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I NFORVATI ON UND OF THE | NVENTION Field O The Invent 01]
"~ .The present Wﬁ@gﬁ@% rel ates generally to the field of conp'h&gp
?I\/bre particularly, the present invention relates to the field of rrermry
dat a nmasks. Descripti ' Rel a |caI corrputer system
i'ncl udes nenory. A nﬁﬁ?&ﬁgﬁﬁ%T@fﬁgﬁg%dﬁ%%ﬁF &0Mhd dat a needed
by that program code. The nenory can be included on one or m)re boar ds of
integrated circuits. Typically, the nmenory is coupled with a nmenory
controller. The nmenory contgQtKIROOND OF THIINVERTIUN cate over a data
bug through pin connections. [0003] Data nasks are used to prevent
sel ected data from being overwitten in 15 nmenory. Accordingly, the nenory
controller can use data masks to nask specific data to allow partial wites
to,menory. t y be associated with one or nore bits of data.
The associ ated data nmask bl ocks wites to specific nenory |ocations and
al | ows aw i[0881]i nt ThephesentIpentin wlaergenyralipdathedidd offvanputermeamaryt Momnor y
is perforned, the selected data in nmenory that is nasked remains’in
menory, angaitibelade)the prderldhventiditielates 1@ thefidld ohmkedny datd fpskdced by new
data. If the nmenory controller does not use data masks, partial nenory
wites may take much |onger. For exanple, the menory controller may
approxi mate a partlal wite by reading an entire menory area, merging new

‘ g back the entire nenory area. | 19 MAY 2006
150041 Currently menory chi ps inpl enent nenory

diﬁa masks [6)(}'023'“ ng Pcaf %En%plﬁer 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 mésks are used to prevent selected data from being overwﬁ&en in

15 inemory. 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 déta 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 1n meméry 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 controlicr may
approximate a partial write by reading an entire memory area, merging new data into it,

e - and then writing back the entire memory area.




for data mask bits and for data. This can greatly increase pithgcHant24is

I ncreased pin count increases cost, package size, and, in sone cases, die
Si ze. Usi ng WOW®a0866S pi ns for data mask bits and for dat a MUEEW%

}pr ogranmi ng of registers with these nappings. 5 BRI EF DESCRI PTI ON OF THE
‘DRAW NGS 100051 Enbodi nents of this invention may be best understood by
referring t0o0#e {Caintently, memiwy chippimplemenidnemerydpamyaskgbunsing figpaTate pins
illustrate such enbodi nents. For a io nore conpl ete understandi ng of the
embodi ment Joodath hiask bity &Rt fopdataarThis bm gembnine@es: pih keudofIncreadedrpim ceurits
now made to the follow ng descriptions taken in conjunction with the

acconpanyi f %r%@é’%&gipackfge"m& Rind, m%ﬁle Edsek, dle Siké. Uﬁsr%‘&%a?a’fb MR ITBF Bhtd

system corrprl Sl ng a control according to one embodi ment o this -

i nventi on. , | ust r m of a

| ment1on. wha HORH ki of b R A BRI AR

I nvention. [0008] Fig. 3 illustrates a waveformof a wite transfer in

which d# a nmasks are integrated on the data |ines, according to one

enbodi ment of this invention. 100091 Fig. 4 illustrates a flowhart of a

met hod to provi de an i nt BRIBEPESCRERERIQN QI THRHBBRANINGSd nenory,
~according to one enbodi ment of this invention. 100101 Fig. 5 illustrates a

bl ock schematic diagramof translation logic to integrate a data nask |ine
onto a dat go@B)nk EnbedimraR0sfinigirventisie nagitedbese Mhdaftobdits refereingitonthe

100111_Fi g. 6 illustrates a block schematic diagramof translation logic to
change ‘a mg%r%de@énﬁ%%%&‘o?n Ayaldaeh mhat IRSEAE KhchlerhBoddRent8 TRagk Ment
of this inventioh. 47T ,Q MAY 2006 03/ 83665 PCTI US03/ 07915 [0012) Fig.

Lol R A B ROBRY n d Sobee
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
D integrated on the data lines, according to one embodiment of thié invention.
[0009]  Fig. 4 illustrates a flowchart of a method to provide an interface between a
20 processor and meinory, according to one embodiment of this invention.
[0010])  Fig. 5 illustrates a block schematic diagram of translation logic to integrate a -
data mask ]ioe' onto a data chunk line, according to one embodiment of this invention.
~ [0011] ~ Fig. 6 illustrates a blook schematic diagram of translation logic to change. a

mapping of data masks to data chunks, according 1o one embodiment of this invention.




10013] Fig. 8 illustrates a table and bl ock schematic of speciﬁgcﬂﬁﬁlﬁfﬂaﬁ
exanpl es of ¢ajgsnshg@sk bits masking specific exanpl es of dat @ﬂgq}rﬁ
according to one enbodinent of this 5. invention. [0014] Fig. usltrat es
}tvvo exanple circuits of multiplexers to select elenents to transmt

mul tiple bi a otk ion.
[0015) Fig. itﬁi’éifl | us \r/fa]ftﬂgsstmg%c%pga co?r%gr)?]g}hﬁm[d HE H* ége?ltét ]gerg%%&%%
mappi ng be ta_ _chunks, accordlng to one

enbodi ment %\é\ﬁ’tai‘fi:%r &%ﬂ]ﬁ %ﬁéwﬁ'ﬂeﬁ% JUNFRIIONg 1 | | ustrates a flow di agram
of a nethod to obta| n_data mask map information froma serial presence
detect (SPOOUIN a MigrSrljuskates |aéablaée@)bgph§ch@ma@mf specifie yplveexammples n?éata
invention. [0017] Fig. 12 illustrates a flow diagram of a nethod for

det er mi ni ngnask bits masking spasijspixagpdasivdietachudac iccorling tp orerdminddimentedlsy
nodul e, according to one enbodi nent 15 of this invention. DETAILED

DESCRI PTd OMivelrtidiilE | NVENTI ON [ 0018] In the follow ng description, numerous
specific details are set forth to provi de a 20 thorough understandi ng of

th nbodi f -
(he 5o R4 of i oS AR b0 o ;czrfgmgépéa%@f@“%é (ol el
e B AN i S BAS IR G 1 20

[0019] In b nts, the invention may include different ways to
progr am 2&8@53 eglE‘Eeagvﬁﬁﬁr%{e%éf'aa"ﬁ%I@OWB‘BS’DE/d?‘F]BB@X@ﬁb@dFWt% M#PIRkle a

hardwiring of a data 3 1 9 MAY 2006 WO 03/ 083665 PCT/ US03/ 07915 mask map .
into a me eqnodeta wpskehits apd detarchunks, awbrdinglatoae mabadiment 6f this invéntiont i on 'i n
’:}mry, and a deduction of a data mask map by a software algorithm The

data nmask {8{16] mayFigsKoilluatrstesiatfiowrddgran o aanshéeBiookhindata ek thippingrask,

where a data chunk may be

: 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] Inthe following description, numerous specific details are set-,foﬁh 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.embddiments 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
_ _ 5 _




any defined quantity of data. [0020] Fig. 1 illustrates an exenblfaMAYsidBem
100 conpri si roller 102, a processor 104, a nenory 1 '
menory bus 1%%@%@2 may include one or nore data lines w tﬁgygg'g’%ﬁg]&s
}i ntegrated on them according to one enbodi nent of this invention.

Al though described.in the context.of system 100,, an ' f the :

hvent fon igR,2e0 i RERPeReFiroUR, Y TER ebmopRorRl i T Jocdiifein
integrated circuits, 10 [00211 Contrqller, 102 pay be a part of a chjpset

174, for eXBAPPR; 2 adedpshion ol daip mask PR 8 seltwive leortin.( Theglata mpsk mpp
firmvare hub (FWH) 170. Controller 102, ICH 140, and FWH 170 nmay each
conpri se arpayaisoeit datai makititsyand datafobpnksribatethiyo tiaste nwhesg @ datarphuelmrydie as
separate integrated circuit chips. Chipset 174 for another enbodi nent may

conpri se anmmystefihaljanityefdatanore i ntegrated circuit devices. 15 [0022]
Controller 102 nmay conprise any suitable controller architecture. In

vari ous enbamauPnt Fig Sy fi&Fake A BlenfAFTd3@nP 160 LonfFRSAE (PRI, 3V

of which may provi an I nterface, cording to one e di ment of -t

i nventi on. Lher. 102 o [ n i.t.able | nterfac n Ll ers
to'provi de FEPERIOEiaRpi s, ST T WSt gl HefideraR o Bt Bl S
devi ce or conponent. in conmmunication with controller 102. 20 ntrol l.er 102 -
for one en@Bg)Wﬁﬁ a%d?a%ﬁ RIFRFated ont w,eaca?rgmgrtatqn&rﬁmb&d*rﬂ@mﬂé?s Hpygntion.
coherency managenent for each interface. 50023] Controller 102 may be
coupl ed wi Pithpnagh deseralesdsiorthe oentexct 21 systgm d00.dan embodimertrafdbe inventigromay der
104 over processor bus 122. Processor 104 nay conprise any suitable

processor anpleintsted irr My systemadoinpuising by dhaénmere integiatddasircaitet em 100 may 25
-Qghprise one or nore processors. 104, any of which may execute a set of

i nstrucfpi ongoimat oSV 49 B WP RIFATRERE PYT (/2R 3MBiED 4Ro d6:8pliding an
accordance with an enbodi nent of this invention. One or nore processors 104
may I/O controller hub (ICH) 140 and firmware hub (FWH) 170. Controller 102, 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 c;.me 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
J comprise any suitable interface confrq_l]ers to provide for any snitable link to memory bus. -
110 and/or to any suitable device or component in communication with controller 102.
20 Controller 102 for one embodiﬁent may provide suilabl¢ arbitration, buffering, and
coherency management for each interface.
-[0023]  Controller 102 may bé coupled with the Iﬁrocessor 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




be conbined with controller 102 into a single chip. [0024] In ohd MAY 2006

enbodi ment, Q@sfRids€r 102 may be coupled with I CH 140 to prgu ess
g)o | CH 140 through a hub interface. I CH 140 may provi de an iir;: Jlé/rgs(géogg "0 one
r 5 nore 1/0 devices or peripheral conponents for conputer system 100.

| CH 140 may, | S Ul Lot contrallers to provid or_any -
su table 1k HRCbENA it h ABb A hE T8GR0, Ok §F Bt mBF SR IPL B
conponent i,n co icgtion with |.CH 140 I.LCH 140 for one enbodi nent

provi des sUi%%B) é"earv-ﬁﬁl‘ioé‘frioﬁﬂ?ﬂgﬁdf‘tﬁﬁfsf”&l‘?ﬂ’ép-f or each interface. [00251 |CH
140 for one _enbodi nent may provide an interface through a super. 1/0 io
control | er (0984} o dniesgsethodiment, controlnrd&2 182y be coupledphtb IEHL 540 taaprovideus
157, one or nore suitable devices, such as a printer for exanple, through
one or nor ecpEs & IGH 1@0rthmough 5 Jub dnerface. NICIE 140 iniAprovide wh Geeriidy UG ane
or ~nore serial ports 154, and a floppy disk drive 155. O her enbodinents

Mmay provs dendreried) de@ivBs or PeriphdrdledorionBRY 16 SoMPater isPdi&h APHES ¢ Y0S RRYN-
t5 100261 I CH 140 may al sgJ bg]hcoupl ed with FV\?—I ?78rtsg§ provi de an interface

to FWH 170 L, ' ' W= controller to
provi de 1 or s, S TREHEE oot & Mo o BB i o pgriony.
enbodi nent h | east a .poytion of the interface bhetwee 140
and super f%}/_"é%ﬁﬁ%ﬂaﬂté?f 94py S‘#\ﬂhﬁﬁ%wf:ﬁawmea?ﬂm weommyucabion Hﬁ&qﬁ%ﬁ t
system (Bl mory 172 to store, suitable system and/or 20 video BI OS5

sof t war e. g&r@?ﬁﬂ"ﬁ epppdimgnt promises satahlparbitratiomand bidferng fertdark interfasey |
for exanple, a flash nenory. O her enbodi nents nmay provide nore, fewer, or.

different [8@2A]ceslGihd4Drfoerhiacmbodiimnt slag\pmovifl®@a hteffacy thodughra ijRr QY be
al}o coupled with and provide an interface for a nenory 108, which may be

part ofwa conmollyr $505iceakeduied Y51, ABmbBse B30 emiddphondd56) a sigfusCIBRIe oné oF
exanpl e, for use with conputer system 100. Menory 108 may coOnprise any 5

;19 MAY 2006reViitdre QRIRES, S a4F PRt FoP 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.
5 -[0026) ICH 140 may also be coupled with FWH 170 td provide an interface to FWH
170. FWH 170 may comprise ény 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 | -




suitable nenory, for exanple, a random access nenory ("RAM), Q'li %qq&v%%/e
102 may be coupled with nmenory
e

t hereof, or “@eﬂ%%g&},& al menory. Controller 1 ‘ N

via menory b > Menory bus 110 may conprise a bus, whi cHCHEF¥H&Iud
idata |lines, address lines, control Ilines, or a nmultiplexed conbination of
such | i nes. ta masks .integrated qn a data bus may, elimnate the need for
a dedi cat e&“ﬁgﬁﬁn}’?ﬁ?ﬁy’gﬂ%ﬁﬂg’ﬂ" enﬁymﬁﬁlﬁ" JqECSS ey I%M’Irﬂ’ Aadenyatiye thegeaf. o1 a
data nmask pin on a coupled device. A conbination of data mask bits and data
chunks on &cprentipiiemetiuceontradien it araydic enuplad wish niesensy yéa iemoarg bus tId0nap
the transferred data mask bits to the transferred data chunks, a data mask

map may be Mempbprientidd nidyadonipeiye ®busyawhictomab éndludd datalhRe Caddidss dined, @ORGH] | N
one enbodi nent, stipulations may allow a briefer data nask map set. For

exanpl e, i §inB&Yor RemAtiBAREohbiftbR bf Such)fe® "DhidFhasks &?Jg*ﬁéd‘oﬁ@agtamug rﬁ‘é.r%gl
never map to another given data bit. Thus, the data mask map or data mask

map set Of of;hat. t J di n | b LEty. JAS
anot hor “oxannytiet® 3% RREE s ol B8 SR At BHE LAY ob{ BlreBRTH) Bpiete, e
one-to0-one_coyresppndenge exi sts between a data, mask apd 15 ata ¢chunk to
preserve d3f¥ 1%é ‘1?19"5‘ Wﬁcﬂ“ﬁe‘fo"i’fqd%‘“a‘ﬁ d‘g,commneﬂo %%W&glftﬁéwitdéﬁ in
a data mask map or data mask nmap set is that any data mask nmap used nmay be
known by SISt ok achipt may Ireduce rfbie ambst of nlusoligs, nevessatyowAlse iwamapnthek
map may be sinplified through restrictions inposed on/froma nenory

vendor, yetransferegtbdata mpatk bits tdithe tiansfenred alatarelyurdkk,se dae sk angntmdy be
W t hout such restrictions on a nenory vendor. 20 [0029] In one enbodi nent,

cont rol | erinjflémemed tidemag erm@ynaRFully dssobaffp®n area 112 may be a circuit
i{\n)whi ch data fromnultiple sources connect, for exanple, a buffer.

in)uhi ch data fr onnect _
oot et a Thr e o Sasan ek ABEREShe MG el bter B8 b€ midp ot TRE,

L ansl ati ORI dF iy barnPRCRI TR = e el 50 mirgPbaalagvar ap S °

PCT/ LTS03/ 07915 interface 116. Translation logic 118 and 110 interface 120
may cont r 358t rtg}vgﬁgagltﬁqlbn%dthe 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 incorboratcd n
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, vet an embodiment of this
invention may also be implemented without such restrictions on a memory vendor.
“20  [0029] In one embodiment, controller 102 includes cbmmon 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 -




interfacing for information to be sent out from common area 112 %% MAY 2008
t hrough I CH 0301 In the illustrated enbodi ment of Fi

transl ation %8‘}35’81 4 and translation 118 are depicted as sg‘bﬂP%‘%”m ts
An system 100. The separate unlts of translation logic s 114 and

translatlon 1 i.cal lts.or fferent units. |In anather
enbodi nent , {e&g lit ?gﬁn%i%téﬂ"c o84 lgr?ﬁdtl}ligﬁ’é?r%? 826 i contritpte franslationgnd g | e
translation unit coupled with both processor 104 and ICH 140. In still

anot her entiBi@iawmpg for infarmationto e serd giciram gommen erearld £ 4o poHrougylCHIMS. nay
also be nmultiplexed into a common area 112 and remapped. The 1/0 format in
transl ati onfd03@)i c I thendipstoaed efimbedierent 6f Bim 1 hearSRitchdogiet 1 I4oaridntranslation
translation logic 114. The output of either translation |ogic 114 or

transl ati oniBag gepldt& as @e;ﬁemmm@f stk 1 (MR YTIREsdphfutsS s OB RslatibR 158k
such as DRAM format or the like. 10031] Translation |logic 114 and/or

transl atd ok Hctrénjsﬁ Bﬁyloégcand%ﬁ% #H&g@?ﬁkum{gagr ffergﬁt H%Sk IHH%I %t’ as

expl ai ned furt |gs a nask 44 a nas set

may match th at a mas ta, mas I n 15the
i I ustrated™ EH‘%H‘&P%H‘ES %ﬂmﬁf’gc 122 LIy blfifﬁefﬁaa%i elrapglgtign unit
which may be stored, for exanple, in an SPD area of nenory, such as SPD
106. In ot FdP! C%WB@P%MBSWEEOM%I% 148y IpstiBrappther pmbsdwnb rtrapBiation
code. Controller 102 may al so include fewer or nore conponents and/or a

di fferent kgicaldeandritanshatioméogid b8 miay stse belmdtiplenekints a coRtnd482112Aand
enbodi nent of this invention may be i nplenented in one or a conbi nation of

har dwar e, fetmappéll €ThedVO 5OHAUARnsIARDLIBEE 12800 veadiffeeht HBinSthe CY@NIdrREL MaY
be) i mpl enmented as instructions stored on a nmachi ne-readabl e medi um which

may be jpeag t?’dﬂgatuﬁf(f% ' 614, ByheAdut néachl %ﬂﬂa’?‘?raﬂﬂﬂgﬁsl%gré: 19 &%Jngfamrf ﬂ)glc 118

oper ati ons descri bed here| n. ne- rea lum-may I nc e any

2 machi ne ' Somao a2 ?@@E’s & BB o D A B8 Ul B 7 ' To”

MAY 2006 [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 inclﬁde 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 sofiware. 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 transmitti'ng information in a

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




WD 03/ 083665 PCT/.US03/ 07915 may incl ude read only memory (ROV): 1 Sakddn008
access nenor &/RAN%K- magneti c di sk storage nedia; optical storage nedia;
f1ash mermr;yyﬁ P5e4S. electrical, optical, acoustical or offf&fUSPYPIHIDT
propagated signals (e.g., carrier waves, infrared signals, digital signals,

etc.), and others, |In _sonme enbodi nments, ﬁ stem 100 rrar\;" cl ude nmore ..
conponent sMakdpclude Ead\grly memogy RONR; Fag f\;W YA gemp Mdﬂﬂ&éﬂ%‘&k
10033] Fig. 2 illustrates a block schematic di agram of an exanple of a

t ransl at i ostolagginediag Opticad ctooagdi meglia; dlasgh seardsy deviens; clsttrical, optical.earopgical
Transl ation logic 201 may be an enbodi nent of either translation logic 114

or transl abi ethel f@inCoflfr8paatddodifnaly @s,) ainiiemwants] infraielidsigurals, digital Fignabsyt put
of translation logic 201 may be sent to common area 112 or 1o nenory bus

110, depe”éﬂ:.?,gan‘ﬂf’tﬂﬁé}@f h%s&ﬁ%‘ﬂoé’ihfeﬁts%%)%téﬂﬁo@m ihf16ddIAREE téinpdiRnts than

enbodi nment . 100341 Translation | ogic may include one or both of a map

of dat.aaéoﬁhﬁ%ﬁﬂﬁig W‘@Bﬁﬁg{%&@%ﬁ%gﬂ%ﬁdﬁmk to data. This infornmation may

be stor r her™ devi ce that may be coupled with
sel ection device 204, which may include, for 15 exanple, one or. nore .

i £ pl exel03371 (g 2RO Sleab syl domaRo A aEPla & A BPT Bgics
one or nore inputs to selection device 204, then, there nay be no need for
a mappi ng?M egéeording 20 Ine Napidinent of ithis dnveptign.nelrapdatieselegicot0lamay headl e or
progranmabl e mappi ng and may be inplenmented as one or nore registers

| ocat ed wienfbiodima&nof yithet anahslatidrelogit 024 of hrengdaticyi logic 148 wr bethdfanslatomapitof
data to data nmask or data nmask to data 20 may be an SPD 106 or ot her

storage arga Hf ASTETRE YufRdbl GansBlioR. 1o8iR] It meP ¥R, seftl to0édhhon Sfear AR ea.
- A penory nodule may conprise a menory unit and a nenory controller. In

oo, TR, B EURIEL s Sini o |t g

li ke, to contain regi ster mapping equation. In this enbodi ment, nenory
108 nay bémBPgJ'é'?"é'ﬂTred to 25 accommodate nenory controller 102. 8

- [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 is
“hardwircd 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
controlier 102. The original source of the map of data to dﬁta 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 rhemory 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.




LI 9 MAY fl % WD 03/ 083665 PCT/US03/ 07915 4 chunks of any size, .fb8 BALMIES,
as small as single bit or as big as a full transfer of data to. be sent.
The size of UIE A4S chunk, for exanple, a word, may depend BRI/PREOINS: em
for exanple, in a systemwith a 64-bit bus, the data nmask words and the
data words e osen.tao b ranspmitted gs 64 hits. The chu size is
defined as msgrarﬁﬁﬁﬁﬂ gevige g?f{ Bﬁy§m e%p;eé&oggorﬁg %ﬁ(ﬁ%ﬂ” mfgbg'lésl‘){:ﬁﬁt?‘ 3
illustrates.a waveformof a wite transfer in which data nmasks are

i nt egr at ed Wi FRE c¥pmpde; |spleation devics 2 dpant wedhedatamsak mantor data ask map set
invention. This may serve as an exanple of a data chunk and a data mask
bei ,ng sent 1vmappegmregipten203. nIn énel emshadamentgtha odtpmé of mapiing megistexi203amanp b

bei ng sent on a sane pin, Fig. 3 also illustrates a io data nask map and a

di vi si on ofcodgibdwithiselettichhdsvics 2040 T}lﬁﬁﬂ?f@(ﬂﬂs%n(ﬁmd,:iﬁ% dafa maSlemappiBg is naen
dat,a mask words may be being transmitted are denoted by sO through sx, and
the tings r&&h@;@dﬁ% s may be being transmtted are denoted by SO Sy. A

word may nean a unit of data that can be noved in a single operation from

storage to ocessor, Leqgjpster. The data k.is Iepresent b DIVK,
and the dat @Olﬁ’@ re "rgeéeHF“ghat@ DYy Om ?tf&cg'gﬁ itrﬁﬁﬁf%r, Prﬂé{@écq’cﬁg[ﬁéaﬁ%g. 3
are represented Ey CO Cn. Data may, be divided into 100351 Sel ection device
204 may al YBeEsAed 9B dhe datacincgepcopiing i angramRodiment of thig inyentipn. g Thisgpay
exanpl e, selection device 204 may use the data nmask map or data mask nmap
set in nmapPregs ragixemple 003 datanclomk andpa diateemask beisg eenpon aosanmapisi. nin

regi ster 203 may be coupled with selection device 204. This way, at design
ti.me, the diastaatimgskdarpgpinkgnd s dacimad iigseBok b Bgme pin, Wiy, Sralsut Bidstrdteyra
Qx@npl e, one data nmask bit may mask a byte (8 bits) of data; in which

case, aoChdutkmiask aP%h8 a0fivEntof dath il 5 cBHBQUIRRY exanfiévPiFg. d2tR HRed MY

be conprised of 8 chunks since each chunk is one byte of data. fn sone
eTood e gl BB Sl by O bR e i ) B RGO
data mas kstimneasywhré%scﬁta%(i)rﬁg nga?f\ge%%isng 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 pr’ocessr;r register,
The data mask is represented by DM0-DMx, and the data is represented by DO-Dy.
15 Accordingly, data chunks in Fig. 3 are represented by CO-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 méy 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 chu’nks of data. In one embodiment, the data chunks may be
connected in p.arallel with different devices and data masks may mask which devices

25 receive data chunks.




25 receive data chunks. 9 1 9 MAY 2006 WD 03/ 083665 PCT/ US03/ 07b#sMAH02E2H

Further, Fi gw@oidsssistrates one exanple of a data mask nap. |
~between the data mask bits and the data nay be in any orient g’?ﬁé@%@ﬁ%ng

As the menory controller and the target (e.g., nenory device) agree on the

mappi ng; th a nas ppLNng schenmes of Figure may serve exanpl es
of sone mapgpﬁgg oﬁ"flﬁleer’g?;itgahﬁggwat‘ffi e e ongt‘ia.ta I‘é’@gﬁaprhﬁﬂdf’g’ ks
may be transmitted along with the data in any order during the wite
transfer. tysen the dptgrmaskrhitsand dhe data sy b inapy wEicpation as Jopg s themsmone
data  masks and the data chunks since the data nasks are enbedded on the _
sane data |¢angrollethand theatesgritt(e.gt, raenatyadeics) agxenph dhe mdppimpattbe Maskmaskay
be transmitted before, within, or after the data. 1o Transm tting the data

masks bef ormappifg siemes a8 FRRE niay seh@lis@xdmpRs bisdrfic h’ﬂ?pi@i@éfaf the dd@V/inagk t O

configure the mapping | ogic before the mapping |ogic acts on the received

data. |f thg ddlcaappsks are transmitted after the data, there nmay be a

delay in the wite retirenent because the data nay have to be stored in a
n. 10 1 The. nunbe

buffer to | or 4he; dat a.mask .i nf or i.0n. of .dat

mask transf rdsasi hatplthr‘?ra'tdfl g%xgaslkécﬂ'lﬁy REAT ﬂ’é@iﬁg alk?@ge‘ﬁ’qg ﬁleaflaiasmsag;ag toé‘ﬁﬁraf{‘fﬁmg the
dependent on.the technology jmlenented. I n one enbodi nent a nmaxi mum

nunber of g ‘Wﬁ%‘%t aﬁgtg’él! Siclatignship mgy s depripas betyreen hedats maskser s
divided by the nunber of data chunks in each transfer. This relationship
assumes t hand decdatareiuaks sinesthe datawidsks imaembeiidedsantbe sambdata Gihescthattkasmit
however, in sone enbodi nents this assunption nay not be necessary nor a
restricti orthd datd.hFar éxample, thendat2MadiBM4HAbelinashiimdicbefare, withia, oBsfterhy @ftai N a
m@Dte transfer may be dependent on the nunber of data words in the wite

gr ansf efp aMgardshittiff WK dsth ZRaskE BEfoRX BIEN R, o fshbWE ik Fikife 35 héﬁni{ssthe NReriye Of
ata and 8 data words are required in a wite transfer, there would be’a
' 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'maxim-urn
- number of data mask transfers may be equal to the number of data transfers divided bj 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
_@tal 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




total of 64 chunks in the wite transfer if the words were 64»§9g ﬁ é ﬁ
dat a nask b| @E"S one chunk, 64 data nask bits would be needéd fé“\é E?lﬂ
wite transfer. ®2 64 data 25 mask bits My compose one dBt HUREE or o
yn sone systems one data mask word would 10 WO 03/083665 T9 MAY 2006
PCT/ US03/ 07 e.needed in those s the wite transfer, In the
above exanp ee ﬁ?ﬁ% ‘\lﬁﬁ?steesyt“reﬁ‘ﬁgh‘?re's “&B%Fanﬁﬁ%{vén@eo%hoaem e (Bp Wois trangier;
data mask word 5} q;%j [0041) In sonme situations nore than one data mask
word may beVPwWdlpy datﬁwr%@@@Skaddﬁa&mmoré@hﬂ)e if the chunk size
Is two bits and 8 data words are required in a wite 5 transfer, there

wou! d be a {#Md] ofln2bmecituations infort tienveriet datd masisfverd inby bb eeguiied Sn \aewsite64
bits. If one data mask bit masks one chunk, then 256 data nask bits woul d

be needed figsfeReForMxiinBld, Eﬁﬁéé}ﬁfnk slze xﬁﬁv&m@mw&tabw&ﬁs%%e&?eﬂ% \Qﬁf]ea

mask word in this enmbodi nent, data mask wor ds woul d be needed for
wite tran I dat a
wor te. il areSter ek GWRAR aew%g{’#&eﬁq"hﬁ?sem%ewg&eav P ifihe HEHI R LS pits.

par agr aph ere.the c k si.ze is. t nurrber of , data chunks in a
Wor d woul d Than&data sk dtopasks, %erﬁhﬁgéﬁ@ 356 el ek ot mes! g neaded fomther o
C0-C31. The 4 data mask words in the wite transfer nmay be nunbered

DVO- DVB  and'ritfidrapsiert i Gfodaie magk bie compess anedater mpskywgrdoa thisrisebasdime, b7

In Figure 3, using an exanple data mask nmappi ng schene, the checkered data
‘mask bit ofla@wBasksverds weulldieaneetierhfor Ore wiiteD@insTne Inidtet:ﬁnbvdakmpia,sﬂhebrﬁteof
DMD masks CO of DI and the diagonally squared data nask bit of DM nasks C2

of D2. [ 00#3jsferheoulihpie®idas Wordssntl d\dataanaavdrds.one rel ationship to
|n§l| cate that one data nmask bit may be associated with one chunk. Since

ool OUTISE SRS RN B, R
- data word LA s ik AR SIS 35 SHMESe, 5 FARLES RS K keGP
be numbered CO-C31. The 4 data mask words in the write transfer may be numbercd.
DMO-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 IjMO masks CO of D1 and the
diagonally squared data mask bin 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 schel.ne.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




possi bl e mappi ng schenmes may exist. A nmenory rank, which is one of Qopsyopass
nore bl ocks of nenory coupled with the sane chip select, may have its own
mappi ng scheW@ 9308665 nenory nodul e may have one or nore nmenFEUPBAREIS
Jherefore, one or nore mapping schenes may be needed to performthe
correct data mask mapping in each nenory 25 nodule. 11 1 9 MAY 2008 WD
03/ 083665 HO#44]S03Figz 9 iBustete a]flomichart 409 tHatiexemptiifies ang method 4pk the gontreltar
exenplifies one method for the controller to provide an interface between
a processoto pididedithirfacdbetitedna plocesdat mdanemeols] i whisk theudaa tunddstameaski n
to communi cate to nmenory, in accordance with one enbodi nrent of the present

i nvention. 4gl %%aﬂ)@%iﬁi@é&ﬁmﬁﬂ@at@% BRthorNGX taccdrBarit With dtembitEmendf de! er

may 5 receive data and data nmasks from a processor or from1l/ O Either the
processor Qr 1/.0 _may. gi t.h ntraller,inf t.] ' y
need to be%%?%ﬂ%%o -oﬁ?%‘ngoﬁﬁaaﬁ%g‘e %%tﬂ?(poﬁegg dr]r%/b ckarh&)g’ g‘%%{trgilna aga
“mappi ng of data jmasks to data; thus, in blaock 406, the.  controlle be
216 ¢ 0 SooFFETE PRSI 4B RSk R BIEHEn N sElh’Eb&erPéo‘&?lss"Jz?fi(d%‘%Hata
masks.. In one enbodi ment, the controller may convert the data's fornat

i nto a dat &ivkitheecangrollgn infonmatiominsiformattthay meayarted keeke fornatted s menggy. The
controller may wite the data line with data masks integrated to nenory.

Fi nal |y, i ¢onolotiek ma¥(have e inemal aladppingnafydaenchaths ® dawetthos]. inThodk 406 fthe
data and/or data masks from nmenory to processor or UO the reverse process

i nvol ves cQawuelsl Ay bé Mk eNonvak B &t 26 fdrinatadcBrdiNgtolitstBSppihg 8fdala fP&d{a Di t S
and data chunks instead of fromtwo lines to one 1ine of data and data

ks. 15 5. Fi.g. ' ticodi A ' .
ga| at A 1Tn b pribobinidhE O bR ML CoRfAIE IR dabar (RGP RS il fine
at k bit i th a. dat t 506 of dat h ,
accor drhg Vi OFE AR ES X O IPRAGRE i ponesiliesy VRISE Bl RS, o
data mask stream 504 and data chunk _stream 506 may be sent at the sane
spatial tidel Trasks miestd.to gemarg. pFeelnsby blogk ALy the: Gmtroligr mayomnd ilys pe

able to

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 inciude
.. 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.
' 12




20 fornmat the data mask stream 504 and data chunk stream 506 intfﬁ AS y
menory-recogni zable format. SO Sy nay represent system cl ocks tg EI”?L%?(
stream 506 n&¥P PHEPEFe data divided into one or nore chunksPEOUSBO7BEY
Fig. 3. Data mask stream 504 may include one or nore data mask bits MO My
associated wth one or nore data chunks DO-Dy. Data chunk stream 506 and
dat a mask sH948in 50Bhenmyipiteddrinalation degis 201 iodFig.of inmay2ieel a \date argicdata frfigakent
|l i nes, such as data nask line 510 and data chunk line 512. 12 WD 03/083665
"1 9 MNAY 26i9%m 084 Lith Sinihk Sirbard SthGksobhteddit Piihsi@fintegrated] dihe ofdcr @9ivbich01
of Fig. 5 nmay be a data and data mask stream 508, a data chunk streamwith

associ at ed aliza TREHS MABA AR arels &[Q%u ﬁ'td’!?é ﬁﬁh 5%4"&1&19%{ ???er?eﬁnd
dat'a masks are sent on. an out put |ne fer 5 er ent
enbodi nment s sendi reduce

Storage. ot Q"B%'@E it eﬂﬁ?ﬁﬁh&ﬂl&%’ﬂ’%&ﬁ%&ﬁ%ﬁ&%@‘a 358 BBt P B
masks as the dat rlves In this enbodi nent, t.he data masks are sent
first, d¥iri%eRuse t%@ug&s m@y be Procgesed kpsed om the data masks athe gt avgves doks
SO Sy. In one enbodi nent, data nmay travel between controller 102 and
menory 108 thig embpdimant, theidéta anaskshare sehtofist, ldwd&tcb:cbmsﬂ-sraﬁhcmmdasa chanks508
because an enbodi nent of this invention may elimnate the need for one or
nmor e dat a mmesdent duriip dleckld SOVEBE Nintdne efrbotingdnk,eiatalMay aack] bervesh Roiityolkpd 02 Yet |
bet ween -the controller 102 and processor 104 or the controller 102 and I CH

140, the dahd@meRbry 168/Rla fofmat sREHTRY tﬂﬁttéhgﬂ*n%g dafhPdi dabilisk dira8m308 Rbshsdat a
mask |ine 504. [0047] Fig. 6 illustrates a bl ock schematic di agram of an

exanpl e of of LARSKAIPBE 1 AGhGen I eIGHRAR A ngRPRY Bl Lrﬂ,%z\gam&gﬁ i dat a

chpnks according to one eibo | NVent

aara criinkeBeet oy 167 e R Gegn o ek ﬁmm Be"sqthelon O gt

associated with data chunk Dic, Dico during time sl= dat a masks DiWkc,
DMkco ar e processor 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 dia_éram 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¢,-DMOcy are
associated with data chunks DOc,-DOco during time s0=S0, data masks DM1¢,-DM1¢y are
associated with data chunks D1¢;-D1gg during time s1=S1, data masks DMxc,-DMxcy are
associated with data chunks Dycy-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,-DMOcq during clock s0. As shown as output from

. translation logic 201', data masks DMO¢q,-DM0c, are associated with data chunks DOcy-
| VDOC.. during time s0=80, data masks DM1¢,-DM1 ¢ are associated with data chunks Dl cy-

- Dlgo during time si=S1, data masks DMxcp,-DMxy are associated with data chunks Dyc,-

13




associ ated with data chunks Dyc~-Dyco during time sx=Sy. Transl afiSohlAYogsl®

201 may be ﬁ?&& to ghange the associ ations between data masks and data
chunks. Int Y€t r at ed 20 enmbodi nent, translation |ogic PETUSENBE abl e
+0 reverse the order of data chunks associated with data nmasks DMCc"- DKco

during cl ock sO, .As.shown_as. output from translation ]ogjc 201, data npsks
DVOC ~- Dlvocob&?f’ed“é‘?% JresE e wi ﬁ e g%rawm?m@ltb@&:%@asmﬁma b daja mapkpbidhansh
data nasks DM ¢, DM co are associated with data chunks D c"- Dl co during
time sl =S ,d%melnkssks Dvkc, DWkco are associated with data chunks Dyc" 13
19 MAY 2006 WD 03/083665 PCT/ US03/ 07915 Dyco during time sx=Sy. There are
many possi bil#48] es Tanskd®aclogici mgy tiheludtatmltiplslerdiot Hitaen dnettladsiof Feviieing

[ 0048] Translation | ogic may include nultiplexers or other nethods of

reor der i ng infoRfefidiid ARAtdhOa mtp?hlga RBRRItNEe dofk Hagls Mbf wiaiie W@%Ee}egigm@e

able to prevent the s correctly correspondi ng data chunks from bei

overw ittena 3 | h MRARLY controller e .

pr ogr améd%gﬁggg%é%qlﬁg?%gmé g@ﬁ&mfgﬁg %F 1(?;]gooat ac ‘ed'n’l{‘smf"?%’et'ge?ﬁ%fﬁ%’.e Bhe
enbodi ment _pf progranm a ing into hardware of _the nenor controller
my be usi At Wemery tipllimnay BE Proptimmed aRon epPing of dalemanka 1 pptctunis
with mappi.ng register 203 and sel ection device 204. 10 [0049] Fig. 7

i |l ustrateds ‘gﬂ?wvﬁ@ha‘?ﬂc gnbodimentiaf pregammingshmeppias it dardvrare of the segmaeny
itself, according to one enbodi nent of this invention. In block 702, a
“known mapprerjradier maytte wanks registedat programke nagwine, andescribed imFig. @ withpi ng
regi ster 203. One or nore napping registers nay be incorporated into this
met hod. Themppivgirepéser P8y dae stle@mntddicogoq.hardware via software or firnmware,
sugh as BIOGS. In one enbodi nent,. in block 704, 15 mapping regi ster 203 may

have Coﬁnegﬂﬁfﬁﬂ's U RigSeliMssiafs adﬁd“-gﬁg%ﬁ% &&hg@rﬁgrpéj hﬁhﬁg REn B o glfo X al 0

chunks or data masks according to ata nmask map or a mask nma

bllock 7025 5&%)’%1?%{] c?lger@ﬁgoﬁgntoorf RSB TP Qlogl?tmﬂa 24 kr?(lﬁnomggpingof

programed 1nto a
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 soﬁ_ware 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 1o 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 :




or the like with the mapping values to maintain comunication vmqrg VB 908

108 t hat na%(g%ﬁggmsks to data chunks in such a way to prwﬁg%@%;
R ry.

correctly correspondi ng data 20 chunks from being overwitten i
[0050] Fig. 8 illustrates a table and bl ock schematic of specific value

exanpl es of; data nmask bitg maski speci fic exanpl es of. data chunkg and
whose dat a ]ﬁ‘atglf ?ﬁ'ﬁpfﬁ egeh aata.r{g%skrlﬂbgﬁglgttwmﬂ)p g6t Q%rﬁ}@?dh‘i‘tﬂt(’{) ope ry
controller, according to enbodi ments of the present_invention. Colum 802
contai ns ddPher Hiocatipmy of datgguaskbiis to dnmay also by dsedy Inow (8, eolswn §04, B4
contains data masks to prevent selected data fromoverwiting nenory. 14 WO
03/.083665 llowpst Yoz bits oPCW da80BAK I tsondynbe TA S whichip! H}108 d bindeyt, svhivhakedist
masks two al phanunmerics of the data or one byte. Qher allocations of data

nmask bits tdatadabsk biear@hserdtbfod 98 chhuiks OG0, “BEY Uiow®0, &diemn Is04eae
four bits of the data mask bits may be "A" which is "1010" 1 n binary, which

means _dat AafiBakklbi S, BSOS dial mgﬁtq%iéf%]ﬁggs‘pégg}q ?awmg'}'ﬁ%a A

810, col unm 804, a mask’bits are ¢h mas
hunk "CE" ., | 12, . « o ol dat S K. Dt s, R "0011",
Shi'ch ook e S arf 2 R vl e B BRI S a7 1w

mask bits are 2&9 r ~0010", which masks data chunks "CD'. In row 816,

col unm 804 Solm@ &ttga Aataumaskbigs area 2% gr “0810™y which masl datp ¢ sCBAt & ®Winks
"46" and "8A". In row 818, colum 804, the data mask bits. are "F", or
"1111", whth celstaS0dathe dataomadhinte ere' 63, or “03 70", whikh' masks dataphunks| ‘467 and 820,
colum 804, the data nask bits are "0", which nasks no data chunks. In row
820, col unfBA04ln ive8 Iy tcalumas804) itiesdad maskibits are “F~0d00'1 100 ivelticharkis diad a
c‘h}mk "AA". [0051] The data transfers are 4 bytes long in this exanple, and

the datg citsnks<mre=377, BoB'e @ DF The rinke0, OGS '8043,itH@dﬁﬂ%a%ﬂ@SitQtﬁﬁng”Pf

H 3 2

data el ements and lines chosen may vary 15 and still acconplish

purpose of ywhitRBSEkd hb i Ghlhd2tR SRUYES At 86, 'md A5RSHAK BBt 24”, 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 ffom 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, DI, and DO, respectively, the second, third, and

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




masks integrated on the same line or lines. These lines transfer fuis 2088

that nmay be be transmtted to nenory fromthe neno ntroller.
On |ine 824, Rﬁgﬁﬁosg%fia el enents and data nasks are sent on E’ﬁgﬁ@g%’mh ne. .

Fhe data elements sent in this exanple are the first byte of each data

chunk from o Lahumm,,,.802. .Sent_ fir 0 LN 4 " h,
are data maéé Dl $§§§§§&HT g ‘order zga’t?f ngéié%%ts d%&lﬁﬁ a%ghﬂﬁﬁg) ’
chosen al so. JH]Hy ary and _still acconplish the purpose of an enbodi nent of
thi s i nventdfs %%ﬁod%frm- foate apask bits that ays; transmitied MBEEPTESPYKIto Hagking

di splayed in this figure. The mask bits sent on line 824 are "21" in
hexadeci rmal the dwyte 8gdaG0OB: “DE” LT RAT,y ST 46 e “BBRHeI8A W1 ED JE4 S, “BEVeSDEF2S,
828, and 830 to devices D2, DI, and DO, respectively, the second, third,

and 25 fourten” ndeCESf ad indicatad By fowdB082atb188ds B0 EarR3t4. Their respective
data mask bits 834, 15 '1 9 MAY 2006 WO 03/ 083665 PCT/ US03/ 07915 836, and

838 equal " Rfgs52] " 3Mata Aes 3324@"826992%]@@)]19%2% msé@%%%&%&dig‘%ﬂg of Q%Qﬁaég;h q

in this enbodi nent. The above mask bits that are transmtt may corre

to maski ng nyt "3 DR SAA, 7t 46 9B, "8A' W "CD',
s g cobB! digl s HEhord vl 109 Fe, 1A pasy s impfiiBeaioToLmeBary s
802 and 804,,5 iooq%.Data I i_nets 824, 826, 828, 830 namy be used . in an _
embodi ment 13 T ISecd etk plone WumpreBuliplRyer wise Pripust may pe eoupled
possi bl e inpl ementation of mepory bus 110 may conprise a circuit of one or
nore nul ti pitixenesbivaerseutpul devics. fog biluswatps teb example gireuitsi of multiphaxersuto
device. Fig. 9 illustrates two exanple circuits of nmultiplexers to select
el enent s t seleat hgmdnts wulranisplitemitiiple Hin 1@ adizvicegaccanting @i 0ig dmbodimemtrdfafisnent
~ofjthis to invention. Circuit 900 illustrates a circuit that outputs bit O

to devipe fventior, i CiecuR09@ Mhdtates aGHchie 8P BEBuisBit {o divRE 048Y 1i€DBWD ®hicki -
8. In this enmbodinent, there are 32 bits total of data nask bits to

renstef. Bshdha2tp it COPACATIN S B! MUIDShATBAE er 0 (R O

to 31 connect to nu exer I"exer ma Icate Which
g?: 2 t gazgq%l 5@%@%’}2@ ?o %pagsrfgr? I’blufa }neot}'ngf esm no%ir%glﬁgdthgtnnﬂ%brrc?Fr)l?a{yngar?.f aatlzg ?nagﬁs k |
bits 0 to 31 connect to muitiplexer 902. Multiplexer select 904 may indicate which data
mask bit may be appropriate to send based on a mapping of data ﬁask 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 00006000 in binary.
‘Multiplexer select 904 may be hardwired to indicate that value. In one embodimént, binary
) - zeros may be conmected 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 whe.ther 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 '




15 The nul ti pl exer select 904 in this enbodi nent corresponds togtg]eﬁﬂrmgﬂglg
bet ween data _nesk bits and data chunks for device DO bit 0, and equals 00
in hex or 0OBHEOB N binary. Miltiplexer select 904 may bPFHPHHTUS to -
d/mndicate that value. In one enbodiment, binary zeros may be connected to
ground and binary ones may be connected to power to hardwire a mapping. In
anot her entFé’@ﬂh;egﬁl% mysh, trank, er@ theskhectot beoansfrayedb Cinapitrét t maly be analpgegiisstoer
20 such as mapping register 203 in Fig. 2. [0053] Miltiplexer 906 may

sel ect to wihicah $E0yowith riaulkipleRers dgti2a 916, VWiist aad. lidveraidy 920aoérréspyndihg Oto
reduce the nunber of selections that may be required in a circurt if the

Mappi Ng i s Aaub¥RES 002, VTBNEDSAAY 178004, 918 Vespectittlf, aRd SHEIthE BRcefRYn SRDIHEO!
whet her a data chunk or a data mask bit may be transferred on I'ine DO.O.

oot iy 4 a1 481 BT e GO B A O

PCTI US03/ 07915 k, .data pask,..rank, and the Jike to be transferred,

G rcurt 50 P00 s pRlall aduite St eddisors Geiite R amed ovhs Serigss,

918 and lines 914, 920 corresponding to nmultiplexers 902, 906, 908 and

li nes 904, obmmltiplexen tbg ahle ip loadh bothiat feastrrneshtrapask it andzpt laaptconerdatay@dungiat a

out put may connect to device DO bit | on line DO 1. A circuit including

circuit 5 90Chesahedibd tafedd opiemogy, by desddbed farthbr inFig bt s t o addi ti onal
~device bits may allow a series of nultiplexer to be able to | oad both at

| east one deosdjmasKighild iittaib ah sl 1000 cdadpasinp Wilitiplexers e s88dT® hbpFing0 -
feed to nenory, as described further in Fig. 10. [0054) Fig. 10 illustrates

an array 1 hSkIng; td j s - fat :
Tk bi 1 ond e R dobl GPES PR ETE an PrEBRRIfGo{ RS MEGRAITR 1
r. 1

To one enbodi nent.. e | tiplexers: are.located in..Coptrolle 2. . The
| nput s 1(rgmy e%déméﬁsﬁgﬁqﬁgl?lp Fsﬁgrs&m ]Sﬁ?tgd th/mﬁ@ﬂ&ra{bzg' 2@&%"8}“?&% ee%*lt%d
fromthe inpyt data mask bits  according to the applicabl e data mask nap.
The not at i‘BRH‘dHtT’N;e MRS e ‘?t%éatéé}’%'ﬂ‘t@& s@e&tfﬂﬁmahfhy WRYK dptarmask By
i ndi cate the rank, and N_ma}/ i ndi cate which bit in the data

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 bé 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 ﬁlay 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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mask. Figure 10 shows nultiple nultiplexer arrays because each {rgnpmy 7m k

may have a | rent mapping and be controlled by a different arra
each rank hé‘go(ak@?’g%ne mappi ng, then in one enbodi nent, the P/ lyN 1
ful tipl exers may be less than the full nurrber of menory ranks. Instead of

~each bit hayj an.N; 1 It| | exer, o xer w,t n of N1
‘and an addi tﬁogﬂal [ i f%%%‘m% g@l‘é ﬁ,g %ﬁﬂd @ ﬁ%l"(,c

suffice. Al though not shovvn in Figure 10, the mappi ng of data mask blts to
zo data ch@f@eryegnErilerapanbe pragrammg with medasa ynaskomep o dete mesk imapeseted.

I n one enbodinment, the nmappi ng does not infer the nmenory |ocation and

anot her chitlpomgymuhipmiev ecletiecoataionhure ankbdimpnt! aftgrogrnemingrthe mamory
device. If another chip is used, then ~mapping, storage, and/or generation

| ogi ¢ can bentrillei Bidegse Matyfbettalﬂamxﬂele ﬁlUit?&X@F seMoRE suchK oM 64 9'oﬂput s
.inplenented to accommbdate a nenory | ocation schene. 17 WO 03/ 083665 1

RY 2096 POTLRAAY gae%t[sqq% glolnd BB R T gm@ahfre&b oBREC S 4
exer se t I ons.

dat a mask ma or et. thro h mul t _canne
one. embodi HE %F‘J’Eﬁpﬁ‘  hgRareskameh O Sela sk e 56 mex Fﬁ@ 0 Rl Tt
hardwi re nul ti é sel ects,. such as nultiplexer select 904 5 or

nul ti pl exe® aty frpm g Jocatign MymEmare g Bier sofiayrse Algerithm predvge & data
programthe nmenory controller, with a data mask nmap or. data nask map set

may be to métkrm@/QTMIQaslmmkSWap data froma location in nmenory, and use a
software algorithmto produce a data nmask nmap or data nask map set. [0056]

Fig. 11 il l[aos6} at ekig.al ¥ ilwstrdica @r fow @iagtani®f Raflethod a0 obiain dathanaskSkapfiipi Ng
io i nformati on froman SPD 106 i-n a nenory nodul e, according to enbodi nents

t he 4o PrigfeRhtddHeM bPTPDI06 SP Q ﬁ]@ﬁoga)ﬁoﬂﬁlﬁl Yel&rdil QB r@ﬁﬂo‘ﬂﬂnéﬁ? EQhé n an

electrlcally erasabl e programabl e rea menory Chip on a synchronous
dynami ¢ r 3dom geGRR8. TRIRPD 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 wid.th, speed,
and voltage. Because the BIOS may use this information to configure the memory properly '
15 for maximum réliability 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 mefnory 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 differentrdata 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 -

o 25 embodiment, the data mask mapping information may be the data mask mapping schemes
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rodul e for the BIOS to retrieve such information as the nodul e's §i AU 086

wi dth, speedyq3faghey®! t age. Because the BIOS may use this i(r}jd)lr, 5Jod)st O
configure the nenory properly 1s for maxi mumreliability and pertornance,

the BIOCS may al so benefit froma data mask map or data nmask nmap set stored

in the SPD 106 to _program.the menpry cont.roller. The PD 106 f LS
enbodi nent Vdi’ n'E%H . r':%t oﬁhd’éoqg?reﬁmﬁ%&lﬁ'@td%ge d’&@a @%ﬁ]goﬁ'ﬁgg{]aémnmsk
map set in an_.area of nenory such as data map 124 of Fig. 1. [0057%?I\/Et hod
1100 of Fi @?P@eﬂlﬁ%ﬁf@ﬁe@gowmww RYmpRAteanadiRaaLRihe 1appine SRS on
froman SPD 106 in each nenory nodul e, at process bl ock 1102. Each nenory
nmodul e i n teagh swstosynmile o Ay indigaton of dhe mMappingeeberyesr mak eanvorhchichfast he
menory ranks nmay have a different data mask nmappi ng schene. [0058] The data
mask mappi 1fYesddrentboraf manbeegucly ay a8k 50f Tike woridrawmbyr ey bel adsetiated vt them
the data mask mapping information, at process block 1104. In one 25

enbodi mant mv%fiﬁx d@héndBsta H%%Wo&ﬂ&%%?dr@ﬂvﬁ@;%a@ﬁ ifdiuslat FeddRRU if'ﬁﬁ?i ng
schenmes 18 0%/ 083665 1 9 MAY 2006 =~ PCT/ US03/ 07915 of each nenory rank.

In anot her i%&ﬁhm{a,mgsﬁ%%ﬁé@ sg}r?léﬁe gPPﬁP%Rﬁ&?%@P #ggcgme }gh@rﬁrglsef Hor

each menory nodul € nay conp I'hail €at or I'ng S

each nmenory nodul e. An indicator, of the mapping schenes may be_.a word, such
e " VongoPrabity et ay enddr,ty Day ingiege g MRIRRE ©f e JPeSTY

associated with the 5 mapping schenes of a nenory nodul e; therefore, when
“each i ndi cEwdvieihas maanpingegfhieme fayenothet memosy tink ofathg samekmermppyi medwe hage of
each nmenory rank of the nmenory nodul e. For exanple, receiving "Vendor A"
may i ndi cameppihgsclmme Yamd afotie memore frark oftthe rsgme mahudre nidnlevbaspinagpiag hene
X, janother menory rank of the same menory nodul e has mapping schene Y, and
anot herpmegehéste ank of the same nmenory nodul e has mapping to schene Z
100591 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 sofiware 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
A 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;
o




¢0059] After the data mask mappi ng schenes are obtai ned, the ”ﬁ@ﬁ*ﬁ\’ 20

controller o rogramred with the mapping schemes. Obtainin
“mask mappi ng |n? OHPB%.’[IOH fromthe SPD 106 nay provide rrem)r C@@ﬁ%‘t@ﬁt he
flexibility of defining their own rmapping, which nmay ease their testing

net hods or haint s nor.y 15 manuf act urer excl ude
explicit ne%og')régolf%faﬁgpﬁ {eﬁ?eﬂ%t’?@ﬁn‘? THCBery TB%’?E}G P@Vﬁeﬁgﬁfvl’%’f@a&%w a
publ i shed . qg Corrtg onding to the vendor's SPD i nformation. [0060] In
addition t ?ﬁﬂﬂm RBROF §Y ocation retrieval, another enbodi nent

to programthe nenory controller with a data mask map or data mask nap set
my be to M$dke tMethadi200rasKiguepldcometentsy hysichgting 8 dirstvaemony gmkidfhm t o
investigate a menory 20 vendor's nenory characteristics. Fig. 12

i Il ustrat esneméiyanodhlg g proceds Hodke1 7020 ARIdatadfhski Biisird Gsserte@ i piReds viddk Of
each nenory rank of a mermory nodul e, according to one enbodi rrent of this

“inventiog. 1DohfsaentrsewBack IR tﬁ}]agm Sﬁerﬂ%eﬂﬂlt ft?l@ ﬁﬁ%ﬁ\ﬁg r?g%té ']ﬁ tl]tehéaelecge%t a

mask map or data mask nap set; flore I ment serves
as an - exa t S nma ri e or
nenor y ran@é"gn gg%k@%h%@%ﬁ%q ﬁ% aﬁﬂij"%ﬁr@ efgrnqxaaigfed dmask

map or data Kk 9 WO 03/ 083665 1 9 MAY 2006 PCT/ US03/ 07915
t heref ore, “gﬂaif ?ﬁrﬁp that 'H@ﬁé? {herwidihy obythe anppmpmAsta, transtan sizeagy e perfarmede

examned to, determ ne the data nmask map or set. 10061] Method 1200 of

" Figure 12 PWrfedriapatisyn §§F1éét8bwyjh60ﬂuw§he asseried datamask bita mayendicyte tied tse,

at process block 1202. Al data mask bits are asserted in process block 5
1204, and. sssbéinted datai ¢henk mams hatrbampsked, fherfangerefiniemofy ayabe filled with menOry
in)the selected nenory rank with a known first test data pattern, at

processiobl patterr 30s. AdéEpeAdiRBInahe @on%hbx? sfoaeﬁﬁteera &Qetnaeaa@%ésn%lmq h Of

the maxi num data transfer sirze may be perforned wth a data pattern 0

I"s, and bgagugehhies Qs%ﬁ&ﬁé&%aﬁ%h%nﬁ%ﬁ 04 hasiY hpedelg%&n{ aa& adopt either

convention, and itl 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 maximutn 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 '




associ ated data chunk may not be nasked, the range of nenory may?g pevAy e
with the to Rtk of |'s. Depending on the convention, so ' - ‘
B8 PSR oy

deasserted data mas?<J bit may indicate that-its associated
be masked. The al gorithm may adopt either convention, and in this

enbodi nent, ata mask bit may, ipdicate that it ssoci at ed
data chunk wré')gfl tﬁ%’? a&éﬁﬁ%gﬁ%’dﬂgﬁ’&’ Q° grées%ré'i’(fdi elgt:it r?‘?@srﬁq'bﬁsf OFTQV aﬁadV]c@Fe C
its associated_ data chunk may be masked. 15 100621 A test data, mask
pattern i ndfEdio ISPy datyabspeformed intiack 12dy- Hdedeeationad thempdified hupk en
in process hlock 1208. A second wite transfer may be perfornmed to fill a
range of naYidinythe datapatters| reayt keodetermingd byaernparing the dwokhof theaoad dida to the
pattern at process block 1210. For exanple, a wite transfer the width of

t he maxi mueindds aftthanssteknosinz datagyittetnethpe Wad rvritbnvint prodesd lecko a2063rin thé al |
0's, and since one data mask bit may be asserted, 20 one chunk of data of

the range pfeviaetampIiBYa pitcid bf AA1W Wdb dhferPaVHeh 'leﬁifsmgt'cﬁ oRBéts e Ié&ﬁgn ?Lé

the chunks will be nasked and so will remain |'s. t he above exanp

known pat Bfﬁlgn%fdiﬁgdscpﬁﬂ}ﬁﬁgbéfggﬁ%‘ﬁéfgn to identify the nodified chunk in
n  one enpodi

the range of nenory. nent, a second test data pattern nmay be
witten in ess..bl oc 10. 100631 The "tag" ,may be used to_ identjfy the
dat a chunk [\6\#@ wh ]&etfn?lﬁg(}gg%sg? fo-ePreRar et ef@“ﬂ%s‘lf ﬂb‘%lliea‘ﬁﬁ?}aﬁ%t@s@ﬁ %flé{ie The
nodi fied cphunk of data may be identified in several 20 WD 03/083665 ' 1 9
MAY 2006 T KoRys dataonajteimyhal wase WEHER G nTgcess blgske k206ptlepentls onethe data
enbodi nent. A read request of the data in the range of nenory may be

per f or med patieis gstd. 1Quid metfiod maydetto KORfthe tead datdiviithedie dinstrinownidaty pattele
dgja pattern may be determ ned by conparing the chunks of the read data to

the chunkhatofastviaettdnl inh ProdeBOdIBcid BL0H. PRSi@ITy shifbthe Weshlt\Withd ROR SpePatRmasHs
bl ock 1206; in the s previous exanple, a pattern of all |I's was witten.

mggt a im'egnaamkq%%ﬁl tHeGhiO GRIdheE theChagd e RbL&S b Y 0BBYARR 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 anown. 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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[00641 The method chosen to conpare the chunks of the read dataj gopMplie2d06
chunks of thegq hidssles known data pattern that was witten in Eroc ss Dbl ock
1206 depends on the data patterns used. One nmethod may be t ¢ WY ead
data with the first known data pattern io that was witten in process block
1206. Logic shift the result. of the XOR operation by the chunk size
until the CW] nat’]gﬁeftgrelgﬂ’é‘g' SEPQR dyto; be ‘ﬁﬂ"é‘g%@@ ih plb 48Peaos gnly gsi IHEstiated: he
previ ous exanple the "tag" was all 0's. The nunber of |ogical shifts

per for ned iddinehiesyictive i the seanesy estbotineentmoef] thisduveptiomk Vafiahes] willesout tve

| ocation of the nodified chunk has been identified, the mapping of 15 the
data mask WhasesdIskitliadhé artpThisemserntionakiayl 80 8mbadicdin dthavepecifier foanawitheut i f
the selected data nask bit is the first data mask bit in the data mask bit

pattern us@epirfin@MRBESS spit AikcehRBISciaRsbtdristibde AMOiahz@OWhRH oS withfh fid t h

chunk of the read data, the first data mask bit nasks to the fifth data

oo ARG N SR BF OSEERE B A8
ST A A L TRRIR N I R R

1214. Blocks 1218 and 1220 nmay _then be used to repeat the process for the
remai ni ng PRbY theypint andscopef thesnpended daims. processed as det erni ned at
bl ock 1218, the process may end at bl ock 1222. The nmapping schene thus

~determ ned may be stored in controller 102 as previously described. 21 WO
03/083665 1 9 MAY- 2006 PCT/US03/ 07915 [0066] The foregoing description is

to be considered in all respects only as illustrated and not restrictive
ii\g)the scope of enbodinents of this invention. Variations will occur to
those of skill in the art. This invention nmay be enbodied in other specific

forms without departing fromits spirit or central characteristics. Al
changes which cone within the nmeaning and range of the equival ency of the
clainms are to be enbraced wi thin our scope.
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Variations are intended to be included in enbodi nents of this invention,
which is |imted only by the spirit and scope of the app%ﬁﬂgdzo%ai ns. 22
23 W claim 19 May 2006 1. A nethod, aonprising: obtaining, *Tomwithin a
menory system information to indicate a data nask mapping schene to be
used ik @ifenory nodule in the menory system wherein obtaining infornmation
to indicate the data mask mappi ng schene includes witing at | east one

test dak melBs oRphidrRl shtakhsl, #bm WAREA b mPNBy 488k, ARtAtBA I iRdidktd Pdfta agge of
MENDI yhapping Subere wibeyus sl bl ntentotfim b@ el ik iidmdregslenDBertif Sbtaiing thidhahidn to

pat t eindicatadfie datesmaskorapping schefe incatgewiihg BEEERE yhe'tes Pata siaviepdieri ana atibadt east
one t ers teglaiata natierd &rarabgs efgnemundi theanknioyy mbdilesdnd remisig ableest bes tesdltirtgalatans k
pat t eP#iteraingt wiststoradiimiha gangk ef emery rasstnsiva ppthe gt leasheneeed) date gatteombetinge

i nf or ARETIePY haliesstrrgdastdain Meptopattaie; anstdsteraisg thepiplemepsk otaerieg scheme brsed
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3. 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 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 transfer including a second test data pattern and a test data mask pattern, the test data mas
pattern to not write-protect a particular data chunk in the second test data pattern. :

7. A machine-readable medium that provides instructions, which when executed by a machine, causes the
machine to perform operations comprising: obtaining, from within a memory system, information to indicate
a data mask mapping scheme to be used in a memory module in the memory system, wherein obtaining
“information to indicate the data mask mapping scheme inciudes 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 determining the data mask mapping
scheme based on the information, wherein determining the data mask mapping scheme includes
determining a portion of the data mask mapping scheme to be used for the range of memory based on the
at least one resulting data pattern.

8. The machine-readable medium of claim 7, wherein said obtaining includes: 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.

9. The machine-readable medium of claim 8, wherein said receiving the information from the memory
module includes receiving the information from a serial presence detect within the memory module.
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