memory device has a last serial identification
value of the plurality of memory devices and wherein the set of operations further comprises:
selecting the next memory device by selecting a memory device with a serial

identification value prior to the selected memory device.

39. The article of claim 31 wherein determining the controller delay value comprises:
initializing a controller delay value to an initial delay value;
testing whether a transaction to a selected memory device succeeds;
if the transaction to the selected memory device fails then
incrementing the controller delay value; and
returning to testing whether the transaction to the selected memory device

succeeds.

40. The article of claim 39 wherein the set of operations further comprises:

if the transaction to the memory device succeeds, then returning to testing whether the
transaction to the selected memory device succeeds using the controller delay value for the
transaction to the memory device which succeeded after selecting a new memory device from the

plurality of memory devices as the selected memory device.

41. The article of claim 39 wherein the set of operations further comprises:
if the transaction to the memory device succeeds, then
testing whether the controller delay value is a maximum controller delay value;
if the controller delay value is less than the maximum controller delay value then
returning to testing whether the transaction to the selected memory device succeeds after
selecting a new memory device as the selected memory device;
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42, The article of claim 31 wherein determining the controller delay value further comprises:
if the controller delay value is less than a maximum controller delay value, then

selecting a new memory device as the selected memory device unless the

controller delay value has been tested for all of the plurality of memory devices.

43,  The article of claim 31 wherein the set of operations further comprises:
programming the memory device delay value for each of a plurality of enabled memory
devices into a control field for the respective memory device to levelize delays from each of the

plurality of memory devices to a controller.

44. The article of claim 43 wherein programming the plurality of memory device delay
values in the plurality of memory devices further comprises:

testing whether a device delay value for a memory device is less than a maximum device
delay value; and

if the device delay value is greater than the maximum device delay value then disabling
the memory device;

if the controller delay value is less than the maximum controller delay value, then
selecting a new memory device as the selected memory device unless the controller delay value

has been tested for all of the plurality of memory devices.

45, The article of claim 44 wherein disabling the memory device comprises disabling a serial

identification value of the memory device.

46. An article comprising a machine readable medium storing instructions that, if executed
by a machine, cause the machine to perform a set of operations comprising:

determining a first delay value for a first memory device by iteratively increasing the first
delay value from an initial delay value, the first delay value being a number of cycles delay until
data is received by a controller from the selected memory device;

determining a next delay value for a next memory device starting at the first delay value;

selecting the greater of the first delay value and the next delay value as the controller
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10 if the controller delay value is the maximum controller delay value then:
storing the maximum controller delay value as the controller delay value in a
register of the controller; and

stopping iterative testing to determine the controller delay value.

47. The article of claim 46 wherein the set of operations further comprises:
if the controller delay value is less than the maximum controller delay value then
returning to testing whether the transaction to the selected memory device succeeds after

selecting a new memory device as the selected memory device.

48. An article comprising a machine readable medium storing instructions that, if executed
by a machine, cause the machine to perform a set of operations comprising:

determining an individual memory delay value for each of a plurality of memory devices,
the individual memory delay value being a number of delays up to a maximum delay value which
levelizes a read delay for the plurality of memory devices; and

testing whether a device delay value for a memory device is less than a maximum device
delay value;

if the device delay value is greater than the maximum device delay value then disabling
the memory device by assigning an unused device identification number;

if the device delay value is less than the maximum device delay value then testing
whether another device delay value for another memory device is less than the maximum device

delay value.

49. A system comprising:

a processor;

a memory controller coupled to the processor;

a plurality of memory devices coupled to the memory controller; and

a separate memory device having stored thereon a plurality of instructions which, if
executed by the system, cause the system to perform a set of operations comprising:

determining a first delay value for a first memory device by iteratively increasing the first
delay value from an initial delay value, the first delay value being a number of cycles delay until
data is received by a controller from the selected memory device;
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if the controller delay value is the maximum controller delay value then:
storing the maximum controller delay value as the controller delay value in a register of
the memory controller; and

stopping iterative testing to determine the controller delay value.

50. The system of claim 49 wherein the set of operations further comprises:
if the controller delay value is less than the maximum controller delay value then
returning to testing whether the transaction to the selected memory device succeeds after

selecting a new memory device as the selected memory device.

51. A system comprising:
a processor;
a memory controller coupled to the processor;
a plurality of memory devices coupled to the memory controller; and
a separate memory device having stored thereon a plurality of instructions which, if
executed by the system, cause the system to perform a set of operations comprising:
determining an individual memory delay value for each of a plurality of memory
devices, the individual memory delay value being a number of delays up to a maximum delay
value which levelizes a read delay for the plurality of memory devices; and
testing whether a device delay value for a memory device is less than a maximum
device delay value;
if the device delay value is greater than the maximum device delay value then
disabling the memory device by assigning an unused device identification number;
if the device delay value is less than the maximum device delay value then testing
whether another device delay value for another memory device is less than the maximum device

delay value.
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