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processors an
signals as well as row and column addresses, which are applied to the system

memory. In response to the commands and addresses, data is transferred
between the system memory and the processor. The memory controller is
often part of a system controller, which also includes bus bridge circuitry for
coupling the processor bus to an expansion bus, such as a PCI bus.

Although the operating speed of memory devices has continuously
increased, this increase in operating speed has not kept pace with increases in
the operating speed of processors. Even slower has been the increase in
operating speed of memory controllers coupling processors to memory
devices. The relatively slow speed of memory controllers and memory
devices limits the data bandwidth between the processor and the memory

devices.
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memory capacity in computer systems.

Despite the advantages of utilizing a memory hub for accessing
memory devices, the semiconductor technology used by memory devices often
results in defective memory locations, which make the memory devices
unreliable. The degree to which defective locations in a memory device
impairs the performance of a computer system using such a device depends on
the nature of the computer system and the application it is performing.
Computer systems may vary from simple computers, such as those contained

in telephone answering machines, to highly complex supercomputers
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thus preventing repair of some defective rows. In some cases, such defective

memory chips could be sold at a greatly reduced price for applications that do
not require perfect memory, such as for telephone answering machines.
However, it could be beneficial if some of those memory chips could be
employed in more critical applications, such as in personal computers.

One way to enable such defective memory chips to be incorporated
into personal computers is to employ etror correction schemes to compensate
for defective memory locations. Error correction schemes add to each data

word plural error correction bits that enable the data word to be reconstituted

_3-
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match the write data. Testing memory devices in this manner is normally

performed at several stages during the manufacture of the memory devices and
by a computer or other system using the memory devices. For example, a
computer system normally tests system memory devices, which are normally
dynamic random access (“DRAM”) memory devices, at power-up of the
computer system.

The time required to test memory devices by writing known data to the

memory devices, reading data from the memory devices, and comparing the

in the event of an erronecPQI/ts1083/024605
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The present invention is directed to a computer system and method for
testing and repairing defective memory locations of memory devices located
on a memory module. The computer system includes a plurality of memory
modules coupled to a memory hub controller. Each of the memory modules
includes a plurality of memory devices and a memory hub. The memory hub
comprises a self-test module and a repair module. The self:test module is
coupled to the memory devices, and in response to a request to test the
memory devices, the self-test module executes one or more self-test routines.
The self-test routines determine the locations of defective memory on the

memory devices. The repair module uses the locations of defective memory
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DETAILED DESCRIPTION OF THE INVENTION

A computer system 100 according to one embodiment of the invention
is shown in Figure 1. The computer system 100 includes a processor 104 for
performing various computing functions, such as executing specific software
to perform specific calculations or tasks. The processor 104 includes a
processor bus 106 that normally includes an address bus, a control bus, and a
data bus. The processor bus 106 is typically coupled to cache memory 108,
which, is typically static random access memory (“SRAM”). Finally, the
processor bus 106 is coupled to a system controller 110, which is also

sometimes referred to as a “North Bridge” or “memory controller.”
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data bus. The processor bus 106 is typically coupled
to cache nenory 108, which, is typically static

wo avdomiexzcess nmenory ("SRAM'). Finally, the PCDUSXNS8024605
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ne _or .nore tical fiber n such c t he )
P 55 0T B Bans i e B 0iepeod B itk
an iRPldntedked hRYLbHOEHI RidnrPBlidatiBh p%%p%ét ?tlbﬂpégmlﬁ%catlon

out put ports coupled to the opti cal onmuni cati on
patdath may beeivothe fenduifesnel @0mare opmarrﬁb@m.rprredumcme the

memory hub controller 128 and the memory modules will include an optical

input/output porf or separate input and output ports coupled to the optical
communication path. The memory modules 130 are shown coupled to the
memory hub controller 128 in a multi-drop arrangement in which the single
high-speed link 134 is coupled to all of the memory modules 130. However, it
will be understood that other topologies may also be used, such as a point-to-
point coupling arrangement in which a separate high-speed link (not shown) is
used to couple each of the memory modules 130 to the memory hub controller
128. A switching topology may also be used in which the memory hub

controller 128 is selectively coupled to each of the memory modules 130
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-transmtting

menory hub controller 128 in a multi-drop arrangenent
in which the single high-speed link 134 is coupled to

w@bdo40i716he nenory nodul es 130. However, it wWedT/URM®03/024605

under st ood t hat other topol ogies nay al so be used,

such as a point-to- point coupling arrangenment in

whi ch a separate high-speed |ink (not shown) is 30
ustbrbugh z swjtle (edchowh).t K¥heretppplpgipsdhitedray g ysgdtwid be

b co 128. A swi tching topol ogy may
aﬁ&@“%@Pﬁgéﬁ ?H&§ﬁ?§ﬁ ¥the nenory hub control ler 128
i s sel egddhvet theCOBRbAOnicduRACIB00Iclukes maﬁyrynmhmee for
130 -7 WD 2004/017162 PCT/ US2003/ 024605, t hr Otg
sviongRIlngopcesD\IA) SiX CIRBIOLY dlsBicsyi ¥, ¢ e g cample
t t h
1|lllustpz§ed %’%gﬁ]@e L %g 0 AR cBidhble gﬁa[}nlkhledné‘(?]rh acdc8&NmRbnory

Nenory no i ncl udes nmenor ub 140 for
c qﬁSD@lAMhpd@mesHowevm x favesmor gredtw numbeﬂgf&nembnycdewces

|n t he exanp |lustrated in
Aot Dada Fan Freniatn dsmicen etoes Tl A Y Esfegymyay also
deB/e! 6. ﬁ'ﬁg\@ﬂcﬁﬁor%%uiaew isOb ol EachUSIDBE s9btcAEARMbry

devi ces e used, and nenory devi ces ot her

t hhvm@E)FRAB/Ithteugltebusmyteai £, Whechus@thally hecludesarapnirabbus,
140 | Ied t ch of the system nenory devices
148 ¢ S é‘nﬁﬂg ?)apé]’?em 150, which nornal Iy includes

a cont r@he Bismple b0 iR MBHEREHD PABthafbsh Be Gdtidn Bk mefIdey
exanpl e of the nmenory hub 140 that can be used in the

merodyle 139 ¢bFuisbisshown guFigue 3.sThtvaamornhub i prefprably
Th h 0. [r.ef
T TBED R R 8L bS5, Bl icn 150

15&h.d a ﬁfﬁfhoﬁiy devios inteexe d66) mmnfmateiﬁtse 13hés d¢dupled to the
interface 154 is coupled to the 15 hi geed ljnk 13

ohlgh@%qdvlinﬂ*gl%éqre@%ewl@érﬁﬁlém d‘éﬂtﬁ fagpignals
f r Q5 the n{éﬁ{&)? Yo U%gft:bglréf 2 Kﬁf%ul%zlg aﬁﬁ 'M&sﬂﬁmﬂg JeddOdata

ead e menory
c asignadd toethe hrizdhoriTheb cattroller 628. t Ties hatuie of rﬂteelnﬂ@nwrmwlﬂ

o ST e A T Ao b
| Rk tple34vis ’cHHJh%H%BE&ﬁ & MY &8 ﬁ&ﬁilélﬁé‘{llted?%sm% Ian optical

communi cati ons pat the link interface 154 w )
|mﬂrmdémaﬁlqm|§t path thf: npuok / blerfage pot t wilhdingjude ednoritaal

compifrR RRCERHPI A pREE N bdR RplEbrougy g gpical

C agnmbifiCatidnd pathihwrel@ercal bignalpr ﬁf ﬁryaiahey thdﬂ@ﬂuﬂl@faae 154

buffer, such as a first-in, first-out buffer 160, for
preferably includes a buffer, such as a first-in, first-out buffer 160, for

receiving and storing memory requests as they are received through the high-
speed link 134. The memory requests are stored in the buffer 160 until they
can be processed by the memory hub 140.

When the memory hub 140 is able to process a memory request, one of
the memory requests stored in the buffer 160 is transferred to the memory
controller 152. The memory controller 152 may include a sequencer 158 that
converts memory requests from the format output from the memory hub
controller 128 into memory requests having a format that can be used by the

memory devices 148. These re-formatted request signals will normally
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receiving and storing nenory requests as they are
recei ved through the high 25 speed link 134. The

worzomy’isequest s are stored in the buffer 160 PeX/UE2003/024605

they can be processed by the nenory hub 140. Wen the
menory hub 140 is able to process a nenory request,

one of the nenory re uests stored in the buf 160
| o nclugles FRETRT COMPHESNSIRBRY RHRR r B dFTib ffrqfﬁe memory

ge B A@N E6RhhE] inl B2 fﬁ@ﬁhobn Fécfdgﬁs arRIeUC RSP EolhRR ddMdss

0 converts menory requests fromthe format output
f r signalbewhishareyddnybd fioonan eddress copBiriedtin tlmemmmybry requests.

sts h V|ng format that can be. use
nolbiE el pheos e RemRbotRtyS R Ut SRt st dtErt s
W FdrmResdRédudst sighalWOrvAD A4/ Rtk 18R WS AaRi BRAS QMich are

i ncl ude nmenory command signals, which are derived from
rred@ﬁ“jﬁd Gomnaiiths defa rroaiaiead im theh@emerso reﬂup@qlt@é@wgd banie

ro%e%ln g@;“'ﬁl ad%r?al naéndol a}th re \M'e nglaor g&rl% e“.1148 are

from an ress con € Menory requests

t heorereatibnad ITBRAM tdbeicess e YndrasHyessg@encsr as&/rwﬂle omptm ey
request, the re- 5 formatted reg‘gest si gnal s
no?-%rpffsy sighalsude QW i addrenst atr%beg akaSuhistgnalar %n %VP visigh

f
r %é’)”ﬁd e lg@/trga(fﬁ ﬁ' PRe 151(})81 Febs %%ﬁﬁ'l@sa&lﬁ a column

recelve by the nnr or exa ere
t heddresseirpbd EVIASES sipdd. ar e conventi onal DRAM devi ces,

Si gna & T4 SPORPETGT S SPieF o YERRRSeS U fpirmayt memory

aC%éq‘:ﬁ@st@ tcgﬁleliﬁer%ﬂytcﬁ/v?&tlhtéﬁal:é)%ff ﬁ?ﬂlesée ke &eci%%a by the
col utm address signals and a col um ress strobe

( MABLOYY deyined 148Thdhe mﬂen@érthelmnmpldp@se tibferfaéegh®d svill

the re-f tte s to.t
aeraga i et S A e DRIERAS IS JRT EF By the
e §¥ndde Vise afa ﬂ-é}lﬁ)ly Thahd abdiicy AevicB EnfPEB®Y ¥ 56 @¥W CRldress
interface 156 will 15 depend Pon the characteristics

of sigpads nﬁlﬂ?W démacﬁéslama Fdpllaedpy ecolyme adsleese esignals,

%’r ess 1%§ S@k 2| I ovve cqge\”tﬁg\gll elﬂ]i&%fo‘l%l%lg3 ?fé;rfa(?é"ﬁss

bypneﬁirahm mddateasasblsﬁfgn ahcd, a ﬁfrslhh,oﬁfsd obty (FF 0.)\$ufﬁeg ned,. for
In an cas%1 the nenmory device interface 15
pr @F@g’ SHIMGANE oF TYFFE ARGMOTY jefesis s Fléfty 4rﬁ recejved ffrom

0 Uihe(s%hllf&%)celb v4d. eThd &domdr9 rre%.Qesfse‘ﬁg e 0P RECRY | 1%9 until

one or nore menory requests as th ey are recei ved from
t hthey squbdn proced6d byﬁhe nresrsy Ylevieepu 4R snathe es¢rgrtkel niemory
thg buff§ 162 4nt %
evice interface™ 156 stores several memory requests, the memory device
interface 156 may reorder the memory requests so that they are applied to the
memory devices 148 in some other order.

The memory requests are described above as being received by the
memory hub 140 in a format that is different from the format that the memory
requests are applied to the memory devices 148. However, the memory hub
controller 128 may instead re-format the memory requests from the processor
104 to a format that can be used by the memory devices 148. The sequencer
158 would then simply schedule the re-formatted request signals in the order

needed for use by the memory devices 148. The memory request signals for
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they can be processed by the nenory devices 148. In
the event the nenory device interface 156 stores

wa@ewenglleenory requests, the nmenory device i PCBEUSROE024605

156 may reorder the nenory requests so that they are
applied to the 25 nenory devices 148 in sone ot her

order. The nenory requests e describ ove as
bei®HY ¥ TS BHMHY eStseipri)eh %nﬁlﬂ@eqe O é ¢ Sramarydeaice

i's 1ﬁélff£c%r l%tsoftﬁéﬂmah Rebde ﬁ‘eﬁﬁlty Heh gh&ﬂ% tHEeMRhry H@ﬂ&%sﬁﬁ

are applied to t'he nenD devic However ,
msrmr y Wilth fwgher mftrencelch Igyrei Bstheathenmry dmbai4(1 rferther

s USRI SE S 0 119t P
seq@enedidesld BeQMéh'&eG 168 Bncb tHEPlepais GRREW €64 MRludes an exror

re-formatted request sg@gnal s in the order needed fo

us &apy 1 thanfenseyapping bl 178 Ahhougbnmtysho@apu dhe memory
Si %%luﬁ? 526 mgl)p a}Q@ 1%91?64: oo%he]1‘6%omrpcc:)[-rr1/rel§{§2803c{e%cal e%bﬁggefor

or nore nenor requests aret err

e imenfaciiey with thd meofyda® cbhfiolier 128 eMd afmdey Bedaisersl y
be applied tq the rrem)rci/ devices 148. Wth further )
r ef er ené RBVIpRgY peplained, 9ae gE Hsmyolens With memeryagpodules is

| ngleUgRIerteS ?1} fefebfle ﬁi‘eélrf c 1’?(2 4&9&6 &hb e:@ﬁéﬁﬂngo gp In?emory

166. The self-test no I ncl udes a sequencer
168&odales, adbtiompdime mutinianey 66 spedl ﬂastmg aml/@r repuirim@peach

174 e, tabl e 176, Al t hou t shovvn t he

s 4 SABPRR B DR s e e e Siing,and
as réﬂ)@ﬁﬁ{ ﬁﬁdméﬁﬁ?e at ftHU factd¥y €dde8 Glof Qeé’Ml&eh aﬁ}h %meynory
hub controll er menory devi ces 148.

pr é‘a«fe@t@sflh?t &) éﬁ‘f‘ﬁé@ oTnlétvese,t hestipg othe emsmwyt lonnbeayd ythe

sence f defective meno
ensurglif’ he qrulrgl %]ﬁ Cof! r) CXGEHE %St f&Bﬁﬁ\{? F?)c%a 1me
ti pewanis appley toSths FbﬁﬂiputeEESthﬁga BshbOfer lsOfah sty aRelbry
nmodul.e at either_ the factory or on-board the conputer.

Holexias 2 nepaqry hyb fFrditeq g thierfigne Fravitedhis ipstamempry devices
f | t
S A0TSR U B A 51 i
bomethorheetibes aft@ulhey haeg) lbeemﬁnstallase ihod cbiﬁput@ﬂ @w]&ﬁrodnly
to. execute a test routine ting power is applie

t o R g Grisfice aPmemBHateds. i GasHB0Y Ag. RERH o do
haélﬁ}lﬂgng aU&!ifQﬁé’serHéPecér Sl¥htg Q)S‘ltdéfng th!: e nhiq s ({e%&%e%lgﬂ)ove

to test menory devices during e power-up can
unteceppt sushydefestsy. Furthernore, testing rrermry

g;g't grensrgﬁﬁf: ;ermotl‘g]’eIXOJ?l? ?36)61?0%&’1{ w lag!ulree plrcr>1V1 es a rSTBI Ctest and

repair capability that is integrated into the memory module 130. Thus, the
memory module 130 can continuously test and repair itself after it is installed
in the computer system 100 or other system. The test and repair system is an
integral part of the memory module 130 and is designed specifically for the
type of memory devices 148 incorporated into the memory module 130. This
eliminates the need for each computer manufacturer to develop custom testing
and repair systems for each type of memory device 148 utilized by its
computer system. In addition, by locating the self-test module 164 and repair

module 166 on the memory hub 140, the memory module 130 takes advantage
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20 identifies the existence of nenory defects. It is
generally not possible to do anything about these

wa@ledoeo1a62 such as by using the techni ques descpPCEs2003/024605

above to repair such defects. The nmenory nodul e 130
shown in Figure 2 provides a self-test and repair

capability that is integrated into the nennh¥ nodul e
130 ihprsmorh dandimenespebifiting @ftee 13y Mol el Sf yhe

Egﬁtsmt%p hug%ah‘tglhgog e%ﬁc?e{ S rolute hﬁrﬂd?g_tr@ﬁﬁé@% bl H&Eonses

rsystem r system The test and
I epatveers it @BMbsy Bilb cd>rn1toelgf a8 pmt theorﬁlemhsy derioasyl48. This
modul e 130 and is de ned speci ficall th e
of ali?éwolefy HEWIOE: gnog: ﬁg%*%\tceaﬂ?tﬁle %ﬁ*&% %FYSP and
”D%%hﬁx . This eI|n1nates t he need for each

ut er manufacturer to devel op customtesting 30 and
repair syst effbe fself-tesh aindniept6bh shavenin Flg}t@&'ﬂcyomi@s a self-

til d t t ddi t
olestingvite it SPERY' Rlsaties Sairobh VR Y fifush, e
16&.,88ndeh € 68 M YselTLbst H&iuld 1e4 FRY cut®d W uenbes 8f bakem-

advantage -10 WD 2004/ 017162 PCT US2003/ 024605 of
t hmmm@{smmtmg (e shoyvn) for exergisinghibe mperpery deiges 148

140 h t

L e 5] o St LR B b Mg bO BP0 L
MERIY cheltrg it 4 Pkd@imhdd padit(és§dﬁe TRETBEl- tc@e\tbwtﬁﬁs M8 be
This allows the nennri nmodul e 130 to

c ovieredtin g selbieet Hoduk QA eromay b atosed @ﬂ@?lrvql%tﬁe}rﬁm%@
1h{3 ﬁqt% mh%ﬂu?e 184 ﬁgl%dlliérﬂee & F%@n 2oRIRV S Shé self-test

ng systeém y accesses Nenory
demlodele ]]6448ast healedh Theselbrgusntiaes td@utcTheseged bt tregtory
nDduIe 164 nmm xecut e a .nunber of_ built sel f
Dfeyise fest PRLGORTOT CAOHRS TPanosylartiansng on &5 unts, phe
def’du@iﬁé Sn%vﬁ% &lta 118 nlBBIRY YodaREH! bﬁt&%ﬁemgﬂﬁdei@deﬁ 148%hd

routi ne be executed wth either logic circuitry
or than mltteglpatmmdd heodass Som themergenyf deviess 1ASutlf Heglatpigad

ot BPEUTerRBR, Salet doventh JRah Ko A SHEP ol pagmory

rnent)ry noaurl e

13Qcotiort tispvhe hfenangl 1dchish i defedined t@bé Befes@led -TheStIf-test
modul e 164 as needed. The self-test routines execute. a
s efquiigeHMalEeRb eyery Inery decatien e defgaming aheflyoy 1t 1s defective,

deg&f Ef‘ agec.{iq) ryc%é oF atebtg@ Sfor El%r e?@%?i%’ Tn?erli%&g}elocdftﬁﬂt | R€the

Ioc ion O
d eulmﬁsth&easerf tedt h&l[‘tnﬁtrﬁ@rtpﬂt larger athotyhiecataing, éuch) as four

t hﬁﬂgrtt)ey[[rg rg%/ou?)g\gf ?I?esmo]ié Elgocalngnst t[]Oe dgtgltrnannree%ether the four kilobyte
memory locations are defective.

In the embodiment shown in Figure 2, the sequencer 168 is built into

the self-test module 164. The sequencer 168 allows the self-test module 164

to access each memory device 148 thfough the memory device interface 156.

The self-test routines of the self-test module 164 are carried out by sending a

series of memory requests to the sequencer 168. The sequencer 168 converts

the memory requests from the format output from the self-test module 164 into

a memory request having a format that can be used by the memory devices

-11-
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woeomwaviam i s determ ned to be defective.

fromthe nmenory | ocation does not match the data
witten to the nenory |ocation, then the nenory

20 routines may test every nenory location to
determ ne whether it is defective, and if so an
error tag is created for, the defective nenor
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access each nenory device 148 through the nenory
devbée This eidnak enalysee promdsealoh -tires the eempwies spftemh@0 is

self-test no are carri out b

sortnelEh. Tohdhy ettt it S i P agFeripof te
S e GHBPEIRF syk@n.C AYSHdrSup3dbtdch eirsBN@I0Y slica)anipalks Galdchrd
format output fromthe self-test nodule 164 into a
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1 4@?1‘11%(}] QS thhg wer-{![ﬂ‘ fggctzcggﬁ t%&%ﬁgp WEL g%gqg{t%?e% Qfl)é self-

€ ’seq encer applres t matt ed menory
I egagesdusinéof the selfresRdinydae\ 64.eIn a[ﬁdﬁ[cfn’ad& stH8est Thwtines may

sel f-test routines of self tes ule 164 fi? be
|n|b? iinifiated ifFpm thepresessor 048R W%t SRkl £/ G GF Som the

a_LERLsBLANAL 134 0Mo% SRUFATY, R ﬁlgﬁ p?é:dsl £l 13458h be psed to

toinitiat téstin ocedures of the
selpfovhcma signalutha 1ﬂﬁ14tesTllm s:lfstegnahtmm;of foiee smlfewstdaddléad:l‘ﬁ
.the conputer s gm 100 i,s .turned such t hat

Lo ifigfine, the degingsp Pl WESAGHS Beu ot %t ays Sty

co ﬁﬁ&%r%oé YSThe Akt 2N REVESt 1ikited 84 Bfoke Béschbéd he(réhﬁt shown)
may al so be located on the nmenory nodul e 130, such

t hat eadlhetrrewétSt dfethe anproerer tegly srensaR idsntify gugt peederably

on [ U dete
oS U 5L €5 S b B PPl
Mo gidlyeheli@dortddndigadeliy ttd €, prodeesod d0f of edier ibiidrp@scosmitevices

be initiated fromthe processaor. 104 supplying the test
si GhaPmpTer Ysterh Pt His Shﬂwgwns%g@ra 3, ithg resalis mpp b sent via

Sp %ﬁhé I & ‘?éslt ¥esuﬁt ql Eﬂzﬁ' BF % ﬂﬂg t]a?’éutc b Gnits Qﬂjo\%soeach
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provide a si Initiates the sel est routi nes
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L A0SR ST IO LT Y 1451

de%é‘ﬂair@ﬁé’dlﬁ@ 166.NAs shown in Figure 2, the results are sent to repair module
166 via a test results link 172B.

Identification of the defective memory locations of memory devices

148 are combined and stored in the error map 174. The error map 174 may be

created by self-test module 164 and then transferred to repair module 166, or

in the alternative, the results of the self-test routines may be transferred to the

repair module 166 so that the error map 174 can be created by repair module

166. In preferred embodiments, the error map 174 is stored on repair module

166, but the error map 174 may also be stored by and accessed from self-test

-12-
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w@bootlerioenory devi ces 148. The results

The results of the nenory tests are used to identify
and preferably repair the defective nenory |ocations
may bRCT/US2003/024605
reported directly to the processor 104 or other nenory
access devices 20 of conputer system 100. As shown in
the results may bhe sent via either a test

r es@Pg‘éle Lo Rr gtpreal 18 otheR ?Cﬂl?ﬂéa eh s Gyithermemonyhup 140 or the
al | y i nd d I
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map 174 sel f-test dul 4 .
Chon €1 ahy EnpL a0t 16 sk g, orisias 85, Sofh 1 g Worectve
al tejlade nvenory6cdii®asi bt theOhehbl dRlidesti@8! ProfekdblEShé@tor
be transferred to the 30 repair nodule 166 so that the
er rBfp e B7EpRlemenad dyeasedatig pepaior tAgdultle caglpaleferiive
pr ! -
e ARE SRR UARSH B b MonShlol (nd R ol R BIEURE hite
st cmeldoxlwpca'ﬁdn a@oessamiplé rthenesret fagtms;tr be alidg W of a first logic
2004/ 01 %é& S2003/ 024605 Hggule 164 or stored in
%SoQaé

ot hE&fus § RPN PRYINHS dRtertbYs andh the papregpr faganay
Mengy ta%elyi’t 6?§ st@Shd 15BR Ja¥RE sh é@emﬂlhéjﬁl%ﬂl %péftf&ﬁ% not
error 74 is typrcally nonvol dtile nmenor

Be mmvac éé@matlaelwoﬂmmn@t map 17é moayysiingly inghideadhd gddresses
sIo access to.vol.atile error
L' AP REr BRRay AoRR Pt TET s Raiclvted are
t r aRsinesd ©heindhAeyRtiati | € menory for faster access by
repair nodule 166. The error map 174 includes an error

tag for Ectersir masklebfusdsveemery| 1a@at¢<b0ﬁéh®rr5ﬁm0ry module
oo o' B 38mal JLRE AR RKLESRS ob R S0 1e (e he

ating

t ageraok mpemedefee@ breaed;&evepam mb&ulSE B0 lcye @I thé mn@pﬁlg
a nori?error tag for, each non-defective voI atile

196 tThsfemepping,taie 140 redivecisqagh of dle Aefgctie memory
t agoQitibn bt Rrefdofy Hexh?&' 198 Y3l ldglo e Afenhry (dbyibBe148 that
menory portion i's defective &n e non-error ta ag nay
be iskbtagn b be win-defedtvendn bihgi wonda) foe pachiutifiectise portioh of the

PR ot o] S ot deative, ALSLOR Nl Vo
a non-defective portion of the memory devices 148. The locations to which
the defective memory locations are being mapped preferably are located in a
reserved region of the memory devices 148 of the memory module 130, such
that they cannot be directly accessed by the processor 104. By protecting the
reserved memory region from direct access by the processor 104, the computer
system 100 prevents memory access conflicts that would occur if the
processor 104 could overwrite the locations that are occupied by the memory
locations to which the defective locations are mapped. The remapping table

176 can redirect defective memory locations to other non-defective locations
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15 of the defective nenory |ocations such that the
addresses not listed are assuned to be non-defective.

wab@4nepel r nodul e 166 uses nenory | ocated on PEEUS2003/024605

menory nodule 130 to remap defective nenory | ocations
of menory devices 148. Once the error map 174 has

been created, the repair nodule 164 creates the

r emuaptpe meen@y trapdide 136, inThlinge pashpimemeornbinsl gorgich memory

% ach of Bﬁ;lgffective menory | ocations of
?%% %g§nf’% t portion of the menory devices
148 t hafas Wwih leRewmdpol bg thorentiphe! table. 17I6nmay lh)erstored in a
words, for each defective portion of the

devigber alzgemenydogationp pifies cmspping 1able wapﬂs@t@d 5%?111 thaethe
th fiecti f
bRl St 108 EBRHERUTS IErehbblR Nl P ERILN in
lrremlw mghmﬁﬁmaes M gﬂmeﬂﬁh@mﬁj‘p&igﬂm )téé\rr_my also be
ocat e In a reserve regl on e Nnenor, Vi S
148t0g3d P RENYRIABIE PIGRRIY £0F SERm pi%eéw ef%@@%&ﬁ@aﬂ%ﬁdf only
be cfgafeﬁcé]ér%dﬁééﬁ§s§tefg gb’e 108 PHOSERS e 1¢ppBY% table 176 in

prot ecti reser menmory region fromdirect _
ac memsoldct;le tieenqry 0 S¥Bethei®happihg tabdeph Uit ex stogaylsmmvnyojatﬂe

t flict t I d '
sy Beaete 708 1 Jbf pveti IEE 118 BB Thfreised by
t hadangrt@in gcehléptas;é hyet{devomARN hembBE at AONhok@d WiFgure 2,
t he defective |ocations are nmapped. The remappi ng

t al¢reappingstablenl toeisi stered inl afaveqry Jecatasher fhd tﬁ@&l@um@lq 460,

Otc:?’}l{]gggglgﬁg%lit%%gg %hlsq %tgoﬁrg rsr%le r%%a%&néqgéaq%l nc%ﬁ also be

C a@(ﬁtﬁteﬁﬁﬁwweramdmsgf aﬁ che ARy hub adat eth® fbrﬁdppm@ﬁibreyls
hub 140. As with error map 174, the renagplng tabl e
1767sfapblydocaiest wfhe megory é%@?s 148 hesawseyhe gpgumt o snemery

t ey LiBBRARI R r%? oéhfle 66 oF %r§ ﬁﬁﬁ 14b B llﬂzellmq’ted \thﬂe

conput er syste omere e renmppi ng t
mm@memmMW%MmMWmeMMwmmM%ﬂMw

remappi hg table 176 also b .Lnn | ati
RS RPPIR g, 1 doreiin e AefienidSe i Wiy Soredn
onhYescRlc8 i BibrpeEdigdi cal ly, it is preferable to store
the remapping table 176 in nonvolatile nmenory. Wen

the r enﬁ;ﬁt@r the eredyireapl Y64 il the gernepriing tabkay bl Gaatielstorgdin the
cess tinme tg the remappin aple .1

oo P 2G5 B bkt Pl AR L2036 rdbBKe

VO h@dndre rERIEHE )for Asces WMhel e Wderiods 148 € MEHRPIiMIQ interface

table 176 1s stored in nenory |ocated on the repair

modaf ef fhsememory hub 140 receives €ach memory request from the memory
hub controller 128 for access to one or more addressed locations of the
memory devices 148. The link interface 154 couples the memory request to
the memory controller 152 of the memory hub 140. The memory controller
152 responds by accessing the repair module 164 to determine from the error
map 176 whether the addressed location of the memory request is defective. If
the error map 176 indicates that the addressed memory location is not
defective, then the memory controller 152 simply couples the memory request

to the addressed location of the memory devices 148 via the memory device

interface 156. If the error map 176 indicates that the addressed memory
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but it is not [imted to this |ocation. The remappi ng
table 176 may al so be |ocated in other nenory on the

woreomny7ibub 140. The remapping table is 15 pr eP@r/aki093/024605

| ocated in the nmenory devices 148 because the anount

of menory available in the repair nodule 166 or

menory. hub 140 nmay be limted while nuch nore space .

i s lpgatienys defedivesihan mgmeryirppaihaodyed p§ agesssesdhe 1gmapping

i t&lﬂ@ 175.e’gﬁ@:{ﬁiteﬂ1%r}; @Mtl%ll%] E?i ther EQJJ)E&I th@rx{m ¥ecgms to the

devices 14 iI's preferably stor a reserve
me monydefeivomeniddy Mdaton tisterneined fromeathe Teagpinlg tabée 176 and

remappj ng table 176 are stored in the. appropriate

| obPlShans eGSO &0 BBV ise 3051 By By dyerpery
I eCRNe inEARY Y54.equRShembhy dAG&La%erkRe 11358 MBAYeYforms the
devices 148. The link interface 154 of the nenory hub

140unadpairegpssted bii theememyry iequest t Fdrregampleeifiteermenorhadgess
control]ler 128 far, acc 0_one or,_ nore addressed

- odsdshEes ¢ Feavetys REbIte ol I i mARon g ion, then
I nttes fragBorySdevicel Rht€Fadeh €568 BRIsY the €GALE Sfrorh Othet AGn-defective
menory controller 152 of the menory hub 140. The

e ARy degation (e whidsthe raddisssed smesporydeeationng mapped and the

repal I e '

oY EiLRAhO giCAEL I B MERSH R b @iter T98 f e
I s hilglf-gekd liek 134. the error map 176 indicates that the
addressed nenory |location is_not 30 defective, then

t he nenﬁ”eg}lreénﬁﬁcm &rsepapd m#eﬁgm%m& the I{lﬁ@omfw? 140 of
r equ t d [ 3
GouiBae 1, 5 WS AURERART HeORBLA R 1UDARIRER tho gejftost
t hen@hilot 64rapl the6Gepaid npatiles] Gohaff Fighe 21ddihe sserir mertuleyl 66

-14 WD.2004/ 017162 PCT/1JS2003/ 024605 af [ .

e rgRh G R SR 1 7R A theeaniana BRI Be ipigrest
r ergEmRen, shablc8mhidh cdRBoRBRRDhyves BN’ ptdvRled1RAht A8 kame
coupl es t he menory request to the non-defective

me Apferenroeenerals, ash ar grphadtion ohthein eperatierpyilheotihebreated.
176 and e e t menor.
T{l% gH%%?rtl 11?) 14FHP ijlyggl:e gqﬁéérs f?q(nté E A énéarrﬁ% .hul?,hl élO

devi ces € nenodr device'in

meRhewn de Figee 2ninethbia aiséd b rhdigdryhiroNes1 1 ehat includes an
function reauested by the nenory request. For exanpl e,
i f SPREMRRASF haide asePy pEHigestor gy 14y samappingiable 182

o SmALEr Mgt TIBY | 05y KO
nonisdefiffes ifioen theememyryt lndat4shawm intHigiret?hin thddthe ssadory
TS5 bR RSN TS PRI
t henclude the sequencer 168 used in the embodiment of Figure 2. As a result,
the self test module 164 does not directly access memory devices 148 from the
on-board sequencer 168 of Figure 2, but instead access the memory devices
148 through the sequencer 184 now located on the memory controller 178. By
placing the error map 180 and the remapping table 182 in the memory
controller 178, the memory controller 178 is able to identify and repair
defective memory locations without having to access the repair module 164
for each memory request. By using the sequencer 184 in the memory

controller 178 to access the memory devices 148, the memory hub 140 of
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hi gh-speed link 134. Figure 3 shows a second
enbodi nent of the nenory hub 140 of Figure 1. In this

nodul e 164 and the repair nodule 166 of Figure 2. The
repair nodule 166 15 again includes the error map 174
and _t he renapFin table 176. |n the interest of

br &gy 3 capaklizg 1gingrenehitides2fithe pegpry coviralley 178 to
Wi S Eory et nunmeral s, and an expl anati on
of td?%etéggleoperog idgtr/llgé\nseﬁ%?not be repeated. The nenory

hub 140 Prefedabyythe rBerdofyf @msrofleroliidt trems feesribie yerton map4ly4 and

shown in Fj gur in that it uses ry.controller
17803 ieeopHel Hled 780 BOMEHIOBY SRR IER0T i HBed ROp (PP
of 17hengnsfE 1@ Rreldrdatdid Aﬁloﬁi%%gﬁbﬁ‘gs foahh& th8%epdirinolale
a copy of the remapping table 176. The nenory hub 140
i n 1p# gurmeBoryadosroterf 8 suchrthah artes npapnbidy alitentapping table

R e S

doggongid thehebdgpindaatsiequsd)crRbpebfidelys eConffighP€ions of the
enbodi ment of Figure 2. As a result, 25 the self test

o &emaongits ofdhe mestoryitia ) jhah eeedifererhfpy e vpafigurations
fr / C Ei t
| P e ACRAERS SEAUERFREuEET B0 S RIS Top
sequencdhe tfdrermavccso ofitestingdamd fepaitingrdefgciivanmemloryetocations

178.. By placing . the error nma 80 and the remappin
t al9f &noresy idﬁVIPFﬁgl%% HoPgRSPRISAL ?)oi_JﬁF dPerioy, hlk%n@rﬁ@ﬁls? J2s, or
82?&&&9 ls &Eﬁéﬁ?{lg th@Pﬁ)%%of 904 46D biteY nRBdry 8B&sE d8fces. As a

ectiVve nendbry tocations wthout having to access
t heesubipthiere ismd wleed f@4he foliwaadhingempby thepesssor B4 or the

[ 1 he. 184 .in th trql.l 178
t o agsaediy RERREReSdi Rurolan Tt bo BB By A6S to
of opork HOLAARAIGHTAR 21 PGTHLSA08Q2480F mh ok 1625

utilize the 'existing capabilities of the nenory
corAbrs|themempsy hwp cautoles] Ameedanblest theyicawsy dadces 148 or

Pr rapl.y.. ry..control [ al .

0 SRR DTN SRR Sy b AR i Hemor
e bk Y46 a1 ¢dvb@tionkVBageeh time a new map 5 174 and
table 176 _are created.  Anot her OB“ on is to place the

repai r HolQreh FEAPTSEPTARYSIIioR YAt Pe descrbel wibnrefHepce to
er Lhidfe eri]ﬂzddiﬁgﬁjt T 'sﬂﬂ]behqgltﬁe ax%&@ll CELY ﬁeqhﬁt%ﬁh es
accessed W t%out ﬁa Ing to be transtferred to the erro

mamaylinatedn tfwen amdégipil mithtetideparti@? fronetheepiritvaat pcope of

Configurations of th . .. -
the Venttmn. Accordtmg?y, the invention is not limited except as by the

appended claims.
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conmponents of the nmenory hub 140 that are different
fromthe configurations 10 used in the enbodi nents

W@ bawotliie Fi gures 2 and 3 may al so be used. ThRCEOS1008024605
process of testing and repairing defective nenory
| ocations of nenory devicsil%ﬂﬁ%is transparent to the
menory hub control |l er 128, A re specifically the
processor 104 and other nenory access devices. As a
result, there is no need for the software being run by
t he processorl.104 Amdmheybiodulscomprighg:ty of the
menory hub controller 128 to be nodified in any way to

operate in C&FIHWYWWPW@Y&%%W devi ces 148 of
menory nDduIg“£§ﬁﬁyﬂmy§0m%§§ggenory hub controller

128 need not test the feno vices 148 or repair

def ective nmenory |oedticsngodideitogddtl torsleasitbne of the memory
conmruni cate with menmory hub 140 in a conventi onal
marfffdices.obe sgli-frstimedulsdefeasapnnsivaie arpaueshiostepeasieast one

desga ' .ef e ferred enbodi nents, . .
por Zong By Bl IRAEE AR S BEBEr Sl PR isatty
mayddetivedeniony foehtiorand tikehsinbryddvitRttandepar ting from
the spirit and scope of the invention. Accordingly,

the invention is rfotephir medude exupdgst toathe splfitess module and at
ap ed clajns, 25 - WO 2004/ 017162 . .
Pcﬁg%gé&ﬁs?fgglfﬁ’iﬁ’gm°&k%0éeﬁ.t A [RHD Ay i being responsive to
COoMRérh&iyquests @ BEREHVEY mehofE RaMokedt ARSmeARMY Aevices to
menory hub, conprising: a self-test nodule coupled to

at Tedizest tbeenafonyheequestorty noedéefeetive hivenosel boedtémk of the

nodul e be ng responsive to a request to test at | east
onénm%?“¥%¥1ﬁ%nnry devi ces, the self-test nodul e
further being operable to identify defective nenory

| ocations of the nmenory devices; and a repair nodul e
coupl ed to tRe sellhetmemorydwlielcasiclaim 1l @asteirnie fif-test

t he (ﬁlﬂgr devi ces, the repair nodul e being responsive
to™ NP ERTBRTSSS Reguimses oy acerssing yhe wemory Aevieds, the

the e Vifebib1d ire e. Menory. reguests to
non?ﬂ%;{gcﬁbleg% rF%rmr y%l %ctg i%lnés:&dg%sg’t%oe mr?tcelr%rnﬁe QY Tedests
from the self-test module, for accessing memory locations of the memory

devices.

3. The memory module of claim 1 wherein the memory
module further comprises:

a link interface for receiving memory requests to at least one of
the memory devices;

a memory device interface coupled to the memory devices, the
memory device interface being operable to couple memory requests to the
memory devices; and

a memory controller coupled to the link interface and the
memory device interface and the repair module, the memory controller being
operable to generate and couple memory requests from the link interface to the

memory device interface by utilizing the repair module to redirect memory

-17-



2. The menory nodul e of claim1l wherein the self-test
nmodul e further conprises a sequencer for accessing the
wOorRomoy716eVvi ces, the sequencer being oper abl ePEDUS2003/024605

out put an address, contained in nmenory requests from

the self-test nodule, for accessing nenory | ocations

of retquestﬂm]dnfgctwd bcatiess ofhe Memornedwiises hoden-defgttivd ai m
er.ein t nmenor nodul e further conprises: a link

|n‘¥PF%@H)ﬁ ’ﬂ@@eﬁ’ VifgSrenory requests to at | east

one of the nenory devices; a nenory device interface

coupled to the nenory devices, the nenory device

inter f ace being offke aldmeortyancdulplod alemo3d yzvhee@iudhe SNENEOTy

t he devi ces; and a nenory contro #er cou Lﬁﬁ.
to cwt@ller ﬁﬁrtheﬁ {COMPESES & SEIUCHEST f‘?ér?ﬁ?%?SIB%J ¢ éﬂﬁ‘n?ﬂfg ytees,
an % ! g?eqélgﬁ e?' l{elrg gﬁérgblet éae o‘ﬁgﬁp by a‘fiﬁfgsg oédn?eﬁn&iell ?gnemory

Oper a € and c menory requests from

t heedulest fidth @1&6‘ 86 £tdsD rduidies, OIREyessiay imembnyt Richthas dfythe
utilizing the repair modul e to redirect menory -17 WO

200h®1y 48RceCT/ US2003/ 024605 requests to defective
| ocati ons of the menory devices to non-defective
| ocati ons of the nmenory devices. 4. The nenory nodul e

of claim3 wherei Tht hgeBFOHYdulE FTtdlan 8rwidiéihiBe memory
Con”prl SesS a sequencer for aCCGSS| ng t he nmenory

devibdies jnterfive fisutiza enmensetsea ﬁ@t Up dirsityiug bufferothaﬁouwpawble to

address, contained in nmeno sts omth

s eFFCepgsind; G itpT duemply; rez% E‘?Cﬁ ﬁé%fﬁ‘?);ﬁer 8‘1:63?% Fenigpller
theng 'f@rfp\%yfefj@ﬁ@ §bRed ﬁem@r";ﬁ BRE Yo rﬁ@déﬁsﬁ ofié oFl At Fheinory
wherein e menory device In erface urther conprises
a flevisés-innhe dridersin-wduth thef frere tehaived.s operabl e to
receive and to store nmenory requests received fromthe
menory controller and to transfer the stored nenory

requests to gt |eggl QBR A Iﬁ&ﬁllérec{fn@én%d@@vﬁ&%uﬂ thd hek

order in which they were received. 6 ry

o guthigacef cophprises 3 firkteing firsttone blifferkthai i3t @ref#bie to receive and
conprises a first-in, first-out buffer that is
opé IRETRQSY (Tagugsiseangh o transfer the stored memory requests to the

memory controller in the order in which they were received.

7. The memory module of claim 1 wherein information
identifying the defective memory locations of the memory devices is

transferred from the self-test module to the repair module.

8. The memory module of claim 1 wherein the self-test
module is coupled to at least one of the memory access devices, the locations
of the defective memory of the memory devices being transferred to at least

one of the memory access device.

9. The memory module of claim 1 wherein the repair
module further comprises an error map that stores the locations of the

defective memory of the memory devices, the repair module utilizing the error

-18-



store nenory requests and to transfer the stored

menory requests to the nenory controller in the order
WO poowliab2 t hey were received. 7. The nmenory noRUl/8S2903/024605

claim1l wherein information identifying the defective

menory | ocatiogns of the menory devices is transferred

f r oAk He debirmincesiesy die mendnaemegsti frentoddelectie, nemery

MeNRLY: gvbgrg%nﬁé, N.ds Wherein the self-test nodule

i's coup a ast 6rie of the Menory access

devices, the |locations of the defective nenory of the

nmenory deV|ces being transferred to at | east one of

t he menory acﬁéss'H%VM@@KHElﬂmﬁdenﬁhﬁbynﬁbdﬂweﬂmﬂhelfpmr

o e MR bl Bl Egle Frt fscs e Bl Bieb 16 Busign

defpet defective koSS 18dA80ME BP tHe qﬁéﬂh&g deifi® foe RBh defective
nodul e utilizing the error -18 WO 2004/01716

PCTA&18200 B/c00a606f meapry docmecbrom the mhmbhe mdduk rthau'epalr

requests are to defectl | ocations of th
fh}?@“la SnE LS TTREPDIRE, i G%Lsatumsma?y E8FTis G0 defective

Vmelﬁ@thﬂryt IBQatfo%P %f 'Ehe 1'%91@1H¥3ﬁd Eés h6 "o IR SE Shefhor local’%lons

remappi Ng tab hat uses the error map to aSS|g% the

deﬂﬁhh¢nmnmem®wywbocat|ons of the nmenory devices to
non-defective nenory |ocations of nenory | ocated on
the nenory nodule, the repair nodule using the

remappi ng t abje toq}{eqﬂ&ﬁ&& %{ﬁﬁ?ﬁ c1£1%993§1%151ﬁ 81e memory

defective nenory locatio e nenory qevicé

nordestizbecirhptsedigimnie rhadomt hedss mefhoth@vigeeDry devi ces.
11. The menory nodul e of claim 1l wherein the nenory

devi ces conprise dynam c randon1access menory devi ces.

12. A menory | dul g | a; lurality of
menory devi cesriD ar‘{xolj'}naei:hor mo‘au% %Om%rb i sing: a nenory

controller ccaqﬂlh@ﬁtytan@gmér?@gvm@gagn@f the menory
devi ces, the nmenory controfller belng responsi ve to

menory reque@trsemwramhecqmmmg devi ces; a self t est

modul e coupled to at rrl]leem%%m)c%&rol?er}t (go%.lpll

to at ?east one of the
memory devices, the memory controller being responsive to memory requests
to the memory devices;

a self-test module coupled to the memory controller, the
self-test module being responsive to a request to test at least one of the
memory devices, the self-test module further being operable to identify

+ defective memory locations of the memory devices; and

a repair module coupled to the memory controller, the

repair module being responsive to memory requests to defective memory

locations of the memory devices to redirect the memory requests to non-

defective memory locations of the memory devices.

13, The memory module of claim 12 wherein the memory
controller further comprises a sequencer for accessing the memory devices,

the sequencer being operable to output an address, contained in memory
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sel f-test nodul e being responsive to a request to test

at |l east one of the nenory devices, the self-test
woreadloeribur t her bei ng operable to identify deP@rUs2003/024605

menory | ocations of the nenory devices; and a repair

nodul e coupled to the nenory controller, the_ repair

nodgfeesBefltag thesisHisstvBotyentrorspessaguBsmery docations of the
degﬁ&hg¥g%qﬁgpry | ocations of the menory devices to
Frect the

re menory requests to non- defective nenory
| ocations of the menory devices. 13. The nmenory nodul e
of claim 12 wherein the nmenor controller further
conpri ses a s%hueﬁ@@ﬂnﬁﬁﬁﬂﬁﬁ@%ﬁéPﬁ@aWMéZW@ﬁ@ﬂyﬂwlnﬂnmy
deviqgééﬁl he sequencer being operable to output an
addPeess tSTREPn nenory” -19 WD 2004/ 017162

PCT/ US2003/ 0ZAB{5intek @6/ 8upTed toIhR mbRoSedntlofst fof el ving
for accessing nenory | ocations of the nenory devices.
14 . mdatheryrrequesip toraidedst oné oLihainmnidty wheices; and he nmenory
nmodul e further conprjses: a link interface cq&pled éo
the memory cRFBPPAEVIGnPEES SRS piliidpymoegoBgpUer
t 0 @l theRShoP GevRies RS TBRITRY YoV inkSBice 989% SpliaBRIY

device interflace coupled to the nenory con er and

t heonpleongmalyreqrests td the mamayydediewd.ce i nterface bei ng
operable to couple nenory requests to the nenory

devi ces. 15. The nmenory nodul e of claim 14 wherein the

nmenory contrg | erﬁ@ﬁﬁ&#ﬁﬁgﬁ?ﬂgoﬁﬁﬁﬂi E@wﬁ&%ﬂf%{fxe emor

requests fromthe ace to e nmenor evi ¢

i nteenfralis geyerttes hidz¢ouPldshigeni @patques®d dionethe dink dflicrfaed to
menory requests to defectjve |ocations of the nmenory
devheBemosy deicedateriass R utilizdeg thegepaionodiHe tawedizegt memory

g:%(ﬁ%ﬁs é& ﬁefe&ﬂ% lga?igﬁy of"?ig ﬂeﬁréo?rg/ d%\lli%ciesr?o ]ﬁ%n- efelrcflige? the

evice 1 n ace conprises a -in,

f i nedatiotd ot bmotPaévitss. operable to receive and to
store nenory requests received fromthe nenory

controller and to transfer the stored nenory requests
to at Ieastmgge of..t he nenor

devi ces jn the.order in
whi ch they wafe r dbSioHoD TodRY el 1/ WOt g memOry
cl Qeticd AntWiRleSuAhdrR@nlphiRks a first-in, first-out buffer that is operable to
receive and to store memory requests received from the memory controller

and to transfer the stored memory requests to at least one of the memory

devices in the order in which they were received.

17. The memory module of claim 14 wherein the link
interface comprises a first-in, first-out buffer that is operable to receive and
store memory requests and to transfer the stored memory requests to the

memory controller in the order in which they were received.
18. The memory module of claim 12 wherein information

identifying the defective memory locations of the memory devices is

transferred from the self-test module to the repair module.
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interface conprises a first-in, first-out buffer that
is operable to receive and store nenory requests and

wao ooooemsf er the stored nmenory requests to thePCHERNG024605
controller in the order in which they were received.

18. The nenory, nodyl e of cl ai 2 erein informati o

i denti fying t%% de Pﬁe@é’rﬁa}ﬁ“&a ?’%@ﬁ’tni'l dAsvRrein e selt-test
nme ' ' 2 e :
oy BIEeY R ® st e B o) 30517 B¢ Mo locations
PCTo {152 GleBclfed GBmorit 8f thkhmemenpdyvicaschdie trinstérasdmnola least
mherei? the self-test npdule is coupled to at | east
onePngrolit reesds¥isetievi ces, the locations of

the defective nenory of the nenory devices being
transferred to at | east one of the nmenory access

devi ces. 20. Jhe rEHOmenRAthedud ofldim 12 wihesial thetRBair
repair npdul e further conprises an error map that

st dredule hartheic semprges ofn toter 1ap dbati yieravethsr {ocationshef the

me devy] repai r, nodul tilizing the.error

o et E BT of IR 0 BN s RS s o rfialbeledpu oo
defrag ity alef@licy whbieAthe Renry trBQudiBMRE VioUgMbAR%: méory
The menory nodul e of claim20 wherein the repair

nmodo¢asions pf hermemeorpdewiess. a remappi ng tabl e that uses
the error map to assign the defective nenory
| ocati ons of the menory devices to non-defective

nmenory | ocatinns ofhe"BRRIoYy hRfRiedr Qluit80 RRTEREN tg repair
nodul e, the repair nodul e using the remapping ta Fe

t o mediile éothemeompyyses aquempping datde flet sasethe ARODMYD to assign
| ocatipns .of the mepory devices to non-defective )
moriB ASFG e | BEOrYo oC NS Bidhy, TRV odevions. toT egn-defective
e REN 0P ek BorRf oft 1&%% Joh&! ShNnk hﬁeﬁ@ﬂﬁg h%)é)fdu%eh Jhe repair |

control 'er further c ises the error

r epaddulernsing ehe tdneappinteotablea rdd@kestomemerafiq@edto to defective
det er mi ne whet her the nennry_reguest IS to a defective
me ATy deertionh obthe HemABhYvjocg 4o ingeslelepive mgemank denagions

?DQEhﬁnﬂ&n%yﬂ&%%g wherein the nenory controller
conpr i

urt her ses the remapping table of the repair
nodul e, the remapping table being operable to
redirect the nmenory requests to defective |ocations
of the nenory2devildesnaneoryorrdids efcalaine2] whereinghe meinory

th Lot M Yurther comprises the error map of the repair module, the error map
being operable to determine whether the memory request is to a defective

memory location of the memory devices.

23.  The memory module of claim 22 wherein the memory
controller further comprises the remapping table of the repair module, the
remapping table being operable to redirect the memory requests to defective
locations of the memory devices to non-defective locations of the memory

devices.

24, The memory module of claim 12 wherein the memory

devices comprise dynamic random access memory devices.
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devices. 24. The nenory nodul e of claim 12 wherein the

menory devices conprise dynam ¢ random access nenory
wa@leaiso€R62 - 21 WO 2004/ 017162 PCT/ US2003/ 024605PCRES2083/024605

conmput er system conprising: a central processing unit

("CPU'"); a systemcontroller coupled to the CPU, the

syst em cont r ot er A RAVPHET HFteh SOTPHSIE: and an out put

port; an inpuf.d ﬁé{li_pﬁgcésﬁﬂghﬁﬂl (‘t@PItJ’?e CPU t hrough the

system controller;  an oufput "devi cé coupled to the

CPU t hrough taeysteystemrollepondupiéd er theaCBU pthagsystday cangroller
coupled tg the CPU through the system controller; a

pl Jiexingtan igputperdag apsHpiERObeach of the menory

nodul es co I sing:a:pl ' 0 ' ;
and a rrerro??a%hmg’?lgcdggbc?i g@ﬁ%ﬁ ﬁo s{élie?-ﬁ es%{m?fg%llbﬁgg system
couphedlldp at | east one of the nmenory devices, the

sel f-test nodul e being responsive to a request to test
at | east onetopuiphie dgrireroputledi weshe (FY) dbrough ethe system
nodul urther being operable to identify defective
neror 0]I%ft:ati ons of the nenory devices; a repair

nmodul e coupl ed sfogadeh@ei&d fcbiq%%& 130ehHe eP AR oakh | 8 Sdystem
one of the menory devices, the repair nodul e being

respomglilere to nmenory requests to defective nmenory

| ocati ons of the no devices, to rediyect the

roror y 1 equest BURUBNBh TaRs frevelete rishy ! BE ey mpdules
theonffBRLy devices; and a communications |ink

coupling The output port of the systemcontroller to

the i nput port of atgheraliymdimyerharly demicegahd of t he
menory nodul es, and coupling the input port of the

system control | er ATRCTRPY NUB G PRRIISRE t of the menory:
hub in each of the memyry Ry, Sfide coupled to at least one of the

memory devices, the self-test module being responsive to a request to test at
least one of the memory devices, the self-test module further being operable to
identify defective memory locations of the memory devices;

a repair module coupled to the self-test module
and at least one of the memory devices, the repair module being responsive to
memory requests to defective memory locations of the memory devices to
redirect the memory requests to non-defective memory locations of the
memory devices; and

a communications link coupling the output port
of the system controller to the input port of the memory hub in each of the
memory modules, and coupling the input port of the system controller to the

output port of the memory hub in each of the memory modules.
26.  The computer system of claim 25 wherein the self-test

module further comprises a sequencer for accessing the memory devices, the

sequencer being operable to output an address, contained in memory requests

20



26. The conputer system of claim 25 wherein the

self-test nodule further conprises a sequencer for
w@ewensiley the nmenory devices, the sequencer PET/NHR003/024605

operable to output an address, contained in nmenory

request -22 WO SQ?OM 17162 PCT/ US2003/ 024605 from

t helre® %@t%&fttem We, 105 racgpsmgsMSHoORE Msalion ehthomemory

of fhe.genory devices. 27. The conputer system of

claim 25 wherein the menory nodul e further conprises:

alink interface for receiving nmenory requests to at

| east one of the nenory devices; a nmenory device

i nterface coudpled The eamepuigsriystymod\rlaimss wirseinthermegnory

devringg 1ie rg{ef ace beei ng operable to couple nenory

requeslfs the pl}lﬁeﬁbry devi ces; and a nenory

control | er couplieshtdrfick A& rbédiink At PeRuadstd NH9east one of

menory device interface and the repair nodule, the

mentbe yepeny dewicast bei ng operable to generate and

coupl e nenory requests.fr.o he link interface to.the
oy Hev oo AR DI E soatpTRd th i AT devitee e
to . _ . . ¢
R A e TS

nmermemogelevivces .an@8. The conputer system of claim 27
wherein the nenory contﬁoller further conprise

sequencer f or® BETESSIHYO Feeayrled iy thedipkaateriacy ng the
se C}H&Hﬁ? aiepfcle A PRLT AR e fBal? H#o?ﬁ'ﬁe, fl'{% éﬁéglgﬁsr?ct%reltg?ller being

cont al In menory requests Trom

r outpiersbls, tofgenerateaad sbimgle RMLTY rdqedt fonsthelink Agerface to the
menory devices. 29. The_conputer system of claim 27
wheRenaryvidexicranece hyayilicing the eappacroduln torrediresy msmozses

A g g O PRSI iRy, 1

merodayiof©of the kdegfory dedcdso transfer the stored nenory
requests to at | east one of the nmenory devices in the
order in which they were received. 30. The conputer

system of cl ai,m 27 . wherein the Ii(&lf Interface

conpri ses a %8rs_t b copbuier syt flaip %ﬁgihelfeén the memory

opebaRbieert Mrth@CRNYRisBOE sequencer for accessing the memory devices,
the sequencer being operable to output an address, contained in memory
requests from the self-test routines, for accessing memory locations of the

memory devices.

29.  The computer system of claim 27 wherein the memory
device interface further comprises a first-in, first-out buffer that is operable to
receive and to store memory requests received from the memory controller
and to transfer the stored memory requests to at least one of the memory

devices in the order in which they were received.

30.  The computer system of claim 27 wherein the link

interface comprises a first-in, first-out buffer that is operable to receive and

3.



-23 WD 2004/ 017162 PCT/ US2003/ 024605 store nenory

requests and to transfer the stored nenory requests to
W b@4/ommebry controller in the order in which PEEYS2083/624605

received. 31. The conputer system of claim25 wherein

information identifying the defective nenory

| ocHPieomSmEry remiess iy tog Bonsies thesstoned anemery sefiuestrtp the

t he |.f- I Lr.nmodule. .32. The
corBeel LERbUTUAE o WA ERBRY v IPRER50 2, ot
nodul e is coupled to at | east one of the nmenory access
devices, the locations of the defective nenory of the

menory devi cell-bei Hep eorapgtesystatn pb claim |28awhereipriafarfoation

t he I cC evice. 33.. The computer systemof .
ol RS MG RTECHES (80P NGRS §1u i Py degges is
an edrsRreiont alscHitof RdulfokRCRbAPRDIRf, the
defective nenory of the menory devices, the repair

nodul e utilizing the error map to determ ne whet her
the menory reguests are to defectiye nenory |ocatiaons
of the nenor ?'%deviﬁ%%‘.’m%&‘?terTWétegb Elpin 2§y@1@%ﬁp&ﬁe self-test
C1 ahouid iaabRINo L Rl R dt dRA Py hitk G Re! 15&Ri

a remappilng Pablg tﬁegt uses the ero‘r?%r ﬁ%%&%végegggﬁeglﬁ&%mm
t heofdbé defectine menory of deamemosy déviddd deifMminsfarid ©es least
to non-defective nenpry |ocations of nenory | ocated

on ORETREHFYORFG6esE devike repair nodul e using the
remapping table to redirect nenory requests to
defective nenory |ocations of the nmenory devices to

non- def ecti ve@3menurhe t@ggdte0sstend fof MBS B DeréiaVthe G8pair
35. The conputer system of claim25 wherein the nmenory

deviedde dBihari cUNRRSSANITE errandBn dba esfaresetiior lpcatéansces the

36. em of. cl aim 25 wherein the.input
ande SRRSO U G e BietRoal oy it g e orror
Compp $e dateARiiBi WREthEM ! fREHoBY trequRSs tar€ QU PAFELtHR HBRory
comuni cations |ink, and wherein (%he i nput and out put

- 24oapBoppotho ey PEitesS2003/ 024605 ports of each of
the nmenory hubs conprises a conbi ned i nput/output port
coupl ed to the comuni cations |ink.

34, The computer system of claim 33 wherein the repair
module further comprises a remapping table that uses the error map to assign
the defective memory locations of the memory devices to non-defective
memory locations of memory located on the memory module, the repair
module using the remapping table to redirect memory requests to defective
memory locations of the memory devices to non-defective memory locations

of the memory devices.

35.  The computer system of claim 25 wherein the memory
devices comprise dynamic random access memory devices.

36.  The computer system of claim 25 wherein the input and
output ports of the memory hub controller comprise a combined input/output

port coupled to the communications link, and wherein the input and output
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37 The conputer system of claim 36 wherein the
comruni cations |link conprises an optical
w@ormmrileat i ons |ink, wherein the input and oREPUS2003/024605
ports of the nmenory hub controller conprises an
optical input/output port coupled to the optica
copnriniof akélons thd nlenwnyl hhe cemprisdsea compined AR tport
ports of each of the.nmenpry hubs conprises a
re§B@ﬂ?IW@ﬁeBﬁ?F@QPaPWﬁﬂgﬁyoutput port coupled to the
optical communi cations |ink. 38. A conputer system
conprising: a central processing unit ("CPU'); a
system contr 8l er Theupbeguteo tysenCPUf ¢laian sP6t avherein the
controller . hayving an.input port and an outpu re.
2 CPGURIAHOR AT CUBPRIFo L BT Geih (s, SShetcibe
controlh8rg I?&H P EERBrF BHP B difert dMBnrl3Es an optical
t h?ﬁc}{Jughalnghoélt@{/{ em bjii:g%t r 01%] g{r:; acst or aée deI\;/EiE'ce P
cougheduipat pore cifiled ty thegiptitdiecompsirdeations titk ahd evheren the

plurality of nenory nodul es, each of the nenpr )
mo dintué end it iports pf each|ofrthe npsmasy ﬁr?PylPalé%y g despective
and_..a.menor C Lk SiAg: er
codpli e TP gt Ron SHREL B Bop A IR RANGAORAE,
menory controller being responsive to nenory requests
to the nmenory devices; a self-test nmodul e coupled to
the menory ca@ft r olA eemputpiesysisal, fompEsngpdul e bei ng
responsive to a request .to t. | east one of the
menory devic@'Fn?ﬁgmggF?ggggf%ﬁgﬁﬁpé further being
operabl e to idgafehf Yonteke sipl&l [EieIOPW oG8 sk &8 @ntroller
the nenory devices; and -25 \RD 2004/ 017162

PChau8g @0 3ip@2 #610 5nd an peipai portiodul e coupled to the
menory controller, the, repai dul e ing re sive
to menory redBetPy! (4GVHES %{Pﬁ?ﬂg?o %%&W glrgltlgﬁ'gﬁ € gpystem
thgoﬁgﬁm;y devices to redirect the nmenory requests to

an output device coupled to the CPU through the system

controller;

a storage device coupled to the CPU through the system
controller;

a plurality of memory modules, each of the memory modules
comprising:

a plurality of memory devices; and

a memory hub, comprising:

a memory controller coupled to at least one of the
memory devices, the memory controller being responsive to memory requests
to the memory devices;

a self-test module coupled to the memory controller, the
self-test module being responsive to a request to test at least one of the
memory devices, the self-test module further being operable to identify

defective memory locations of the memory devices; and

5.



non- def ective nenory |ocations of the nmenory devices a
communi cations link coupling the output port of the
waymtemienntrol l er to the i nput port of the nmePOF/YS1v0$024605

in each of the nenory nodul es, and coupling the input
port of the systemcontroller to the output port of

the menmory hub in each dfreppe modsley savalpdedo doe mgmory
conpu system. o h 11 . e] -
conp P E Ridodyg LM desb RS B BBt to dofecive

t handREMT e AR ©E3he mehRry EGHERA6 rediedcd thoopRmabY eeglulsts to
out put an address, contained in nenory requests from

t heropalefective mempaty lasatiowsr ofdbcmswiorigdeved®dry | ocat i ons

of the nenory devices. 40. The conputer Si’iSt m of ¢ ot
clai m 38 wherein the nehBPUNSHAS L (R n%g]?‘Fp?lftglésl?

a |drke sPh&hfRaRoIQUB! BE it HBR JTREP MYert @Bl InSach OF the
receiving nenory requests to at |east one of the

me meyoryevodides, aad dovplingnthe ynpk pouefithe eystens eovtwoifdrdd the
to the marmrgh controller. a dtlge rrermr%{jagevi ces, the
e AR @61 O e REBPRAD 1B PP (SRERABIS PO o &
nmenory requests to the nmenory devices. 41. The

comput er system of claim40 wherein the nenory

control |l er ge%er atEsg amputawybtes ofecinity 38 edheesh shd memory

the link interface to the nenory device interface by
ut NPy furber eQrEPTSSATHRAdECHCE! FUGIGCEIngniiFoRgmory devices,
re def.ect | ocat | f [
eSS PR AP BTSN SH o
ThaeqrsBUI6h hY Sdebiestl medwenTot acobreing Metdey MEIMGYs of the
device interface further conprises a first-in,

f i mBemeIydopigps.er that is operable to receive and to
store nenory requests received fromthe nenory
controller -26 WD 2004/017162 PCT/ US2003/ 024605 and

to transfer t4oe StTHeAdnIPALR kYstérR QUERIS 38 QviRteih BRSheRbE
of the menory devices in the order in which they were

r egeddudaifurth8r corgrissonput er system of cl ai m 40 wherein
bur fer t hat 1% G EERRe g e /B RE sl ey ine
tr ﬁgﬂ&ﬁé@ r8fitsts o b RAS LRE of M8 nthVrPdeBEDLYd r equest s to
a memory device interface coupled to the memory controller
and the memory devices, the memory device interface being operable to

couple memory requests to the memory devices.

41.  The computer system of claim 40 wherein the memory
controller generates and couples memory requests from the link interface to
the memory device interface by utilizing the repair module to redirect memory
requests to defective locations of the memory devices to non-defective

locations of the memory devices.

42. The computer system of claim 40 wherein the memory
device interface further comprises a first-in, first-out buffer that is operable to

receive and to store memory requests received from the memory controller
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menory controller in the order in which they were
recei ved. 44. The conputer system of claim 38 wherein
w0 nfogorEs: on i dentifying the defective nmenoryPCT/US2003/024605
| ocati ons of the menory devices is transferred from
the self-test nodule to the repair nodule. 45. The

corfpdttertranstar dhe Gfored MMM TaMHSSE; te dnlsatepme. plothe memory
nmodul e i s . f the nenory access
de&%gggfl1ﬁg88%%§%%@ﬁ@ah%ﬁﬁgﬁgggg?gbtive menory of the
menory devices being transferred to at | east one of

the nenory access devices. 46. The conputer system of
cl ai m 38 wherdin tHee cepaier syvenl ef clamnéd wampni beslink
an.error map that stores.the l|ocati,ons, of the :
QBT CHERBTS SR TRrDF Uet Hebds SpsrablF dgepeive and
MOGHE HErhbiyZ FddRedth anB b OfansfBRRhE QtdH6d ShEMAS WABEdRETo the
the nenory requests are to defective nenory | ocations
of mémeonyewniryllcteu ittwesrderdi whithethepwperet receivgdst em of
claim46 wherein the repair nodule further conprises

a remapping table that uses the error map to assign

the defectiveyrenofy, { drafSte of HSBERINerdR hfofRation
to non-defective nenor ocations of nenory | ocated

on ifldmifyimpothe moftuties mbeonye padationsmadutle wusinmgyt Hevices is
remappi ng table to redirect nenory requests to
deftemsieyed fiopnibeypelfteshiodnls tothergpal ¥ devices to
non- def ective nenory |ocations of the nenory devices.
-27 WD 2004/ 017162 PCT/ US2003/ 024605 48. The conputer
system of cl adan 47Tihesmsiutert syeteiBaDEYine GBtwitdréigrthe self-test
further conprises the error. map of the repair nodul e,

t hénedulois epapledyeiah ipasipricth e MEMEEY acRfheewigrss thedoqaians
menpry. request is to def Lve . ry Jocatj o)
Ch& s Br e, ook 9B 0TSy i Tl LR g Jeast

48 oM QF Bldméhery RO evie@nt rol I er further conprises
the remapping table of the repair nodule, the

remappi ng tabl e being operable to redirect the nmenory

requests to defectyve locations of. the ry .deyices.
t o non-def ecti¥e | a?(?mgf_’roﬁ}ysef?éoﬁé;ﬁﬁw’yg?%%%@s%e gepal
Then &SP UhRherS ¥ ShERRT aif lefbM 3% WRAT &bfest 8 MBERINS of the

defective memory of the memory devices, the repair module utilizing the error

map to determine whether the memory requests are to defective memory

locations of the memory devices.

47.  The computer system of claim 46 wherein the repair
module further comprises a remapping table that uses the error map to assign
the defective memory locations of the memory devices to non-defective
memory locations of memory located on the memory module, the repair
module using the remapping table to redirect memory requests to defective
memory locations of the memory devices to non-defective memory locations

of the memory devices.
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devi ces conprise dynam c random access nenory devi ces.

51. The conputer system of claim 38 wherein the input
wa@pa4/0oubput ports of the menmory hub control | ePCT/US2003/024605

conprise a conbi ned i nput/output port coupled to the

connunicationz Iinﬁ and wherein the input and output
ports of each®f t B HUPRIIST SEise 1 4e¥heremdhemsagry

i np I ' i.0 i nk.
s s o Sfrok fap oF UE PP LSS bl
c onbrimg operadaso Hitedminowhethaethe arenapy ir&flkst is to a defective
communi cations |jnk, wherein the input and out put
por’PEMGFY JoraHonfdhe memerycdiviqes! | er conpri ses an

optical input/output port coupled to the optica

communi cations |ink and wherein the input and out put
ports of eachddf tTike cnmiter dyuiem 60FRInh 9€Swlerein the memory
respectjve optical input/.output port coupled to the
optSoRkP e frihst campeises the TRmapEng Aabletafolie ofpaie siddaly, the

an LLI of urality. of nmenory devices .
on iR 0le BRI, QB enariely e aro daecive
I Ndbtulidss df MRERSMIHY RievicBe tdBLARLFLAIP 1daHg oflg‘le%emory
the nenory hub in at |east one of the nmenory nodul es

t o deyjisgerate a self-test routine; -28 WD 2004/017162
PCT/ US2003/ 024605 using a generated self-test routine
to test at |east one of the nenory devices in the
menory modul &0, 0 I BRMdnfputd &l Eh HEIARTEE ¥helQf Al RERory
of the at | east one nenory dévice; receiving a nenory

r eqeeises enmprire dysamioraiddm taessmemsriadevidesast one of

the nenory devices; determning at the nenory hub if
the received nenory request is directed to a nenory

| ocation idengifi j ' nor .

| ocation; i frstlhe %@?@Ekﬁe&%‘?‘g%ﬁ%ﬁé\&% Vlﬁger%f# Crey and
t o oatpme porty of drahemory hubesvhtrbil@dcaspride Nebnvidel Bphi/MBput
menory Io%ﬁtion, redirecting the nmenory request to a
noROGefodRt\E the cotypicstionteliplk.yandnwhereinnheonputnandudusput

and..4 ' I est 1s directed . to a
ool of flf B¢ the' fen BRRALY: LEABASE 4 Pohingd fichgute por
detegiled/® tive comyhuhz@fénsQink, accessi ng t he

52.  The computer system of claim 51 wherein the
communications link comprises an optical communications link, wherein the
mmput and output ports of the memory hub controller comprises an optical
input/output port coupled to the optical communications link and wherein the
input and output ports of each of the memory hubs comprises a respective

optical input/.output port coupled to the optical communications link.

53. A method of testing and repairing each of a plurality of
memory devices on each of a plurality of memory modules each of which
includes a memory hub, the method comprising:

using the memory hub in at least one of the memory modules to

generate a self-test routine;
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| ocation in the at | east one nenory device to which

the nmenory request was directed. 54. The net hod of
w@b@ii1A& and further conprising storing i nfoPCEUSIN3/024605

identifying the defective nmenory Iocations of the

menory devi ces . |n an erro

claimb54, furbfiges 2 %‘Wﬁ# %P%g%ﬂﬁ%ﬂﬁ tq teﬁr‘leear?aﬁﬁf Rge of the
t abh@mbhPmdyiRs Sfr ﬂ{e 'ﬁ?e‘ihc;r? afnoRSR! eNSabhiy d&iEaiveY Sremory
menory | ocations of the nenory devices to
nonlodaicmstoufvlfeaatéemstgnelmadmyai&mcef the nenory devices,
the remapping table being used to redirect the nmenory
requests di r eFCEYMER PHEITRIIEEUSS &t FsHBPYoNG B4k ity ﬁgceéf at

gpelteﬁgrg%y)fgl%\{g&ﬁ& tdngcgson defective nenory 1ocations

e nenory devi
determlmng at the memory hub if the received memory request

is directed to a memory location identified as being a defective memory
location;

if the received memory request is directed to a memory location
identified as being a defective memory location, redirecting the memory
request to a non-defective location of memory on the memory module; and

if the received memory request is directed to a memory location
that was not identified as being a defective memory location, accessing the
location in the at least one memory device to which the memory request was

directed.

54, The method of claim 53 and further comprising storing
information identifying the defective memory locations of the memory devices

N an error map.

55.  The method of claim 54, further comprising creating a
remapping table from the error map that assigns the defective memory
locations of the memory devices to non-defective memory locations of the
memory devices, the remapping table being used to redirect the memory
requests directed to the defective memory locations of the memory devices to

non-defective memory locations of the memory devices.
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