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METHOD FOR CREATING A MEMORY DEFECT MAP AND
OPTIMIZING PERFORMANCE USING THE MEMORY DEFECT MAP
TECHNICAL FIELD 5The present disclosure relates generally to computer
systems and information handling systems, and, more particularly, to a
system and method for creating a map of memory which governs its use
by the computer system or information handling system. BACKGROUND
10As the value and use of information continues to increase, individuals
and businesses seek additional ways to process and store information.
One option available to these users is an information handling system. An
information 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

informajien; &iggﬁ (o} foimati andling needs and
requirementcégiggr6 etweﬁﬁgi%e%%grﬁ%%‘%%&@ P%&M?Sﬁ
handling syste RHRDES R EE MEW O RO PBIBATOVMALON

handled; the methods for handling the information; the methods for
PHOCRGBIRG FHEPIINY Or communicating the information; the amount of
information processed, stored, or communicated; and the speed and
efficiency withh W HEersm skt repraliedeetmaaredysms and information
sodinamitetedindOridepeaiiatidysdn infasmaiiondaaadingaysie s o Wemory
feidnlovmalianaandibaaaieT o e aRnRIAL oL saRfigued for a specific
user or specific use such as financial transaction proc glng, airline
reservations, enterprise data storage, or global communications. In
BAdRBROMR mation handling systems may include or comprise a variety

of hardwareand.SolaigCal RPNERINE BARE LD iguled B RAIRERS .,
ﬁ}gﬁg“gsns%&%g%g%:ate information and may include one or more

computer systems, data s PSS RS BiREmAEaRo (iR gRégatesilable to these

L}S\eﬁdﬁ]ﬁhm Aradlingayreently faclifersetioe hapdliof t@spOgaidtally processes,
dnfpifeationcSiaEage IRmiuitapt G50 OM BECESS MEMA elBI8CEN s ther

MHQH%@?&&%M%% e?g 59%5129 Qévé%tage ‘of the value of the information. Because

technology and information handling needs and requirements vary between different users or
applications, information bandling systems may vary with respect to the type of information

“handled; the methods for handling the information; the methods for processing, storing or

communicating the information; the amount of information processed, étored, or communicated;
and the speed and efficiency with which the information is processed, stored, or communicated,
The variaﬁons in information handling systems aliow 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.

A computing system will typically include some type of temporary information

storage medium, such as random access memory. In recent computers, the amount of memory
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comprised by the information handling system may be on the order of
gigabytes. As memory size increases, the likelihood that part of the
memory will either be manufactured defective or become defective over
lime increases. If left unmanaged, the presence of defective memory cells,
regardless of their size, can cause the information handling system to fail,
Such failure can 5 initiate an abrupt end to the current operation of the
information handling system, resulting in the loss of critical data. In
addition, the presence of defective memory can prevent the information
handling system from starling up altogether. As computing systems
continue to evolve and computer technology advances, the operational
relationship between the CPU and memory becomes more significant
Many 10 attributes of modem systems:’(spemflcally the introduction of
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defect map and used to optimize the 5 system performance. The memory

defect map I8 STRISHEITRL LPURRT Festbie Al samrerden teskuptopyindivanees, the
ABFEIRPh cRfppEf drstavene e tERTE dudlLitingpapebadins more AukertamiCaMany
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antihfampationchendkingenystem 1o %M%W&W@%@IM@&P& the
lmp&p MQJS&X?&GQ%%%&E“ emor edefect map is coupled to the

memory component, the memory omﬁo}ﬁ Ait can be moved from one
system to another while retaining any defect information. The importance
of this improvement is magnified as the system memory is growing to
represent a substantial portion of the overall solution cost. 15Another
technical advantage of the present invention is that it allows the system to
maintain normal operations despite minor deficiencies in the system
memory. By minimizing the impact of erroneous memory behavior a
system and method in accordance with the present invention can
significantly reduce the life cycle expenses associated with an information
handling system. Yet another technical advantage of the present
disclosure is that it reduces the 20 need for any significant testing and
characterization prior to conveying memory defect information to the
information handling system. 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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4 BRIEF DESCRIPTION OF THE DRAWINGS A more complete
understanding of the present embodiments and advantaggs ther_eof may
be acquired by referring to the following description taken in COI’]JUI’:IC'[IF)n
with the accompanying drawings, in which like reference numbers indicate
like features, and wherein: 5Figure 1 is a block diagram of thg _
components of an exemplary information handling system; Figure 2 is a
memory mapped by a memory mapping method. Flgure 3 is a memory
space including some defective regions. . Figure 4 is a Dual
In-line Memory Module with its associated Electrlcall_y 10 Erasqble
Programmable Read-Only Memory. Figure 5 is a flow _dlagram of a
first method for using a memory defect map to avoid condl_Jctlng a memory
test on a memory location known to bé defective. Figure 6 Is a flow
giagiank 9f a second method for using a memory defect map to av0|q
conducting a memory test on a memory location known to be defective.

15Figure 7 18 BBIBERGiaRIHT Bretres Histpeses, romedipgifiy stosioarcmemotraricfect
frrip iprdisidoved awighivhy sysbeony componehiguite&lisAdewHoGEIM Ok Bmanufacture

HREHH i dAPEAINg R(PEMRDLIRIES MAR SR using th %n?t%ggc? 10 oo the
%%{grg%nrggx}a%gg Iel%gemtegzeorry genflgtrymgre: rlrs]%g Itrc]: arnedstcl)xg rs(;stzzg’s?ersnigp?ng .resources
optimized as new memory defects are detected during operation.

A technical advantage of the present invention is that it significantly reduces the
cost of an information handling system by allowing the use of memory components with known
memory defects without jeopardizing the system performance, Availability of a non-volatile
memory defect map allows an information handling system to utilize the memory component
without “crashing.” Moreover, because the‘memory defect map is coupled to the memory
component, the memory component can be moved from one syétem to another while retaining
any defect information. The importance of this improvement is magnified as the system temory
is growing to represent a substantial portion of the overall solution cost.

Another technical advantage of the present invention is that it allows the system to
maintain normal operations despite minor deficiencies in the system memory. By minimizing the
impact of erroneous memory behavior a system and method in accordance with the present
invention can significantly reduce the life cycle expenses associated with an information
handling system. Yet another technical advantage of the present disclosure is that it reduces the
need for any significant testing and characterization prior to | conveying memory defect
information to the information handling system. 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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5 DETAILED DESCRIPTION For purposes of this disclosure, an
information handling system may include any instrumentality or aggregate
of instrumentalities operable to compute, classify, process, transmit,
receive, retrieve, originate, switch, store, display, manifest, detect, record,
reproduce, handle, or 5 utilize any form of information, intelligence, or
data for business, scientific, control, or other purposes. For example, an
information handling system may be a personal computer, a network
storage device, or any other suitable device and may vary in size, shape,
performance, functionality, and price. The information handling system
may include random access memory (RAM), one or more processing
resources such as a central processing unit (CPU) or 10 hardware or
software control logic, ROM, and/or other types of nonvolatile memory.

Agaiones compoRamtsreking ARfergation handling system may include

one or more,disk chivesr onﬁngr more network ports for communication

with external dBViceS B He S K es 5h Hist BiReF S iphedimemysdei cgantages

Siresrbuay kegtswied ba rouse ta iy Hiiday dispiayio hednawo@iation with the

hesifag Sysiammom Alser eliee:ane ALY &AL HIARSIARIS 1o TARMIt

communications, ig)eat\ﬁll%gg he variqu hardware components. ,

Shown in Figtire 1 i§ & bioCk GiEGTAN ofS FPREERIT Rt BFFRBiA)Hgprmation
S§HFocessor or CPU 100 of the typical information handling

system 5 is FiginzisiGabiMely eeielas s RanaRalgr hub or north

bridge 102. rggrigé:ontroller hub glog Is coupled to memory 104 and a

graphics processing u%lﬁnio(%%nlﬁlolrly%%ﬁ%ﬁﬁ%erf‘?‘fﬂﬁeﬁﬁc’f?'also coupled

to 20 an 1/0 B8t ctids rubust desling Birtensy1bedido with 1O8smaaup Bedtcally
SterdifrelalemmendsloR the @apyetensystem, including a storage element

110 such as, ROM, asic Input/Qutput System (BIOS) of the
computer s s%gr:ﬁsand th[gg{éégr%ﬁée}c al;}%yo gt%#%gctflgfn%b P S2POR 95556 g to
10: r%"&&“&i%/‘é HRTHHHIEY B Asupl9resieniormo wrdefsdtivitself coupled

to many of tigut® porfoefdagaoniputesmysiain HCIRNG keyboGd L (o
0610 %6:ddinBeh DARNELRANSHL 20 ROFIHWS RIB280s @ diagram of the

memory mapped_ EB20 call or similar memory mapping method. The

inform ationaﬁglﬁra I]}?l%ai@g?e r%zﬁ%‘? Hoe SPrpPREmIPPiDRTRTREEetIRS A dpformation
P81iETRE-capable of being addressed as memory, including Dual Inline

Memory 6 Meriias 4RBWENIRZ00 ARGl Heyiaes.2 Qansish asdisgrete

. ) i ] and
&ﬁ'ﬂgﬁfga&a[ s. The evices are detected during the BIOS |n|t|aI|zat|o%
period and m%e&)o%%geé{e & r?ﬁrrleee TS CHTITY SPBgRt TeRerEres e system.

memory during the E820 call. The E820 call iteratively calls locations
which may contain memory, beginning with the lowest possible address
204. As system-accessible memory 5 is located, including DIMMs 200, the
E820 call creates a map of such memory, but may exclude portions of
memory from the map when designated as unavailable. The memory map
is then used by the OS, which only sees the memory mapped as usable
by the E820 call. Figure 3 presents an exemplary memory space 300 with
some defective
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regions 304, 308, 312. The exemplary memory space may be part of a
Drmm or any other 10 component capable of being addressed as _
memory. To the extent these defective regions are in existence at the time
of manufacture of the memory component, information regarding the
location of the defective memory regions will be stored during
manufacture. Specifically, the memory component is tested at the time of
manufacture and any information regarding the location of defective
memory is stored in a nonvolatile storage device. A better understanding
of 15 the method in accordance with an embodiment of the present
invention may be achieved by turning to Figure 4. Figure 4
presents a block diagram of memory elements in traditional DRAMs _400,
Recent DIMMs 400 comprise both RAM 402 and a quantity of Electrically

Eresableiperammakle Read-Only Memory (EEPROM) 404. EEPROM

‘404 can store Serial Presence 20 Detect (SPD) information, which

comprises o%@%?ﬂﬁﬂﬁ@ﬁ@@%&f@@éﬁkhﬁr@@imﬂmsqmme any
dthteninfelimatiogrebocistedidA02s %I:ktﬁldaiéi%d%;rlftn% ﬁ?@é%z%o&gé% tirrjalnsmit,
St S IS AT e i
HOtF it e s datmRan iR oo 8o etEiFiene 0 4vhidie. isonbel, or other
devoted ForSRDuifcImiEtinmiah Eading S Manm G PO paLinS §eSiarkduiBGork
abRbsequentaReRgmaARMRCHAd and Ay Mamaly defectinformation. .
IS stored in a nonvolatile storage. In one em dlngllgnt, the hoRyolatie
&?ﬁ%‘@e o & femdfy CBRTBBHEhREdHRa sysisTe B piasden Towsitim angess
Q@MAM), one or more processing resources such as a central processing unit (CPU) or
hardware or software control logic, ROM, and/or other types of nonvolatile memory. Additional
components of the information handling system may include one or more disk drives, one or
more network ports for communication with external devices as well as various input and
output (I/0) devices, such as a keyboard, a mouse, and a video display. The information
handling system may also include one or more buses operable to transmit communications
between the various hardware components.

Shown in Figure 1 is a block diagram of a typical information handling system. A
precessor or CPU 100 of the typical information handling system 5 is communicatively coupled
to a memory controller hub or north bridge 102. Memory controller hub 102 is coupled to
memory 104 and a graphics processing unit 106. Memory controller hub 102 is also coupled to
an /O controlier hub or south bridge 108. TO hub 108 is coupled to storage elements of the
computer system, including a storage element 110 such as flash ROM for the Basic Input/Output
System (BIOS) of the computer system and the hard drive 112 of the computer system. /O
hub 108 may also be coupled to a Super /O chip 114, which is itself coupled to many of the I/O
ports of the computer system, including keyboard 116, mouse 118, and parallel ports 120.

Figure 2 presents a diagram of the memory mapped by an E820 call or similar
memory mapping method. The information handling system may be comprised of numerous

distinct components capable of being addressed as memory, including Dual Inline Memory
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7 in Figure 4 the unused portion 408 of the REPROM 404 is used to store
information about the location of defective memory in the RAM 402.
Specifically, when a memory cell is identified as defective or it is otherwise
determined that the system should not be granted access to that cell, a
block of memory containing the memory cell in question is identified and
its address-is stored in 5 the unused portion 408 of the EEPROM 404. The
collection of defective memory locations is known as the memory defect
map. The memory defect map need not be stored in the on-chip
EEPROM 404 used for SPD. Rather, any form of non-volatile storage
could be utilized to store the map. A standard EEPROM 404 has the
advantages of already being widely implemented and at least partially 10
available for storage of the map. It is desirable that the memory map be

M it since it Jjs advantageous for the map to remain
D B b & Ao oo i ko Agre o
doetisthasinnbmBIODRiisliFsInig endtheped dbtsroompe dentiis biajeRm-
Eﬁg&m mfetmaysdeﬂngt{h_e mam:g dﬂfﬁ@ﬁﬂf @AM ﬁ&@ﬂva' iehd ?o%%‘agﬁg \%lcgb glay

: nd used. system as part of its memory
all;?)ca{il(})%? ggﬁ?ﬁ"l%&%%‘{r\tﬁ%%ﬁ%gg mory detect ??1%1‘%% Torfd PiEmEKs ke memory
Frigseiedinpuding IMMs200, SR b srblpentiis toan eEsidrIsimy Sicatay exclude
bttivessfonetiveyniemay mmmﬂgiaﬁgi@fe@x%mﬁl%ﬂwl%ermg}ﬁ%@g{a@_ is then
CRIVANEHE | ions are defin capacity

amortized aé;ross the number of e e map: Bélf a memory

block desigh$tBe ds RIEFASIVE iEXGTuRlasy AT th STBIM RO apidcisprdividefebtive
giene3atinbieetbiBinctiamafestmap. e bb 920 AR MBS RY other
shapena oxpliniayr skillindbeat VLIRS bepgfit of thig disclasure, the
Diemory, defect ma ig not limited tg}%ﬁg’in?g%eaﬁ%#sgtgfg eger? he PSSy
component durng thE AT raeRey serppeprasdaftmmsion gpearding the

lasiinnond thrctefeetintonsmeioneaiens ballobtaimed byianmadausiyve SRBHNGIE, the
heses nemaetestekanaxieinal leshmashanisn fhesioedmemory
efest PaR.can 91% nllJDsegIS t(t')oroegtimize th? sg/stem performance In a varie )‘i”

of ways. 25In one exempiary emboaiment: HEFIERTSTy At Hidprgne of
B ‘Hi%%dég oAEaRs fﬁ’t‘g%iﬂ?ﬁgdémmfdheafrwbs'eqmemmm&ry&msﬁd by
thuaingao\Figst &re commonly carried out by an information handling system.

For examplggwae4%{,g§1m rynsan onbopard test of the memory 8
3 ock di iti

Ige%gpo}% nts. %ﬁlcally, the memory test wil SIS BRI 73 FREteraLRIM;400-

Memo y%ié%?“hp eRtEIerB e BAY af@2lred oy kneity tofeRistirically Erasable
Tigpamalibly BeadHengeVeritysofEERRIRB G0N tRBRIERCINE JRO0IRR HABal Presence
ranalysivol g RlRCHVe RAoL MM ! lDeiest and Rolentialy clode
1_the behavior, of the test. In one exemplary emBo iMent tha &toted mélf

¢ %e&errﬁ% ﬁn&%&}eﬁ énformatxon about the 402. Standards of the JEDEC Solid State
Technology Association specify that SPD information be stored in the lower 128 bytes 406 of the
EEPROM 404, but many recent DIMMs 400 include an additional quantity 408 of EEPROM 404
which is not devoted to SPD information.

Each memory component is tested during or subsequent to being manufactured

and any memory defect information is stored in a nonvolatile storage. In one embodiment, the

nonvolatile storage is on the memory component itself, In the exemplary embodiment depicted
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5used to avoid redundant testing of regions already known to be
defective. Figure 5 depicts a first method for using the stored
memory defect map to avoid memory testing of defective memory regions.
In this embodiment, the target memory test address is compared to the
defective memory information and if it is found to be one of the known
defective memory locations, then the testing of each address in the
defective region is 10 subsequently skipped and the target test address
incremented until an address not contained in the defective region is
obtained. First, at step 500 the initial target address for the memory test is
retrieved. At step 502, the initial target address is compared with the
information in the stored memory defect map. Next, at step 504, the
stored memory defect map is used to determine whether the initial target

' ess.correspondi known defective memory 15
O st R aren e e
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AnqQry,space. At step 508 the result of the mem
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e agjorge %EISS Ia%t‘:,g}llcgne% &g) he tested. _If not the process terminates arsi?

and’ it there ate Mars mdPh B TR SSHe o HE tesRINMHERPrWaestfor example,
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g%gg;et%e@ggggg,ﬁsle gdg‘%d t?ethgsllg}to addresses corresponding to
defective memory focation, betore searching for. AtPaHSRsHIEEStions to be
tested. The-paqipers debpidnbormstemeramerethyotsfhot weiris rstoveere each entry
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defect map can be used to optimize the system performance in a variety of ways.

In one exemplary embodiment, the memory defect map may be used as a means
for avoiding disruption of subsequent memory tests. Memory test are commonly carried out by

an information handling system. For example, the BIOS may run an onboard test of the memory
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until the first available address that is not listed in the memory defect map
is obtained, The first available target address that is not listed in the
memory defect map is then subjected to a memory test at 608. Next, at
step 610 it is determined whether the test indicated that the retrieved
target address corresponded to a defective memory location. If yes, 15
then the target address is added to the memory defect map at step 612.
The process then continues to step 614 where it is deterr_mned whether
there are any more memory locations that should be subjected to the
memory test. If yes, then the next I'm-get address is retrle_ved at step 616
and the process is repeated. The process will finally terminate at step 618
once there are no more memory Iocati80n5 remaining to be tested. _
20Turning now to Figure 7, a block diagram qf the memory remapping
wsuians. of anilotRaiamhanding syslam, s denicled.qeneralh il
I feregcfe numeggl 7d00' The memory component 702 is couple ,
e‘%&rreesg FemapEiRg TnfRo0R. S sssh dParesing ap phigeereity 0f ardefaes in the
delipiee msitethaambrsmibihadentnt togitr e dishinf A6 and EIRRESAR Bode
%R ReoMIMEY tsta h%%Eﬁlﬁglm BRRGIRLEGSRQ Q%Qt?rgg{nhargjelfgg map may be
AGERISES Q. emory rex %‘ta‘rStednE '%h CPU. Hot 25 spare IS an extr
unused memory space avalfable a5 & SARTRIEP Eefaciittional memory in
the event arf gHi fipjtctdtstrortied Sparinf themamunicompenenp 702 oid
urereligiatidy aditenalhs whiss, ,aorgg;(gggn gllgigf?;gﬁo&ﬂ%gggégcre fﬁ%%g’é ry st
ves. 1 fective_ 10 memory event, the addt
S DS MEGHO T SFoh # 0 e, s o of e
Mo RS a5t Suibistiness Beporderitetied sparddnenintic/@fsinie iigion is
placeumtselinem ary mapeEhetiniesnalionexstingin ARl aciVE RAH Atk
&AAINGMANARGEOMRRNCR i3 hep FONECIPE 80 CORER 0 ThE SPale &
memogy 08 preventing the loss f ata. Once . _ o
retrieved. At step 502, the initial target address is compared with the information in the stored

memory defect map, Next, at step 504, the stored memory defect map is used to determine
whether the initial target address is an address corresponding to a known defective memory
location. If the target address is found in the memory defect map then the memory test will not
be conducted on the retrieved target address and the process skips to step 510.

If the target address is not in the memory defect map, then at step 506 a memory
test is conducted to determine whether the target address nevertheless contains defective memory
locations. As would be appreciated by those of ordinary skill in the art, with the benefit of this
disclosure, a number of different tests may be conducted to determine whether the target location
is a defective memory space.

At step 508 the result of the memory test is used to decide whether the target
address corresponds to a defective memory location. If the target address is not defective then
the process will continue to step 510 where it is determined whether there are more memory
locations to be tested. If not the process terminates at 512 and if there are more memory
locations to be tested, then the next addreés to be tested as retrieved at 514. In contrast, if the
target address is defective then the memory defect map is updated at step 516 and the target
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5 remapping has occurred, any subsequent requests for access to the
defective memory portion 710 are redirected to the spare memory 708. In
information handling systems in accordance with the prior art the

remapping process is repeated each time the system is reset.

Figure 8 depicts a method for updating a memory defect map and using

the stored memory defect map to release the memory remapping

resources of a system in accordance with 10 an embodiment of the

present invention. As discussed above, information regarding any

defective memory locations detected during the manufacturing process

may be stored as a memory defect map on the memory component itself,

or on a nonvolatile memory storage coupled to the memory component, in
accordance with an embodiment of thé present invention. As depicted in

i )| ddress remapping unit 704 maps out an
B o as et U A R epuE etor
r??ﬁ’iﬁ%‘é%@éa&dfﬂ%waﬂ%&@\%ﬁ?doccurs during the operation of the
information Findiifidesitstencthe mabodropas2f be:i enaa efesteyah void
naeigalahghPlan B ALAIER A0S tadddiess cinapping uni 104 usos

the spare memory to'compensate for the defective memory PG an address
S AR R BT ISR S S P e FAChTOPs RS tiaddisBsi fupeaifotette reflect the
diefeileblnedingsy dotation fd Gefmtivtheddats ipihe deieGh vR2EMBINAMa! test
lagRiianisCoRied R0 AhasHestidied;shar [y, location. The
ggf%%{:ti\ée memor Ioc%bi n 710 is th&%ﬂagf)%gga@% %ﬁ,ﬁ"gﬁ atr:eé-ilrlvén?(’)%%emory
e ec_ﬁlvg' menory 164 |§r11t Prarainedivaetsn s rHesed sasteddssaie listed as
&y HobatormPosdyititian aly fat stepy 80t Aefas ivadie OB AP the
meupaiAteron s BRI cMiar HeiRc VA JRRIALY QRANIRR. }i%l&ﬁé&é&%ﬁ?d out
R deleslayen éi’s%%%e‘j 1o,{e £xisting 25 memory defect map.
Following a System reset 808 the S0P e SBY il g ranisabiainrdind the
process retfisTst st aioamen adseadithe ssne Hisiphinghe nitred RRADPIRG is
Gt avhjedefeotivenmenasyecatinnas indiepter by ithe eXHIROMGNOR. rest
SRISE AP ml M. t0E RMAR defect 11&@&1@ Aséiggntmuously ypdated as
et

new memory defect events occur. ECaUSE the JETERTG & ReRY dpgation. If yes,

TRTB SR SIS P HIsE thdbeyRmamrgibee seanyaRam G2 | oBhtionesthsathen

eresieRowmstep 6é4cetiectives dEensieqLienilict BRrierapPIng SRS ESHAs that
sededicatrdile (emaRRIRg MG [ofknown to be defective are

no langer. at risk and can ber%a%%?gdy ggr?g%gtutﬁreng tgér rse GRS & acfisyeq =
new erfor emerges "HEfe Themmesony sz demipas dotsifldonty there are

Ipaercaamead onptomacgiriginnerbotssiddfect locations are continuously

added to themapasy defestoaryihe demand:an (he.sysiems femapping .
5 ?&H&Eﬁsm‘{" fxlalmk&?mrg Isglsrtgg ?sddcpicted generally with reference numeral 700, The memory
component 702 is coupled to address remapping unit 704. The address remapping unit 704 is in
turn coupled to the memory management unit (MMU) 706 and the hot spare 708. The MMU is a
bardware component responsible for handling accesses to memory requested by the CPU. Hot
spare 708 is an extra unused memory space available as substitute for conventional memory in
the event an emerging defect renders part of the memory component 702 unreljable.

Traditionally, when a portion 710 of the memory component 702 gives rise to a defective
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MCSLLP 12 WHAT IS CLAIMED IS: 1. A method of storing a memory
defect map comprising: testing a memory component for defectl\(e
memory locations, wherein the 5 testing is conducted When manufacturlng
the memory component; storing memory defect informa}tlt_)n in a memory
defect map; retrieving a target test address; determining if the target
test address contains a defective memory location using the memory _
defect map; and 10conducting a memory test on the target test address if
the target test address does not contain a defective memory location.

2. The method of claim 1, wherein the memory defect map is stored on
the memory component. 15 3. The method of claim 1, wherein the
memory component is a Dual In-line Memory Module.

10

memory event, the address remapping unit 704 “maps out” or removes that defective portion 710
from the memory map and substitutes a portion of the spére memory 708 into ifs place in the
memory map. The information existing in the defective portion 710 of the memory component is
then corrected and copied into the spare memory 708 preventing the loss of data. Once the
remapping has occurred, any subsequent requests for access to the defective memory portion 710
are redirected to the spare memory 708. In information handling systems in accordance with the
prior art the remapping process is repeated each time the system is reset.

Figure 8 depicts a method for updating a memory defect map and using the stored
memory defect map to release the memory remapping resources of a system in accordance with
an embodiment of the present invention. As discussed above, information regarding any
defective memory locations detected during the manufacturing process may be stored as a
memory defect map on the memory component itself, or on a nonvolatile memory storage
coupled to the memory component, in accordance with an embodiment of the present invention.
As depicted in Figure 8, first, at step 800, the address remapping unit 704 maps out any known
defective memory locations using the existing memory defect map. Once a memory defect event
occurs during the operation of the information handling system, the occurrence of the memory
defect event is detected at step 802. At step 804, the address remapping unit 704 uses the spare
memory to compensate for the defective memory location. Specifically, a portioﬁ of the spare
memory 708 is substituted for the defective memory location 710 and the data in the defective
memory location is copied into the substituted spare memory location. The defective memory
location 710 is then mapped out and é.ny calls for the defective memory location 710 are
redirected to the substituted spare memory location 708.

Additionally, at step 806 the defective memory map is updated and the particular
defective memory location giving rise to the memory defect event is added to the existing
memory defect map. Following 2 system reset 808 the spare memory is cleared at 810 and the
process retums to step 800 with the address remapping unit 704 mapping out any defective

memory locations as indicated by the eXisting memory defect map.” Thus, the memory defect



4. The method of claim 3, wherein the memory defect map is stored in an
20 Electrically Erasable Programmable Read-Only Memory corresponding
to the Dual In-line Memory Module. 5. The method of claim 1, wherein
the memory defect map is stored in a non-volatile memory storage. 25

6. The method of claim 5, wherein the non-volatile memory storage is
coupled to the memory component. 7. The method of claim 1,
wherein the memory defect map is transferable 30 with the memory
component from a first information handling system to a second
information handling system. MCSLLP 13 8.The method of claim 1,
further comprising: updating the memory defect map when a memory
defect event occurs; and mapping out a memory location indicated to be
defective by the memory defect map. b 9. A method of optimizing a

M9 %ﬂﬁﬁk@lﬁuﬁ?ﬁmy n%%@ﬁ%r&e{%%{g%ﬁ%qgwr Because the defective memory

information is mapped out, the system ignores any memory locations that are known to be
defective.. Consequently, the remapping resources that are dedicated to remapping a memory
location known to be defective are no longer at risk and can be released and returned to use in the
event a new error emerges. Becanse the memory defect map is continuously updated and any
emerging memory defect locations are continuously added to the memory defect map, the

demand on the system’s remapping resources will be minimized.
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retrieving a target test address; determining whether the target test
address is included ma memory defect map 10corresponding to the

memory component; conducting a memory test on the target test MCSLLP

address if the target test address is not included in the memory defect
map. 10. The method of claim 9 4vherein the memory defect map
is stored on a 15 memory component at the time of manufacture. 11.

THELAEdSodIah BYAIR 19; wherein the memory component is a Dual In- line

Memory Module. 12. The method of claim 11, wherein the memory

defect map is stored on an Electrically Erasable Programmable

Read-Ohly MethBstleshelsporamy ms e DIR{PHH 08 sperBrgiodule.

13. Theymethod of Glaim) O JHITBREAO TP MR ARINGIEMBP IR ABIRL wherein the
target test address to obtain a second target test address if the first target
tiestinadree8 9y sl pe N REASEHIB A e FRBRIX R OMPOBSRducting the

test on thesecard syartiiestAddraasAfiths SeaRNY tRIget tegt,address is
not included in the memory defect map.
retrieving a target test address;

determining if the target test address contains a defective memory location using
the memory defect map; and
conducting a memory test on the target test address if the target test address does

not contain a defective memory location.

2. The method of claim 1, wherein the memory defect map is stored on the

memory component.

3. The method of claim 1, wherein the memory component is a Dual In-line
Memory Module.
4. The method of claim 3, wherein the memory defect map is stored in an

Electrically Erasable Programmable Read-Only Memory corresponding to the Dual In-
line Memory Module.

5. The method of claim 1, wherein the memory defect map is stored in a

non-volatile memory storage.

6. The method of claim 5, wherein the non-volatile memory storage is

coupled to the memory component.

7. The method of claim 1, wherein the memory defect map is transferable
with the memory component from a first information handling system to a second

information handling system.
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MCSLLP 14 15. The method of claim 14, further comprising
conducting the memory test on the first target test address. 16. The
method of claim 9, further comprising updating the memory defect 5map if
the target test address subjected to the memory test contains defective
memory. 17. The method of claim 9l3vherein the memory defect map
is stored in a non-volatile memory storage. 1018.A method for optimizing
memonry mappint§ faebaetaldtigh inforieitkormaséitig system

comprisipg, fABRRING S MEREHLCAION IRLIERRAIGRE ARIGGMERY fd

memory defect map retrieving a target test address; 15determining if the

target tERRIECNE adREAN9EYAl eretdetvedisatebEy Ricdsitstisry tie memory defect
pemory defect map; conducting a memory test on the target test

address if the target test address does not contain a defective memory

location; and

9. A method of optimizing a memory test of a memory component
comprising:

retrieving a target test address;

determining whether the target test address is included in a memory defect map
corresponding to the memory component;

conducting a memory test on the target test address if the target test address is

not included in the memory defect map.

10.  The method of claim 9, wherein the memory defect map is stored on a

memory component at the time of manufacture.

11.  The method of claim 10, wherein the memory component is a Dual In-
line Memory Module.
12.  The method of claim 11, wherein the memory defect map is stored on an

Electrically Erasable Programmable Read-Only Memory corresponding to the Dual In-
line Memory Module.

13.  The method of claim 9, further comprising:

incrementing a first target test address to obtain a second target test address if
the first target test address is included in the memory defect map;

conducting the test on the second target test address if the second target test

address is not included in the memory defect map.

14.  The method of claim 9, wherein if the target test address is in the
memory defect map the target test address is repeatedly incremented to obtain a first

target test address that is not included in the memory defect map.

MCSLLP
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updating the memory defect map upon occurrence of a memory defect

event. 20 19.The method of claim 18, wherein updating the memory MCSLLP

defect map comprises: detecting a memory defect event; and
adding a memory location giving rise to the memory defect event to the
memory 25defect map. 1

15.  The method of claim 14, further comprising conducting the memory test

on the first target test address.

16.  The method of claim 9, further comprising updating the memory defect

map if the target test address subjected to the memory test contains defective memory.

17.  The method of claim 9, wherein the memory defect map is stored in a

non-volatile memory storage.

18. A method for optimizing memory mapping resources of an information
handling system comprising:

mapping out a memory location indicated to be defective by a memory defect
map;

retrieving a target test address;

determining if the target test address contains a defective memory location using
the memory defect map;

conducting a memory test on the target test address if the target test address does
not contain a defective memory location; and

updating the memory defect map upon occurrence of a memory defect event.

19.  The method of claim 18, wherein updating the memory defect map
comprises:

detecting a memory defect event; and

adding a memory location giving rise to the memory defect event to the memory

defect map.



