WO 03/ 033665 PCT/ US03/ 07915 OBTAI NI NG DATA MASK MAPPI NG | NFORMATI ON
BACKGROUND OFywH3/dsh¢ENTI ON Fiel d O The Invention 100011 Thel\g&e/%g&yowﬁ
invention relates generally to the field of conputer nenory. re i
particularly, the present invention relates to the field of nenory data

el ndes memory. A nengry AR RATA MR MG PO RSTRNIAN or s Teeded

i ncl udes nenory. A nenbry’ 1S use ore
by that program code. The nenory can be included on one or nore boards of

integrated circuits. Typical] the nmenory is coupled with a nmenory
controller. The menory contr BAGKGROUNDBORTREJYNMENTIONat e over a data
bus «t hrough pin connections. [0003] Data nmasks are used to prevent

sel ected data from being overwitten in 15 nmenory. Accordingly, the nenory
controller Cﬁq‘:l yf)?@azav g@sks to mask specific data to allow parti al
wites to nme » bits may be associated with one or nore bits of
data. The associ ated_data mask bl ocks wites _to specific nenory | ocations
and al l owg {001ks  Thepratent mvepiay ielates gsngrally tothgdickhel compitteranerponye Mere
menory is performed, the selected data in nenory that is masked remains in
menory, and narécudar]ye tequestat mveniom relgtes @o thetfichdiekmdmiory datpmasksd by new
data. If the nmenory controller does not use data masks, partial nenory
wites may take rmuch | onger. For exanple, the nenory controller may
approximate a partial wite by reading an entire nenory area, nerging new
data into itpesciipfioh dEhedibte@riback the entire menory area. WO 03/ 083665
PCT/ US03/ 07915

[0002] A typical computer system includes memory. A memory is used to store

10 program code and data needed by that program code. The memory can be included on one
or more boards of integrated circuits. Typically, the memory is coupled with a memory
controller. The memory controller and the memory communicate over a data bus through
pin connections.

[0003] Data masks are used to prevent selected data from being overwﬁtfen in

15 memory. Accordingly, the memory controller can use data masks to mask specific data to
allow partial writes to memory. Data mask bits may be associated with one or more bits of
data. The associated data mask blocks writes to specific memory locations and allows
writes into other specific memory locations. When a write to memory is performed, the
selected data in memory that is masked remains in memory, and the selected data that is

20 not masked is replaced by new data. If the memory controller does not use data masks,
partial memory writes may take much longer. For example, the memory controller may
approximate a partial write by reading an entire memory area, merging new data into it,

' and then writing back the entire memory area.



[0004] Currently, nenory chips inplenment nmenory data masks by using
separate pins for data mask bits and for data. This can greaf Lnecrease
pin count. |WOBY8¥ESpin count increases cost, package si ze?PéﬁH,g&?oﬂg one
cases, die size. Using separate pins for data nask bits and for data

provi des no progranm ng of registers. with these i ngs. ., BRI EF DESCRI PTI ON
OF THE. DRAVINRE] 100051y BEMRER FEP DR FEN ARSI (81 ’H%?fs B¥ USRS SeRATHE P 0
by referring to the follow ng description and acconpanyi ng draw ngs t hat

i I 1ustrate udataendsbdiitsemd or fajp. Thisocampgreatyonpicateedin FabRls t MATFARRY RIN CORB
enbodi nents of this invention, and the advantages thereof, reference is
now made t Ointfegsek Qobt paclgige @izl anditihanmet akesn diensicen]lising separaié pnst foe data
acconpanyi ng drawi ngs, in which: 10006] Fig. | illustrates an-exenplary
system comhLgl 1@ A Maﬁé)gﬂo_%fdes A6 PRIGARSieD MR8 steRARTIhEB napfingd)l S

i nvention. 15 1000/] Fig. illustrates a bl ock schematic di agram of a
transl ation | ogic enbodi nent, according to one enbodi nent of this

i nvent i of. 10008] Fig. 3 illustrates a waveformof a wite transfer in

whi ch data nmasks are integr ta line r¢ing to one

enbodi ment of this i nventpgﬁﬁkﬁgﬁg@ﬁﬂfﬁ?ﬁﬁm b@%ﬁﬁ | owchart of a
nethod to provide an interface between a 20 processor and nenory,
according to one enbodi nent of this invention. 10010] Fig. 5 illustrates a
bl ock schemifl005] di agmbediofentsr efntiininvsntiomgiay ke besituwngerntaodaby deferringatok the ne
onto a data chunk |ine, according to one enbodi nent of this invention.
100111 Fi g.fofowidguRbc@iiteg andhceakpayhendtivmgs tlag ilastrafe suclaesibadimentd. dfgra t o
change a mappi ng of data nasks to data chunks, according to one enbodi nent

of this jhnugpt %pléé@@ﬁé{g&%@ﬁ@ S1GhE (daARAIS of @M 2dvehtion, nd tHeUsivethgs a

flowmchart of a nethod for a nenory controller to program
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:
[0006] Fig. 1 illustrates an exemplary system comprising a controller, according to one
embodiment of this invention.
15 [0007)  Fig. 2 illustrates a block schematic diagram of a translation logic embodiment,
according to one embodiment of this invention.
[0008] Fig. 3 illustrates a waveform of a write transfer in which data masks are
integrated on the data lines, according to one embodiment of this invention.
[0009] Fig. 4 illustrates a flowchart of a method to provide an interface between a
20 processor and memory, according to one embodiment of this invention.
[0010]  Fig. 5 illustrates a block schematic diagram of translation logic to integrate a
data mask line onto a data chunk line, according to one embodiment of this invention.
[0011]  Fig. 6 illustrates a block schematic diagram of translation logic to change a

mapping of data masks to data chunks, according to one embodiment of this invention.



itsel f, according to one enbodi ment of this invention. 10013] Fig. 8

il lustrates avbabhsssgnd bl ock schematic of specific val ue exapagegh dat a
mask bits masking specific exanpl es of data chunks, according to one

enbodi nent of this 5 invention. 100141 Fig. 9 illustrates two exanple

circuits of pguif)i pl gxerrsihsrs8l £9bwehSBN ndidd fof éthéry B8ntroRkbetoly a
devi ce, acco[rdi r!g to}%gne emr:)odi ment of this invention. 118015] Fi gt.obl'.iﬁg@rah?

illustrat esI-tgé]f’%ég%igggggﬁ%%{zﬁs%iﬁ%ttdfzﬁigweﬁﬁ&g sel ect a mapping between

data nmask bits’an according to one enbodi nent of this

i nvention. 016]. Fi lillustra f.l ow .di agram of .a nethqd to
obtai n dat a WAL nafis Aqmudtiiesa et aRo BioshscheBie of Ssttivide Feimes ¢y
in a nmenory nodul e, according to one enbodinent of this invention. [0017]
Fig. 12 ill gk hitemagking spgcificagiranmlestofdatattvaks, rerordiag éo pneemgodingat af thisk
mappi ng schene of each nenory rank of a nenory nodul e, according to one
enbodi nerst imveéntidn.t hi s i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
10018] In the foll ow ng description, numerous specific details are set

forth to prquopg a F?goqnm@@uhwactamﬁﬁn@lwﬂm QF rhilfpRR&S db "Rk cRimdnl &
i nvention. However, it is understood that these enbodi nents nmay be

practiced Wrhhigh mblE3enitB Gl devfee SRldiding toloRe @ BS&inieE?&ﬁHﬁqﬁwé%rlttml |~ known

circuits, structures, and techniques have not been shown In arl in order
not to obs t he I of this invention. 019] .In _various .
enbodi nent s(ib@ﬁsé i o m&ghﬂ‘%n%‘%? ncl ddéY i Rar g %@Pge’i%g BP o %h @ FRappIng
register with a data sk.. map. . Vari ous enbqdi ments include a hardw ring of
Lt a W CRERIBRE PR PSR RAHRS (TR I S eI Py afion g
retrieval of a data mask map froma location in nenory, and a deduction of
a data rMask [#¥®] by Bigsdi tillestrates| jyBewt dingramhef alatethodetokobiaip data mask mapping

information from a serial presence detect (SPD) in a memory module, according to one
embodiment of this invention.

[0017) Fig. 12 illustrates a flow diagram of a method for determining a data mask
mapping scheme of each memory rank of a memory module, according to one embodiment

15  of this invention.
DETAILED DESCRIPTION OF THE INVENTION

[0018] In the following description, numerous specific details are set forth to provide a
20 thorough understanding of the embodiments of this invention. However, it is understood
that these embodiments may be practiced without these specific details. In other instances,
well-known circuits, structures, and techniques have not been shown in detail in order not

to obscure the embodiments of this mvention.
[0019) In various embodiments, the invention may include different ways to program

25 a register with a data mask map. Various embodiments include a hardwiring of a data
3



may associ ate data mask bits and data chunks that they nask, where a data

chunk may be oskefd ned quantity of data. 5 [0020] Fig. | il &Zﬁ 03 san
exenpl ary sysvgg%x'rl%g;aconpri sing a controller 102, a processorlJ 1 4§, Ig%ﬁ\
menory 108, and a nenory bus 110 which may include one or nore data |ines

with data i t Iy j fi LS :
”ﬂ%&tﬁ r%{}% ﬁﬂ%gsiggp@g d&?xﬁr@%le@%%frfy\ A0ot @ &wn@eﬁo%gnﬁaﬁl Phoddiba in

I nventi on. he context of system 100, an enbodi nent
of the invention may b i ol ed_i,n_any. sys C | S one or

nor e i nt egr AP z?“"éd’i egpmi%'(?me ot _?%nggrsoﬁg}er?ggyr&iééén%aer byt map
chi pset 174, for example, also conprising an I/O coniroller hub (I 140
and fi r nwar 83¥ASQGANHY2 70Rsk Biisepd dalaychy ,thﬁtjhexmsf(;vlwrf %yg'gﬁﬁay be
conprise any suitable circuitry and for one enbodi nent are inplenmented as
separ at e i nernydefired qiantatyiof datai ps. Chi pset 174 for another enbodi ment nmay

conprise any suitable one or nore integrated circuit devices. 15 [0022]

Control | & 10820y FONpr iiBGstaiy fMueiaplarycontahol10er contprisingeat controllen 102, a
vari ous enbodi nents, system 100 rmay conpri se one or nore controllers, any

of whi ch mayrodaEdyhoe aarﬂerh&t)ﬁf 39651 a ARARHFLAYI {OWRRE nALAEEE Bhe 8f mof data
I nventi on. ntroller 102 may conprise any suitable interface controllers

I

L0,Previ 9e ke O0K AL Sukkaltl ) REEORRIGy i 8: SR ShPe s BUPARH S,
coner oncy  nANEBRLATCHBI BLith cprFKh FavBer Dioosf TRRIRY f e sipnygsy be
coupled with the processor bus 122 to provide an interface to processor 104
over procestBplemgated IPABCBSEHT CONMRIISIRGANY NS OF Srorg Mtepratgd cHeMEs. pr ocessor
architecture. In various enbodi ments, conmputer system 100 nay 25 conprise
OE:'[ or nmar e [pPdHess Goatrdller, 102nyaydic mpart bf aelyipset 474t for axsmpieoflse cmhprxing ams
t I/O controller hub (ICH) 140 and firmware hub (FWH) 170. Controlier 102, ICH 140, and

FWH 170 may each comprise any suitable circuitry and fof one embodiment are

implemented as separate integrated circuit chips. Chipset 174 for another embodiment may

comprise any suitable one or more integrated circuit devices.

15 [0022] Controller 102 may comprise any suitable controller architecture. In various
embodiments, system 100 may comprise one or more controllers, any of which may
provide an interface, according to one embodiment of this invention. Controller 102 may
comprise any suitable interface controllers to provide for any suitable link to memory bus
110 and/or to any suitable device or component in communication with controller 102.

20 Controller 102 for one embodiment may provide suitable arbitration, buffering, and
coherency management for each interface.

[0023] Controller 102 may be coupled with the processor bus 122 to provide an
interface to processor 104 over processor bus 122. Processor 104 may comprise any

suitable processor architecture. In various embodiments, computer system 100 may

25 comprise one or more processors 104, any of which may execute a set of instructions that
4



4 WD 03/ 083665 PCT/ US03/07915 are in accordance with an embodi ment of this

i nvention. OwowB/ssese processors 104 may be conbined W th cqiiy@ddsRke;102
into a single chip. [0024] In one enbodi nent, controller 102 may be coupl ed
with ICH 140 to provide access to ICH 140 through a hub interface. ICH 140

may provi de agini REQEAREEViKIPaPBAb&imeRt MARR ih{&AtidaY biﬁ%r%or@fv%&%ﬁ?% may
conponents for conputer system 100. I CH 140 may conprise any suitable

nterface caalhablahSifbaAhONidR R AESUaD! e |1k to memory

controller 102 or to any suita I cCe or conponent in conmunication

with I CH 140, CH 140 for .one enbodi nent. provi des suj tabl e bj tration and
buf feri ng fo[rooééa]ch #1?198? FH@QHImeI'éCFQQ o @4(]%4’6“‘?%? CBHg]eéﬁ%‘HHiﬁén]t“ontﬁypm‘“de
provide an interface through a super I/Oto controller 150 to a keyboard
151, a nousd&ceespio ICHil4pdhioyek atmis intgriaes| {(SH 15 may,prayide arpingerfagettalsing or
devices, such as a printer for exanple, through one or nore parallel ports
153, one %or e d/Q uievimbd er devipharsl ¢cdmponghtsofve compuberesysteri 400.poICE 1H4magnd
a floppy disk drive 155. Ot her enbodi nents may provide nore, fewer, or

di fferent devinpese amd suitatleidiagas ddnerolleRoenprotie H0P A0 dufthid 4AChKTRY nithwRy be
coupled with FWH 170 to provide an interface to FWH 170. FWH 170 may

conpri se an¥omkIfeRPHLatbCloAG SuitdM dQhidedr CBHISBB% i Eorh@iun AN ors ﬁﬁtjﬁékf 140.
0 e may share-a

comuni cation link to I1CH 1407 FWH 170 for on odi nent

| east a pogdtd e l.nterface betwe | CH. 140 and,super 110 contraller
150, P D7 S0 Ter oo B R SRt il 2P P B esfor rasityeriere L o
store suita yst and/ or 20 videp BICS software. BIGOS nenory 172 nm
conpri se anab&ﬁit abf@n’%—g’él%ﬁq@oﬁ%’r‘ﬁay prsvidsxahiterfacg thy areunsF O -
Q her enbodi ments nmay provide nore, fewer, or different devices and

i nterfact®s eoHiPllshdd to pOeabyarddidt r ointaarse 162, arayiciophenes bSG auplled 1475 bnaword

provide an interface for a
more suitable devices, such as a printer for example, through one or more parallel ports

153, one or more suitable devices through one or more serial ports 154, and a floppy disk
dnve 155. Other embodiments may provide more, fewer, or different devices and
interfaces than shown.

15 [0026] ICH 140 may also be coupled with FWH 170 td provide an interface to FWH
170. FWH 170 may comprise any suitable interface controller 1o provide for any suitable
communication link to ICH 140. FWH 170 for one embodiment may share at least a
portion of the interface between ICH 140 and super I/O controller 150. FWH 170 may
compnisc a basic input/output system (BIOS) memory 172 to store suitable system and/or

20 video BIOS software. BIOS memory 172 may comprise any suitable non-volatile memory,
for example, a flash memory. Other embodiments may provide more, fewer, or different
devices and interfaces than shown,

[0027] Controller 102 may be also coupled with and provide an interface for a
memory 108, which may be part of a memory system. Memory 108 may store data and/or

25 code, for example, for use with computer system 100. Memory 108 may comprise any
5



menory 108, which may he part of a menory system Menory 108 may'store dat a

and/ or 25 cel§¢3hQkesexanpl e, for use with conputer system 10q,c1jt>{?§59)'0;/91;08
may conprise any 5 WO 03/083665 PCT/ US03/ 07915 suitable nmenory,” 1or .

exanple, a random access nmenory ("RAM'), or derivative thereof, or

sequent oy wmi"{}gﬂ} ?&l %Ogrmxg%CQQWArﬁ% i nck {]%e&é&\g% t(Fi“"'nlnél:t'ﬁres‘,) RS

I I\/Ermry rfse a

address i nes ont rol I| nult | exed, conbi nati on, of such Ilnes
Data masks PRI REmERY efarafoéleb&@ 669l 3 HEoWYa MeRoR bus 110,

dedi cated data mask bus but may not necessarlly elimnate the need for a

data mask pMPRATYAE LD msy covprisea bas.cuhsh muyiiaelude detadinesraddress inesanenttlt a
chunks on a pin may reduce the nunber of bus fines necessary. Also, to nmap
the transf linessdr datuwtiptersid dontbénation ofieudhr linesf Batadaskatintegrhatedks, a datd Bhamags k
map may be inplemented that may or may not be fully associative. 10 100281

I n one enbodlimtite thetnded| fof hQRgicARY dutd MAsIA bRE baf %andlﬂﬁéheags‘éknlwmﬁi%te tﬁer
exanple, it nmay be a known rule for a systemt hat a certain masSk bit wl

never map t Qe PRELNEE ﬂ]hﬁﬁ?ﬁlgd@{éacalgtled dd&. Ah® lﬁ {Eaxﬂaﬁg?ﬁif&?d @gk

map set of that system can essened by excl u |n p055|

anot her exa dat a .mask m cor a stl uI ati that a

one-t o- one E:E(E))urnri s%bﬁd%lﬁc@agfl g‘fcgnﬁ%t%n% 8{3& Wﬁ%Wea%ﬂaIy15%§S°daPam@Hl}hR
to preserve data i ntegrity. Anot her sthuI ation, which may be incorporated
in a data nHak Sﬁtada?%k s Ko nihp teamsierted; gpis ohnpksic éa@a@@smﬁmm hey
be known by, both the controller and target (menory), As shown, a data
mask nmap neynplemsnieg that may or mayughbe S¥lyrassadiasive. i nposed on/from a menory

vendor, yet an enbodi nent of this
10 [0028] In one embodiment, stipulations may allow a briefer data mask map set. For

example, it may‘ be a known rule for a system that a certain mask bit will never map to
another given data bit. Thus, the data mask map or data mask map set of that system can
be lessened by excluding that possibility. As another example, data mask maps may
incorporate a stipulation that a one-to-one correspondence exists between a data mask and

15 a data chunk to preserve data integrity. Another stipulation, which may be incorporated in
a data mask map or data mask map set is that any data mask map used may be known by
both the controller and target (memory). As shown, a data mask map may be simplified
through restrictions imposed on/from a memory vendor, yet an embodiment of this
invention may also be implemented without such restrictions on a memory vendor.

20 |0029] In one embodiment, controller 102 includes common area 112. Common area
112 may be a circuit in which data from multiple sources connect, for example, a buffer.
Transmitting devices, such as processor 104, ICH 140, and the like, may need data
reformatted according to a data mask map or data mask map set. Information sent out from

processor 104 to common area 112 may require a translation logic 114 and processor



i nvention may al so be inplenented ,vithout such restrictions ona nenory

vendor. 20 1G98%30d¥¢:0ne enbodi nent, controller 102 includes RG22
112. Common area 112 may be a circuit In which data fromnultiple sources

connect, for exanple, a buffer. Transmtting devices, such as processor

104, 1 CH 14Gyca0d 115 FrbiiSatdfPbeRERR HaN7 Bl £l RSSO Hl holRrid I3 2

mask map or data mask map set. Fnformation sént out from processor

comon area.ll12 may.reqguire.a translatjon logic 114 d progcesso [ t:1p
WO 03/ 08366§‘]‘E‘§?F}’l%f6§)’8$’§ﬁ§“%“ﬁf’i’Ff%{Eé’“ﬁg‘i’"éO. morie} 14 ‘&P‘ﬂﬁﬁ’ﬂ’&h oy léband
YO interface 120 may contribute translation and interfacing for )

i nf or mati on 083We snhtheollusratedesdndmienhpbdig 12 tapslation ingieidh4 jaod tragglation
[0030] In the illustrated enbodi ment of Fig. 1, translation logic 114 and
transl ati on118a® dapectelbps stpedatasinge pastesn U100.t The segarsteamitsOf. trahblatise pagiat e
units of translation logic 5 114 and translation logic 118 nmay be identical
units or sdi if£raaatramiadion loRican0$ hesy bendesicae fhits toradlisferdnt WhilsO0LE ahdthepnd
translation logic 118 may be a single translation unit coupled with both

processor l%F@d]HlethaMQtio Rgirtiil! Q%gﬁﬁfon]elt gﬁg%béé AR5leahQ%ior lglg{ ¢

114 and translation’logic 118“may al so be mi nto a°conmon ar

112 and renpa . Ihe 1/ 0 for In,tran tion.,logic 118 be different
romtne CPO PRt IRN RioceSiE e ol TR ik B8 er apSned sigatation
translation | ogjc 114 or translatign logic 118 .to common area 112 nay be
the same melfsioy! ¥ophiransiation lggie A wmavorismbe anltiniexedi . 2 cpwpm®p)area 112 and
Transl ation logic 114 and/or translation |logic 118 may include a data nask
map or dat aremepredraphe ¥0, loamaeinpranshtian lagic hbY may bEidjfSerent fiom the CPhkfomaat
mask map or data mask map set nmay nmatch the data mask nmap or data mask map
set in menoinyrdhdBtion hogid 11 He The busput d&meemtm%gi@ﬂlEidj-trai;siatﬁEﬁf%g% k¢S
may i nclude data map 124, which may be stored, for exanple, in an SPD area

of menory, eUshmsh #EP1 PRy bR 1k fefe memory format, such as DRAM format or the like.

[0031] Translation logic 114 and/or translation logic 118 may include a data mask
map or data mask map set, as explained further in Figs. 2 and 4. The data mask map or
data mask map set may match the data mask map or data mask map set in memory 108. In

15 the illustrated embodiment of Fig. 1, memory 108 may include data map 124, which may
be stored, for example, in an SPD area of memory, such as SPD 106. In other
embodiments, the mapping may be stored in BIOS or object code. Controller 102 may also
include fewer or more components and/or a different arrangement of the above listed
components.

20 [0032] An embodiment of this invention may be implemented in one or a combination
of hardware, firmware, and software. Another embodiment of this invention may be
implemented as instructions stored on a machine-readable medium, which may be read and
executed by at least one processor to perform the operations described herein. A machine-
readable medium may include any mechanism for storing or transmitting information in a

25 form readable by a machine (e.g., a computer). For example, a machine-readable medium
7



enbodi nents, the mapping may be stored in BI OGS or object code. Control | er

102 may al s e fewer nore conponents and/or a diffeg 0 79
ar r angenent O%Ptgﬁé%gbove I|sted conmponents. 20 [0032] An errbo(’glr){]S 3

this invention may be inplenented in one or a conbination of hardware

firmvare, and software not her 0

i mpl ement ednaé’s‘qch’élf’ r5eq P8 mEPSFyeﬁg@ﬁHa%é gcF{:(g%éryea h@ﬁ%un%%%ﬁl%ﬁls#ay
be read and executed by at |east one pyocessor,to perf mthe olﬁeratlo
descri bed Hragsmegiangapiiiahsloraes aedia: ! aﬁéd‘?‘iﬁ?ﬁ%"i"ﬁ | e g“ AROSHCR

storing or transmtting information in a 25 formreadabl e by a _machi ne
(e.g., a corpubarfprmRdrpropegasdesignalntechi sRTIFeWaLeS, anfised signvle dizitabsienals,
PCT/ US03/ 07915 may include read only nenory (ROM; random access nenory
(RAM ;  magned), Gndictkers. S TIPEagE enbodiienpsystah 180 anagmchedimorefdomphnengsitiian
devi ces; electrical, optlcal acoustical or other form of propagated

S'gna'séesﬂ?wn%&g. ﬁ'i%\'iﬁ%the&mﬁﬁ&%ﬂ:ﬁdae%ls digital signals, etc.),

and ot hers n so i ments, syStem 100 nay |ncI ude nore conponents
than shown her

illustrat es[dgggroclflgc%ﬁ%ﬁatgs %Bfo Egﬁeﬁan%}% Jf g‘ % r0 g%?ﬁﬁl?@r{g g% i C
2 1, according to gne enbodi nent of S Jnventlo nsl atl 201
T8y’ be an SMbodsRERIDE dp Oéxptqs%bodemansqf?ehs WP ?1%8%?*0? Gt 2 B Be g

118 or both translation units 114 and 118. The out put of translatlon Io?
201 may be esthodimentodeitber tmhtlaqbgmllﬁwtﬁ@ﬁhﬂynmc 1 hor brih psiaonpther
a commpn area 112 has been included in the enbodi nent. 100341 Transl ati on .
| ogi ¢ 201 nEay dndcl 18le Thaeugmut ndtitanshtien hegic 301 deyabe serddo aommedn argad 12 erap

of data mask to data. This information may be stored in napping register
203 or 45 memory bus 110, depending whether a common area 112 has been included in the

embodiment.

[0034] Translation logic 201 may include one or both of a map of data to data mask
and a map of data mask to data. This information may be stored in mapping register 203 or
other device that may be coupled with selection device 204, which may include, for

15 cxample, one or more multiplexers. If the data mask map or data mask map set 18

hardwired as one or more inputs to selection device 204, then, there may be no need for a
mapping register 203. Mapping register 203 may be used for a variable or programmable
mapping and may be implemented as one or more registers located within memory
controller 102. The original source of the map of data to data mask or data mask to data

20 may be an SPD 106 or other storage area of a memory module, BIOS, object code, or other
storage area. A memory module may comprise a memory unit and a2 memory controller.
In another embodiment, mapping registers 203 may be located in rhemory 108 m for
example, an erasable programmable read-only memory (eprom) or the like, to contain a
register mapping equation. In this embodiment, memory 108 may be programmed to

25 accommodate memory controller 102.



ot her device that may be coupled with sel ection device 204, which may

i nclude, for wW}§e$ gggle one or nore nultiplexers. If the datg 3/RRs Or
data nask map set hardwi red as one or nore inputs to sel ectl on (few ce

204, then, there may be no need for a napping register 203. Mapping
register 2030p%y besug&shd Qbvide YOf hﬁ?'a@sooﬁe REQKLAEBRR} the SRR P tﬂf%dor”@a}'a be

i npl emented as one or nore registers’located wthin nenory controller 102.

The or i gi nal gl e 0fid el Olidlich e, 68 e TR Hn Ak ﬁ@&@@&g@a@%ﬁ% 20

may be an S €r "Storage drea menory
code, or other stora a._ A nenoyr nDduI rise a uni {
and.a nennr;'}lg’ﬁﬁﬁlflﬁlr?ggsrter 2 Moo ooeeh rmur%w%ﬁ alr}ae@glﬂeér 0% By
be located in nmenory 108 in for exanple, an erasable progranmmble
read-only mepunlgd ‘Q’ééﬁ@ﬁ‘)ﬁ@rdeﬂ’kﬁ-‘@ 204k his way; ehdesign time,rthgfate snaskapgriping is not
equation. In this enbodi nent, nenory 108 may be programmed to 25

acconmodat eramaired o leedaiomal | er 102. WO 03! 08366 PCT/ US03/ 07915 10035]
Sel ection device 204 may al so be used to reorder the data nask hits or data

bits. For exaoygle. FRl SCiliRfafed GAvaldin BYa Wafle thRisfAtiA WRRK JRP nskéata
mask map set in mapping register 203. In one enbodi ment, the output of

mappi ng reg lwgtetﬁ Q)% (jtg?ﬂa&eh &0 Hwo?(ﬂnﬁv'té %rr]lg ee'nﬁ)g)mn%}]t %?\{hﬁqng%ého&;rhfﬁls%

at design ti a sk happl ng-i s Fequi
100361 Fig. 3 illustrate wa i,te transfer in which data
masks are Ve & %‘am?et AE SCHs i and acth s TP e b rimeino
this inventjon. Thi serve as an exanple of a data chunk and a data
mask bei ng é@ﬁkfﬂf&a f’ad%%ﬁ]@‘”fh and 3 data mask; beipg SeTH Onptameaiinkigad @lsa 1HuTERtasews k
being sent on a sane pin, Fig. 3 also illustrates a data mask map and a
di vi si ormoof datanresk map andohdivision phdathante xaehuinks. oln fiegexaiple bEFig fethe tihesn
data mask words nmay be being transmtted are denoted by sO through sx, and
the times whendstatraaskoreids may bebéiap ngnimardmré degbied bydenbicghlay, &6 e A
word rmay mean
times when data words may be being transmitted are denoted by S0-Sy. A word may mean
a unit of data that can be moved in a single operation from storage to a processor register.
The data mask is represented by DMO0-DMx, and the data is represented by DO-Dy.
15 Accordingly, data chunks in Fig. 3 are represented by C0-Cn. Data may be divided into
chunks of any size, for example, as small as a single bit or as big as a full transfer of data to
be sent. The size of the data chunk, for example, a word, may depend on the system; for
example, in a system with a 64-bit bus, the data mask words and the data words may be
chosen to be transmitted as 64 bits. The chunk size is defined as the granularity by which
20  data masking is implemented; for example, one data mask bit may mask a byte (8 bits) of
data; in which case, a chunk is a byte of data. In this embodiment, a 64-bit data word may
' be comprised of 8 chunks since each chunk is one byte of data. In some embodiments, data
mask bits may mask chunks of data. In one embodiment, the data chunks may be

connected in parallel with different devices and data masks may mask which devices

25 receive data chunks.



a unit of data that can be noved in a single operation from stora'ge to a

processor regwsl@fosisedhe data mask is represented by DMO DVK, aeflhykige9at a
is represented by DO Dy. 15 Accordingly, data chunks in Fig. 3 are
represented by CO-Cn. Data nmay be divided into chunks of any size, for

exanpl e, as a i e bi i f t o
be sent. Thefdsqgg!a o?@#\gf’{jﬁgkﬁgﬂhﬁﬁef%@gxa%?Zb,f ﬁh%r@@%‘?ﬁde&%gﬁ%ﬁ}%}e
system for xanmple,, in a te it.h a 64-bit bus e dat.a mask words
2nd the dat PoREREnE dtitnAHiB BT % ia hebohein woeiontotion i Pug B e Bhw
size is defined as the granularity by which 20 data nmasking is inplenented;
for exanpl e,coghBlleraind theslersitt (egaymaBoky devigeleagrge it b HrPPiag: the fafavinasdh
case, a chunk is a byte of data. In this enbodinent, a 64-bit data word may
be conpri sednefpigg sthamks of Figvee 2amdy sehvmnds éxempies dfysomeahapangs. ofl the slarmemask
enbodi nents, data mask bits may mask chunks of data. In one enbodi nent,

t he data £hunisso eydake connected in parallel with different devices and
data nasks may mask whi ch devices 25 receive data chunks. WO 03/ 083665

PCT/ US03/ 079jign38P 03 hefdhid RHigkks fdybe Bansnlied 5]%{51? wifitke t@ﬁtgqﬁlaﬁy Bfdef dggﬂ?%he

mask map. The mapping between tHe data mask s and ata may

any orientatj t nennr condroller and the target, (e.0.,
merory devi CoeaRele? ofto BRnlc s RIS YonE b Tl Ay b e B peifpisic

Figure 3 may serve as exanpl eg of so mappi hgs, of the data nask 5 bits to
The ot o 10098 SEHECTHRES SToeE e Yata itk T STENATE L B DA aasdhef TRt
any order during the wite transfer, No particular timng relationship my
be necessar yhdvéatipeEar expenplatthe deis mpskamay bhdragsmisted fhefoke withincortdfter taet data.
masks are enbedded on the sane data lines that transmt the data. For
exanpl e, 1¢ h@rasndttimgstke dataymbskstirefors the tetd, beflomey inFigaren3, pernafsttie nhdnsory
data. 10 Transmtting the data nmasks before the data, as shown in Figure 3,

pernits the dewie®ny corfRr€ thelraping io%w BefblRQheRRPHING 16518 126tsRAT M Feddied data.
mappi ng | ogi c acts on the received data.
If the data masks are transmitted after the data, there may be a delay in the write retirement
because the data may have to be stored in a buffer to wait for the data mask information.
[0039] The number of data mask transfers that may be required may be fixed in a
15 system and dependent on the technology implemented. In one embodiment a maximum
number of data mask transfers may be equal to the number of data transfers divided by the
number of data chunks in each transfer. This relationship assumes that each data transfer
will have the same number of chunks; however, in some embodiments this assumption may
not be necessary nor a restriction to this invention.
20  [0040] The number of data mask words in a write transfer may be dependent on the
number of data words in the write transfer and the chunk size. For example, if the chunk
size i1s one byte of data and 8 data words are required in a write transfer, there would be a
total of 64 chunks in the write transfer if the words were 64 bits. If one data mask bit

masks one chunk, 64 data mask bits would be needed for the write transfer. Since 64 data

25 mask bits may compose one data mask word in some systems, one data mask word would
10



I'f the data masks are transmtted after the data, there may be a delay in

the wite retj§eihikss because the data may have to be stored L to
wait for the data mask information. 10039] The nunber of dat bETﬂ]ﬁg%;ﬁ
transfers that may be required may be fixed in a 15 system and dependent on

the technol ggy i ng; gmtggﬁtﬂtpfwew GhTBa" 1R P MBI iRt

mask transfers nmay he nu tll Vi

nunber of data.gchunks . in e ThIS r el hi p assunes that each
data transfé&Pf? l‘ﬁkqvflétgﬁiﬁew?ﬁg?@gr@} datagpaskyor as(bgfﬂ@wever in some

enbodi nents this assunption nmay not be necessary nor_a restrl ction to this
i nvention. 2604Ho40]n e simadiens gtorg $had engslatavmasic word gayrhetreqeiredhif @ ity
be dependent on the nunber of data words in the wite transfer and the

chunk si ze. trensfere xXEurek &nplef iftheechuinkislce 1siveebitssandried 4ty verdsfarel edqairad th 8 waag a
wores are required in a wite transfer, there would be a total of 64

chunks iy t Bensr, iHerd waMaTRYa tofal bIESO\MusEs WRh&whife Rirsfor lhtlewtﬁdéi%& GRSits.
bit nasks one cnunk 64 data nmask bits would be needed for the wite

transfer. Si t me
Syatems, ony G5 4is HEE b S ol °‘*§t§“3\%%%ﬁ@%%g%*ﬁé%%a@t‘%%%ﬁﬁ%defoﬁétﬁed
Pares Stza%”ﬁﬁg@tr 158 Bk BB S B nE Bl B

[ 00411 In sqne S|kuat|ons pore than_one data mask word may be required in a
wite trandHames arordscaipidebe needed, for e Meits frapsiers Inipe Bbevs Gxample, db Hrite
words are required in a wite 5 transfer, there would be a total of 256
chunks in t mensfgriwenld hawes§ data wordsrrndiotatismasl wols. bits, |f one data mask

bit nmasks one chunk, then 256 data mask bits woul d be needed for the wite

transferip | fl0642]dat b therskmpletof thoprobas paagrhph avhersthewhudk sike ihiveo bits, the
enbodinent., 4 data mask words woul d be needed for The wite transfer. In

t hgka\tzg\rfgsemﬂmr%f deR&hhikd B a WHRIWHAE b2l theRFVR, fh FghR IV OFat2 BFurtks dadyA
be numbered C0-C31. The 4 data mask words in the write transfer may be numbered
DMO0-DM3 and the 8 data words in the write transfer may be numbered D0-D7. In Figure
3, using an example data mask mapping scheme, the checkered data mask bit of DMO

15 masks data chunk Cn of DO. The dotted data mask bit of DMO masks C0 of D1 and the
diagonally squared data mask bit of DM1 masks C2 of D2.

[0043]  The mapping schemes have a one to one relationship to indicate that one data
mask bit may be associated with one chunk. Since there may be n data mask bits that can
be mapped to the n data chunks, it may lead to a total of n* possible mapping schemes. For

20 example, if 8 data word transfers with 64 data chunks require 64 data mask bits, 4,096
possible mapping schemes may exist. A memory rank, which is one of one or more blocks
of memory coupled with the same chip select, may have its own mapping scheme and a
memory module may have one or more memory ranks. Therefore, one or more mapping

schemes may be needed to perform the correct data mask mapping in each memory

25 module.
11



10 10042] In the exanple of the previous paragraph where the chunk size is

two bits, t y of data chunks in a word would be 32, t <N
Figure 3, tﬁgo&gﬁgﬁgﬁunks may be nunbered CO-C31. The 4 dat aﬂ?rlgg (B\y/?g?]ds in

the wite transfer may be nunbered DM)-DM3 and the 8 data words in the

wite transfer y be nunmber ed - D7. L.gyre .. '

mask mappi n@ﬁééﬂg 18- B@F@% 24 Q&&Jadﬁntgét%‘igﬁnphgg 5 %ﬁ%ﬂﬁgﬁ@@ggﬁé ctﬁunk
Cn of DO. The dotted data mask bit of DMD masks CQ of. .0l an%lthe

di agonal | y i@ preyideaniinicatasa SRIWSFR 2 PFOQSRAO 2RG SKENQEY, 1grVipeh theglla ind-data sk g
schenes have a one to one relationship to indicate that one data nask bit
may be assmsé steeshmw pih tomemohwivate ©i mewohét acopaganse withgerecrnbadimesnt of theat
can be mapped to the n data chunks, it may lead to a total of n 2 possible
mappi ng sches@st ifvektio) Brakple,starfs e dadtiiodroNext, imbiickréddnihenc@urodlat aay
chunks require 64 data mask bits, 4,096 possible mapping schene,,, my

exist. A MeIniy &afwgnq g4k ﬁﬁsﬁéﬁcﬁg% PREcRaR oProfPl/O. Hifekthe procd¥Rsrurl/C muyl ed

with the sane chip select, my ve its own mapping schene and a nenory

modul e may b avt%ﬁ ggﬁlgﬁfe{_ %ﬁp%ﬁ)ﬁ%ﬁ % f&%ﬁ‘i‘i That H}:?d’ge&) t¢be afted 18fre (F;) 'r;ﬂfé

schenes na ¥e f'he correc a mask mapping in e

menory 25 nodule. | | WD 03/083665 PCT/ USPD3/ 07915 J0Q441 Fig.

|11 ust r at eSORTPHG WAL PEVY Y HRRA] E%B%Bi#i‘géa Bragks We&ﬂ%?d B’rg't}ﬁléc%ég? r 819 er
to provide an interface between a processor and nmenory, in which the data
and dat a masktrollanay beatdaisecopvert the datarmrinTmeheordngrioiby Parpipg o dafadadaie

w th one enbodi nent of the present invention. Block 40.2 starts the
met hod. NexXfaské.n b€ knb0diment)ahe oortrailet evaynemvent duwedate’s darmatanig aidata Imesks
froma processor or froml/O Either the processor or I/O my give the

control her i @stHRidsRintépraed. ONBRY inf $lak #08, tReashtiollelbay orritethieadhtd tine with
menory. The controller may have an internal mapping of data masks to dat a;
thus, in b ld?ifékmigl(és inthj:érgted to memory. Finally, in block 410, the controller may end this
method. To transfer data and/or data masks from memory to processor or 1/0, the reverse
process involves conversion from one integrated line to two lines of data mask bits and
data chunks instead of from two lines to one line of data and data masks.
15 [0045] Fig. 5 illustrates a block schematic diagram using translation logic 201 to
integrate a data mask stream 504 of one or more data mask bits with a data chunk stream
506 of one or more data chunks, according to one embodiment of this invention. On the
left side of Fig. 5, data mask stream 504 and data chunk stream 506 may be sent at the
same spatial time, for example, by the processor. Translation logic 201 may be able to
20 format the data mask stream 504 and data chunk stream 506 into memory-recognizable
format. S0-Sy may represent system clocks. Data chunk stream 506 may include data
divided into one or more chunks DO-Dy, per Fig. 3. Data mask stream 504 may include
one or more data mask bits MO-My associated with one or more data chunks D0-Dy. Data

chunk stream 506 and data mask stream 504 may feed into translation logic 201 via

25  different lines, such as data mask line 510 and data chunk line 512.
12



controller may be able to convert the data's format according to its

mappi ng of data to data masks. |In one enbodi nent, the controller

convert the PP BHGy mat into a data line 10 with data nasks PFWf‘%SQ?’ﬁPéEI
Next, in block 408, the controller nmay wite the data |line W|th dat a masks
I nt egrat ed to nmenor Fi nal | he contro) | er nd this

3{_ }( |nblock418 g {)
method. To tIPMff er Tharouteaher drndaten Ingik 40t Pohigrendhdy bo 2t 3&’&:@% Satapmask o

the reverse process involves conversion fromone integrated line to two
line of dat stremas&0%iatdataesinink dimtam withnksciatesk dataimesksfintogratedo Therngdertio vdrieh
line of data and data nmasks. 15 [00451 Fig. 5 illustrates a block schematic

di agr am usi 0@ dat2cRinkE bAd dhte GhBkLBE seM or M egpat éatalidatad magkdiffer paditferat of
one or nore data nask bits with a data chunk- stream 506 of one or nore

data chunksenmB64 eﬂ{sngmtﬁmfé”&nﬁ‘dﬁ?ﬂgﬁtgeé}hdﬁ th@'d§ta' YRR A redf¥bsidiGagd Bhdis

side of Fig. 5 data stream 504 and data chunk stream 506 may De sent
at the sa a for exa Iatlon I

201 may Be a%ﬁagset%' f‘ﬁ}af g‘ﬁ% mg ¥|§ Cessﬁ%%ése trnetgﬁﬂ%%% aa(sj ‘ha“‘l%’e%t eam
506 into rrerrory recogni zable format. es yst mclo

Data chunk- [4s Fahedineat, #ﬁydqtﬁe}qﬁh@bar&aﬁ@% fi 185\( Aol o %S@ﬁé 2 Féa@réwvags
DO- Dy, per Fig, 3. Data mask stream 504 nmy include one or nore data nask

bits M- M assountiduring cakn SOriey. o angreentgdiraend rdptk srapirapgl bebaeen coptrghirr 102
stream 506 and data mask stream 504 may feed into translation |logic 201 via
25 di f f er enind mamsry, 168ints fasmsatatiah angiat shoma By dfda andidalahmsk kiedm bO$ bedalige
12 WD 03/083665 PCT/ US03/ 07915 100461 The output of translation |logic 201

of Fig. 5 n@yekBodinfial &f MWindattdnMaK elifid8AReR8d fér sl et MbkeNdatSifasiaingd t h
associ ated data nmasks integrated. The order ill which the data chunks and

gﬁit:)gdlrmrr:ﬁts S. ﬁélgg;rse e%ﬂgng%é{slfl q@%ncfH I ng tlﬁglld'g?% b?fnfys‘{?ﬁrtp JI: r%soﬁﬂré]e L@jggmd

storage . processsor 104 or the controller 102 and ICH 140, the data may travel in a combination of
data chunk line 506 and data mask line 504.

[0047] Fig. 6 illustrates a block schematic diagram of an example of translation logic

201 to change a mapping of data masks to data chunks, according to one embodiment of

15 this invention. As shown as input to translation logic 201, data masks DM0Oc,-DM0c are

associated with data chunks DO¢,-DOc during time s0=S0, data masks DM1¢,-DM1¢y are

associated with data chunks D1¢p-D1¢g duning time s1=S1, data masks DMx¢,-DMxcy are

associated with data chunks Dycn-Dyco during time sx=Sy. Translation logic 201 may be

able to change the associations between data masks and data chunks. In the illustrated

20 embodiment, translation logic 201 may be able to reverse the order of data chunks

associated with data masks DMOc,-DMO¢¢ during clock s0. As shown as output from

’ translation logic 201, data masks DMO¢,-DMO0¢q are associated with data chunks DOcq-

DOgc, during time s0=80, data masks DM1¢,-DM1¢p are associated with data chunks D1cp-

D1¢p during time s1=81, data masks DMxcy,-DMxcy are associated with data chunks Dyc,-

13



5 because the data chunks may be processed based on the data masks as the
data arrives.wbhsnihbs enbodi nent, the data masks are sent fi rgdpysidhhag
cl ocks s0O-sx; then, the data chunks are sent during clocks SO-Sy. In one
enbodi nent, data may travel between controller 102 and nmenory 108 In a
format such g, Gindig ShewWR=9y i aRNHaflaiodsifRties of hfaMRBheeeaUsSk R and
enbodi nent of th=is invention may elimnate the need for one or nore data
mask |ines detat%% en the controller 102 and the nenory 108. Yet, between
the controller and processor 104 or the controller 102 and | CH 140,
the data may,travel .in a conpination of ., data .chunk [ipe 50 nd dat a, mask
e 204, 10N Fi grinsfauion Sekamas aclhe SRS 0ro Biagreieda ol ciro BERR o
of translation logic 1-101 to change a mappi ng of data nasks to data
chunks, accéMarmgianotoometcinbarnpping Sp thatstherdata masksmaynbe Ablestsopiven the
input to translation [ogic 201, data nmasks DMDcn-DMDco are associated with
dat a churnks ci@entlyD@ckspahdingdath ichrenksOfr&0, bettad averarsikien DViemddiL (R tatdware in
associated with data chunks Dlcn-D1cO during tine s1=Sl1, data nasks

Dmxcn- DMXCO tiad emeBsesiitrdtIefm thl piediramial dse PYEapppCr dhvd hagkd ot Ymsks
Transl ation logic 201 may be able to change the associ ations between data

masks and dgt t&J}HHQﬂ@-Oﬁ@cﬂ]Qﬁchgbgﬁﬁrgﬁglgﬁgg %%ﬂﬁ%ﬁ?ﬂo hﬁfﬁa’%ﬁﬁhgﬂ’eﬁﬁc

201 may be able to reverse t assocl ate

masks DMDcn- ring clock sO, As shown as.oufput from .translati.on.
Togi 0 201, GRIRE IR BpERE Anisastes S pEHE: BF BHOPY it B et e
during time s0=S0, data sks DMlcn-DMLcQ are associated wth data chunks D
D1C0 duri ng™2PRESJaLer 2 seieeian daies2MMkco are associated with data
chunks Dycn 13 WO 03/083665 PCT/ US03/ 07915 Dyck during tine sx=Sy. There
are manypod80491l i t Fies 7ollustcatesca Spivalgart ha eethodisia emgryasontudientocpnogksn

[0048] Translation |logic may include multiplexers or other nethods of
reordering itself, according to one embodiment of this invention. In block 702, a known mapping of

data masks and data chunks may be inserted into a mapping register 203. One or more
mapping registers may be incorporated into this method. These values may be inserted by
hardware via soﬂware or firmware, such as BIOS. In one embodiment, in block 704,

15 mapping register 203 may have connections to selection device 204 to manipulate the order
of data chunks or data masks according to a data mask map or data mask map set. In block
702, a known data mask map or data mask map set may also be programmed into a circuit
or the like with the mapping values to maintain communication with memory 108 that
maps data masks to data chunks in such a way to prevent the correctly corresponding data

20 chunks from being overwritten in memory.

[0050] Fig. 8 illustrates a table and block schematic of specific value examples of data
mask bits masking specific examples of data chunks and whose data mask map or data
mask map set may be programmed into a memory controller, according to embodiments of
the present invention. Column 802 contains data that may be used in a computer system,

25 while column 804 contains data masks to prevent selected data from overwriting memory.
14



Information to match a mapping. So that the data masks nmay be able to
prevent the Sv@oswsedsl y correspondi ng data chunks from bei ng pgemsvidtoen in
menory, the hardware in the nmenory controller may be programed once a
mappi ng of data masks to data chunks is determ ned. One enbodi nent of

progr anm nghd tiiRRRaMEle] BAH Ak @Rk biOmaliierwi BRh¥unteis ot th@rdafaaar Bfe Y$icng
a regi ster to programthe hardware, as described in Fig. 2 with nmapping

register f)tﬁé?%llﬁﬁa'ugﬁ% bPH'atE'ﬁ]‘é'sl?%n?%%at:}g]a&%%gde 58 Inrdvh bu‘t)'gz, ﬁ&ﬁ?séﬁ the

flowchart o or a nenor ntr er to program cardi ng

to one enbodi ne t hj vent i Qck dat a
masks and dgota gfﬂh‘ﬁ&’é Prt‘l@' tggtalrﬁgsé{r @dm?)h %“g ?’?&‘b%llﬁglwlg é“raegd’g'%cwaﬁ?
nmore mapping registers may be incorporated into this nethod. These val ues
may be i nsef#@day bﬂweaw@%a%@rc@mﬁ%ﬁ md R eln yc Bl hsopmass04, thene
enbbdi ment, in block 704, 15 mapping register 203 may have connections to
sel ecti o ddath ceskdits tue ‘Hﬁndn]dlﬂ)al’é whech meskedata ofiurdstCGE ¢ Hnmkw 8112, calimnrifdk s
according to a data mask nap or data mask map set. In block 702, a known

data mask niie data Eladkabikask “Ipr SEU11Meyhich Sfasb da cBEIAMISY ahd 672 IRirbw 814,
or the like with the mapping values to maintain comrunication with rrermry

108 that  npfEmdaoa, tH@%Kt% rﬁz%k@?t& GrPRNES0070°S WHICHMUEAY dafh INLAEVEAEDY N, row

correctly corresponding data 20 chunks from’being overwitten in nenory.

[0050] Fig. SQSQCL H‘ﬁltg tg'ﬁato%t&;[l%g.ﬂcem%nage béo k“ Cllaer(ﬁ#ncﬁ kssg?mlfélﬁﬁcﬁv‘ %u

exanpl es of S nas g spec?’ ic exa’n‘p

cont 1ol Ler, "GRG H&%wgﬁlﬁ Rt Pe Ceje Kl A Bnt oF Y Chit 1 B pﬂ%ﬁ‘%@oz

cont ai ns data that may be used in a conmputer system 25 while colum 804
cont ai ns'0dathamkasks’, {97 pr @Barmnds B tladowa324, eolumndiPér thei datagaskebity gre “04, WO
03/ 083665 PCT/ US03/ 07915 hi this exanple, each data nask bit nasks two

al phanuner i ebichfmashe ndadaa churkse Imytosv 820, column 804, the data mask bits are “4”, or

“0100” which masks data chunk “AA”.
[0051] The data transfers are 4 bytes long in this example, and the data chunks are 1
byte long. The data chunks’ size and the order of data elements and lines chosen may vary
15 and still accomplish the purpose of transmitting both data cﬁunks and their respective data
masks integrated on the same line or lines. These lines transfer values that may be ready to
be transmitted to memory from the memory controller. On line 824, both data elements
and data masks are sent on the same line. The data elements sent in this example are the
first byte of each data chunk from rows 806-822, column 802. Sent first on line 824,
20 though, are data mask bits 832. The order of data mask bits versus data chunks chosen also
may vary and still accomplish the purpose of an embodiment of this invention, but for
convenience, one option has been chosen to be displayed in this figure. The mask bits sent
on line 824 are “21” in hexadecimal, or “00100001” in binary. On the other three data
lines 826, 828, and 830 to devices D2, D1, and DO, respectively, the second, third, and

25 fourth bytes of the data from column 802 are sent. Their respective data mask bits 834,
15



O her allocations of data mask bits to data may al so be used. In row 808,

colum 804, twa odewest four bits of the data mask bits may bepcPusodrizedy 1S
"1010" in binary, which nmeans data nask bits are asserted for data chunks

"DE" and "BE". In row 810, colum 804, the 5 data nask hits are "I", or
"0001", whi menaﬁcksmb@aqhgok “3DPEand 17671 e 13 0060, 001 18041, dnlS 0 PO® 10RSK
bits are "3", or "0011° whi ch mask data chunks "45% and "67". In row 814,

CO| um 804, 15 hkis @%@d% gy: %b@\reem" "bltSQflat %i]rgnsmiw@ﬂ %Ebyr%%%cg\%tt?dﬁ&ﬂmés

"CD'. In row 816 rrask Its are

whi ch masks .da ch nks“ 6" « ,, ovu 18,:aGQ »304.,, ,.d
mask bits artg tb ag D%'nvaéh s %1 %u P 5 % %gB
and "DF". 1In, AW 82‘0 coI umm 804, the data mask bits are which rrasks no
data chunks. 67n anwCES0as indicated byaows 808 arcalvmnsi808iand 88¢e "4", or "0100"
whi ch masks data chunk "AA". 100511 The data transfers are 4 byt es long in
t hi s exanpl e[0082H t HRateldings BRGNS, 828, 830 may ébel eeed. inTdeerdbtdimehuok 8' manaey
and the order of data el enents and |lines chosen may vary 15 and still

acconpl i sh tchangionaueh @b nienorg bud 11006f Hg! h dagcasibluinkerafdatidieé Mmemory bus
respective data masks integrated on the sane line or lines. These |ines

transfer valiygsmhy @Smﬁﬁé'e PRirkHifdY oh® or Rfort rnﬂﬁtﬁ@ﬁiér? qvﬁog ?ﬁﬁﬂ'fsy mfagq')'@ éoti'lﬁled

menory controller. line 824, both data ele S are sent

byt e of ench s “-’ ﬁgi’@gﬁd%ﬁ”t%@a Jbtucsd EUBP B BueplerRise

824, 20 t hou% cgr e dat a_ mask, bi gz Ths order of  data rmSktmgl ts ver Sus
data chunks SERESErMENS i taRgmiy iRlp et § CHECAITEPTL forRme gaengofdhis
enbodi ment of this invention, but for convenience, one option has been
chosen t# bérnypr.a(ieuit 809 Hl%ﬁﬂtﬁgm eiscuitTthat onipits bittOstoglemice Oona linnBOgPwhighe
"21" in hexadecimal, or "00100001" in binary. On the other three data
i nes 826, 8ﬁ8¢spandis B3t Defdevice 8 dIXig. ¥, Irathis &fbodiaepe thdry aley32 bifetotal of
second, third, and 25 fourth bytes of the data fromcolum 802 are sent.
Thei r respe@bfavifaghaties @Bsnskir ut88bther kmbodiments, that number may vary. Data mask
bits 0 to 31 connect to multiplexer 902. Multiplexer select 904 may indicate which data
mask bit may be appropriate to send based on a mapping of data mask bits to data chunks.
15 The multiplexer select 904 in this embodiment corresponds to the mapping between data
mask bits and data chunks for device DO, bit 0, and equals 00 in hex or 00000000 in binary.
Multiplexer select 904 may be hardwired to indicate that value. In one embodiment, binary
zeros may be connected to ground and binary ones may be connected to power to hardwire
a mapping. In another embodiment, multiplexer select 904 may be connected to a register
20 such as mapping register 203 in Fig. 2.
[0053] Multiplexer 906 may select to which memory rank the data is written. Memory
rank may also reduce the number of selections that may be required in a circuit if the
mapping s equivalent among any memory ranks. Multiplexer 908 may control whether a

data chunk or a data mask bit may be transferred on line D0.0. One data input to

25 multiplexer 908 may be data input 910. Many other embodiments exist to select data
16



WO 03/ 083665 PCT/ US03/ 07915 836, and 838 equal "BO', "3D', and "26", or

"10110000", 00 1", and "00100110", in this enbodinent. mask
bits that ar‘ggtnlj}é%%g?tted may correspond to nmasking the byte vallﬁgggxﬁ%ﬂﬂ"
"DE" "AA", "57", 448A" "CD' "45" "B "67", and "CE", as indicated by rows

808-822, colunmms, 802 and 804. 5 52 ta lines 824 6, 828, 830 may be
used in an @Hggdﬁl%maglbfm ’%%P%%BEB%H%E@B%FB‘EUS%C gg@iﬁ?wgﬁﬁggf%ﬂso%
Fig. 1. A possible inplenmentation of nmenory bus 1 10 may conprise a
circuit of awswitoPOGowehnmultiphixexse932.:Rd8e 9\é§t et dingsayP1Re S2HupPIESPONFINE the
bit per output device. Fig. 9 illustrates two exanple circuits of

mul,ti pl exerngultiplexss| %92} 9@, 60% ntdslibes F0¥adByirespretivelypkrd bithdhe oxception thpé the
according to one enbodi nent of this 1o invention. Circuit 900 illustrates a

circuit thahrQpibsiphi naf chbihederd &Ride DO Bit!1i GiE1BODO.IWA eitcuit DichRiRoeieit 0
bit O of device DOofp Fig. 8 In this enbodinment, there are 32 bits total

of dat a, magy cﬁ;idt @iozagldgip?igﬁ@? addtnal E‘ir&fiQQ{) taﬁmﬁgﬁia.\l %gitb:g ibitENUlﬂ?er A0 & seEY

vary. Da?a mas connect to mnultiplexer t'1 pl exer

based on a TRBHAG o far Rt Ty oAk STRmAE WOBRIGaR Fod g Gt

select 904 in this enbodi nent corresponds, to.the mappi.ng between data nask
bits and dearetheSEmRENe By feerbip MOy, aﬁtﬁlqsco?ﬁdaﬁ&héfcfﬂﬁé 1@0 in hex or 00000000
in binary. Miltiplexer select 904 may be hardwired to indicate that val ue.
In one enbo0Sdht, Bignil yilusiretes on mapy HOOE sanweisiag mdtiglesemdo seleat »ipping
ones may be connected to power to hardwire a mapping. in another

enbodi ment ,betibdr Qltemask sied acltdadDéhuniy, doeordingre ahetbbdinzent efjitss Brventdh. sinch
as mapping register 203 in Fig. 2. 100531 Multiplexer 906 nay select to

whi ch' MgROr g of o it IRk heltifcxbisie 10NN cofitfdlier 183, Thé thpuedmas bk @ata
nunber of selections that may be required in a circuit if the

mask bits; the outputs may be data mask bits selected from the input data mask bits

éccording to the applicable data mask map. The notation dm;{N] indicates the selected

output data mask bit; r may indicate the rank, and N may indicate which bit in the data

mask. Figure 10 shows multiple multiplexer arrays because each memory rank may have a

15 different mapping and be controlled by a different array. I each rank has the same

mapping, then in one embodiment, the number of N:1 multiplexers may be less than the

full number of memory ranks. Instead of each bit having an N:1 multiplexer, one

multiplexer with an output of N:1 and an additional r:1 muitiplexer to select which rank to

access may suffice. Although not shown in Figure 10, the mapping of data mask bits to

20 data chunks may or may not infer which memory location may be intended. In one

embodiment, the mapping does not infer the memory location and another chip may

receive the data chunks and map locations for that device. If another chip is used, then

mapping, storage, and/or generation logic can be minimized with tailored rules or other

knowledge-based inputs implemented to accommodate a memory location scheme.

17



mappi ng i s equival ent anong any nenory ranks. Miltiplexer 908 may contr ol

whether a d@jgoHdegs or a data mask bit may be transferred opchi.ng,[X3,0O
One data input to 25 nmultiplexer 908 may be data input 910. Many ot|31er )
enbodi nents exist to select data 16 WD 03/083665 PCT/ US03/ 07915 chunk, data

mask, rank, t hegd § enr.e L 12 Uk s.to
T T oui t 600 5] i iheptde Wi BREC oGl Tf ik, 3 Shd TR g SHGVAARHSS
lexers 902, 90 | i nes. 904, .91

correspondi ng to | t.4 , 8 d 0

Cospoct i vel fumafy ciiqitel riREYE prpmmie vt i, 808 el R o daiE Jhesk e set
connect to q!e)(\é{ig‘%eDQ it 1 online DO 1. Acjrecuit ipcluding.circuit 5 900
and 910 and! JRUIOP{EXER 85 stospanegtions. i Qre embediment sharowRMRE the memeyy

allow a series of nmultiplexer to be able to | oad both at | east one data
mask bit anepngiollerergeringmaydicatodiardhkiromuitipdexsa aeledts,rrch @s mdtiplenermehast 904 as
described further in Fig. 1 [0054] Fig. 10 illustrates an array 1000

conpri si Bg euntltiplexesdedt @1de e gtouad madodt pgweeAneddr eiabadit®ak (@ piderandhe
data chunks, according to an enbodi nment of this invention. In la one

enmbodi ment , mbRABRE coitolleP Wethes Ja@lBadkomad O dafd AN Fra |sef m]aggtre thleegjiéf%u&a?a

may be data nask bits; the outputs may be data nmask bits ecte romt he
I nput data | | | ) .The
notat i on 1 RF AR SRadfein & doioh i HEcRERAH GRP3 SR AR TR prodlfe o got
t he rank, and,N maé (i’ndi cate which bit in the data mask. Figure 10 shows
mul tiple miARTKIPERe% %?Pﬁg%mﬁgéﬁtuse each mermory rank may have a 15
di fferent mappi ng and be controlled by a different array. If each rank has
the same ma;ﬁ&psﬁb tihign1] Allestates i Bavndipgram; ¢fca methnsy togpbipinidate mask ireapping
may be less than the fill nunber of menory ranks. Instead of each bit
havi ng an Nnformativi fioexen, SRIMel 06ninl 4 inpdneorg rmodudd) @oodingptd enfboliinients df alve
additional r:1 nultiplexer to select which rank to
present invention. The SPD 106 may include information stored in an electrically erasable
programmable read-only memory chip on a synchronous dynamic random access memory
module for the BIOS to retrieve such information as the module's size, data width, speed,
and voltage. Because the BIOS may use this information to configure the memory properly
15 for maximum reliability and performance, the BIOS may also benefit from a data mask
map or data mask map set stored in the SPD 106 to program the memory controller. The
SPD 106 for this embodiment may include a storage area to hold a data mask map or data
mask map set in an area of memory such as data map 124 of Fig. 1. .
[0057) Method 1100 of Figure 11 commences by obtaining data mask mapping
20 information from an SPD 106 in each memory module, at process block 1102. Fach
memory moduie in the system may comprise one or more memory ranks and each of the
memory ranks may have a different data mask mapping scheme.
| 0058] The data mask mapping scheme of a memory rank of a module may be

determined from the data mask mapping information, at process block 1104. In one

25 embodiment, the data mask mapping information may be the data mask mapping schemes
8



access may suffice. Al though not shown in Figure 10, the mapping of data
mask bits towiDosabesschunks may or may not infer which nmenorypteggbi/eniiay
be intended. In one enbodinent, the mapping does not infer the nmenory
l.ocation and another chip nmay receive the data chunks and neap | ocations

for that deyiegeh hien@HPIARK. CIH BndtBerU&RBodikiRRl) (hEBRRI %sk%as;ﬁﬂg,m@?ﬁvaﬁén -
generation logic can be mnimzed with tailoréd rules or other

17°v0 03 opdaanebaBH s FREE M fer ESRRIRE e %f%ﬁ%‘iﬂ%%“s%%gﬁ?? :

in Fig. 9 and,10 have sho cont rol pr ogr.a

Wth o dat aSHHiSROMAY Bt o MaeHap CLdre MERPEEGI RIS P eeR Caasreh as
connections, One enbodi nent of progranmng the nenory controller ordering
may be to haYedor & rarlarushek.auck ag é@ﬁé” Eg@woa%ormnnabeamwéxe assgcaated with the or
multi pl exer select 914, to ground and/or power. Another enbodinent to

pr ogr am tshemapgnp rsyh&rmstofd memory mhdwdephemforaswhempachrindiastar nemskeimed itsmby
may be to retrieve data mask map data froma location in nmenory, and use a

sof twar e al gfidatethe dataphattusrpingdaheme BRS4chTEMOfy 1Ak of tRSHKe8 Hiédule] $BHO]
Fig. 11 illustrates a flow diagramof a nethod to obtain data mask mappi ng

Lo-i nf or mat 0fkyié O 05nPRy dffor 47 holeBice TR A QF thélflohPof THALHRA S

of the present” I'nventi may | nc ornmati on store

el ectricall bIe | e r.ead-o on a Synchronous
Gynam ¢ aniSE BcesaEenabieo R RFOR Pl Dngierd dFER O o s Buied isclie
I nformation as the noduje's, size, data width, speed, and volta e Because
the BI OGS nalfapRiee sHieng Kf apdabqiBer memetyrenyof &ha HEeRABPY Brepirhay mapping
maxi mumreliability and performance, the BIOS nay al so benefit froma data
mask neP oschg@ed. mask map set stored in the SPD 106 to programthe nenory
controller. The

{0059] After the data mask mapping schemes are obtained, the memory controller may

be programmed with the mapping schemes. Obtaining the data mask mapping information

from the SPD 106 may provide memory vendors the flexibility of defining their own

mapping, which may ease their testing methods or layout constraints. The memory

15 manufacturer may exclude explicit memory mapping information in the SPD 106, relying
instead on a published map corresponding to the vendor’s SPD information.

|0060] In addition to hardwiring and memory location retrieval, another embodiment

to program the memory controller with a data mask map or data mask map set may be to

deduce the data mask map or set by using a software algorithm to investigate a memory

20 vendor’s memory charactenstics. Fig. 12 illustrates a flow diagram of a method for

determining a data mask map of each memory rank of a memory module, according to one

embodiment of this invention. Different embodiments exist per methods to determine the

data mask map or data mask map set; therefore, the following embodiment serves as an

example of one method. Memory modules may comprise one or more memory ranks and

25 each of the memory ranks may have a different data mask map or data mask map set;
19



SPD 106 for this enbodi mnent may include a storage area to hold a data mask

map or data wa¥ogRes set in an area of nenory such as data Mgy
Fig. 1. 100571 Method 1100 of Figure 11 conmences by obtai ni ng dat g&gggs

mapping 20 information froman SPD 106 in each nenory nodul e, at process

bl ock 1102. tk&a6fore, TREPSHhERMH Gy irtnkshiT ca¥is higHo }ho‘agmgfl%)?ﬁe% ¥ exXBliffed to

menory ranks and each of the nefrory ranks nay have a erent data mas

mappi ng SChS’Efm%%%g&%%%S?ﬁ%%gg?ak mappi ng schene of a nenory rank of a

nodul e may ermned a’  mask mapping information, at process
bl ock 1104. e 5. e ' t, the data mask mapping i_nformation may be
t he data maswbﬁggpi ﬂée@@ﬂg?ﬁ@gﬁg‘% 62/‘:85@6661535]3@]?@3‘83‘/@0?@1% rR¢meyciank gy v
rank. In another enbodinent, the data mask mapping information obtained
from each nen@Rgryrperivle ar@pocesmiplorls &2Gdh Alddatamask bits atecassentadi ingprecese misckof
each nmenory nodule. An indicator of the mappi ng schenes may be a word, such

as "Vendor 1204,amda finstrizeite transédy msy Bed pérformedhe fillod thnge oN iRty ifyheRlected
associated with the 5 mappi ng schenes of a nenory nodul e; therefore, when

each i ndi cabn@dmdr§ rbRC &itadidwi RSt tésf‘%tﬁ%ﬁeﬁxb@t platés itk 1RBPI g é&@; EEB /39“

each nmenory rank: of the nenory nodul e. exanpl e, recelving "Ven

may i ndi cat g,4b %Ianﬁgxewﬁf;?}ﬁy%% HETREN oHiehPmTEi 1 edﬁlgg%kt%r 033 nq%glﬁegﬁ%fo%%gggg

X, another nenory ran he sanme menory no mappi ng
anot her nenpr.y rank of th e r dul e has. mappi.ng. 105&%6@2..
10059] Af t ervitbala PSR Malopithy CECTHSRL sroeiohsials Mt Dit@axdRgiFyfe that its
controller may . ben&r‘og ammed with the mapﬁi ng schenes. Qobtaini nﬁ the data
mask mappi ngSSoRRdnIA Ghunk Mgy nok be spaskedahpagngsr ofmamonk meybe, &Heb witht the
flexibility of defining their own mapping, which may ease their testing
nmet hods &r payentofddnsDepémling offtie camventjon, sometimes a deasserted data mask bit may
indicate that its associated data chunk may be masked. The algorithm may adopt either
convention, and in this embodiment, an asserted data mask bit may indicate that its
associated dala chunk may not be masked and a deasserted data mask bit may indicate its
associated data chunk may be masked.
15 0062 A test data mask pattern including one data mask bit which may be asserted
may be wntten in process block 1208. A second write transfer may be performed to fill a
range of memory in the selected memory rank with a second known data pattern at process
block 1210. For example, a write transfer the width of the maximum data transfer size may
be performed with a data pattern of all 0’s, and since one data mask bit may be asserted,
20 one chunk of data of the range of memory may be filled with the pattermn of 0’s and the rest
of the chunks will be masked and so will remain 1’s. In the above example, the known
pattern of 0’s serves as a “tag” to identify the modified chunk in the range of memory. In
one embodiment, a second test data pattern may be written in process block 1210.

[0063] The “tag” may be used to identify the data chunk with which the asserted data

25 mask bit may be associated. The modified chunk of data may be identified in several
20



15 manuf acturer may exclude explicit nmenory mapping informati on'in the SPD

106, relyingwd Baksag on a published map corresponding to thep¥ppdeins9:55PD
i nformation. 10060] 1n addition to hardw ring and nmenory | ocation

retrieval, another enbodinent to programthe nmenory controller with a data

mask map orwglat aae%%wnpgﬁissaﬁtexaﬁgneb@f_é& erffsdliment N& (L4 A g@%f@%odas i @le DY
using a software algorithmto investigate a nenory 20 vendor s menory
characteristjcs.~Fig. 12 illustrates.a,fl L agnam of,. a haod f.or

det er mi ni ng‘ra}e]lged% réw%é) mﬁ%pbeoqer@ggﬁéﬁ% orcgnghkgfo}}er?gc?%)ﬁoﬁ&ﬁmlﬁ?d chunk
accordi ng to. one nbodi ment qf this.invention. D fferent enbodi nents exi st
per- met hods™Viyn 44 ‘i‘?t?rpﬁ‘éer{’ Ry '{?d{%?%%q@ Begereparagithe ghinks of fhegead data to the
therefore, the follow ng enbodi nent serves as an exanple of one method.
Menory noduthssksraf theo fipit i knewandato patiemethae wos ywiittark i1 pregesssbleak H2606; ithéhe
menory ranks may have a different data mask map or data mask map set; 19 WO
03/ 083665 REFViLBOS/ah{dd % pdreredoalk ] seamshwrifteri. n&Henomismatodksccafs, drRcbeARMOr Y
nodul e may need to be examined to determ ne the data mask nmap or set

100611 Met hyydhelR0@ifRll chintitimey Beidentiiedices by selecting a first menory rank
of a nenory nodule, at process block 1202. Al data mask bits are asserted

I n process gddg?i( %Mého&?ﬁlgnsgrgd- Eoﬁxt:e%*@ ieShlhR tﬁ\éM re{ﬁﬁ%ggitoQﬁé E]}%rnﬁg df Eh%

fill a rang menory 1 n ect menory ran nown T1rst test
data patter t process block 1206. For exanple,. .a ife trapsfer that
may bt he. WuBho B SBREPHEGE it HeR R0y BiPoes ey 204 dbritBorbdbe M o
data pattern of all I's, and because the asserted data mask bits may
i ndi cat e t IRafterns ¥seds Qug msthed mat be EXER- thaegad dag with thealitsbimowmdate patiernof
menory nmay be filled with tile lo pattern of Vs. Depending on the
convent iton,thaoyastwintien ia precess blotke d20@t bogealky fiift theargsult ofithe 3{@R topetatioh by
associ ated data chunk nmay be nmasked. The al gorithm may adopt either
Cﬁnve_nt i on thaeithnkrsidehinil eeddtinkEmitched thasisgr bad if prerebBBlscloN 208 it Hi Gt e
that Its
previous example the “tag” was all 0’s. The number of logical shifts performed indicates
the location of the modified chunk.
[0065] When the location of the modified chunk has been identified, the mapping of
15 the data mask bit selected in process block 1208 may be known. For example, if the
selected data mask bit is the first data mask bit in the data mask bit pattemn used in process
block 1208 and if the modified chunk is the fifth chunk of the read data, the first data mask
bit masks to the fifth data chunk. The mapping of the data mask bit selected in process
block 1208 may be recorded, at process block 1210. The mapping of the other data mask
20  bits may be determined in a similar manner by looping through blocks 1204-1216 until the
last data chunk has been used, as determined at block 1214. Blocks 1218 and 1220 may
then be used to repeat the process for the remaining ranks. When the last rank has been

processed as determined at block 1218, the process may end at block 1222, The mapping

scheme thus determined may be stored in controller 102 as previously described.
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associ ated data chunk- may not be nasked and a deasserted data mask bit may
indicate its wags@sied ed data chunk may be masked. 15 100621

mask pattern including one data mask bit which may be asserteﬁbéﬁrgélmﬁzﬁlg
vvritten in process block 1208. A second wite transfer may be perfornmed to

dat a pat t or 080lr ok dorefohdReSSlniEh FEu BRI B S o R AN

wi dth of the Xi mum data transfer. size. ma .perfornmed with a data

ot tor n of | 546} GEGHTE G e SCate! S TGRS of it Ryeraionataigns v oge to
chunk of data of the range of nmenory may be filled with the pattern of Os
and t he resthospfof skl inihekre. viihig inyentiansiaay basmbediediin lothes wpgcnfie/ormisrwithmt
above exanple, the knowmn pattern of Os serves as a "tag" to identify the
nmodi fi ed chdepariing fiom itarsgeitadr contrek yharkateristing etibohlangentwhich seeenwithiasthe
data pattern may be witten in process block 1210. 100631 The "tag" may be
used to !5deﬂiebﬁm§tahe rﬂ?geaofqhyeguiw&ﬁbMtﬁa cldBs 328 HeCMiated wiRIn R Kscid.
may be associated. The nodified chunk of data nay be identified in several
20 WD 03/08 : : e - OW ' | f. en
enbodi nment . rgttlaéa?lgT #gﬁg%@#ﬁggﬂc‘é@é@%&aﬁi erlllfl ﬂ?@‘g‘gﬁéﬁgéhﬁ? %ﬁ%@gmnlﬁfﬁbseﬁmﬁed
performed in_blo 1211. The location qf ,the nodified chunk wthin the
dat a patterﬂnlm(iﬁ%sl’d’é‘%@drﬁcﬂ%%o S??e BWFEEP‘?FI‘@"’F%e chunks of the read data to
the chunks of the first known data pattern that was witten in process

bl ock 1206; in the 5 previous exanple, a pattern of all I's was witten.
When a m smatch occurs, the location of the nodified chunk may be
identified. [0064] The nethod chosen to conpare the chunks of the read data
to the chunks of the first known data pattern that was witten in process
bl ock 1206 depends on the data patterns used. One nethod may be to XOR t he
read data with the first known data pattern le that was witten in process
bl ock 1206. Logically shift the result of the XOR operation by

22



the chunk size until the chunk matches the "tag" used in process bl ock
1208, whi ch iwohessedar evi ous exanple the "tag" was all 0's. Therpupes,of
| ogical shifts perfornmed indicates the |location of the nodified chunk.
[.0065] When the location of the nodified chunk has been identified, the
mappi ng of adihig:.data nmask bit selected in process block 1208 nmay be
known. For exanple, if the selected data nask bit is the first data nask
bit in the data nask bit pattern used in process block 1208 and if the
nodi fied chunk is the fifth chunk of the read data, the first data mask
bit masks to the fi d chunk. The mapping of the data mask bit

sel ected inqbroceégeilﬁ)ldbgiﬁa%b ‘may be recorded, at process block 1210. The
mappi ng of the ot h?r. data mask, 20 bits nmay be determ.ned i.n.a sim./|lar

mari ner by | oopi iy AHPEUGAMHPERIs 2 IBGROTY SsteR ¢ nforpytion |lo dpdigafe 2 dafantaskas
been used, as determ ned at block 1214. Bl ocks 1218 and 1220 may then be
used to repdBIPPinEsScheme toshe wssd in pmemomymednly ip Minmemowyasysiehs ahdst rank has
been processed as determ ned at block 1218, the process nmay end at bl ock
1222. Theé mappi ngletesmivemgtheliat rdeskenapphekscheye based oartkdinfermmtionhr ol | er 102
as previously described. 21 WO 03/083665 PCT/US03/ 07915 [ 0066] The
foregoing description is to he considered in all respects only as
illustrated and not restrictive in the scope of enbodi nents of this

i nvention. Vari atThemsethad of danul, whereih baid ebiniskinkcludent the art. This
invention may be enbodied in other specific forns without departing from

its spirit or ceRrtidihg GhaERE0LAE iftheSion Abl the NAAHES Wollele EiRsPRind thdiehbs
meani ng and range of the equival ency of the clains are to be enbraced

wi thin our R hat | e.lntended to be included in enbodi nents of
this invent ?rgdrgli, %\Aﬁ?iscﬁ”lhgt"?tl%%ﬁ%tgag’ allgpnl y by the spirit and scope of the

appended cl ai nrs. rgc%ier\% t%%lirgt%%g?t?on from the memory module.

10 3 The method of claim 2, wherein said receiving the information from the memory
module includes receiving the information from a serial presence detect within the

memory module.

4, The method of claim 3, wherein said receiving the information from the serial

presence detect includes receiving an indicator to indicate the data mask mapping scheme.

15 5. The method of claim 3, wherein said receiving the information from the serial

presence detect includes receiving the data mask mapping scheme.

6. The method of claim 1, wherein:
said obtamming includes writing at least one test data mask pattern and at least one

test data pattern to a range of memory in the memory module and reading at least one
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We claim PCT/US03/07915 1. A nethod, conprising: obtaining, frdmwthin a
menory syst ervobsbsesrtion to indicate a data mask mappi ng schemruse®oBas
used in a nmenory nodule in the, nmenory system and determ ning the data
nmask mappi ng schenme based on the information. The nethod of claim 1,

wherein sai deQhfigd B4R at'té?'ﬁ kb Sas sﬁﬁé'ﬂjfnrlﬁe fdnpk @R 8lenfi§ rdspahdiHElo B0 af Ea%}hﬁle

menory nodul e directing the nmenory nodul e to send the information;

receiving t tlonfro 0 od of claim
o ahor e S Akt b et By TRC ROk P iefcatt i drnl BT, D) e
receiving the information froma seri aI presence det ect W|th| n the nenory

nodul e. The met hogi®letehdihiigInclubrdetemmsdng a peaRinviMbe tite mask enappingosehtmem
the serial presence detect includes receiving an indicator to indicate the

data mask nmBRRje e&f’d??ﬁﬁeran%esoﬁnelﬁg H@Ed"&?ith‘éfat fdadtl dReSesultily Bitdparhs
receiving the information omthe“serial presence detect 71 ncl udes

recei ving the data mask nmappi ng schene. 6. The nethod of claim1l, wherein:
said obtaining Jincludes witing at | east one test data nask pattern and at

| east one t4st .t he menmory nodul e and
r eadi ng Sst |§astd@§1°§“§§5{‘/\%f§'§9’88§‘éfé§@%§?%§‘g§%%i@ resul t| ng data pattern
s bart e o vl St LS SPRR MR e S e TS n B Ec
sai d determ ning includes det erm n| ng a portion of the data mask mappi ng
schene memory, an

performing a second write transfer to the range of memory, the second write
transfer including a second test data pattern and a test data mask pattern, the test data mask

10 pattern to not write-protect a particular data chunk in the second test data pattern.

8. An apparatus, comprising:

a memory controller having a hardwired selection device to program the memory
controller with a data mask mapping scheme, the data mask mapping scheme to associate

at least one data mask bit with at least one data chunk in a memory module; and

15 an output to be coupled to the memory module.

9. The apparatus of claim 8, wherein the hardwired selection device is to receive the

at least one data mask bit and at least a portion of the at least one data chunk.

10.  The apparatus of claim 9, wherein the hardwired selection device is to select one of
the at least one data mask bit to be associated with one of the at least one data chunk

20  according to the data mask mapping scheme.
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to be used for the range of nenory based on the at |east one resulting data
pattern. 5 7ywolfRss@Ehod of claim6, wherein said witing i nchge@shzn791s
performng a first wite transfer to wite a first test data pattern to the
range of nmenory, and performng a second wite transfer to the range of
menory, the second wite transfer including a second test data pattern and
a test data mask pattern, the test data nask 10 pattern to not

write-proteq a ARELpFa+h@s of @fafin @) Wherdin 1RO RN e1é@h dteice P4 Erﬁ?l!&meﬁ{‘

apparatus, conprising: a nenory controller having a hardw red sel ection

device to p ntroller with a data nmask mappi ng schene,
E}Eegl{a%&e g@ﬂg%cl}eﬁl%.

the data ma mappl ngm 0 associate at |least one data mask bit with
at | east one data chunk in a menory nodul e; and 15 an out put to be coupl ed
to the nmenory nodul e. The apparatus of claim@8, wherein the hardw red
sel.ection dﬁﬁi ce,is to receive.the at |east one data mask bit and at | east
a portion o theAd’taﬂpgré‘ S CHEPERE chunk. 10. The apparatus of claim9,
wherein the hardwi red selection device is to select one of the at, | east
one data mask bi @ PR wIFeHrRinEldNg & streeievidrehaying wiematien tadndicalik
20 according to the data mask mappi ng schene. 24 WD 03/ 083666

PCT/ US035 07945 mask nTappingmoberae for thf memaryneditrolpmaed n t he har dwi r ed
selection device is to inplenent the data mask nmappi ng schene. 12. An
appar at us, cong aspuitgoupledrenihe ynedwsiy modduds. | ncl udi ng a storage device
having information to indicate a data mask mappi ng schene for the nenory
controller; an an output coupled to the nenory nodul e.

13.  The apparatus of claim 12, wherein the storage device is loadable with the data

mask map by software.

14.  The apparatus of claim 12, wherein the storage device is loadable with the data

10 mask map by BIOS.

15.  The apparatus of claim 12, wherein the storage device is to include the information

at manufacture time.

16.  The apparatus of claim 12, wherein the information is to include at least one

15 indicator to indicate the data mask mapping scheme.

17. The apparatus of claim 12, wherein the information is to include the data mask

mapping scheme.

18. A system, comprising:
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13. The apparatus of claim 12, wherein the storage device is | oadable with

t he data masky@gagobiesof tware. 14. The apparatus of claim 12, Wﬁﬁi R74,8€
storage device is |oadable with the data 10 mask nap by BI CS. 15. ﬁe

apparatus of claim 12, wherein the storage device is to include the

e y . : ; : h
Information a mQ%&%r&”xﬁo&dhfr?o udat 1ERE ABRBGLARYSK Hlfapﬁkg'c??%%ﬁeé td{"ﬁ%&?‘g&aﬁt €

information is to include at |east one Is indicator to

mask mappi ng he I a. ratus_of .claim 12, wherein the information
is to incl udgﬁﬁﬁggggttaﬁar%ﬁtw p%tl]ﬁagsy(s)gﬁgat Fﬁ ! A system conprising: 25 WO
03/ 083665 PCT/ US03/ 07915 a nenory rméiul,ﬁ‘a 0 use at I%ﬁst one data mask
mappi ng scheme t 0@ SESRLY Foutrolier qouple thg gpemopidRodh's: the mpemery|centelierte
data chunk; a nenory controller coupled with the nenory nodul e, the nenory
control | er tbe prerynogd avthe thenptt least meadaty owsk mnppingaschemgsisedrip ghe gnantryne
used in the nmenory nodule. 19. The systemof claim 18, wherein the nmenory
nodul e i ncl uthedule. first and a second nenory rank to use at | east one of the
at | east one data mask nmappi ng schene. 20. The system of claim 19, wherein
the first menory rank is to use a different data mask mappi ng schene than

t he second menory rank. 10 21. The system of claim 19, wherein the first

menory rank 1% he Ysderd FiEnd a8, avifRek e pRIEy SUiRIRiRAdES e HECHa JI8IHRAY
rank. 22. The system of claim 18, wherein the nenory controller is to

include a stQeAGR ARK t&Bse at least one of the at least one data mask mapping scheme.

20. The system of claim 19, wherein the first memory rank is to use a different data mask

mapping scheme than the second memory rank.

10 21. The system of claim 19, wherein the first memory rank is to use a same data mask

mapping scheme as the second memory rank.

22. The system of claim 18, wherein the memory controller is to include a storage device
to be programmed with one of the at least one data mask mapping scheme used in the

15  memory module.

23. The system of claim 22, wherein the storage device is to be coupled with a selection
device to select one of the at least one data mask bit to be associated with the at least one

data chunk according to the data mask mapping scheme.

20 24. A machine-readable medium that provides instructions, which when executed by a

machine, causes the machine to perform operations comprising:
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to be programmed with one of the at | east one data mask nmappi ng scheme used

in the 15 nmerpoyso@eks €. 23. The system of claim 22, wherein g sd9oaas
device is to be coupled with a selection device to select one of the at
| east one data mask bit to be associated with the at | east one data chunk

according to the &?&iﬁngﬁ%m”&hﬁlﬁid“hg xﬁ&ﬂ@x‘lﬁsys?é?n,zﬁl&rﬁnaﬁﬁﬁ hb NRdicERI2 a8 B’F‘aﬁ%“m

t hat provides instructrons, i ch when éxe€cuted a machine, causes t

nmachi ne to q]qgf or n%cﬁlg&ra% Lé)@s%déggen{éi e.r#%‘liorﬂz"?e 1\}4\%%)%%9}?%6&%%5%@ S03/ 07915

obt ai ni ng, fTam W n-a nenor or ma I a data mask
mappi ng schene to, he used _ in a nmenory nodule in the npry system and

det er mi ni ng the &ﬂ%ﬂ%@&%&ﬁﬁlﬂ@ﬁ&ﬁ@d@%&g@abﬁ (Rbe RHOTIAIon. 25, The
machi ne-r eadabl e nmedi um of claim 24, wherein said obtaining includes:

sending at | east one instruction to the nmenory nodul e directing the nenory
nodul e to send the information; and receiving the information fromthe
memory nodul%e: B maghmersedepkianediym|claimedd tbeisin sidettainmg ipplades:n saj d
receiving the information fromthe nmenory nodul e i ncl udes receiving the

i nf or mat ison fr omsanding iahllegst emenosiradivecty thtOmembhi modhle deeming thedulemor?7.
The machi ne-readabl e nmedi um of claim 26, wherein said receiving the

i nf or mat i on médudndtead gRrinBmplieitende detect includes receiving an
indicator to indicate the data nmask mapping schene. 28. The

machi ne-r eadabl e pRdiipRfinfohahfdrtemWhentidry hedsigl d obtai ning incl udes
witing at |east one test data mask pattern and at | east one test data

pattern to a range of nenory in the nenory nodul e and readi ng at | east one
26. The machine-readable medium of claim 25, wherein said receiving the information
from the memory module includes receiving the information from a serial presence detect

10 within the memory module.

27. The machine-readable medium of claim 26, wherein said receiving the information
from the serial presence detect includes receiving an indicator to indicate the data mask

mapping scheme.

28. The machine-readable medium of claim 24, wherein:

15 said obtaining includes wniting at least one test data mask pattern and at least one
test data pattern to a range of memory in the memory module and reading at least one
resulting data pattern that was stored in the range of memory responsive to the at least one

test data pattern being modified by the at least one test data mask pattern; and

said determining includes determining a portion of the data mask mapping scheme

20 to be used for the range of memory based on the at least one resulting data pattern.
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resulting data pattern that was stored in the range of nenory responsive to
the at | east woesndgsest data pattern being nodified by the at Ipegaiso9o®itest
data nmask pattern; and said determ ning includes determ ning a portion of
the data mask mappi ng schene 20 to be used for the range of nmenory based on
the at | east one resulting data pattern. 27 WO 03! 1183665 PCT/ US03/ 07915
29. The machi ne-readabl e nedi um of claim 28, wherein said witing includes:
perform ng &9 iTetmashideaeadablsmediuinoofwtdime? Sawhterreht sdi@stitiagtincipddst ern to the
range of nenory; and performng a second wite transfer to the range of
menory, the secongrihing a FFARH@ rdnSfek Wslivide 3 HRF aRH dhaSfardat & ﬂﬁtﬂaﬁ%@oﬁnd
a test data mask pattern, the test data nask pattern to not wite-protect
a particular %ﬁ&@,&gfmk in the second test data pattern. 30. The

machi ne- r eadabl e “hedi um of cl aim 28, wherein said determning the portion
of the data mask i ng sche i.ncludes identifying the particul ar, data
chunk in the secd’r‘?g‘%gg’é‘gta(fﬁ‘ioé’gg‘ﬂf‘{eepﬁnsggs@dt n"3AKE th’é'ng’ ti?ﬁé‘ef"g@uf*‘?’it‘?\g

data pattern. 28 . )
§ transfer including a second test data pattern and a test data mask pattern, the test data mask

pattern to not write-protect a particular data chunk in the second test data pattern.

30. The machine-readable medium of claim 28, wherein said determining the portidn of
the data mask mapping scheme includes identifying the particular data chunk in the second

test data paitern based on the at least one resuiting data pattern.
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