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t he anmount of information processed, stored, or

ed; and the speed and efficiency w th which
Eﬁaﬂ ﬁﬁb tion is processed, stored, or conmuni cat ed.
The var i atsi bayalun aichber Gfahfoﬁmﬁbﬂrdﬁﬂhbg@ 16 Vifidr&he ﬁilnhdm{s and
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YSETA 457 @ﬁ)mtapm@mg arstepy oogelg:g)rmpgpn handling system generally processes,

compiles, stores, and/or communicates information or data for business, personal, or other

purposes thereby allowing users to take advantage of the value of the information. Because
technology and information handling needs and requirements vary between different users or
applications, information handling systems may vary with respect to the type of information
handied; the methods for handling the information; the methods for processing, storing or
communicating the information; the amount of information processed, stored, or communicated;
and the speed and efficiency with which the information is processed, stored, or communicated.
The variations in information handling systems allow for information handling systems to be
general or configured for a specific user or specific use such as financial transaction processing,
airline reservations, enterprise data storage, or global communications. In addition, information
handling systems may include or comprise a variety of hardware and software components that
may be configured to process, store, and communicate information and may include one or more
computer systems, data storage systems, and networking systems.

An information handling system will typically include some type of temporary
information storage medium, such as random access memory. The amount of memory included

in an information handling system may be on the order of gigabytes. As memory size increases,
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airline reservations, enterprise data storage, or

gl obal communi cations. |In addition, information
handl i ng systens may include or conprise a variety of
har dwar e and software conponents that may be
configured to process, store, and.conmmunicate
informati on and may include one or nore conputer
systens, data storage systens, and networki ng systens.
25 An information handling systemw Il typically

i ncl ude sonme type of tenporary information storage
medi um such as random access nenory. The anount of

~nmenory included in an information handling system may

be on the order of gigabytes. As nenory size
increases, 2 the likelihood that part of the nenory
wi || either be manufactured defective or becone
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3 SUMVARY I n accordance with the present disclosure,
a system and nethod are herein disclosed for nanagi ng
menory defects in an information handling system In
an information handling system a first quantity of
menory, such as RAM may contain defective nmenory 5

el ements. A second quantity of nenory, such as EEPROM
is physically coupled to the first quantity of nmenory
and is used to store a nenory defect map contai ni ng
information regarding the |ocation of defective
menory elenents in the first quantity of nmenory. The
nmenory defect map may then be referenced by the BICS
or the operating systemto preclude use of regions of
menory contai ning defective nmenory elenents. 10 The
system and net hod di scl osed 3herein are technically

vant ageous because a nechanismis provided for
the functional and financial inpact of
def ect i vén nieddRdayce @it B8 NPrdent | discRSUH, | £ Wk, anll r}ﬁ‘eﬂﬁﬁleaieﬂércm
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menory el ement's, gresen osure ex
PR Igay&{aendaé mfﬁrynced Wé? 1QS o5 fhetoperating sy stenf toprechude use of regions of

mEth&y Etaindig dbRARE nBiflors Yish&t ar e correspondi ngly
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g Speciiication,
to operate normally, despite the presence of one or more defective memory elements, with

minimal impact on system performance. By effectively hiding defective memory blocks from the

operating system, crashes of the information haﬁdling system are better avoided. In addition, by

sequestering defective memory elements, the present disclosure extends the life of memory.

Overall system costs for the information handling system are correspondingly reduced as
memory need not be replaced even after multiple memory elements are found to be defective.
Other technical advantages will be apparent to those of ordinary skill in the art in view of the

following specification, claims, and drawings.
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BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete
under st andi ng of the present enbodi nents and

advant ages thereof nmay be acquired by referring to
the foll owing description taken in conjunction wth
the acconpanying drawings, in which |ike reference
nunbers indicate |like features, and wherein: 5 Figure
1 is a block diagramof a typical information ha
ndling system Figure 2A shows the addressabl e nenory
space for a typical information handling system

Fi gure 2B shows the nenory space included in a usable
menory map whi ch excl udes defect bl ocks; 10 Figures
3A and 3B depict the results of reducing fragnentation
in a usable nenory map; Figure 4 is a block di agram
of two dual -inline nenory nodul es; and Figure 5 shows

ARIBFAYESHRAFT GO initialization to the
Wﬁﬁéﬁ@*ﬂ*ﬁ% map. 5 DETAI LED

- DESCRI PTI 400 eorprlate oslestawtingt bff the ghresant embydenenBnand advantages

thede & iR toe QEul i 'e %I de .an . .
i nst rdlﬁe nt éﬁ i ?ﬁé’?fg'g“%?(’ggﬁaé ore ‘jii HCSP {rilol? ?tr%kﬁ?gq fopigcgion with the
BHerRpYes c{r@v%nl.b Whigh like|refererict pumbsys dnslésats Jiket feamresriutd wherein:

receive, Higkd @Y BlockUaghRh §pics WebrmBion Shlii; Lspl ay,
mani f est, . det ecﬁ&ﬁ,) record, rggrcoduce, Oﬁg’%@flgg,_sy%%ﬁ’S
utilize APEFFYTIPETIHG H9AEIsRhle Temrery pare dirfaitipisalaformptiondandiing
fysempusi ness, scientific, control, or other purposes.

For exanpd i nfarmati on handl i .systemmay be a
per sona rﬁlcl:g?r?p it v gne HETREET Pacesingpdsd dn B dvAblegmenry magy which
chudss defert bladksie devi ce and nay vary in size, shape,

perfor MAlFghires 3A and 3B depict the results of reducing fragmentation in a usable
memory map;,

Figure 4 is a block diagram of two dual-inline memory modules; and

Figure 5 shows a flow diagram from system initialization to the creation of a
usable memory map. '
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functionality, and price. The information handling
system may include random access nmermory (RAM, one or
nore processing resources such as a central processing
unit (CPU) or hardware or 10 software control |ogic,
ROM and/or other types of nonvolatile nenory.
Addi ti onal conmponents of the information handling
system may include one or nore disk drives, one or
nore network ports for communication with externa
devices as well as various input and output (1/0

devi ces, such as a keyboard, a nouse, and a vi deo

di splay. The information handling systemmay also

i ncl ude one or nore buses. operable to transmt
communi cations between the various hardware 15
conponents. Shown in Figure3l is a block diagramof a

b formati on handling system A processor or
é%@&ig.ﬂ £RE IOI‘,5|cal i nformati on handling system 10
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‘guglgép t o’s o?%agl e” érftglp en?e oF #"‘g{g’ﬁ'e Wuﬁcgfm &y eqopply or other
PumRosagd Forgpxample e infpematior haadlingSPstemahayce al’pﬂry&orﬂbd’bﬁipht&ﬁa Betwork
fidas hde%@/I & ha& du(l:?'sH;%i% deie BhERD f %nh 1550 TR berformance,

)

. system I's al so couple
‘ fi“EFUB‘P 1t¥h@d é’B?Fle‘élmeSttoérWﬂdPPmSm lmafs tnchvdsy randomackxss memory

@anp)| éad ot r@oréipr&é&ﬂfg rekbiBces RicR a&poenﬁlrﬁ‘it)rg&g%r tdﬁfet ?(?é{}gr hardware or

au led t f the 1/Q
PP e, PG ey bt noelaue mepep. Addioehisonponens
qulreanﬁoa:raabd lehdltﬂg §s&em 125' Jdliﬂe SiSranbradmick dRkd @ﬁ’e or more network

pﬁl}?é fot l: oﬁ 'vsﬁlth 'e; emal d%wces ashvgﬁggl %g%g%@{t) érm outPHb(I/O) devrccs

resources o orna
%%%S@rheah@erdmamﬂ@d andw vldecedigplag. TBeinffmaion haglting systerh weeslso

to Mﬂ?&%ﬁc?@h&@w&g 13 IQ/Xr‘ious Irardware
t he physical nenory of the nenory devi ce
GRHEYSHe by the system |f physical nenory is

i denti fi SBbvasn Pigird @ isWHbSRBhRand¥F altf}fcal information handling system. A

' processor or CPU 12 of the typical information handling system 10 ié communicatively coupled

to a memory controller hub or north bridge 30. Memory controller hub 30 is coupled to RAM 20

- and a graphics prdcessing unit 40. Memory controller hub 30 is also coupled to an I/O controller

hub or south bridgé 60. I/O hub 60 is coupled to storége elements of the computer system,
including a storage element 50, which may comprise a flash ROM that mc]udes the BIOS of the
computer system. I/O hub 60 is also coupled to the hard drive 70 of the computer system. I/O
hub 60 may also be coupled to a Super I/O chip 80, which is itself coupled to several of the I/O
ports of the computer system, including keyboard 90, mouse 100, and one or more parallel ports.
The system and method described herein involve the management of the memory
resources of an information handling system. The system and method involvé the use of storage

included within memory devices to identify which, if any, of the physical memory of the memory
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system the physical nenory is |ogically mapped out of
a resulting nenory map of the usable conputer system
resulting in a nmenory nap of usable nenory that does
not include the defective physical nenory of the
menory device. 5 At initialization, the informtion
handling systemw || create a map of the nenory or
RAM of the system Figure 2A is a diagram of the
menory space. that is reviewed by a nenory mapping
call, such as an E820 call, within the information
handl i ng system The information handling system 10
may be conprised of nunerous distinct conponents
capabl e of being addressed as nenory, including

dual -inline menory nodules (DI M) 120 and PCl 10

- devi ces 130 such as discret® graphi cs cards. Devices

t.inclu ressa are, detected during
R o B G PGB o B Grsnod o demiegehinng e oy e
stteme thel elwsmdsnmryma Bgieally meapped diesrd kduRihg @&femory map of the usable
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the system 110. The menory napp
SuBA M by st ndigyre e ista drmam phibe mempry snﬂevrﬂrayls b¢vwk¢ by a

ilnﬂrﬁory 1&51,1@@16&1112&11 £ ES20 Hﬂlu ARhiFRRD Yotk ‘ﬁa:i‘dﬁég stem. The
%a) ql S%@h“ gefegt system accessi b nory
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btieEd B35 b o Bhoded Do GRS s T st Al oy ve
flqtasted dyring rﬂ&rﬁIOS elsudhtahng périad,tane the meabtyoyithinf these Bevites is mapped
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non- def ective nmenory | ocatl ons.
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out. of ecrrputer SS
K9 sckrc R0 5o Jeplons DRGHG ReB L FBoR 128 Jdeend; 196, oven
'(hbr.gh usgbty dlonke W25 opntainpa meridry GaEEERr Xs Skteelacctible n‘ﬁ‘ﬁio@hs located, _

including DIMMs 120, a map is created of usable, non-defective memory.

As the usable memory map is created, portions of physical memory that are
determined to be unavailable or unusable are excluded from the map, resulting in the creation of

a logical map that only includes usable and non-defective memory locations. Figure 2B is a

. diagram of a usabl_e memory map in which the unusable locations in the memory of the computer

-system have been logically mapped out of the computer system. For example, memory

blocks 124 and 126 are included in the usable memory map, but memory block 125, which
contains a defective memory element, is not.

The usable memory map is acquired by the operating system, either as a result of a
set of iterative memory mapping calls by the operating system or as a result of a memory

mapping function in which the BIOS transmits the completed map to the operating system.
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:defectlve menory cells in

contains a defective nenory elenment, is not. 25 The

usabl e nenory map is acquired by the operating system

either as a result of a set of iterative nenory

mappi ng calls by the operating systemor as a result

of a nmenory mapping function in which the BIOS

transmts the conpleted map to the operating system 7

Because the map excludes fromits scope those physi cal

menory | ocations that are determned to be _

unavai | abl e or defective, the operating systemis only

able to access the nenory that is mapped as being

usabl e. Physical nenory that is mapped as being

unusabl e cannot be used by the operating system and

can therefore be described as bei ng not visible by the

operating system 5 During the creaaloP of the usable

ion regarding the |ocation
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t he nunber di screte entries e requ
teiEopesions irsen) totheeprratinesyton. Thirdnfomatin m,a)y takgtne fiegmn of
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Matiafd n theofr nityat |cong menory tgf!;nu g'?t t

LE ul tin
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f t usabl.e entries,
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16 ddbdete ﬂﬂﬁuéﬁ%@@lbﬁrdg{%ﬁ 1&eﬁ§f?'inﬂ\éﬁ’|s%&§wwu g e(g?]f've € x%nm’a s and

0-a common
ysphls polzies- 3A and 3B illustrate DI MV 300 divided into-

rTE nory  bloae kigateg3 Gor rdiubRIIE Xdﬁlnﬁ%ﬁé Burden A€ fde g an excessive

f. contl us, st orage in a ]
%cr o(t) I&cfo tive entries %m? usable entncs Involves grouping proximate defective memory

cells into a common defective entry. Figures 3A and 3B illustrate DIMMs 300 divided into
memory blocks 310. A memory block is a defined section of contiguous storage within a
memory device. Included within DIMMs 300 are defect blocks 320 and 340. A defect block is a
memory block that includes at least some defective memory within the block. A defect block
may include a mixture of defective memory and non-defective or usable memory. If defect

blocks 320 and 340 were individually mapped out of the usable memory map, each block would

.be identified by a starting address and an ending address. Such fragmentation may be

ameliorated by detecting the presence of small blocks of usable memory between defective
memory blocks and grouping the small usable memory block together with the adjacent defective
xﬁemory blocks and designating the entire group as unusable. This excludes additional non-
defective memory from use by the information handling system, but it reduces the number of

addresses that must be stored as part of the usable memory map.
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menory device. Included within DIM M 300 are defect
bl ocks 320 and 340. A defect block is a- menmory bl ock
that includes at | east some defective nmenory within
the bl ock. A defect block 20 may include a m xture of
defective nmenory and non-defective or usable nenory.
I f defect blocks 320 and 340 were individually napped
out of the usable nenory map, each bl ock would be
identified by a starting address and an ending
address. Such fragnentation may be aneliorated by
detecting the presence of snmall blocks of usable
menory between defective nenory bl ocks and grouping
the smal |l usable nenory bl ock together with the

adj acent defective 25 nenDry bl ocks and desi gnati ng
the entire group as unusabl € This excludes additiona

- defegctive .menor e i nformatiaon
nondl | no S EERE Sy S 3 el in st eppored o one larger
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SHardbed O defecPblSok I Htein IGhEGECifdAGber | oF rﬂexqgrgtb]ockseg? ¥1 Sther.

ratlng system a si ngle usapbl e nmenor
g{fﬁ Sksn#tp fernd. anyoipterverisepblgeky @ree@eré;ed &odefectwe Thls

mﬂ:e:ﬂmah IlsSshbsEchieﬁlyrsﬁﬁﬁdGﬁ the theBryl deREHRD! &fHef fhe Lﬁj&‘ﬁ)aﬂﬁrmﬁdmg :

ct ma ched for defect blocks wthin sone

‘? S“"m i ’F’é‘d‘gﬂﬂ‘ﬁ??e?e B aﬁlﬁﬂ%‘?’x}' m3p a’ék@dﬁ‘q" SRl eng:entry figs dhe contiguous
Wreqry bleks manked ds eferiise, amdlﬁg)nua Hkterveily ﬂoﬁidefefsﬁ@a hnexgorga bieaks
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2 lrJ gs gg L ent % I?gsre Igsg bloc ﬂ:égr e %’P?’m&yega "tmsr?ﬂﬁ‘m DRy 499 A
PR rpayt indwiehmﬁd Rialh 41Qs vt @ muirgitynefx¢lectrivhllyi-ddshbie qs;ogﬂmﬁable
l’éﬁﬂbnhyem&ﬁﬁ@ (BEPK@M) Wb, lwmdﬂcéoﬂgfsesOBUnWoggl? s&)%ggg Yhat 2 mcth[&ed on

['ocks nar
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deSeribésQi €ized sREE SRAtGI ReqlateRiSis, %@%@}m&) A5 Ro¥t the RAM 410.

%@1&%’5 3y d’t"“g Egﬁ%\‘}é g"%@éﬂéﬁ F‘?ceraﬂlqu %?oglgggﬂe@ke)gfy that the

lowesd 2% hytesbd3@ of the EEPROM are reserved for SPD information, DIMMs typically
include an additional instance of nonvolatile memory 440 that is not dedicated to SPD

information and is referred to herein as memory defect storage 440.

Memory defect storage 440 of EEPROM 420 is used to store information
describing the location of defective memory in RAM -410. When a memory cell is identified as
defective or if it is otherwise determined that the system should not be granted access to that cell,
a block of memory .contaim'ng the memory cell in question is identified and the location of that
memory is stored in memory defect storage 440. The placement of the defect memory storage in
a DIMM has advantages in that the memory location within the DIMM is widely implemented in
information handling systems and is available for the storage of this information. Moreover, the
placement of the memory defect map within the DIMM itself is advantageous, as the memory
defect information remains with the DIMM and allows the defect information for the DIMM to
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read-only menory (EEPROM 420, which conprises

non-vol atile storage that is included on DI MM 400.
EEPROM 420 can store serial presence detect (SPD)
information, which is data that describes the size,
speed, electrical requirenents, and other information
about the RAM 410. 15 Al though the standards of the
JEDEC Solid State Technol ogy Associ ation specify that
the |ower 128 bytes 430 of the EEPROM are reserved
for SPD information, DIMvs typically include an

addi tional instance of nonvolatile nmenory 440 that is
not dedicated to SPD information and is referred to
herein as nenory defect storage 440. Menory def ect
storage 440 of EEPROM 420 is used to store information
20 describing the | ocation ol defective menory in RAM
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MNP
Teypltipn ofithe memory map, which results in more usable memory. If storage space for the
memory map is at a premium, the size of the map can be reduced by simply associating each bit
in the memory map with a larger memory block in the RAM of the DIMM. If the maximization
of usable memory is a more important consideration, the resolution and size of the memory map
may be increased, resulting in finer granularity in identifying the defective memory cells, thereby
resulting in fewer usable memory cells being grouped with the defective cell in each memory
block and designated unusable as a result. The grouping of memory cells that are designated as
being unusable, including defective memory cells and usable memory cells grouped with the
defective memory cells, is known as the defect block. As an example, in a system that
includes 4GB of RAM and the defect memory map is constrained to be 80 bytes (640 bits) in
size, each time a defective memory cell is detected, 6.4MB (4GB/80 bytes) of memory is blocked

out as unusable, even if only one cell is identified as being defective. Thus, increasing the size of
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The content of the nenory defect storage location is a
menory defect map, wth each entry in the map
corresponding to a region of the physical address on
the associated DI MM 400. The size of each designated
region in the map is defined by the nenory capacity of
the DIMM anortized across the nunber of entries
permtted in the map. The size of nenory 10 bl ock
desi gnated as defective is thus equal to the D WM
capacity divided by the nunber of bits in the defect
map. The larger the avail able space for the nenory
defect map, the smaller the size of the nenory bl ock
that can be designated as defective. In one
enbodi nent, each bit in the nmenory defect map in
nennry defect st orage corr&$ponds to one nmenory bl ock
The size of the nenory defect map can be
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.regions chosen. For instance, 1f the SPD has sixty-four bytes (512 bits) available for the defect
~map and a limit of forty defective regions is chosen, each entry would be 512 bits divided by the

forty available entries, resulting in 16 bits per entry. Unlike other examples, no bits are used to
flag a region as defective or usable. Instead, all the bits are used as an offset pointer from the
lowest memory address on the DIMM. Entries are populated serially as memory defects are
found, and each populated entry indicates that the region beginning at the poiﬂtcr contains a
defective memory cell. This type of map has the advantages of increased granularity (resulting in
less wasted memory per defect) and small map size, but the memory cannot support more than
the chosen number of defective regions. Any additional defects would no.t. be incorporated into

the map, and could either be left unmanaged or could be managed by some other method.
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10 the defect nmenory map may result in fewer usable
menory cells being grouped with the defective nenory
cell and being designated as unusable. In another
enbodi ment, the defect map may be inplenented with one
byte per entry. This increases the size of the map
consi derably, but results in nuch | ess wasted nmenory

5 for each defective cell. The defect map is initially
i ndexed such that each entry in the defect map

-corresponds to one region of nmenory on the DIMM Each

entry in the defect map is eight bits in length. One
bit of each eight-bit entry flags the region as one
containing a defective bit. The remmining seven bits
of each entry are used as an_ address for one or nore
sub- bl ocks within the desighated nennry reglon Thus,

h [rres ondln it i
entry | n iR Rk AR o i P o, s operton
¢f1thg ynfermbyicn| houdlisg swsteoh, theviemolyi defecofnare thathis iéx_ﬁ-llﬂw Br the memory
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in the arger reglon at con a st Hé
hradline sygen jnto aplpkal momery gt feqtansp Waat l@ﬁ@esanéeitrmad memdirp of the
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effectiyv manage def eét maps Wt
grasaes %frqefeﬁt“’eAPFd‘iWe?r ¢ g‘ﬂﬁﬁ’d?’#e‘ﬁ’fec%‘le TREMBT loeatiopppgsn thtemlwicd
during Mﬂl}ﬁx&ﬁg Greratiohs] enRAHhieweh WTesve één&?to@adﬁhsgﬂe dlscovered durmg

R B Piter DRl BRE o Bt oo ogpi emor

¢ednetrop. onlameai-time basiy.plf a ddfectief rmatioryiag@tior i &sdblvét&i cﬁhﬁn@i}ﬁlﬁhoa of
a

T?ﬂglf&é%%ﬂgré L%glau{ﬁl%g%{né fi(q'gbfll cﬁ&xcmﬂ%pom étot e HE, %( ﬁ’_g%e? cgsfe memory is
§eblished; iy systemapgmerysat mhmers addrespthatiisabberne hl,ghar fhat Hhe nSRGYry space
dfalse ISIMMsyof ftliéﬂﬁforﬁﬁﬁ(ﬁx%aﬂ«ﬁi%@sy@kﬁxs be@}{ﬁhé AhEnfBEr drHBMMs in the
def ect alimt of forty defective regions Is

R b SR LIS e et o 1 e aByMbHisdea o
iflontifigs thy DIMBDOIhE Rdtided &8, defeREd |nﬁdnﬁg' b1tk 1 6THR &lﬁmﬂﬁg bits of the

i ke ot her its are

‘%Fea%‘*é“?’@a. rred 4 ol PG pachi ot oo o defscrwe ROTy
%w*gmaméhewﬁecdeddﬁm Blebbek inpaxi intrered by Giiding ehe physical address of
the defectlve memory cell on the DIMM by the defined block size of the defect block that has

been established for the DIMMs of the information handling system. In this manner, an index is

created, comprising an entry in memory that includes (a) an index to the DIMM that includes a
defect and (b) an index to the memory block within the DIMM. After this pointer is created, the
pointer is added to the global memory defect map, resulting in the defective memory block being
excluded from operations in the information handling system.

Figure 5 is a flow diagram of the creation of a usable memory map. After the
information handling system is initialized at step 500, the power-on self-test (POST) phase
begins at step 510. During POST, memory devices are identified and the defect maps for
memory are retrieved from each respective device (step 520). A defect map isa memory map of

defective memory locations at step 530. At step 540, a usable memory map is created which
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| onest nenory address on the 131MM Entries are

popul ated serially as nenory defects are found, and
each popul ated entry indicates that the region

begi nning at the pointer contains a defective nenory
cell. This type of map has the advantages of increased
granularity (resulting in 25 | ess wasted nenory per
defect) and small nmap size, but the nenory cannot
support nore than the chosen nunber of defective
regions. Any additional defects would not be
incorporated into the map, and could either be |eft
unmanaged or coul d be nanaged by sone ot her nethod. 11
An information handling system may include nmultiple

DI Mvs. During operation of the information handling
system the nenory defect nﬁ that is included in the

r st or e | o atlo f each of the DI MVk. may
E&%@. syn“éc N alﬁ ?ﬂs “%ﬁ %H’-F‘EFFWH Getsrt mana A ‘ﬁ’@“ though
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ﬁcﬁkﬁxﬁﬂtyl sOtjecOio defd@is. | OSRTsRRViANhiD adddsha gfof‘%éﬁm 5] a ﬁl%&ﬁ: storage
ati o s ar added to the_ gl obal nenor % def ect

d°.¥‘°5 Tpay e \fcfheg, nog-polatieprage, Mych ¥ Aefech e or the
m&wduscnge&sdedurlng operation of 10 the .infornmation

handl i ng a de ctlve oLnter to. the

bl ock of" 3%?%@% % rescn lrsdos“? ﬂ“gsgg%fi I feaihst éﬁ?“ld be
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the information handling system the first one,

or three bits of the entry are a DIMM i ndex that
identifies the DIMMthat includes the defective nenory
bl ock. The remaining bits of the 15 defective nenory
poi nter are a block index that identifies the |ocation
of the defective nenory
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bl ock within the affected DIMM The bl ock index is
created by dividing the physical address of the
defective nenory cell on the DIMM by the defined bl ock
size of the defect block that has been established
for the DOMW of the information handling system In
this manner, an index is created, conprising an entry
in menory that includes (a) an index to the DI MMt hat

i ncludes a 20 defect and (b) an index to the nenory
block within the DIMVM After this pointer is created,
the pointer is added to the global nenory defect nap,
resulting in the defective nenory bl ock being

"excluded from operations in the informati on handling

system Figure 5 is a flow diagramof the creation of
a usabl e nenory nap. Adter,ﬂﬁe i nformati on handl i ng
FSwiktdalized at step 500, the power-on

?%?%fgg%’ ) phase 25 begins at step 510. During
POST, nmenory devices are identified and the defect
maps for nenory are retrieved fromeach respective
devi de ( sA opte’d 2@ manskingefeeoty dafagls, canmisiagnory nmap of
defectiv% Tenory | pcations at step 530. At step 540, a
usabl e menory nap °f 88 Eat ed which 12 excl udes the

menory | acedhddisntithefimeniosy; | dentified in the nenory
def ect map. Thus, .even though a nmenory device

i ncl udes dBTREY Agfeet Mo Rereln i merRery idefae mesp copfeins information
fbgdraifg the/BrstGREIRIYof B Rory BRIE Hored the A cofd RartBAR nory
map that is crgéted %y t he ggerafiﬁg systen1hﬁrgﬁbugh
this _disclosure has been described with respect to the
oper &t i orfhpiysten ofilajme . Wherdin the seeenfl avastitraf memprhia netivolatie.
system it should be recognized that the nenory system

and th described herein y. be inplemented with

any gﬁysiqg%l ysgéfno?fé:gagn geV @ fr‘[ﬁ dtstizad sqgepdcypntisies| qf memory are
phyifally coupled. def ect s. Consistent with this disclosure,

for exanple, a magnetic storage device may be coupl ed
to other non-vol atile storage which contains a defect
nap for t’l'heesysmgﬁ slajme Isw}@geé[g@e dicy qwetity of memory is random access

memory.

5. The system of claim 1, wherein the second quantity of memory is read-only
memory.
6. The system of claim 1, wherein a portion of the read-only memory is reserved for

serial presence detect information.

7. The system of claim 1, wherein the first and second quantities of memory are

comprised in a dual inline memory module.
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10 Al though the present disclosure has been descri bed
in detail, it should be understood that various
changes, substitutions, and alterations can be nade
hereto without departing fromthe spirit and the
scope of the invention as defined by the appended
claims. 13 WHAT IS CLAIMED IS: 1. A systemfor

managi ng nenory defects, conprising: a first quantity
of menory; 5 a second quantity of nenory; a nmenory
defect map, wherein said nenory defect map contains
information regarding the first quantity of nenory
and is stored in the second quantity of nenory. 2. The
systemof claim1l, wherein the second quantity of
menory is nonvolatile. 10 3. The systemof claim1,
wherein the first and second*quantities of nenory are
physiscal lX ctglu% ed. 4. The sgst emof claim1l, wherein
the first”™ GTRRt o P BFarBRA defests copgtiieaccess 15
menory. Sdetediing dsfysivepartivhs efladirdyglantipbeh@hdiy;t he second
guantity . is.read-only nenory. 20 6. The
system ofc(PI(::ﬂL %Eér%g%or’(/&%grﬂer?aﬁ’ a portion of the read-only
menory i sstariag te menjor defect map;kmd  pr esence det ect’

i nf or mat i Qe t im1 erei.n the .
first an er%Iecgggn aggngéﬁﬁ%tiﬁg}sq%%ﬂuQng rr%]?l?/d \rﬁ,g anén({%’??oé’el?fndlmg

P§teR aergalineittihe inbormative sigrechip ghelmemory defect map

9. The system of claim 8, wherein the memory defect map is stored in a second

quantity of memory.

10. The system of claim 8, wherein the memory defect map and the first quantity of
memory are physically coupled.

11.  The system of claim 8, wherein the memory defect map is used to prevent access

to defective memory by an operating system running on the information handling system.
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14 8. A nethod for managi ng nenory defects,
conprising: detecting defective portions of a first
quantity of nenory; creating a nenory defect map
storing the nenory defect map; and 5 restricting
access to the first quantity of nenory by an

i nformati on handling system according to the

‘information stored in the nmenory defect map 9. The

systemof claim8, wherein the nenory defect map is
stored in a second quantity of nenory. 10 10. The
systemof claim@8, wherein the nenory defect map and
the first quantity of nmenory are physically coupled 1
1 . The systemof claim8, wherein the nmenory defect
map i s used to prevent access 15 to defective nenory
by an operating system runnildg on the information
handl i.ng systen1 15 12. A nethod for creating a
msmorlﬁ def BEtodigrrreating ATpemany defecBipesorpRtingy t he

quant ity dafensihing Bgguantitibf sipdg8 atafibic¥ol Ry ARk ER p;
determ ni a_ guantit f meno to be mapped b fhe
menory de %Tmmﬁ¥9P h%mﬁmﬂHWﬂﬁfﬁﬂ° 3Pt o
be mappeddlvuhhg) the quatye rof mﬁenroqg t0BS nbpeA ! ihitd SP aielbeéd ot Bgions

I f
aRHARLb Y oy RS o e R0 merily AR
def ect rm%?l”éz)rln entpendi |thtgmlemorvfdefectempowsespéndugamhieyregms of
ReméRRpad. mépBédo Bl R &E&ﬂﬁgf‘ 'tﬂggprgslgrﬁe RFCRfeliE xgemory in each

defective nmenory in eac
respective region of memory.

13. The method of claim 12, wherein each entry comprises one bit.
14, The method of claim 12, wherein each entry comprises one byte.

15.  The method of claim 12, wherein a single bit of each entry indicates the presence

of defective memory within the corresponding region of memory.

16.  The method of claim 12 further comprising the step of:

storing, in the available bits of each entry in the memory defect map, address
information specifying more particularly the location of the defective memory within the

associated memory region.
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respective region of nenory. 10 13. The net hod of
claim 12, wherein each entry conprises one bit. 14.
The nethod of claim 12, wherein each entry conprises
one byte. 15. The nethod of claim 12, wherein a single
bit of each entry indicates the presence 15 of
defective nenory within the correspondi ng regi on of
menory. 16. The nethod of claim 12 further conprising
the step of: storing, in the available bits of each
entry in the nenory defect map, address information
specifying nore particularly the |location of the
defective nenory within the 20 associated nenory N
region. 16 17. A nethod for creating a nenory defect
map, conprising the steps of: determ ning the quantity
of menory to be addressed by6the nenory defect map;
determ ni ng a nmaxi num nunber of defective regions of
menony. t o Aencder magog . and
5 storing a refercg%%ggdaa%%&%?etc o lqis‘?rta%tl osh 0(1& each
def ect i veéletmppng the gugntinofprrmioty to bévaldressrd bythe memminedefaof map;
defective gy ?rgﬁrﬁﬁksuﬁixrﬁmtl elj'@ﬁefgﬁs&e%gtg%}qr%g or%% be fnhd?essed
met hod of claim17, Fur't her conprisin S

Prethememnary dedect ap; ‘qﬂantlty of storage available for a
menory defac Lepmnln l.mum st or age
space avall a Eﬁ?o?elagg%% Fe é?ccaethogé&%a %?eg%s(cém IR Aoy regin ntil
thh maxjuam tinhber qffdefedtive mgionsof aiehady hes bearredcld. Menor y

defect map and the maxi num nunber of defective

regions of nmenory to be addressed; and addressing the
smal 1&st Themethod of elginok¥sfuphes sinidrieinpte gechsoff t he quantity

of stora
%etermnung the quantity of storage available for a memory defect map;

determining the maximum storage space available for each reference address

based on the quantity of storage available for the memory defect map and the maximum number
of defective regions of memory to be addressed; and

' addressing the smallest memory regions possible based on the quantity of storage

used for each reference address and the quantity of memory to be addressed.



used for each reference address and the quantity of
nmenory to be addressed. 15 17 19. A nethod for
reduci ng the fragnmentation of a nmenory defect nap,
conprising the steps of. searching a nenory defect
map for defect blocks within a specified nunber of
menory bl ocks of each other; and 5 nodifying the
menory defect map to designate interveni ng nenory
bl ocks as defective. 20. The nethod of claim 19,
further conprising the step of: creating a usable
menory map based on the nodified nenory defect map.

17

19. A method for reducing the fragmentation of a memory defect map, comprising the
steps-of:
searching a memory -defect map for defect blocks within a specified number of
memory blocks of each other; and

modifying the memory defect map to designate intervening memory blocks as

defective.

20.  The method of claim 19, further comprising the step of:

creating a usable memory map based on the modified memory defect map.



