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BACKGROUND OF THE INVENTION Field O The Invention 5 [0001] The present

i nvent i orwoaBag®sss generally to the field of conputer nenorgr/UDs/e7915
particularly, the present invention relates to the field of nenory data
masks. Description of the Related Art [0002] A typical conputer system

i ncl udes nenory. AOBTAININGSDATAIMASIS MABPING INFORMIATION and data needed
by that program code. The nenory can be included on one or nore boards of
integrated circuits. Typically, the nenory is coupled with a nenory
controller. The nmenory cgn I ni cate over a data
bus through pin connectgﬁﬁém%ﬁgﬁgﬁbﬁﬁﬁq}:ed to prevent

sel ected data from being overwitten in 15 nmenory. Accordingly, the nenory
controll er can use data masks to nmask specific data to allow partia

wWites tBe[POPTNe Ifvehtdonask bits may be associated with one or nore bits of
data. The associ ated data nmask bl ocks wites to specific nenory | ocations

and a} | ojspo1 éi Ot AL ERIonTO86ES e&rm% heﬁ%tflceﬁﬁmemﬂm?y Wick& tO
menory is perforne he sel ected data i'n nmenory that 1s masked remains in
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data. | Pl 3F conﬁpo%*%n*g%éss*0?1‘8?%3@23%&?%% L Ry

wites may take rmch | onger. For exanple, the nmenory controller may
approximate a partial wite by reading an entire nenory area, nergi ng new
data into it, and then witing back the entire nmenory area. 1 WO 03/ 083665
PCT/ US03Deseaiption pHitieRelated Aetnt [y, menory chips i npl ement menory data nasks
by using separate pins

[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 overwritten 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.



for data mask bits and for data. This can greatly increase pin count.

I ncreased pin count increases cost, package size, and, in sone cases, die
size. UsiwgQosegsasat e pins for data mask bits and for dat @Cprusvs/amoss no
progranm ng of registers with these mappings. 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0005] Enbodi ments of this invention may be best understood by

ref erri npoog) t heurfently,anermoryddsisrimplentent aiethoay daiaprasks bygusiigsspags gihat
illustrate such enbodi nents. For a 1o nore conpl ete understandi ng of the

enbodi "%Léat?fmam ibfts =AY $6H dapd), TRBGad ReeafBf VRAERE P LA © Doreds&d Efnedlﬁlﬁt i's now
o the toll e

made t ow ng descriptions taken in conjunction with t
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syst em conpri si'ng according to one e ment” o
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invention. [0008] Fig. 3 illustrates a waveformof a wite transfer in

whi chS data nasks are integrated on the data |lines, according to one

enbodi ment of this invention. [0009] Fig. 4 illustrates a flowhart of a
met hod to provi de an iBREEF BESCRIRIEHON OF PHEDRAMEWGSand nenory,
according to one enbodinent of this invention. [0010] Fig. 5 illustrates a
bl ock schematic diagramof translation logic to integrate a data nask |ine

onto a dafodsEhuBmbddi@entd GFhid MertdnOmey SRt WBArstebd by fdrANERS ithd.
[0011] Fig. 6 illustrates a block schematic diagramof translation logic to

chanme oA Bl 3ha ARt e PaEII BraRar g dilamane, Frbe o
a fl e r}r(ilorrte c%inp?et%%ﬁ&gta}cl&;lg f qgg%ﬁ%o&i%%% s0(|>t1 frlis }n%exg{{o?g 234 the advantages
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.



itself, according to one enbodi nent of this invention. [0013] Fig. 8
illustrates a table and bl ock schematic of specific value exanples of data
mask bi t swioesls3sgs speci fi c exanpl es of data chunks, accor domgshsoone

enbodi nent of this 5 invention. [0014] Fig. 9 illustrates two exanple
circuits of nultiplexers to select elenents to transmt nmultiple bits to a
devi ce, moey di Mg tDiltuseatesrdh ddimehat obh nidihal for\aememory. cdnfi@llér toFprograkd
illustrates an array conprising nmultiplexers to select a nmappi ng between

dat a m%el‘?'abécxﬁﬂ%tg%@eﬁbéﬂlhﬁnt&Qﬁi@ﬁﬂbeﬂﬁoﬁ0 one embodi nent of this
i nvention 6] Fig. 11 illustrates a flow diagramof a nethod to

obtain d i I f I SPD)
n a nen@“ﬁfﬂﬁ.‘?‘duf%"&“@é%%ﬁ%* {iaBle Rl LR SR AT By L AR DR Sftdad o1ty
Fig. 12 illystrat wdla ra t hod f.or deter i,.n ta mask
meppi ng ngaék g oo Er e Gre SrifigeyoriBa P ene sheBrarss of Bidne
enbodi nent 15 of this invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0018 IRvenHans of | owi ng description, nunerous specific details are set
forth to provide a 20 thorough understandi ng of the enbodinments of this

i nvent i ol0014owe\Feg., 9 iillustrgteg rtver exampie cirdats efhmylipbaxbrsdionssicct ehamyerite to
practiced without these specific details. In other instances, well-known
Ci r cui t ransthitwailtiple dits adldévieh Béogtding thoote entbodlisent of thisdaventioglet ai | i n order
not to obscure the enbodinments of this invention. [0019] In vari ous

embodi nefyogs) t hes dg NYE 1L AFtFRYN | BlyU BmpkidihE rRiiip RS {00 sE1EQ 94 afhppd
regi ster vmt ata mask map. Various enbodi men?s i ncl ude a harapvm ri ng of

a data %hv)’%n%%%(}?gsﬁ(ﬁts g 415%‘«?’?%19(%33']:]%“&%51}6 o%@m'bgal?ne%t SERYY 1Xv&1?1%}1r ol l'er,

retrieva rom

Q

10 [0016] Fig. 11 illustrates a flow diagram of a method to obtain 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 invention.
[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



menory, and a deduction of a data mask map by a software algorithm The
data mask map nmay associ ate data mask bits and data chunks that they nask,
where a dwDasobessk may be any defined quantity of data. PCraGa8h79k5g. 1
illustrates an exenplary system 100 conprising a controller 102, a
processor 104, a nenory 108, and a menory bus 110 which may include one or
nor e datmaskl mae sntod & menhatya cordsitler,i tetgevat efl actatd hesk nzapconli a1 dpcatiow me
enbodi ment of this invention. Although described in the context of system

100, an eyl e déuctiditof d2M aBlo maAB by hesoftiveid Aga@ithad The dmEkShe
conprising any one or nore integrated circuits. 10 [0021] Cont roller 102

may be g,na é]sts%&%te%_ﬁ}hﬁ)ﬁt%us?? dafaoéhuﬁféﬂﬁ% ?‘E%H)aiﬁ SRR Eitd) A/ Qe

controller 40 an i rmar e Contro

140, and__F corrprl se any suitable ci rcwtry and for one
enbodi rreaﬁ’ydgt{%emil}%%’éﬁ?gd as separate integrated circuit chips. Chipset
174 for ot her ment nay conprise any suitable one or

i nt eg? at E¥28] rcd: 1g. géb}lﬁf@ée.s T%e{(%@g]y EGHRM dI0PetompISINEG 9 ‘E%Hﬁﬁ?rséo%m%/
suitable controller architecture. In various enbodinents, system 100 rmay
conpr i s@resresasrl O memont H&, ked 8 meareyy bfis WHY whichanay ipelode dae anmpre: datd ace,
according to one enbodi nent of this invention. Controller 102 may conprise

any sui tlialeb evithndatsr fragle iaegtatal drethent, acqirding de ofi© embodingeni dfihiscinventiont o
nmenory bus 110 and/or to any suitabl e device or conponent in communication

Wi th confliijubRdeddPiBed ZDtHedhictt besysteR? 160 fan @A oBIHRGH b inVEioR RYY B8
suitable arbitration, buffering, and coherency management for each

| nter { agey b 007 ggys%rh@smg,g%g@ra%ocﬁ%}k%ﬁe Wl pr ocessor bus 122

to provi Intertace to p over ocessor us 122. Processor

100 BREH ST AneS B BoTRET IR B e i b

104, anyI/(()) fcontroller hub &C?—I)iel%ldtagd %rglejareoﬁubl (?:%ﬁ)uf% O(rjlgntrorlller 1024 ICH 140, and
FWH 170 may each comprise any suitable circuitry and for 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



WD 03/ 083665 PCT/ US03/ 07915 are in accordance with an enbodi nent of this

I nvention. One or nore processors 104 may be conbined with controller 102
into a siwglogogdssp. [ 0024] I n one enbodi nent, controller POZ/usayobes coupl ed
with ICH 140 to provide access to ICH 140 through a hub interface. ICH 140
may provide an interface to one or 5 nore 1/0 devices or peripheral
conponenRksinf Reordandakali as ymbedimbaof thishhdetfioinne @ipidre prozsisosUli Mahhe
interface controllers to provide for any suitable Iink to nmenory

cont roI |b‘3rcoﬁa@&eﬁ%ﬁ%onh@ll@x”bbﬁﬂﬂotaa@ﬁ eéﬂ?' ce or conponent in commnication
with I CH 40 I 140 for one enbo provides suitable arbitration and

bufferin ] e |

provi de ter 21)(1:18 %lﬁou acog%glg«?r (}28'171%% con élefi’{(‘@}h 1@@0146%9 %ﬁ%ard
151, a nnuse 1 156 157, on mor e SU|tabIe
devi ces ROUSE fp i@ﬁﬁr%ﬂ“&ﬁ 35 BEEER o ICHADIBRY Bires, gt RS IS PPE T por t s
153, one or nore suitable devices thro::g)ﬁh one or nore seri aI I_f)orts 154, and
a 1 oppyneedkO deviogs of xriphemb corapensatsnios tcommer siysten é00ror IEH fldQenay or
different devices and interfaces than shown. 15 [0026] ICH 140 may al so be
coupl ed coimphisé-\Akly Sulalile ipterfa¢edeordmollerst tor pravelet for AWK suitile 1RkHolF@MoRY

conprise any suitable interface controller to provide for any suitable

conmmuni @ahtrélfer 10D kind/or toCilykdRablEWEide/6r dosipoaat ig bhathiufRationrajth SORT lefoat
| east a portion of the interface between |ICH 140 and super |/O controller

150. FWIbiﬂfgto%}’ on&&ﬁ%du’%@n@br@ﬂ&é&uitﬁ&@M&H&t%&nﬁ%&“f@ﬁh@r@@h MRARLY 172 to
store suitable system and/or 20 video BI OGS software menory 172 may

compr | Sﬁ{)@g; SUIIbglbrTg&) IE'OI' onveotl:rglgdcfn%e&emr %rovuieoén ?xﬁgilﬁ)ée thro g}l Cel.g) p"ﬁ}?r y

O her e nt's rov I dé nore eér ent

I nterfaces than homn 7 Cbntroll 102, na so coupled with and
or ovittie CGRTOUR drSPAeeh %@mrrpoasss {52, fiTaicroRby ﬁ%sﬂ £tY3 L 7BMo 0y

system Menory 108 may store data and/or
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
drive 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 to provide an interface to FWH
170. FWH 170 may comprise any suitable interface controller to 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 /O controller 150. FWH 170 may
comprise 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



25 code, for exanple, for use with conputer system 100. Menory 108 may
conprise any 5 WD 03/083665 PCT/ US03/ 07915 suitable nenory, for exanple,
a randomwoasssssaenory ("RAM'), or derivative thereof, or PCTaBUEBOMIRI
menory. Controller 102 rmay be coupled with nmenory via nmenory bus 110.
Menory bus 110 may conprise a bus, which may include data |ines, address

| i nes, caiiblemendrydsr example, auhidopl #ced mendry (SR AMY),ofr detieltivieithasof, Dat a
masks integrated on a data bus nay 5 elimnate the need for a dedicated

data magk Mﬁalbﬁxtemw C8hitr&IRE A9 3hiy ¥e ebiplkd it hbRoryd8 néidrybudati®. mask

pin on a coup ed device. A conblnatlon of data mask bits and data chunks

on a pi MRt tﬁﬂ‘i%r{é ed) %E \Pﬁﬁh'n#@?ggﬁ 2 fihds, aﬁﬁr%?s lnj(ifg A

transferr a nms trans ata mask map

may be e t hat t b ul ly assocj tlve 1 002 In
oo enbdtiFmse 1 %ﬁ?@ﬂ%‘ﬁﬁm é?{?}b&‘eé E%ae%%‘(scjaea i Qe mag

exanple, it may be a known rule for a systemthat a certal nask bi t V\A||
nevers mghmigate ali*ﬁ)flﬁ’éir fogja, dedicatadadasa ﬁnaSIF Jbut maygmat aleﬁﬁsé%'ﬂbfﬁémﬁpatﬂ dhe mask
map set of that systemcan be |essened by excluding that possibility. As
anot her nexdifig] edatalaask pirs &n aAwpspladidevicec 4r goantanation oftdaparnask bits ardadata

one-t o-one correspondence exists between a data mask and 15 a data chunk to
pr eser vehgiisaon ™ @@ infdy. reflied iy nsinb@ubAbusninewhicedssargy Bdsd, noompertaé ed in
a data mask map or data nmask map set is that any data mask map used may be

known bytranbRibd tdies ok 'iils! & tRNHaks3isiRlt dABIRnN, - 2 AataSHRANO ma ddfabgBsk
map may be sinmplified through restrictions inposed on/from a menory

vendor, may al so be inpl enment ed
W t hout ls§ eﬁﬁéﬁte%t (@ %%ﬁmgn&t% %um# &%Sée]%%\%;‘ 20 [0029] I n one enbodi nent,
controll 2 incl ude n ar 112 a, 112 be a CIrCUIt
i ch 128D 1B Ao TReTE L ELoRS e oW P SRaash 31asR gy ety For

Transmtting deV| ces, such as pr ocessor 104, 1CH 140, and the |ike, may
need datexample, 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



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
| ogi ¢ 1l4wendiogasecessor 6 WO 03/ 083665 PCT/ US03/ 07915 i mrerdsaye79ilo.
Transl ation logic 118 and 1/0 interface 120 may contri bute translation and
interfacing for information to be sent out fromcommon area 112 to or

t hr ough ihtetthck40.6. TiARASIAor WgichEl 8 AldUAD limtbdabeeTBlOMnresitribhtettafislafion and
translation logic 114 and translation 118 are depicted as separate units

in system &9(]@ ggﬁa}%ﬁﬂﬁawte b@@éﬁt%upﬁoﬁlrcaﬁﬁhﬁi :h@ﬁuipw&téroagﬁh@m
on 18 may be

transl ati dentical units or fferent Tnits. In anot her

enbodi ne tra sI | I singl e
transl at (b?%o]unl cou uIStrEIteg m%éé%?%?pro glzoﬁ}&l&l%ﬁ %?&#&%ﬂgﬁy@g&l Ill| I

anot her enbodi nment transl ation, §é4 nd transl ati on I o i

al so be B3 S%‘ktéél aﬁﬁPR?f%FCdIBHﬁﬁ‘hs "é’él cFePI‘fé freppept tfﬂ‘?é‘ U@‘ ‘t&l?rat in
translation logic 118 may be different fromthe CPU format loin

t r ans? atlilérandogpeslation. lopie 1d&tpay bsf identicad rungts so1s Hidfereamt urilgi ¢ I paoter
translation logic 118 to common area 112 nmay be the sanme nenory formt,
such as ebiBAiiniemt, tednslation hogid 1 ldeand tfaifl3tign Ibganii8ahaybe 4 siggle tihhdathorchit
translation logic 118 may include a data nask nap or data nask map set, as

expl ai nedufled WA both pro@Ssor A 0aNEhdACHT 140.d34 atimasktheBBmBsdinkéat, drafBiskonap set
may match the data mask map or data mask map set in rrermry 108. I'n 15 the

] S £ 35 AR By e PROBEY o A oo 126
LAty SF e T W R i

di fferent arrangerrent of the above |isted ¢o onents 0032] .An
enbodl nehfrapslatian legicrhidntThsrputpyy of eithexSrapslatigrelogia] Hn%rtmns tl%Iﬂﬁlmw on of

hardware, firmmvare, and software. Anot her enbodi nent of this invention may
be to common area 112 may be the same 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



i npl emented as instructions stored on a machi ne-readabl e nmedi um which may
be read and executed by at | east one processor to performthe operations
descri bedwbesmsisss A nachi ne- readabl e medi um may i ncl ude a@cay/usestrams sm f or
storing or transmtting information in a 25 formreadabl e by a nmachine
(e.g., a conputer). For exanple, a machine-readable nmedium 7 W) 03/083665
PCT/ USO 34y 7htude read bhisl memorye ROMD)) sandemoacyess Robhoryr @A) magesis dislaor y
(RAM; nmagnetic disk storage nedia; optical storage nedia; flash nmenory

devi cessiRhRChEdi§2bpticAPEtofidk me¥ed YRakh GRtnorp de@bEE klebRich), @btidd ORBUAIRM
signals (e.g., carrier waves, infrared signals, digital signals, etc.),

and oth i t em Y d u r £, nts
fhan” 5 ik TR EF SPOpRGleRIR: GE B Vel e AEn B Ao PSRN o, -
illustrates a,bl.ock schenmati i agr.am of exanpl.e.of a translatipon |ogic
201 ac A5aRy B bl SO HREgE Dfee 08 BHS TBHIa efe PRI B: 201
may be an enbodi nent of either translation logic 114 or translation | ogic
118 or Ishewnin Bigs| athilsan othersdt may inclydg lessg.  The output of translation |ogic
201 may be sent to common area 112 or |o rrermr% bus 110, dependi ng whet her
a common[0833k 1 Fig.lRadlukteates 4 blotlushhdmatc diagr ixample of] 0@B]ation dogi¢ at i on
| ogi c 201 may include one or both of a nmap of data to data mask and a map
of dat a 20Ms kccoflia té.ond lentbolinhent wtthierinvéiohe Brianslstibn loghap@i Agyrtegust er
203 or other device that may be coupled with selection device 204, which
may i nCleHfBdinidMt of Sittfor ¥ARSISLorPIBIcAM 4R kAnsMidH RERXABr bbth &diR1aédh anfiRsk Map
or data mask map set is hardw red as one or nore inputs to selection .
s 219% 4hag. ‘rﬂ@%ﬁtgﬁf‘)éf Pr‘inﬁﬁia%e§ il 81 fha %ps%hf‘& E&ifindh Sres2 P> ofBPPI NG
r 268 b e g may be

regi ste nay be use or ‘a vari abFPe ‘or progranma mappl Nng an
i mpl enent ed as, on r.nore. regjsters | ocated w thi nory. .conjrol|er 102.
e & By s L1 ARk habS R oRE e NA ha regn, i i ghér &

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 example, one or more multiplexers. If the data mask map or data mask map set is
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 a memory controller.
In another embodiment, mapping registers 203 may be located in memory 108 in 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.



20 may be an SPD 106 or other storage area of a nenory nodul e, BICS, object
code, or other storage area. A nenory nodule nay conprise a nenory unit
and a nerwoy3o8ssts ol | er. |1 n anot her enbodi nent, mappi ng PEFIESIFIBIR03 nmay
be located in nmenory 108 in for exanple, an erasable progranmabl e
read-only nmenory (eprom) or the like, to contain a register mapping

equat i on[00BS] t hiSsleetibio devien 204 meayoalso bORserhto teordsr dhg dataadask dbits2g data
accommodat e nenory controller 102. 8 WO 03/083665 PCT/US03/07915 [0035]

Sel ect i Gitsdevt eLanlé, seRytion devibe2Wsmdy e the dathahadkhaagiat dataaedsk bhdpssepr dat a
bits. For exanple, selection device 204 nay use the data mask map or data

Mask mMegRn $@fppidg rl‘e%i%PQO@ 'il?ghe?%ﬁbod?l%nt e @Rﬁ utedRs Pk fegistd?2 08 UhBHbe Of

mappi ng regl ter may be coupled w'th ection device 204. This way,

Cooae] Eouped it aleid SEeip oL i gBn kel BB 040, |

masks are g ted on the data |lines, according to one enbodi nent of
this ‘?mf%‘i’r{“l’eg EI'EP%W‘me serve as an exanpl e of a data chunk and a data
mask being sent on a sane pin. In_illustrating a data chunk and a data
mask bei H936kent Fog 3 iHesteatesi & waviefprmzohpswritel fransferamewhich; daty anaskegsk nmap
and a division of data into n chunks. In the exanple of Fig. 3, the tines
when datiategmsdd ewthesdatayinbs dseondggt toasrentrhbabimemteo o ingdntinn. smhtshnawgh SX,
and the times when data words may be being transmtted are denoted by

SO Sy. Aectherdd fa¥x4mBle ofda dafat chiink ditioa dhAt mesknbéifg emeohn iansaines ping! &
operation fromstorage to a processor register. The data nmask Is

represent aﬁﬁg%%ﬂ]; %fi'ﬁ aldif IHQSIkaoeir% defP6:£2 8thE melF (@ 406 11141§trates a

Accor di ngl'y, Fi g. are represented ta may be
di vi ded K f I t
Oy R Sl 0GB 0o g 0 SRR

For exara’)}lle% da?a Vn\ggk WOTITRQ/ m%? ergjeu?gntrgr?s?mtstg nAenoted by s0O through sx, and the
times when data words may be being transmitted are denoted by SO-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 DMO0O-DMx, and the data is represented by DO0-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.



exanple, in a systemw th a 64-bit bus, the data mask words and the data
words may be chosen to be transmtted as 64 bits. The chunk size is

defi ned awotobesmsanul arity by which 20 data masking is i mpicenesas/emis f or
exanpl e, one data mask bit nay mask a byte (8 bits) of data; in which
case, a chunk is a byte of data. In this enbodinent, a 64-bit data word may
be conpr jgead) of FirGbUINKS. SiiNGRraGRACSheCENIRPIE Bf ANEatdYRK ChaslatThe hippifge
enbodi ments, data mask bits may mask chunks of data. In one enbodi nent,

t he dat o) 16 ' I ' gl ' and
dat o mmales vl e R itk (R ARETAC R B ey offehdich, bt R8s (858704 360
PCT/ US03/ 07915 0037] Further,  Fig. 3.illustrat Qne exanpl f a .data
sk e om AL o g oo Gder e oAb ondaRle, B 3Be Mt dBt Jefhue ™ 1
any orientation as long as the nmenory coniroller and the target (e.g.,
menory dBIRAPEY sc&ams%oﬁﬁlgw Y ERG; 35tamples 8F SRR MapRIngs Hé?f? syt
Figure 3 may serve as exanples of sone nmappings of the data nmask 5 bits to
t he dat ditsf@dgglataThe data masks nmay be transmitted along with the data in
any order during the wite transfer. No particular timng relationship may
be necespBy] betTheaiatd teskdahay bashsmiteichlddewithtle ddakaysordeadiiring that a
masks are enbedded on the same data lines that transmt the data. For

exanmpl e,wiiieradseA NBP4AicURY tibfing fe?étﬁﬂkﬁi? @ichyRf RIcEssa Bl éen thE dathtn@dsks he

data. 1o Transmitting the data nmasks before the data, as shown in Figure 3,

permts aﬁﬁ%%ﬁ?%ﬁhnkgﬁi%ﬁh&ﬁlet&ta%ﬁ | %%ﬁ&??&wgeg%le%{aqk@ﬁﬂi Brah it

mappi ng Togic acts on the receive ata nas are transmtted
after t ta, there e a delay in .the wite.reti.,enment . because the
ot . oyl RagA" Fof BEmSG e orta sk, fke be e bEPH MR ofgoipe dan

I nformation. . [0039]. The nunber of data mask transfers that may be required
may Be fhresniftingthe dlata magks, before dBs daldert shown Weligurenhotesepts it MemoRY ed. 1 n

one enbodi ment a maxi mum
device to configure the mapping logic before the mapping logic 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 is 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



nunber of data mask transfers may be equal to the nunmber of data transfers
divided by the nunber of data chunks in each transfer. This relationship
assunes twatosessshs data transfer wll have the same nunberCofUSelienks;
however, in sonme enbodi nents this assunption may not be necessary nor a
restriction to this invention. 20 [0040] The nunber of data nmask words in a

wite tmengbddd iimlosesysieme fistehé welte trhmsfern Uty atafve daimplepthdswvrite tiahsfesw i t e
transfer and the chunk size. For exanple, if the chunk size is one byte of

dat a andy@udaiv Y\@ItsSoRIs§DOSISH dnld dafa Radl Wb (DMMsf er, there woul d be a
total of 64 chunks in the wite transfer if the words were 64 bits. |f one

data mas d HRY! e t he
wite tr@ L r@?ﬁ@g%@ﬁaﬁéﬁ? rﬁlﬁgg%an ﬁ{egdi{@%SPW&d eb%ollr%guldatf(gl11 ;?ra évvor d
in sone e one dat sk.word 03/ 83665 PCT/US03/ 07915
bo neeqdahti | Egsaagyls ihe PayiRe W?Uﬁ%%%‘g? TR0 P o
the wite transfer vvould have 8 data words (DO-D8) and 1 data mask wor d
(DWD)s  [mosfer, thate siow b 4 total PbA26 ehwnks imthn “@ﬁ@tramf%t ifthsRvardy wereelf bits.
required in a wite transfer. For exanple, if the chunk size is two bits

and 8 ddf anevdatdsmaskebit egskisract dhunk, then £66 datatmashkshitsrwoult dreeneaded thridke a
total of 256 chunks in the wite transfer if the words were 64 bits. |If one

dat a masiitBittanSREK $f €4 data sk, bifs mpdbd otatiata ek wrll Sn Wbl lethbbeinfee,ded f or
the wite transfer. If 64 data nask bits conpose one data mask word in

this enbgdi AR wofhs VAT @ bE RS WTE e WRitE qirahaﬁef\ egOgd above Lhignpls, ithe wiitansfer .

In the above exarrp e, the wite transfer would have 8 data words and 4

dat a rra %uldll}%vgg%ﬁ]swdr %Lelw‘},ﬁﬁtﬁ%sﬁr%d%t he previ ous paragraph where

the chu S|ze 'S er o ¥a chunks in a word woul d be
B e A e R B S TR B B e 1
data V\Drn?nsnblep o;[' (ri]zﬁa \clzvlrnllr;[kes! irtl ;%vnosrzl E\';vroulrg51 e gie, tlrllgrrerftz)?er, ?r? Fi[f)g?lreDg,' thle rc]latle:llcggrrﬂ?s may
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 DMO0 masks CO 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.
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3, using an exanpl e data mask mappi ng schenme, the checkered data nask bit

of DMD 15 masks data chunk Cn of DO The dotted data mask bit of DMD masks
CO of DI wod3swsses di agonal |y squared data mask bit of DML peagkses/@R1of D2.

[ 0043] The nmappi ng schenes have a one to one relationship to indicate that
one data mask bit nmay be associated with one chunk. Since there may be n

dat a masjoohd} s tFigtd itlastratdser fiowpgimac 400 thitexem@hfics aleundtiod fdr thsagorteddr t o a
total of n2 possible nmappi ng schenmes. For 20 exanple, if 8 data word

transf eks pivide Bitinftatate S&W%lﬁ a [pRSUddo? afdt nfdiody, TR WhidH the dath HAGatPRas bl e

mappi ng schenes may exi st. A nenory rank, which is one of one or nore

ook W88 (ORISR 35 Rk S dall &Y AR rﬁmcemaﬁkee@hh dHRXnfiBdfindd: DIUO

mappi ng sc¢ ONné or nore nenory ra

IQ??EE?%%”«%&%&%%%%% %geﬁﬁ?'lﬁﬁﬁw”%q HREE S0k Wb baPbiRsene

PCT/ US03/ 07915 [0044] Fig illustrates a flowhart 400 that exerrpl i fies
one nfet Fesgivegtata %mmﬂﬁmf@m aPEeG§PIY PHE BN O n Edherthe pimsesieenr KOgrdtessor
and nenory, in which the data and data mask use the sane pin to

comuni gistetht comteniisr inforinmtian dor detmag thet tray awed twritsoidimatted fof meory.pFlsent

I nvention. Block 402 starts the nmethod. Next, in block 404, the controller

may 5 reegtrdlfer dadyahardar aftémalmbippihg @Mdatapmaskests atatayrthiig, anbldcR. 406, tther t he
processor or 1/0 may give the controller information in a format that may

need to  Beydifd MRlyitetbiOh FRIEH e diREs forRAE dcRbldfls 108 MAPIASY datf &F B

mappi ng of data rmasks to data; thus, in block 406, the controller may be

able to ra3Re. Chil n%é‘gmgé‘&l eﬁtf s E'E)Ehttr[ gcggvérpth'etd%tatn??cﬁ'fngg dd%}at"‘ ihQ data

masks. orie e he™ con may conver ormat into
cont 1! Iv{@r iy e el e e%%eﬂmﬁuﬁéﬁ%kﬁay%%&aﬁa@ g o y.
Finally, in block 410, the control]ler may end this
data masks integrated to memory. Finally, in block 410 the controller may end this
method. To transfer data and/or data masks from memory to processor or I/O, 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 DO-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.
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met hod. To transfer data and/or data nmasks from nenory to processor or 1/0,
the reverse process involves conversion fromone integrated line to two
i nes of wWatms/osmwsk bits and data chunks instead of from traa/USosre®iso one
line of data and data nasks. 15 [0045] Fig. 5 illustrates a block schematic
diagramusing translation logic 201 to integrate a data mask stream 504 of

one or n@ogeldat TheBstpli dfStrarstation 1?,&& 20¢ ufMKgs 5 ma@be 208utdnd @ataOmastor e
data chunks, according to one enbodi nent of this invention. On the |eft

side of (flgn 588, L cmlﬁtré%:g%fﬂ é%lﬁé@dgﬁhﬁsmﬂ atdd, SR8 & 1H%1Qf" sent

at the sarre spat| r exanple, by the procCessor. Trans at| on | ogi c

201 nay 0 t he d [ ¢ Stream
506 intd rlt’kécflf}gﬁil aIB?i( 5 4% Sfeﬁa?n a@@ﬁé‘ﬂ%ﬁﬁ%g%se dl{s}gs e G ocks

Dat a chunk stream 506 may i n¢l ude data ded |nt one or nore chunks

DO- Dy, f@tbogimgntsy Iipgqrae R@QRS SRS a AT &'ﬁﬁ%eﬁﬂa ITShFFUERs SR8 A2RS mask
bits MO My associated with one or nore data chunks DO Dy. Data chunk

st r eain HeGuasn thedtetachmkk mayrbearo@sspdrhaged e thej dataomasksras ithe daym arrygs.c 01 vi a
25 different lines, such as data mask line 510 and data chunk |ine 512. 12
WO 03/ OmﬁﬁﬁbBﬂIMddﬁaﬁé @dQ@hbaskk @fAseht Tirst, duringutlodks sO+santheaf the mlataogivak?01 of
Fig. 5 my be a data and data nask stream 508, a data chunk streamw th

associ atapdschptiarinielbeks $U-8gr & 6fb erthiMEAS Hath Ty eHR] bétheertladrirotigynéz and

data masks are sent on an output data line 524 may differ in different

embodi ek Sherldly 88T A FRALS mﬁmm%mg AR TRk Subdih Shs bedhuges

st orage costs because e processe ased on the data

k h
frrec, dnpis it rt@é%ixsn ol e ”%%t&rf&gone PSPtk Gndf o
SO Sy. I.n one enbodi data may travel ween controller 102 an

menoiy PEBVEeR the contigl ersld)@ha%‘s the HESMAR o 1{S- b ehetvesidthgontraben 1% redim 508

because an enbodi ment of this invention nay elimnate the need for one or
nor e datpzoaessok 104 ee she 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 DMO¢,-DM0Oc, are
associated with data chunks DOcy-DOco during time s0=S0, data masks DM1¢,-DM 1y are
associated with data chunks D1¢,-D1¢o during time s1=S1, data masks DMxc,-DMxcy are
associated with data chunks Dyc,-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,-DMOco during clock s0. As shown as output from
translation logic 201, data masks DMO¢,-DM0O¢q are associated with data chunks DOco-
DOcy, during time s0=S0, data masks DM1¢,-DM 1 are associated with data chunks D1¢y-

D1¢o during time s1=S1, data masks DMxc,-DMxcy are associated with data chunks Dycp-

13



1o between the controller 102 and the nenory 108. Yet, between the
controller 102 and processor 104 or the controller 102 and I CH 140, the
dat a nmay woamsmkisshm a conbi nation of data chunk |ine 506 @cd/wkas/erommsk |ine
504. [0047] Fig. 6 illustrates a block schematic di agram of an exanpl e of
translation logic 201 to change a mappi ng of data masks to data chunks,
accor di Myd duongtiswiszdBSyrefherofire anit pussibilitiee nf associating the dua neesk bitpahd t o
transl ation | ogic 201, data nasks DMxcn-DMXO are associated with data
chunks [aa'dB@akrs.during tine s0=S0, data nmasks DM cn-DMLco are associ ated
with data chunks D1 cn-D | co during tine s | =S 1, data masks DMkcn- DMKco
are assqpuar ed t : - i i = tion
ogi o 200 as] “pa PR, Ref s I A AR St AT (hARE,
data chunks. Lln the illustrated 20 enbodi ment ranslation | ogic may be
2bl o to Popapidh I Blon M, $3 RS OEE buekd PBY 6 bRR sa evarl dbe

DMOcn- DMOco during cl gck sO. _As sho as output from translation | ogic
201, HatRIrRESKSOrrvRRRlingAr3 cmksagera SISOV SRVIIHCR At eBEhKiGe berdvarexit n
during tine s0=S0, data masks DM cn-DM co are associated with data chunks
Dl cn- Dteomgmorygontiatisr giay e programned siuse BivkappDigkelodata maslesstostatat @umni t h
data chunks Dycn- 13 WO 03/083665 PCT/US03/07915 Dyco during time sx=Sy.
Ther e ariederamyingds©Onbiembdbdiasenobf pregnainaihg agnigpinglmtahardwkrelifitise methorygat a
chunks. [0048] Translation logic may include nultiplexers or other nethods
of reor dghirflfer thil BE RBini N rdgfstdetb Glro@aiBidR  Hagiwape, dshddsclitk@l Magig. DBsigs nay
be able to prevent the 5 correctly correspondi ng data chunks trom bei ng

overw i %ﬁﬁgh{ cBRIPDY3 aﬂd‘?el%kﬁéﬂﬂ@&i@ei ‘the menory controller may be

programed once a nappl ng O ata masks to data chunks is determ ned. One

cmoog g , oS82 b s TRRAAR ok 3 b 5 5Bl R sl 3
wi th 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 software 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



mappi ng regi ster 203 and sel ection device 204. 10 [0049] Fig. 7 illustrates
a flowhart of a nethod for a nenory controller to program itself,

accor di ngwom3ossseenbodi ment of this invention. In block 7@2T/mokomum

mappi ng of data masks and data chunks may be inserted into a mapping

regi ster 203. One or nore nmapping registers may be incorporated into this

net hod. [RNBREexdRIpUS TatiiataembhdkSEit nedkd Ywo €ricki 6f tefdaeabe ofé blytd, nar e,
such as BIOS. In one enbodinent, in block 704, 15 mapping register 203 may

have co 'tﬁ‘t‘ﬁg# AlRJ&&l&E ot eh&GhA rblfl% 'dgt% J&QAalgd)b PYh 24% 8b§eco%fgﬁ 804,0he dat a

chunks or s accor ng to at’a nas map or data nas nap set. In
bl ock 702 mask da a e

or ogr ameaest ot B IR AR BREmRY bR TR i AT I B DNBRp %o i
conmmuni cation with menory. 108, t hat . s to _data_chu n such
2 ay GBS G BT de1 cgawc%wé‘%ﬁﬁdmﬁgﬁa 5% EArRLTTR QB ng

overwitten in menor y [ 0050 . 8 illustrates a table and bl ock
schenat |<tataat1askdets|ar¢ v&r Lieo xa ich gnask datatchunkraGR” b wvwhdkkicalymap®d, f i ¢
exanpl es of data chunks and whose data mask map or data nmask nmap set may
be progrtherdaa mask bitaameBtyor “O0h1’t, elhichrmaskatacr cliunks 45 camd A7 frelnt rowo§14, t he
present invention. Colum 802 contains data that nay be used in a conputer

system RRnhBOL IOl Ma8OVitLQBE R 168 “O08, Whisk Snasls @t ¥Rinks SEDECeebwlat a
fromoverwiting nenory. 14 WO 03/ 083665 PCT/US03/07915 In this exanpl e,

Sf‘fﬂciﬁf%ﬁ?%@'é%“ﬁné? oy TAT < W D o AR5 4 5 i
804 . C )
- bi nar $A" oA ah i?@§ng<9' i é&nﬁﬁedaﬁa%i%sgﬁikgss?t 38 B s o

and "BE". In row 810, cgl 804, the dat K b ts are "I|" e 0001",
whi cHO meehknkatld ¢ Q Q?Eand REF ol £0Mp 82 %cﬂoﬁ’rﬂﬁn%% i‘efl?‘@%é’“ﬁé& Pts are

"3", or "0011", whi ch mask data chunks "45" and "67". In row 814,
which masks no data chunks. In row 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 chunks 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



colum 804, the data nask bits are "2", or "0010", which masks data chunks
"CD'. In row 816, colum 804, the data nmask bits are "6", or "0110", which
masks datwoabosdess " 46" and "8A'". In row 818, colum 804, rchasdad@imask
bits are "F", or "1111", which nasks data | o chunks "13", "57", "9B", and
"DF". In row 820, colunn 804, the data nmask bits are "0", which nmasks no
dat a chw3kgsand 888 eywnaB2B(0”,cBDUmEMAB®S,”, & 0d 20G00TRS01bi 161 aamd “00100bY0”, " 0100"
whi ch masks data chunk "AA". [00511 The data transfers are 4 bytes long in
this exapmi§emBhinicne UR¢ abdeuRdsk bk €hat ardinli®diDmay Berrékpbad %ﬁéﬂén% si ze

and the order of data elenents and |ines chosen may vary 15 and sti

acconp! ighy e, flPgse, OhEb! ANRT idpndadotpdatdigtks Ggd el e

respective data nasks integrated on the Sane Ilne or |nes de

t ransfer, yal ues -t hat be, read be tran o nmenory fromthe
menory ¢ t’ra8$ E ﬁﬁéﬁgfg)ﬂ)w%%c}&z& f%%ugllné g%‘{*nd data masks are sent
on the sane_ line., The data el enents sent .in this exarrple are the first
byt e of K483 datl%at%m%w% oF0r 808, BPemay be ussd inmangwbodapent ofja Bemewy | j ne
824, 20 though, are data mask bits 832. The order of data mask bits versus
data chensecobmswoh as gemomayus,biyofdiig kt Alpossibledmplansmntation of arepesy bus  an
enbodi nent of this invention, but for convenience, one option has been
chosen tla0hraydcempprageesl circuit bf sné g tioge miihtdplaseesk whiokes ostputs manbé icoepl8®4 ar e
"21" in hexadecimal, or "00100001" in binary. On the other three data
l'ines 82fith 8¢St %@fjo&%gt BV VFiZeD ifMdstrateh, twdnskaliple &ifsune O invitipexdr®o

second, third, and 25 fourth bytes of the data from colum 802 are sent.

e o RECLHEF By I e
*00100110", .

oy e%rr‘a%ﬁasﬂ%”émwi?ﬁ@ﬂﬁl et e THFOAPRIBTERE Bk Dl HRREHE™ 4ode
649B", 448A"', "CD', 5',."BE", "DF', "67", and "CE", as indicated by

r ows 8Ogspggspon@%tqjmﬁg @@gvgﬁ@%@ﬁﬁg 8. In this embodlment there are 32 bits total of

data mask bits to transfer, but in other embodiments, 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 OOOOOOOO 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 is 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



5 [0052] Data |ines 824, 826, 828, 830 may be used in an enbodi nent of a
menory connection, such as nenory bus 110 of Fig. 1. A possible

i mpl ementwoioensawts nenory bus 110 may conprise a circuit ®eCTases/@misore
mul ti pl exers whose outputs may be coupled w th one bit per output device.

Fig. 9 illustrates two exanple circuits of multiplexers to select elenents
to transghimk,datd mAbIE Rk, anl AhAliREYd B€ trafdfe@éd]i Tchii® 90N enasnboshaldivus @ t hi s
lo invention. Circuit 900 illustrates a circuit that outputs bit 0 to

devi ce Q(iaréj[.l)ﬁl édwewmtrﬁglflglﬁgrs ggi,[)%@,oﬂf’&s ﬁophés @1@,f 9Q@Véo%:'eslgﬁtdg{g[ k,g. 8.

In this odi mént , are its tota data mask bits r ansfer
but in ot her, enbadi t that n may valy. Data. sk i,ts t.o 31
D onnect TBRRER o2 BB Sop lffindd SOReS o Pebpt it Risl iRfopcBinloh il g

mask bit nmay be appropriate to send based on. a pi.ng of .data mask bits to
data chu#figet dafsontpit may e?rmee&*erdsém&q blgg@nﬂweﬁﬁgg AnBEdtiadidiag HEYHonds
to the nmappi ng between data nmask bits and data chunks for device DO bit
0, and &§0aind 00 and optignadly agidopoabGrdults ke additional Bevics piteway alewerserigo4 nay
be hardwired to indicate that value. In one enbodi ment, binary zeros may
be connedtadtiplexertobadbiend ldxdrimtly atdass onagath enasb bitant atleast qnodeta dhank
hardwire a mapping. In another enbodinment, nultiplexer select 904 may be

connect g thesdind B ®BEd todRerfiolyNasAdesEftidi fighdregFipt €0. 203 in Fig. 2. [0053]
Mul tipl exer 906 may select to whi ch menory rank the data is witten. Menory

c . . ; g
rank may lof%'sfiﬁer E}qng.gﬂ) hiSrRTRE BreY 1860 E6h Hélg%hﬁﬁﬁplg?éfs e se16qY l\}ulhl |ﬂ6$e>a<ler

circuit pl ng 1s equival ent anohg y nmenory ranks.

908 may ,contro] . whether a ta chunk or. a.data kK bjt . be . transferred
on 11 ns B At s o B oS B iR S SolBiel! SRR B o o,
Many ot her enbaodi rrenﬁis exi st to select data lﬁ VO 03,@1(1)83665 PCT&)J;OS/ 07915
chunk® ae&mhediment.dhgse mplpleners arqioctisd ecqntiolier L2 ofhe BppE M3y Ypdattmy be
anal ogous to circuit 900, with nultiplexers 912, 916, 918 and |ines 914,
920 cor maaspobith; rthe toutputs may be data mask bits selected from the input data mask bits

according 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. If 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 multiplexer 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.
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mul ti pl exers 902, 906, 908 and |lines 904, 910, respectively, and with the
exception that the target data output may connect to device DO bit 1 on

i ne DO. WO odvo83ebguit including circuit 5 900 and 910 and poptusosratony
additional circuits to additional device bits may allow a series of

mul tiplexer to be able to | oad both at | east one data mask bit and at | east
one dat a[(®88hk Inrth¢ hbowaembbdinent, thé eaduitsoim®Bigordyandad0dmsershbed thatra her in
Fig. 10. [0054] Fig. 10 illustrates an array 1000 conprising nultiplexers

to sel ecrﬁetﬁor?‘a&mtrﬂﬂer hﬁva?r@%ﬁnewwtmht@taaﬁﬁsmﬁ@ 6B SmasdiC BRpKHehy O

an enbodi ment of this invention. In 10 one enbodi nent, these nultiplexers

are | Ocqﬁr%qglg gn@g@u&' Aeg%%%ecﬁ@g. i @geteﬁab%aﬁaﬁ.o@%@rg@ﬁn%@ihgp{agy

out puts may a nas its selected from eln

accordin t he. appl.i cabl at.a.nmask . . The, notatian L ndicat es
he el apisterSHoHE may Be o SRURE IR uRRPer Elieien e sy fle ortfOfE,
indicate which bit in the data mask. Figure 10 shows multiple multjplexer
arrays EdRYSBleEecIFlsrE b -yiorgpnd Rl HaRAWes  Pinodier eBthodiment ip PRRETaM dhde
controlled by a different array. |If each rank has the sane mapping, then
in one entoelymentrollethwith andata nukk Map erudats pask enap sehymayebe éos et athe

full nunmber of nmenory ranks. Instead of each bit having an N1 mul ti pl exer,
one nulrasklmagedataviiom atocatidrpint mehory, arfdd esech suftwatielaligonthal tor produderd datpl exer
to select which rank to access may suffice. Although not shown in Figure

10, the mRRRPhAOoratainbak MBSletbi ts to 20 data chunks may or nay not infer
whi ch nenory location may be intended. In one enbodinent, the nmapping does

not i nf e[oofsla _ ' hgﬁaade@ra AR d F aCllERofT obfa?r?ﬂhtﬁ?m%%ﬁrggﬁr}g%crmnks

and nmap [ocations™for at devi ce. anot her chip 1s use pi ng,
st orage,. and/ or gener aty ic can be mnimzed with tailored rules or

ot hed® inBredy. FHAC RS SEADAPE Th o FEeRY atbebls” abCufedd Ste Rt i BEat! on
schenme. 17 WO 03/083665 PCT/ US03/0Q7915 . [0055] In the above epnbodi ment, the
circuit g)r?qqntppg@nt@narﬁleﬁfl}] 406 map anghudejgformation stored 1n 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. Each
memory module 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
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menory controller may be programed with a data nask map or data mask map
set through multiplexer select connections. One enbodi ment of programm ng
t he menorwo cesdes®l | er ordering may be to hardw re mul ti plretarsosetoest s,
such as nultiplexer select 904 5 or nultiplexer select 914, to ground
and/ or power. Another enbodinment to programthe nenory controller with a
data masif ¢RR MEmdAl darkas Kn aBtheeteniBadindéht! €her @ithi ANk fhapging NBfdfmatipn dat a
froma location in nenory, and use a software algorithmto produce a data
mask ma : 5o ggﬁ@] | i l.agr am of
a net ho b%n%ﬁ{rg?n@ﬁt a rré%@to%l%)pi g ()n{?cr)g F %1]} c%}d%%t%ﬂtﬁgﬁygﬁé Lsgign%%gl n a
menory modul e, _accordi,ng to.e di s _of .t resent..Lnvenitd q The SPD
106y PL PRy oI e AR ERBRE ST e nilaibe SoneBief BGRL ph L Wen X
progra ble read-only nenory ¢hip.on a synchronpus dynam c .random access
menor y m%g?fexfg% a Pl’%‘bﬁl’ @@htaég%&r P 2% “é‘{Ig T Y ?rrfﬁi‘ﬁ/%aségmi‘tﬁ% “ﬁ’ﬂ?o‘gF e's
size, data width, speed, and voltage. Because the BIOS may use this

i nf or Fratmanpingschemes giip anamray madvlsy tharefiers; (when maghy indigatar s peceided alompy t y and
performance, the BIOS nmay al so benefit froma data nask map or data mask
map set isdioatedhé datd hesISREPADE stlenpr agraamteheryreaniirof thomemolky moduléhdor SPD
106 for this enbodi nent nmay include a storage area to hold a data nask map
or data example, Todeivifg ‘Vendsr AreRaPiindiEdirtiatSeihrak SRIRMERP of 2AnRindryg. 1.
[0057] Method 1100 of Figure 11 commences by obtaining data mask mappi ng

20 1 T OO Ral HABHAY SAld R0 ahBHHEARINIRIRink IOM!BmedhedibACESuIR g K

1102. Eac menory ule 1n the systemnmay conprise one or "‘nore nenory

ranks and each of t no ranks nmy hayve a different t a mask .mappi ng
Sehene. TR schRme ol 8 AORer ARRCE PR BEEE sfnd mierisS o Bes BEPHIBRC ¢
may be deternpined fromthe data mask mapping i nformation, at process bl ock
110419 | (F°B§iBE 225 enbodi nent, the data mask mapping information may be the

data nmask mappi ng schenes 18 _ )
[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 characteristics. 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;
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WO 03/ 083665 PCT/US03/ 07915 of each nenory rank. In another enbodi nent,
the data mask mapping information obtained fromeach nenory nodul e may
conpri se WO ososgiiceat or of the mappi ng schenes of each nmemecy/usosietoes An

i ndi cator of the mapping schenes may be a word, such as "Vendor A" or a
nunber, such as "4865". The word or nunber may be associated with the 5
mappi ng therbfore eac ofithemmaniory raxtks| of ,eatthmemboy modulh emyasel to bdiegcahimed its
received it may indicate the data nask mappi ng schene of each nmenory rank

of the nREPHIheTREHAE masRmap@¥a&P! e, receiving "Vendor A" may indicate that
one rank of nenory of a nenory nodul e has mappi ng schenme X, anot her nenory

rank of fdR1 pATMBRIR 00 BVl 35 colfBRARLAh P GBS Y PThoARRY Belk SEIOTY

rank of anme nmenory nodu as napping 10 ter the
data nmask mappi ng,schenes ar.e .0 j ned, . t he ry contrqgl.ler ma e

or ogr AP IHOTHE Arperoroeh hTs el el P e GTHefit Proska pinEK
information fromthe SPD 106 may prqvide nenory vendors the flexibility of

def i nt nd2Pheand iifst wWe BAsEEr mf bhpsrHRMsd 4o iliaeiapgs ekmemgnnivithe adeded | ayout
constraints. The nmenory 15 manufacturer nmay exclude explicit nmenory mapping
i nf or matemoryrrank wity | firsetast dafa patemeatdproeess blpgk|1286.e Fomapample, a
corresponding to the vendor's SPD information. [0060] In addition to

har dwi r iwitte aratisfiee that ynaly beahé osdth @f theemakimuamn dath eransfebside maytbe fepfopfiedr am
the nenory controller with a data nask map or data mask nap set may be to

deduce tyieh glah@ prBeta JTBIN 0§, HEtbebiust Shdbs@tedafata\mn e ﬁltsg@agmaa&@that its
investigate a nenory 20 vendor's nenory characteristics. Fig. 12

i |l ustrates. af ég%’fcﬁiéﬁgneh%g} r}g,ft 12 d,g?%(p@,dmz %ncﬁeggt @gﬁ%ﬁl’eﬂﬁg%@% ﬁpﬁ(‘;tpgap of

each nenory ran accor this
e e B SRS S e SR U B P2
as an exanple of one nmethod. Menory npdul es nay conprise one or nore
mermory rBgiRafe 4ha 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 data 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 written 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 pattern 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



25 each of the nmenory ranks may have a different data mask map or data nmask
map set; 19 WO 03/083665 PCT/US03/07915 therefore, each of the nenory
ranks of weobosmsdry nodul e may need to be examined to decerusonedihe data
mask map or set. [0061] Method 1200 of Figure 12 commences by selecting a
first menory rank of a nenory nodul e, at process block 1202. Al data mask
bi ts ar avgssthetfellowing(is af @xsmpleafione embdAinenand\ feallireqiesvof the dutaaiasher may
be perforned to fill a range of nmenory in the selected nenory rank with a

known firh@% dfeRbmeAat ﬁ‘laﬁ%tﬁ%ﬁ@rméﬁ iPb186Ie 331 B! 76K 1dc8f6n oF e AR huAk Wite
transfer that may be the width of the maxi num data transfer size may be

perfor Wt h ter alh 1 e t at a
sk bi (2 hie e Bl PR HElueRhirRl by bopa L R RS 08 AR BNER S
the ran f r be filled w the 1 attern of .1's ependi ng on
t he con&gﬂ'@fsog{,e{@oﬁﬁf% na‘Iaa"’eﬁg Yis t%% LiEN &fﬁ’&gwnb‘?fPC%yb‘iknh%ngt’%qgﬁat its
associ ated data chunk may be masked. The al gorithm nmay adopt either

conveht iRseriourRxample, @ pattemRfAlhk s twas Afritiess eWher) a apismateh orcwss.itherdgeationi cat e
that its associated data chunk may not be masked and a deasserted data
mask bi tofitheymodified ahunki gy bailentifiest ed data chunk nmay be masked. 15 [0062] A
test data mask pattern including one data mask bit which may be asserted
may be wWO0068Een iThepriethéd chdakw tkcohdidBe thd chenkard thie tehd dita am HecshusilayofltBe
performed to fill a range of nenory in the selected nenory rank with a

second KpowRhA@Al AafapdtRED thit WiOGRRen iR 6kesd Itk 6 Q¥R On theWidid e
transfer the wdth of the nmaxi mum data transfer size may be perfornmed with

ﬁnﬁatcﬁgﬁ%‘;%'?g B ‘?;’E {n‘ﬁ%‘%flﬁ%&%&&gﬁimﬁgtﬁ%@?ﬁf‘?ief*dsﬁv‘ﬁ%ﬁ”f%ﬁaséﬁfe B of
0 ' ' in1s. |
Che 4boVEel e R ten PRSoGERURIRk B2t clos A RUT therfi Sk X Greketon b i

the nodified chunk in the range of nmenory. In o
the chunk size until the chunk matches the “tag’ used in process block 1208, which in the

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 pattern 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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one enbodi nent, a second test data pattern may be witten in process bl ock
1210. [0063] The "tag" may be used to identify the data chunk w th which

t he asserwed3dsices 25 nmask bit may be associ ated. The nodipCirabosmenk of
data may be identified in several 20 WO 03/083665 PCT/ US03/ 07915 ways;
the followng is an exanpl e of one enbodi nent. A read request of the data
in the fpoasee Oﬁhﬁﬁﬁwgwingms&@tiﬁﬁﬁi @ beeébnisiderdd Qs kil kesbbets DAl dsoidlastraed of the
nodi fied chunk within the data pattern may be determ ned by conparing the

chunks ghq LBerekEREvVE A ﬁ\g}sg%;{(en?f et Obf thlilEinbidudh, WNRMoAHf &k g8 n that

was written 1 n process 1206; 1n the 5 previous exanple, a pattern of
all 1's was jtte en.a n . smatch [ the |l gcatio f ified
chunk ngymﬁéx%%@%Wﬁ?F§§2n?ﬁ%gﬂfﬁﬁ%hnﬁgﬁgggﬁ%ﬁggé%° §?§%§§§%§”?%§%§ﬁ§ﬂks of
the read data to the chunks of e first kn data pattern that. S
WL on departing ok 151 UK Qoo rabpEeercs Al b Ees el Fag SBiin Ghe

met hod may be to XOCR the read data with the first known data pattern lo

t hat Swasneaningtand repgeeiobe squivplonky aftbe claimgiateatolbe enplhraged: Wishinedsinseopst t he
XOR operation by the chunk size until the chunk matches the "tag" used in
pr ocess Variatibnsl 20 8ntendddcto benintlnded jpr evbalimentx afihie irvestion, agliclwasslimited 0" s.
The nunber of |ogical shifts perforned indicates the |location of the
nodifie@nghgnmesﬁ@@ﬁﬁdmy$eafﬂﬁgp &del crim®f the nodi fied chunk has been
identified, the mapping of 15 the data mask bit selected in process bl ock
1208 may be known. For exanple, if the selected data mask bit is the first
data mask bit in the data nmask bit pattern used in process block 1208 and
if the nodified 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
mappi ng of the other data mask 20 bits nay be determined in a simlar
manner by | ooping through bl ocks 1204-1216 until the
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| ast data chunk has been used, as determ ned at block 1214. Bl ocks 1218 and
1220 may then be used to repeat the process for the remaining ranks. \Wen
t he | ast werk/okmss been processed as determ ned at bl ock P2rajsos/mi1process
may end at bl ock 1222. The mapping schene thus determ ned nay be stored in
controller 102 as previously described. 21 W 03/083665 PCT/ US03/ 07915

[ 0066] T& Clairegoi ng description is to be considered in all respects only
as illustrated and not restrictive in the scope of enbodinents of this
invention. Variations will occur to those of skill in the art. This

i nvention may be enbodied in other specific forns without departing from
its spirit orAasthédlcosipasiagt eristics. Al changes which cone within the 5
meani ng and range of the equivalency of the clains are to be enbraced

Wi thin our SCORGiningYFHdniifis aaﬁl%rdoq QP& ifolSatiofCloUi@ttateNa AAROHIaSENt S Of
this invention, which is Ilimted only by the spirit and scope of the

appended ela 1R 22 00 2L PRSSRS, ESTHTRZ QRN Enolf o gl A et hod

conpri si ngit o ning, nenor rmation to indicate
a data mask i.ng schene to be used . in mepory nodul e.in the nenory
ystem and sUCBRURIE R A eSEaP R S PRS0 SHETBAR on t he
information. 2. The nmethod of claim 1, wherein said obtaining includes:

sending at | east one instruction to the nmenory nodul e directing the nmenory
nodul e to send the infqorpation; and receiving the information fromthe
menory mbdul elhapetiodp elapad nyhergm %}%?Wlé{ngm@f@h said receiving the
information fromthe nmenory

sending at least one instruction to the memory module directing the memory

module to send the information; and

receiving the information 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 obtaining 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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nodul e includes receiving the information froma serial presence detect
within the nenory nodule. 4. The nethod of claim3, wherein said receiving
t he i nf orweto3os8665 om t he serial presence detect includesPceasoyorg an

i ndicator to indicate the data nmask mappi ng schene. 15 5. The nethod of
claim 3, wherein said receiving the information fromthe serial presence
det ect i Reghltegdatagratemi thet witestatad & fhia SdngeRP Pichthbrs e43pomsivedto thdat 6%t bael of
claim1, wherein: said obtaining includes witing at | east one test data
mask pat E&{&tﬁﬁ;ﬁteﬁ{ beifg Rodfia byl Skt 188 BnPRbL Rk mhsk FatteAgRd Of menory in
the nmenory no e and feading at |east one 23 WO 03/083665 PCT/US03/07915
resulting data pattern that was stored in the range of nenory responsive to
the at | east saiédetersiningaingluges determiiag agortnai ¢fj thel digg mask naappingascheee t est
data nmask pattern; and said determning includes determning a portion of

t he dat atgrSlsedfgthéginge bEn®motwbased oS et ot doastt die resulifyey difta patreniy based on
the at | east one resulting data pattern. 5 7. The nethod of claim§6,
wherein said witing includes: performng a first wite transfer to wite a
first test data pattern to the range of nenory; and perform ng a second
writestransferhé methdd ofan@f 6QivheRIMId wiitifg Grehrest wite transfer including
a second test data pattern and a test data mask pattern, the test data nask
10 pattern topQefithd Lokl AHES radfBALIWAE Akirdatd &t&lﬁé&temt@ﬁe ﬁﬁg%@' test
data pattern. 8. An apparatus, conprising: a nenory controller having a
hardw red sel ection device to programthe nenory controller with a data
mask mapfﬂeﬂl&% me, the data mask nmapping schene to associate at |east

one data mask bit wth at I(?ast one fdata hunk in_a mam)r% nodul e; and
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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15 an output to be coupled to the nenory nodule. 9. The apparatus of claim
8, wherein the hardwired selection device is to receive the at |east one
dat a naskwbios/osssds at | east a portion of the at |east one @atrasokoemks 10.
The apparatus of claim9, wherein the hardw red selection device is to

sel ect one of the at |east one data mask bit to be associated with one of
the at | east one data chunk 20 according to the data mask nmappi ng schene.
24 WO 03/083665 PCT/ US03/07915 11. The apparatus of claim8, wherein the
har dwi r etll.sel €b¢ apparateyofteains 8f whenejnl thehatdwitddeseltation derdée iseppinplpnsarhene.
12. An apparatus, conprising: a nenory controller including a storage

devi ce hg¢idag haskahappingthédel ndi cate a 5 data mask mapping schene for the
menory controller; and an output coupled to the nmenory nodule. 13. The
apparatus of claim 12, wherein the storage device is | oadable with the data
mask map by software. 14. The apparatus of claim 12, wherein the storage
devi ce i 2 | oagahbparuttohtpeisiat @ 10 mask map by BIOS. 15. The apparatus of
claim 12, wherein the storage device is to include the information at

manufacture t ghm . co;m@li H?ﬁgfﬁh $ Qbra J:% é%avxbfg atidifid E;fdfbraﬂéa ion is

to include at [east one cat or t cate ata mask mappl ng
schene. i:1L7 The appar at,u elnthelnforrratlonlsto

12
i ncl Wtle 418 MesE PeRROR SCWS"H&%’&%&’QCOV\% . %rﬁslstem conpri si ng:

an output coupled to the memory module.

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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25 WO 03/083665 PCT/ US03/ 07915 a nenory nodule to use at | east one data
mask mappi ng schene to associate at | east one data nask bit with at | east
one dat a wbuwsks3ees menory controll er coupled with the nmenorgTrasdibd®is t he
menory controller to be programmed with the at | east one data nmask mappi ng
schene used in the nenory 5 nodule. 19. The system of claim 18, wherein

t he menory noguhetndriphetdids taausd stsleastvde dathanaskdmappn® sghensento dssodiste ant

| east one of the at | east one data nask mappi ng schenme. 20. The system of

cl ai m 191, WhRk Al rhddR bit wish atTBAPbNe daANKhink; t 0 use a different data mask
mappi ng schene than the second nenory rank. 10 21. The system of claim 19,

wherein the fir j i ene as
the second metBryFEaBr o UphRd SAULEE ST AAE (E Hem T PR RS
controller is to incl.ude a storage Vi C to he ogranmred w th one of the
at Ieastg‘i)F?é(’5’1'%119’3e?lr‘aal"g‘ﬂl offi #‘?ﬁ“sog‘ﬁe‘f?ga H‘é’gl& T3PS ci’% ﬁé’r?g(ff SafiBo™%3. The
system of claim 22, wherein the storage device is to be coupled with a

sel ecti ofoddlévi ce to sel ect one of the at |east one data mask bit to be
associated wth the at | east one data chunk according to the data nask
mappi ng schene. 20 24. A machi ne-readabl e nedi um that provi des

i nstructions, which when executed by a nachine, causes the machine to

per f or m bedkeisysiemcafrgiaims i hgvhaenis oenmogg gesiukancludess drgmd ascandi ng,
fromwithin a nenory system information to indicate a data mask mapping
schene t meheryseakl to nseaat hesoone afthkidtdedshonedatamaasl mappisg echemend

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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determ ning the data mask mappi ng schene based on the information. 25. The
machi ne-r eadabl e nmedi um of claim 24, wherein said obtaining includes: 5
sendi ng awolmeasicedne i nstruction to the nmenory nodul e di r ectriusg3/oes menory
nodul e to send the information; and receiving the information fromthe
menory nodul e. 26. The machi ne-readabl e nedi um of cl aim 25, wherein said
recei vi ng t heobthintigidton® witHifi Gmreh@ryrepden, infokatioh ol indieater £clatavinagk t he
information froma serial presence detect 10 within the nmenory nodul e. 27.
The mac hin'ﬁﬁpih?@&ﬁﬁieﬁo'ﬁ@%ém%fm&h&'y%&ﬁﬂe WNBE BiemotbytdnGRlVi Ng t he

i nformati on romthe serial presence detect includes receiving an

i ndi cator to jndi d j : The

machi ne- r eada $%5ﬁ§%§6%$%¥9%%§fﬁ? ?gg§§3§?%§§ﬁ gggpggggggﬁhing i ncl udes
witing at | east one test data mask pattern and at | east one test data
pattern to a range of menory in the nenory nodul e and readi ng at | east one

resultin a t.t ern,t.hat .ed,j n.t a f. ry.responsive to
t he at |%5ag? % gcehl?ee'g ad%})ggéneph éfrcﬁgl e%Aﬁgv hﬁgeg?%%lggg%&l?ﬁg&dgﬁ'east one test
data mask pattern; and said determ ning includes determning. a portion of
e at o ek SRAIRG: Hglcatingife eUBCAQY 5o T BETIOGY TGS AHEEE e REFPrbased
on the at |east one resulting data pattern. 27 WO 03/ 083665 PCT/ US03/ 07915
29. The maduleresenddbabifermatighigndof cl ai m 28, wherein said witing includes:
performng a first wite transfer to wite a first test data pattern to the
range of nmenmcyiyingribe pdorheation fignaths ewaundy mdduke. t ransfer to the range of
menory, the second wite 5 transfer including a second test data pattern
and a test data nask pattern, the test data mask

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 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
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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pattern to not wite-protect a particular data chunk in the second test
data pattern. 30. The machi ne-readabl e nmedi um of claim 28, wherein said
det er mi niwg whe3epdrti on of the data mask mappi ng schene ipealusd®s’91s
identifying the particular data chunk in the second test data pattern
based on the at |east one resulting data pattern. 28

29. The machine-readable medium of claim 28, wherein said writing includes:
performing a first write transfer to write a first test data pattern to the range of
memory; and
performing a second write transfer to the range of memory, the second write
5 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 portion of
the data mask mapping scheme includes identifying the particular data chunk in the second

test data pattern based on the at least one resulting data pattern.

28



