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read from the cells addressed by the address bus, depending on whether
the operation is a write operation or a read operation.

To keep up with the demand for faster and more capable systems,
modern memory devices such as random access memories (or RAMs),

25 Static RAMs (SRAMs), etc., are very dense. Because of their density, and
the limitations of the manufacturing process, semiconductor memory devices
will often contain one or more defective memory cells immediately after
manufacture.

During the manufacturing and testing of a memory device, memory

30 testing is performed in which all of the memory cells of the memory device
are tested. Typical tests include sequentially incrementing or decrementing
memory addresses while writing 0's and 1's into the memory cells. It is
customary to refer to a collection of 1's and 0's being simultaneously written

to or read from during a memory cycle as a "vector”, while the term "pattern”
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1 refers to a sequence of vectors. It is conventional for tests to
include witing patterns into the nenory space such as
checkerboards, wal king 1's and buttle_rfly patterns.
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device. For example, the memory device may be organized into dimensions
comprising rows and columns, allowing for memory cell groups that
comprise rows and memory cell groups that comprise columns. The
memory device may provide a number of redundant rows and a number of

25 redundant columns that may be mapped to replace various rows and
columns in the memory device. In this example, there may be available both
a redundant row and a redundant column, either of which could be used to
repair the given cell. If there are multiple failures along the same row, then it
is better to use a single redundant row to repair the muitiple memory cell

30 failures rather than fo use several redundant columns since it would be more
efficient and only a limited number of redundant memory rows and columns
are available. Suppose, for instance, that there are only four redundant
columns and four redundant rows available to repair defective memory cells
in a given memory device. In this example, if there is a row that has failures
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colums and four redundant rows available to repair defective nmenory
cells in a given nenory device. In this exanple, if there is a row
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route internal signals to replacement circuits that substitute for defective
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25 Ideally, a memory tester should be able to identify a need for repair in
the memory device under test, the location of the required repairs, and the
type of repairs needed, and then must be able to perform the appropriate
repairs.

In certain memory testers, hardware may be designed to capture an

30 entire bitmap, sometimes referred to as an Error Catch RAM (ECR) or more
generally, as used hereinafter, an “error data image”, of the device contents.
Typically, the error data image is addressed by the same address as, or by
an address derived from, the address that is applied to the memory device

under test. During a test, when the contents of a memory cell in the memory
3



generally, as used hereinafter, an "error data i mge", of the device
contents. Typically, the error data inmage is addressed by the sane
address as, or by an address derived fro the address that is
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FIG. 1 is a block diagram of a conventional memory test configuration.
25 A memory tester 4 applies a series of test vectors 3 to a memory device
under test (DUT) 2 to detect defects in any of the memory cells of the
memory DUT 2. The DUT 2 includes an array of memory cells 2a arranged
in memory cell groups of rows ([0..X-1]) and memory cell groups of columns
([0..Y-1]). Traditionally, an error data image 6 of the same size as (i.e.,
30 same number of rows and columns) and addressable in the same way as,
the memory device under test (DUT) 2 is provided to store a bit
corresponding to each memory cell of the memory DUT 2. Conventionally, a
value of 0 in a bit cell of the error data image 6 indicates that a failure

occurred during testing of the corresponding bit cell 2a in the memory DUT
4



([O.Y-1]). Traditionally, an error data inage 6 of the sane size as
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a failupe ditheof addessmompanent and|appstit as an address to a column tag image
12, which allows storage of information that is indexed according to the Y
address. Similarly, gating circuits can extract the X address component and
apply it as an address to a row tag image 14, which allows storage of
information that is indexed according to the X address. Traditionally, the
25 information stored in each entry of the row and column tag images is a single
bit whose end-of-test meaning is that a failure did or did not occur at least
once in the DUT 2 along the corresponding respective X addressed row or Y
addressed column. By generating tag images for both row X and column Y
address components, a test analyzer can obtain useful information about the
30 failures in a memory DUT whose internal organization includes the notions of
row X and column Y addresses. The use of tag images 12, 14 may realize a
significant reduction in tester memory requirements as the needed tag image

storage requirements consist of a number of locations equal to only the sum



once in the DUT 2 along the correspondi ng respective X addressed row
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25 tag images may therefore be limited or even rendered completely ineffective
insofar as extracting information concerning rows and/or columns containing
only sparse failures.

Traditional tag images do not filter out the “must repair” rows and

columns, which, as illustrated by the previous example, can render the tag

30 image next to useless in terms of extracting information concerning sparse
failures. The problems with the tag are further complicated when a single
error image is used to capture the error data for multiple, independent,
memory devices at the same time (i.e., when there are muliiple memory

devices under test).
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i mage. A need al so exists for techni qgue for streanli t he
redunddhcy aRHiS)§PRAISIBEMPRY ae'ﬁamsw relor re0yeEeg Spﬁr%fﬁﬂﬂr@y O The

[ nvent i on_EMeiERGh frofl 1 Cart RNl WAl Rl RO r o

extracting sparse failure information froman error ta image of a
menory devi dechriiyee éorsireanlirtizg theaxpelundapey aralysisstes joa tiergonrtiest
data for eacphrogcfessa plurality of



5 menory cells organized into a plurality of nenory cell groups al ong
a plurality of dinensions of the nenory device, wherein each nenory
cell group is addressable by one of a plurality of address

conponents correspondi ng to oBemofary§d Theilnyeniign of di nensi ons. The

Cor respondi ng. +o SRR o kP inglya By RRERy Bdrmctnanarss,

devi ce and hawirednfarvatiow frorflag afloR dathipiaiRy o4 meﬁf@@rytd&/lce The error
correspondi %émem)ry cell is defective. The error data imge is

scanned for dada image cpmpases eetrespanding earb dgtater eagh of plemaliimized

! fi
frack of  r AOpmEREAR GRRRELAST oR i By S e iy Yol HO0FE Bibo o <071 19
respective mphrality sfelitnehbiops @fitise mentdrg devicet mirelnmhkﬁemiomceu ack

of and designating as a nust-repaiy roup any . nmenory
cel | group M@%'&@%‘H@éﬁ@%W@ﬂ?e@f%PfU@'étVPng@feég Bl ceeds a

first maxi mb‘@rrfe%? gﬂgg? o@?t}ﬁngﬁe yﬂ?%llet?rorfﬂfmgﬁélans | TRE@rtct d%?@ﬁﬁ‘ﬁéje for

failures in a se groups organi zed al ong
second di merconpridestarplenality ef bies mﬁchdmis@rreﬁpoadmgdssaadlﬁemtknmfnge

track of t f fail | h.of th
eapoctt ve. TRRBPYY celd GG ey dhice and Faviosra A Raspiihetek o5t

and  desi gng{gtige BSrraspBiRd r%ﬁ\%hd ry BRI )def“e%'tdregfl'ﬂél%rﬂmﬁdwifﬁéye el |
group whose respective nunber of "failures equals or exceeds a second

maxi num  f aiscanaed fierdelidried . in arfirsiosetindrmenseryaceli groups agoaniaedalong a
associ at ed

oo e el R i 08 Ml g ef ot b it T

gener at ed. TagpédtivetnuinigersHg4iIUrasseah @S cadi oPINe regpbstivef mehmrf icett
set containing failures and the second tag inmage _indicates nenory

cel | gfoups BPURHE %@J&ﬁf@@e@nébﬁ@@ana|tmkf%|andr®§lgnﬁtln9%@ mttﬁﬁﬁeraﬁ'r
the first t B f
e first IB@&S@?Q%%E&%?&%%E@%%@&%%& é&,ﬁfeg.o nt%ﬂﬁeﬂé?’bfo S0

failures |n repair
correspondi rfgﬂureetequbh; amnexceetdedi frrenm,axfmmmtfamuer’(hmsmmd ohhe error dateed

on a per 10 bit  basis ne enbodi nent ilure information is
racked on dMgee 1F exmied Gr el Ten i 8 SCRGH sbHOGReTS s £EI GrotHS

conprises a phyhidgbl BYorRf a $bEMhd BRGSO beflrtiealiSctb@sBt bfaddresses,
20 keeping track of respective numbers of failures seen in each of the
respective memory cell groups in the second set, and keeping track of and
designating as a must-repair memory cell group any memory cell group
whose respective number of failures equals or exceeds a second maximum
failure threshold. One or both of a first tag image associated with memory
25 cell groups of the first set and a second tag image associated with memory
cell groups of the second set is generated. The first tag image indicates
memory cells of the first set containing failures and the second tag image
indicates memory cell groups of the second set containing failures. At least
one of the first tag image and the second tag image exclude indication of
30 failures in designated must-repair memory cell groups of the corresponding
set.
In one embodiment, failure information is tracked on a per 1O bit

basis.



5 9 Brief Description O The Drawi ngs A nore conpl ete appreciation of
this invention, and many of the attendant advantages thereof, wll
be readily apparent as the sane becones better understood by
reference to the InGINecMbedinenki frddredefasmatien dmtragias on edwdilditd in

conj unction W G ] I i i .

cynbol s 1 naidtare ben. SESRTREMIOT Sheth) Remph b & bfiRate 6F il EIoBSH
a bl ock di agidumesdabde (@ ibits. art nenory test configuration; FIG 2Ais
a perspective structural view of a nenory device; FIG 2B is a
perspective structural view of an error data inmage of the 10 nenory
device pf FIG 2A; FIG 3 is a flowhart of an exenplary method for
extracting failure information fromthe error data image; FIG 4 is
a bl ock diagram of an exenplary nenory test configuration for
processing the error data inmage of FIG 2B, illustrating a state of
the 15 nmenory test during a step of a first scan pass of the error
data image; FIG 5 is a block diagramof an exenplary nenory test
configuration for processing the error data i mage of FIG 2B
illustrating a state of the nenory test during a step of a first
scan pass of the error data image; FIG 6 is a block diagramof an
exenpl ary nenory test configuration 20 for processing the error data
image of FIG 2B, illustrating a state of the nenory test during a
step of a first scan pass of the error data inmage; FIG 7 is a block
di agram of an exenplary nenory test configuration for processing the
error data image of FIG 2B, illustrating a state of the nenory test
during a step of a first scan pass of the error data inmage; 25 FIG 8
is a block diagramof an exenplary nmenory test configuration for
processing the error data inmage of FIG 2B, illustrating a state of
the nenory test during a step of a first scan pass of the error data
image; FIG 9 is a block diagramof an exenplary nenory test
configuration for processing the error data i mage of FIG 2B,
illustrating a state of the 30 nenory test during a step of a first
scan pass of the error data inmage; FIG 10 is a bl ock diagramof an
exenplary nenory test configuration



for processing the error data imge of FIG 2B, illustrating a state
of the nenory test during a step of a-first scan pass of the error
data image;, 10 FIG 11 is a block diagramof an exenplary nenory test
configuration for processi @jief Beseripiion @hiTheiDrayingg FI G 2B,

scan pacs of the ATeE ollHeteRehErbo B LEnfod R Magf oS o
exenpl ary nejfRdahesdvanagegtherbodwill be readilyrappesentng theesae becstats
image of FIG 2B, illustrating a state of the nmenory test during a

step of a fihelterswdarsiead byre @@bdhed@loavinaﬁf@éaileﬂlC@SC&ieﬁ@%W!@e% ock

di agr am of ' 0 ; ' t he
crror dbta |RESERTR B YordlBiRioh Wil ing ARLdribERhhg Bray s i RERISIES,
during a st apferénee spmbold indieatepthessaphie bheinglar conpanenisyadereitd FlI G
14 i bl ock di f I fi '
procesei ng ¢ he. eriGr JaeHIPHAJECERTE @ PR A1 Megier dpst o oNELen: of
the nenory test " IoIAg; ) GAF ddVgceer ror
data i mage; FIG Hi?l S [3 ?ocgeﬁvaea?@fn(?gwg% exeéf)rp ar@fynenow t est
- configuration fdfiG28ciessperspettivecstrartuhview ofgreeudbr gai@ inzge of the
Il lustrating a state .of ls,.nmenory test during a step of a second
scan pd$s og“?ﬁ'@r)ép?ﬂpe@iﬁei Zége; FIG 16 is a bl ock di agram of an
exenpl ary nenory piest3 i @idvisHzrt 60ah ekérh Wrgﬁﬁﬁﬁﬁé@ﬂar@k@ra@fiﬁ@lfaimﬁéa
image of FIG 2B, illustrating a state oP the nmenory test during a
- . . g
step of a sdonmatenfrogathe emor getadmege; data i mage; FIG 17 is a

bl ock di agram of d Y.t es lourat i : .
processing the erFra@r’ %'éggé IS%agﬁgﬁ]ﬁf@% %?R@%M}éteﬁa @E%St§%§§‘§§@t'8f'
the nenory foeptooddsingdhe estorplatd invageoPRIG. B Nllyxsstingfa state ef ther

data image; FIG 18 is a block diagram of an exenplary nenory test
g ag nmp y "TQ%@,

confi ga? at i JAEMPYY test SeEBgEnFeP 9t adirpiorcadiass ofdhe eqor datg e;

illustrating a st '

scan pass of the @rbﬁosﬁ t‘s(?tatpgmi(rra e{aﬁﬁ%‘%ﬁ%@ﬂﬁgﬁgﬁ%ﬁéﬁét&% Qgggﬁﬁg}“
an exenpl ar yfonpromegsingshe eomi idgta mhagenof Fli3. 3B, dlhedrating & statecotribe dat a
i mge of FIG 2B, illustrati r][gpa state of the t.during a

t
step of a sdBMPNELest AVEEE AP RE adIFLCANREES Ofdhe Sy dataiads: o

bl ock di agram il |mg eakidSlogk HRYramBiam SBripla n@ﬁﬂi@'t@é’dﬁonﬁ uration
enbodi ment of a grouping configg]'rraqni on funé":i)IiBoﬁ};1 and 30 FIG 81 s a

bl ock @b agr dnr pracgssingtthe greer detminnage ofEk@®RE,diustrating a state of the
memory test during a step of a first scan pass of the error data image;

FIG. 7 is a block diagram of an exemplary memory test configuration
for processing the error data image of FIG. 2B, illustrating a state of the
memory test during a step of a first scan pass of the error data image;

25 FIG. 8 is a block diagram of an exemplary memory test configuration
for processing the error data image of FIG. 2B, illustrating a state of the
memory test during a step of a first scan pass of the error data image;

FIG. 9 is a block diagram of an exemplary memory test configuration
for processing the error data image of FIG. 2B, illustrating a state of the

30 memory test during a step of a first scan pass of the error data image;

FIG. 10 is a block diagram of an exemplary memory test configuration
for processing the error data image of FIG. 2B, illustrating a state of the

memory test during a step of a first scan pass of the error data image;

10



extracting failure information froman error data i nage of a nenory
device. 11 Detailed Description In the follow ng detailed
description of the enbodinments, reference is nade to the ] )
acconpanyi ng dr aviflfgd limadhogkodiggear & enrxesyriaryanamony igst eanfiguyation
shown by wa | rafL i if IJEE ' i {

I nvention s%ﬂgérdggggﬁééﬁé 8@@? ﬁ%ﬁag@{laégge odi%’dﬁeér;?tirsnh%#gﬂﬂégc%g%ee |h(ral

suf ficient detmokry test darindlaestéfrofa fishti ddaadbass dftee arrbr Hatepineage; ce t he
invention, and it_is to be ﬂ(ng,erstoo? t hat ot her enbodi nents, nay. . be

utilized and thatFI& 1gde grdpck diggrammiof aRExempianyi Bamotn iRy contigiyrafien

made w t hout Li | XA ; £56

I nventi %’)ns. fﬁlﬁé%ﬁ}@%tﬁ%%ﬁgﬁ??f&é@’lé %%fr?lﬁizt??ﬁﬂﬁgT@&Bbt e:(rgfaf org¥i3 not

t o be taken memary tast during sestspe of arfiisttdoangessof diie ehrer datssiemage;

' ti i's def Ly by th ded clainms. FIG , 2A sh
ooy dovi ce 20 B SPRIotk SPGRIR G gy ey 155 5B igiaon
menory cel | f8?p}o%e§§i%f%§(é%%faﬂfﬁegmé’g¥ SeRIA2BEREstinY la stBRVofte

correspondi ng row x (X=X| colum vy (y:Ygl.. ) address 15
conmponent s. rMmamony tast dudeg iacstepraf alsecend sean pard oeths et datadneog;

dd ble i t |, 100.1] -J t '
ui t cndbly connediGi'd 't 5 et a8 tasisrubrmin e fed EoRfdGRYnY
device 20 ggr ﬂﬁic%fs_@ihPQHe Ryrot et/ imhatse 6f FId 2B ppistretng ddstagsof the
ADDRESS[ x, y]. It will be appreciated that in the sinplest case, the

nenory devi dBemoratestdugng gl depof agegend sgae paps obthe orray G’atﬁé&ﬁ‘igﬁg
that any given a : ] C ' :
in the device. Da@}flg;e %ysé@?&ﬁﬁ@%@qrﬁ oé%ﬁ&ﬁ@éﬁa&@%ﬂ?rﬁé%@hﬁ%&n@%n
cell in the foeprcessiegithe evioadata snagd ef FIG.|2B)dliustraging alsthid ¢f the
Typi cal ly, however, a nenory device 20 oggrises | tiple single bit

25 wi dé5 deviBBEONYtesh g a:stop 6F @ SHCARd §69h Pass pLie ougN dataMages
case, data nm [ ' t
y bacs 1?3& ?a%l@&%'éﬂaéréﬁ@?an &e%orilﬁﬁﬁr?gnzc{rﬁ @é@t%oﬁﬁg@r[aﬁgnz

cells in the nenory vice via ines 1 Each o
singl e bit vibdprabessingshe eaoeidatsimage sbinks. ABDRESSating | state of thiee

B O oo 55 2SR P 5 G a0 o o 8L, ©
correspondi ng bi tFEQYi7tis @blbék HiRRGrafm Hftanlékeiiiary mahiery téstPanafurakien Z
single bit wide devices may have a different failure

20 for processing the error data image of FIG. 2B, illustrating a state of the
memory test during a step of a second scan pass of the error data image;

FIG. 18 is a block diagram of an exemplary memory test configuration
for processing the error data image of FIG. 2B, illustrating a state of the
memory test during a step of a second scan pass of the error data image;

25 FIG. 19 is a block diagram of an exemplary memory test configuration
for processing the error data image of FIG. 2B, illustrating a state of the
memory test during a step of a second scan pass of the error data image;

FIG. 20 is a block diagram illustrating a logic diagram of an exemplary
embodiment of a grouping configuration function; and

30 FIG. 21 is a block diagram illustrating a computer system for

extracting failure information from an error data image of a memory device.
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distribution. For exanple, a failure may occur in row X 1], columm
Y[1] for 10 bit 10[1], but not in row X/ 1], colum Y[1] for 10 bit

10[2]. 12 In one enbodi nent of a nenory device, there may be

avail able a set of repair col unﬂ#iﬂlﬁii%ﬂé}ﬂﬁmused to repair an
entire columm for I nell Vi it 1 e
of repair rows tﬂﬁ?ﬁ%@b%qjgg%%? é’g?g@aftfd{p %ﬁﬂérﬁ%ﬂr%&%ﬁ’ glé:lflgﬂ i%g'g
all 10 bits rhade &RtHe aconiparying dawinys which fohfra 2&t hefauff ard Bswhich

error data inmage 30 of the nenory device of FIG 2A As illustrated,
each of the IpERBYWH byeway. af @gsmnwmf&em@@ﬁwtﬁ@ wh th&d’t“éerltWQge

30 conpri se ' ' . -
and N cg(')I um@@%ﬁégtﬁ) Zﬁﬁggﬁe@?%ﬁlﬁ%%ér gé&éig\?iegé\%bjg&a% d;éﬁér\ﬁo%)
dat a i mage 3Zhabte thosetskilledde theard tppoactibesthg inentioneand @ id 6 bé- 1 g Z]
that are sinultaneouysly addressable. I n one epbodi nent, .the

addr essi ng é&ﬁj@ﬁ‘ﬂoﬂgg?n&t‘gh%rc% 9 Wf’é‘tﬁﬂ?'ﬂw}e&g&e&ea@gh% SBHQWFf"caI to
t he addresgj S5ie ' iane
enbod ment . g R o S T R e ShlRtS
i mage 30 t o ahessappataf the eresard éneations.a Thaifolowdng defdiledctascdgpom i, ng

15 | 22 of th devi.ce 20 da, 1" [

2 ety canpretyeonol RE TR AT iaGENsE 11 HesTogREl s P tr
in the corrgeRRAsNg dBERET ¥nay théZptended oiamel y device 20. By way
of exanple only and not limfation, the error data i mage 30 shown

i ndi cates that tHdG. Rénaioyvsiemeraonodeises 2aicompsisinga RlUrady of snemery

Lol aneoile 22, Bicn Aerldly' o8l 2flid aaBRIA8H () an 400 BEL ADDRES S, y]

m scel | aneous airures’i he remai nrn

the ideal rdpaing sotredpopririgorow Rex£X(1l.M]pandoblivpn giyor{iaN]Fidareds,
the stuck colum (Y[1 }I shoul d be replaced with a redundgnt col t;orm
and thés st FORMRAENES( ?WQW@%QH&YMWQW@W%&U neoMsly,

e S, SRS PR SRR T ASES SR 10,
of the i nverswitthabyparsectabld to espenfive memany celly 286n éhe meney device
A R R RN A L R
must-repair nmenorywiedd agprdrtedthdt e thesithjlEa sk 81 MBMdY evidbniga
20 single bit wide device (i.e., Z=1), meaning that any given address
ADDRESS[x, y] accesses a single memory cell in the device. Data may be
input to or output from a single memory cell in the memory device via a
single 10 line (e.g., I0[1]).
Typically, however, a memory device 20 comprises multiple single bit
25 wide devices to make up a z-bit wide device (z=Z, Z>1). In this case, data
may be simultaneously input to or output from Z memory cells in the memory
device via Z 10 lines 10[1]-I0[Z]. Each of the Z single bit wide devices
receives the same ADDRESS]x, y] with the same row and column address
components (X[x] and Y[y]), but each of the Z single bit wide devices
30 contributes a single bit at a corresponding bit position in the Z-bit 1O data
value. Each of the Z single bit wide devices may have a different failure
distribution. For example, a failure may occur in row X[1], column Y[1] for 10
bit |O[1], but not in row X[1], column Y[1] for 1O bit 10[2].
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further counts of failures fromknown nust-repair nenory cell groups.
According to an enbodi ment of the scanning algorithm a nethod 80 for
extracting repair information froman error data inmage 30 of a nenory
device 20 i s shoWhona emimdimentata memayadevisr ta@@ﬁﬁambe@@ﬂiﬁblﬁ@ er

error 13 d%tf?ee;ﬁdéfP&ﬁuﬁﬂsftﬂétl %’ g@ssedfa 2 %fr Litertff o uniFe i é\ﬁgce' |

groups organi z EnsI oR Betrwean 2 sel ec et of
addr esses, \Mitiﬂndukle[épbnnm aty aclkinof yrasha bt merelpanbews tiodt rhay lbenesd

seen in each of the re ectlve eII s.in the first set,
and whi | e ké%mnﬁjr@raseﬁ fefov glustingsal é@\ tﬁrﬁ‘yg cotpian. 'F‘Z‘fb &I ferror y
cell group in th@fué Btnh?sﬁ S0 P it fiﬁ‘éde 9@%@%& Hl:?rrfd'e"v% ofet

whose respective nu er of ures equals exceeds i rst
maxi mum f ai IflGe2AhrAssiliostdated; e@crsmﬁtheanquadavmg 20hencetheor dat a

for fail d. set | d
oo Lt et SRl P atite Bt el insae 30 BTt s Emorof e AEERRGRY,
10 keepi ng ik Q¥ rOfvs r(xﬁq'squ@wwmumgfw VNI Jesam the asBnef
the respective nmenory C groups in the second set, excluding any

fail ures thaleviogi2Q and Bé“ov\ndg@ lmagee@@iaa@ltbyvuée ranslpiovides ZKailigeat ed

dosi gnit + ng 'GETHOWLTE} arelf PReaBRoy B fe<sAlR, " feanpRinRlt te, 0.,

whose r especiddvessigbétieraé ustd e abosssthedtamsnptedise @0ds idertieabiadhe
maxi mum failure threshold (step 82). |In one enbodi nent, the step of

keepi ng trad@dd mssnr&%temwsmﬁ%@pgeswef%rmﬂaé% i9ag® 30n IBARR of t he
respective %%dewgﬁ 9% g)g;ﬁlﬂafbé%t&res i & dﬁémaf'} ce|[T§2’ o%egsrrr@oaé@d on a

per 10 bit basis n- one enbo esirabl e,
for what everimagaS0np designat@thd prdsenes ofletfeituredn tme amyespmdmg or nore

of a group of 10 bhit | e fai)ure rather than as nultiple
ai | urEs. FanemanptIces af mplisty AEucE et OPEE SR BB ¢ he
10 bits for mé\nlh}fﬁé]l MJWHH@érréM?éta%%E@@Oeto% iriate Wol thRLr@ if ha!m

repair el ement repalr only a si bit for a given colum.
I n one enboduoneappndmgewhoryde@lazlafm @emydevme%l t By walyeof example

detection of failures nat ed ng,.t he £ iLn the
respect 1 ve. cronand polBifetdt. 448 Bire® ARl Rse s A pBPR b s heT et nod
may al so i NGheWAent Hevisd 2D Hifs iR ME all bRekIugin Y[ gsReatiOys, anebrivw of
failures in _each respective nmenory cell group in the first set _on a

per 102bit gHdl@cress il IQilspagdmiscellaneous sparse failures in the remaining
memory cells 22.

In the ideal repair solution for the failure configuration of FIG. 2B, the
stuck column (Y[1]) should be replaced with a redundant column and the
stuck row (X[1]) should be replaced with a redundant row. The remaining

25 sparse failures would be replaced by remaining available redundant columns
Or rows.

In accordance with embodiments of the invention, sparse failure
information may be extracted from the error data image 30 by scanning the
error data image 30 for failures, keeping track of locations of failures and of

30 known must-repair memory cell groups as they are identified and excluding
further counts of failures from known must-repair memory cell groups.

According to an embodiment of the scanning algorithm, a method 80
for extracting repair information from an error data image 30 of a memory
device 20 is shown in FIG. 3, and includes the steps of scanning the error
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In one enbodi nent, the step of keeping track of respective nunbers
30 of failures seen in each of the respective nenory cell groups in
the second set may be perforned on a per 10 bit basis (step 88).
Again, to at=taimada@ for faulgrempm@fst ast efesemonedelhdowps arganired hod

may al so inglude  .the te n C f
Fa 1 ir e i n H0R68 aEERioD nARER) aripagH sfhof RABRSSEL UM R
per 10 bit gffikbiaspsctivé dmﬁms%ﬂxalldrés g8én aiTeasH HFthe, rebpéctieep of
keepi ng track of resFectlve unbers of failures seen in each of the

respective HB&HOJY 6@l grogmumhe first met, aedowhite keapingptpek e§andrt her to

an addr ss Qarae Bs MBS PGy ot arodrBl GRub Sy SHIRERRR
first set thail dreaphete ﬁﬂeﬁs@n&h@b mpacmnumbeaoffaalumquatsabt
group of the first set (step The d further conprise

tho
step of genePEEPAY adirp @ﬁxmumﬁ@%ﬁ}hf&ébp@s@@? %?) @BdisgAnpied githe Sfror
must -repair )rg%te
conprise a step o?gggélﬂef?g @%gﬁgg%cgﬁd%é%ﬁf me’ﬁ’io pl rot tagénirﬂn%gre
associ at ed valbihg aesaeopd dahéngomlqeﬂrveén theesdlectet setbf addresses,eghited t ag
i mage associ at ed f th d th
fi rgt Qg i :@&@‘W%@&SFWSP '9“'%& sgsfggliqrﬁg%p%ﬁgﬁgggﬁeimﬁ a?ni ng
sparse fai 'rﬁéﬁéot%%éﬁm%r? Eéﬂ)?ﬁ)d@% 'tlﬁ‘@gécdﬁujéétabké]Gdiﬂ%@{yYfaﬂjﬁﬂe's that

groups of the " second set” confal ning sparse fures (Step 84
The met hod il otienwiss beomﬂlresiebsaasxre‘pouslyg@ﬁ@nated@u@t-remlr mEemory

menory addres es cont a arse f ur ste 5 to
o enbod: merel argiPesaph0e K3BERETRCR orar B ling A 2 R g
count ers keafekiorf kelpfroupsastievsory eheisupivhbas Iregmtusemmbhr (ﬁaCh
10 bit, or each group of 10 bits (as configured by a groupin

confi gaf at | dailargr@aauel or peceds anggrongimadBmidiirg taesholgr(s $Zﬁ t he
first dinensi 0” |hr}1 g&élﬁ%n?dthéeét y;?%f ﬁ‘é‘é;q@@?@gk gi?%ﬁ@é?l?z?z]tﬁﬁﬁéfrs

illustration, I nension ma
di mensi on, a)fsfailureé seeh irmeach béthmmspecm&! eetedy fcell growsidinghe fiastdseh

e o N LTI e N O
tolerat rergy' i gvglegdgéﬁgateb%mﬁa@veﬁﬁaagan {oSc AR EAIRRES Hefo BN %ﬁ?%‘n’é
20 or more of a group of 10O bits as a single failure rather than as multiple

failures. For example, a row repair element might repair all of the 10 bits for
a given row, not just a single 10 bit, while a column repair element might
repair only a single 10 bit for a given column. In one embodiment, in each
designated group of 10 bits, the detection of one or more failures designated
25 among the bits in the respective group is counted as one failure.
Accordingly, the method may also include the step of keeping track of
respective numbers of failures in each respective memory cell group in the
first set on a per 10 bit group basis (step 87).
In one embodiment, the step of keeping track of respective numbers
30 of failures seen in each of the respective memory cell groups in the second
set may be performed on a per IO bit basis (step 88). Again, o
accommodate bit grouping, as described above, the method may also
include the step of keeping track of respective numbers of failures in each

respective memory cell group in the second set on a per O bit group basis
14



For each elenent in each nmenory cell group along the first

di nrension, the error data stored in the error data imge at the
specified address is obtained. 30 In one enbodi nent, the error data
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20 configuration function), per element of each memory cell group in the first
dimension in the selected set of addresses. For purposes of illustration, a
column dimension may be selected as the first dimension, a set of columns
between a selected first address and a selected second address may be
selected as the memory cell groups in the first dimension, and a
25 predetermined maximum value of errors tolerated in any column before a
column is considered a must-repair column may be selected.

For each element in each memory cell group along the first
dimension, the error data stored in the error data image at the specified
address is obtained.

30 In one embodiment, the error data may be grouped, as configured by
a grouping configuration function 40. The grouping configuration function
assigns the 10 bits into one or more groups of (O bits to allow the groups be
treated as a single source of error for purposes of counting errors. Each

group is assigned to a counter 42, which counts one failure if a failure is
15



25 Corresponding bits of the nerge mask are then applied to
corresponding bits of each of the grouped error data GED 1.. Z]
associ ated with each menory cell group in the first dinension
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20 failures but not the maximum tolerated number of failures indicates that
sparse failure(s) exist in the memory cell group for the corresponding 10 bit
group. A merge mask associated with the first dimension contains mask bits
set for each 1O bit or group of IO bits whose corresponding memory cell
group(s) in the memory device has been designated as “must-repair”.

25 Corresponding bits of the merge mask are then applied to corresponding bits
of each of the grouped error data GED[1..Z] associated with each memory
cell group in the first dimension belonging to the selected set of addresses
(stored in the IRowTag 44), and any unmasked errors are accumulated into
the FinalRowTag 48.

30 These steps are repeated for each memory cell group in the first
dimension that belongs to the selected set of addresses, to generate a final
tag image associated with the second dimension. Each entry in the final tag
image associated with the second dimension indicates whether or not a

failure exists somewhere in the corresponding memory cell group of the
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the corresponding 10 bits. For purposes of illustration, a given

colum may be considered a nust-repair colum if it contains three
(3) or nore errors. 25 (In practice, this nunber will typically be
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group. Each c I's then scanned for errors. In one
enbodi nent , thefabystavig pnoced§iag time.sel ected and the error data for

the first 10 el nt . X ' at columm. i.s ,accessed, as jllustrated
in FIG 5. As shﬁﬁ%}‘”ﬁ%&%ﬂ@ri E‘Htaamfé‘f ??@Fdﬁ%ﬁﬁ‘ 3eierstation piane
Y[1] and addigssdifhen®Whe&lcblumhafiménsieh iesélectedd a filkt difiehsi@Ac Mheow
address in each colum, the error data stored in the error data

i Hagg 39D at ScABNEGeVpOItbm setsrussa numbssacadaters 42, dheneepadivsnt,
the bits of ror ] i

t he groupi ng‘Egﬁen%ireg%Pgﬁﬁ%ﬁs’;@hgg[ﬁﬁwR%ég@éﬁgg%ﬁﬁéﬁe%gn |'§%?€1?b%n
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20 initialized to a maximum number of errors tolerated in a column before
considering the column a must-repair column. The counters 42 are
decremented (counted down) as failures are found in the selected column on
the corresponding 1O bits. For purposes of illustration, a given column may
be considered a must-repair column if it contains three (3) or more errors.
25 (In practice, this number will typically be higher). Thus, in the present
example, the counters CNTR[1] - CNTR[Z] 42 may be each initialized to a
value of “3”, as shown in FIG. 4.
In one embodiment, a grouping configuration function 40 may allow
groups of 10 bits to be treated as one bit for the purposes of counting
30 failures. For example, in one embodiment, the grouping mechanism 40
comprises a grouping mask (not shown, but discussed with respect to FIG.
20) corresponding to each counter 42. Each grouping mask comprises one
bit per 10 bit. Each bit in a given grouping mask may be “set” to assign the
corresponding 10 bit to a group assigned to a corresponding counter 42.
17



| RowTag 44. The internmedi ate row tag | Rowlag 44 stores one col umm

full of grouped error data CED 1..Z]. Thus, in one enbodi nent of the
exanple of FIG 5, the internediate row tag | Rowlag 44 is one col um
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CNTR[ 3] is decrenented, thereby tenporarily r &Ofdl ng the cunul ative
nunber of c&quew&?dwge&pﬂnﬂmge@ aackhgrowp of gned Rihe respective bit
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20 embodiment, in what is referred to herein as an intermediate row tag

IRowTag 44. The intermediate row tag IRowTag 44 stores one column full

of grouped error data GED[1..Z]. Thus, in one embodiment of the example

of FIG. 5, the intermediate row tag IRowTag 44 is one column by M rows by

Z bits. The error data for column Y[1], row[1] is shown temporarily stored at
25 row 1 of the intermediate row tag IRowTag 44.

Because the grouped error data GED[1..Z] includes bits (I0[1], 10[2],
I0[3], and 10[Z]) that have failures, each of the counters CNTR[1], CNTRI[Z2],
CNTR[3], and CNTR[Z] corresponding to the 10 bits 10[1], I0[2], IO[3], and
I0[Z] are decremented, thereby temporarily recording the cumulative number

30 of corresponding failures seen so far on those respective bits 10[1], 10[2],
0[3], and 10[Z] for the current column Y[1].

The next element X|[2] in selected first column Y[1] is then accessed,
as illustrated in FIG. 6. As shown, the error data |0O[1..Z] for addressed
column Y[1] and addressed row X[2] has a value of “110...1”. Because in
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accessed and processed until the last element XM is accessed, as 20
illustrated in FIG 8. As shown, the error data 10[1..Z] for
addressed colum Y[1] and addressed row XM has a val ue of
"010...1". The prrsanpedarmpieono ghzupngGEONflguralion s setniherais & pnettorang.
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t he present anpl e he coynter CNTR[ 2]. .associ at gd ith 10 bit
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tolerated before Becapkemit 3 sthd GlRabed @PIdi Bt @mﬁndz phya the
currently selected col um% Yﬁﬁs]gﬁd 10@11;{??'{p ositiona 10[ 2 o? t he

f ai | ed1zol urfailurestheceasrerpeniingcqunterc@NT&Eakis siecrergentedhthereby
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bit 10[2] f o fahenabie respectiot bitlingk IHr ineidwerenticglungn.t he  data from
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The Y[1] and addressed row X[M] has a value of “010...1". The grouped error
data GED[1..Z] is temporarily stored. In one embodiment, the grouped error
data GED[1..Z] is stored at row M of the intermediate row tag [RowTag 44.
Because bit Z (IO[Z]) of the grouped error data GED[1..Z] has a
25 failure, the corresponding counter CNTR[Z] is decremented, thereby
temporarily recording the cumulative number of corresponding failures seen
so far on the respective bit lines for the current column.
When the error data has been obtained for each element in the Y[1]
column, as illustrated in FIG. 9, the counters CNTR[1] - CNTR[Z] 42
30 associated with each of the 10 bits [O[1] - IO[Z] are examined. Any counter
42 whose final count value has not changed from its initialized value
indicates that no errors were seen on the corresponding 1O bit of the
currently selected column Y[1]. In the present example, this does not apply

to any of the counters 42 associated with 10 bits for column Y[1].
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corresponding bits MergeMask[], MergeMask|[3], MergeMask[Z] in

Mer geMask[ 1..Z] 46 are updated to not mask (not ignore) failures seen
on 10 bits 10[1], 10[3], I Z] for the current colum Y[1] while
mer gi ng t he dat a Aty downter 42whose fimabceurd vRlue Magycounted ahteast i Row

Tag. Once th . k regist Mask 46 i,s_ full dated t

Toi et he et EiER Ak iR sElus et PR dafled T oY sPLIE R Bts v 1

sel ected coldfiple]ddunt@RabwATEINY “3tot“08 (drMéss)IRiiicites frawthaeulr&enTag

44 is nerged into a final row tag Final RowTag{ 1. .tl\)%ﬁ48 by conbi ni ng
Bug feRal

t he cont ent selcted golmre¥] espbadiongspandingddi bl @stwigh @i t h

t he mask dat [ LN e . '

br esent® exatgp S R i eCpEREAeRtie sA@ U CRTRIE ShsopReéd'®
(ignore) anyiftaiQ bieS[Feri cvunidd Bbwn 3ne prddetdrmined aratimuaridilog of he
cunul ative effects of the internmediate rowtag, entry into {he final

[)O}N tag 48. exoryfeleriod befaremscalu@n s gaarsidropgi COMMN ¢ Acgaidingly:the
elo to t I d i 42

Che count or ey s8Rt 6kt YT ah830 pesiofP IHEPLEhe BjiEd Coluth
t he next colisinggordg@]n aifsiledslecatidrelist. Tihe enrespodding BibMerdeMask(81 in a

| t X[1] i | Y[ 2] | . il .. As ,
Che o i, - aunaiosonack iosier MiarBeeki- Ehue & uniesRss Taek udiiralend
row X[ 1] ha?r?r?urééls%ﬁa%fgt I"CQQ@{E)[Z@?or the@uareRtBSIlmrEY 1P wHilatrde the 2]

is tenporarily store row 1 the internediate row tag | RowTag
44. Because date frgnotheeidtermediiatd ftew Tap44. inkj thendihabBewbiags48.10[ 1] ,

10[ 2], 5 10[3], -;and 1Q.Z t hat h i t.h
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recording the cunul ati ve nunber of corresponding failures seen so
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associ ated WilNopRCio@), 1012 P thd ESrrent column Y[1] while merging the data

20 from the intermediate Row Tag into the Final Row Tag.

Once the merge mask register MergeMask 46 is fully updated to
reflect the information revealed by the counters 42 for the currently selected
column Y[1], each entry in the intermediate row tag IRowTag 44 is merged
into a final row tag FinalRowTag[1..M] 48 by combining the contents of the

25 corresponding intermediate row tag entry with the mask data contained in
the merge mask MergeMask 46. Thus, in the present example, a mask only
on MergeMask[3] is applied to mask (ignore) any failures seen on {O bit 3
(10[3]) prior to adding the cumulative effects of the intermediate row tag
entry into the final row tag 48.

30 The above steps are repeated for each column that belongs to the
selected set of addresses. For example, in FIG. 10, the counters 42 are
reset to the predetermined maximum value, and the next column, Y[2], is
selected. The error data for the first element X[1] in column Y[2] is

accessed, as illustrated. As shown, the error data 10[1..Z] for addressed
20



15 10[1] - 1dZ] are exam ned as before, and the nerge nmask register
MergeMask 46 is updated. In the present exanple, the resulting nmerge
mask regi ster MergeMask 46 does not nask any bits since none of the
counters 42 salhnég2panid addidsssd irdveDdl] loas a batte efif009..101. (The grouped

internmedi ate row .t owJag, 44 is.then rged | the final row
a0 48 as. dEVTaN U5 CHRDUr ) FogSIRpratil Saed atTawdh eV BrIEH A o
required nastggzlqomraguﬂ.nerge mask register MergeMask 46. The next
colum Y[ 3] and succ€eding colums Y[N] are simlarly processed,

resul ting in the Bésamisertbevgrauped ermdRiatRdgEDE! . st dvatudes Bitsx10{ 1, 0[RS

ndi d b ti . nal 1 :
25 has. &par O aRNHIOZN el fAEERs a8 e COuPiRLe TNk D YT BZls
10[ 1] - IO ZANTRisiIeRhd ENTRIZ] ebrrespondird to BRI Bitd10[11.01002], ¢O[3]cand
XIM. 10[3] of row X 1] shows no errorS because the only errors on

10[ 3] of rowOfEharerdaarementashdiersby temperarily raserding e cumelriive, nusker

any of the cBitasPopandTalutgSefnp Bht A wHRER L Mol e "
gener at ed bycigesibhgnd F{ZUgh the rows. However, since the final row
tag Fi nal RowlTag 48 indicates that certain_rows (Ifor exanpl

ﬁ ﬁl} anﬁ X[3]) halke pextralementssXizh XY -of X{MEIncesIestsd oofumn %ﬂ?ﬂ;%\é\zh

, these : [ |
. hest theteaffizfciied BoTfitfics i BRS.CLY rRAK ddvfieh esaRinany
Wﬁ.yt t hat 2Ifatilvesf resglltingdwghagoﬁipﬂmb&thagediaté mvgmgamve'ﬂs,;]g 44.c&hhen
t ha FOWsS are scahnne ra er n um S i, t i 1
pags. | Ret ur HNRGTIE deia hps begnCHERRp el Canal (88 Sapadisfdhe YT °
initializatiQymh tﬁé%ﬁér%r@rflPR?gj- dgltzlmrzqaaygbarat@:l ARAIdRM T RS IOBILS

nunmber of counters 5 Counters|[1.. n one enbodi nent, there are
Z countier s, IOWTRIQ[Z] aeNDRniZhed @scbafarh andrthe speyrgaimgsk egisier each of

the 10 bits 10[1].,- | L Z]. h nbodi ment , ., di
ner ei naf t er , MtEMaskd® FLundied oI IEbrsBPn xREk. 1A ReUthGiperosr 10
bit groups. hBsRA&yiSEPRErgENask Usaiceewstenask &N Rid bince @¥RB[ofthg2 ar e

initialized to a maxi mum nunber of errors 10 tolerated in a row
bef ore consierunters 4hexpiws dunngsthis kgratiens Gachandrytindhe dderpedigtesrow

ot parEBIREAANA £ s 188 el oihe Tndl vl A b8 dblErbaP! oot o

row on the c I hg urposes o ustra a
20 previously, in this iteration without any required masking by the merge mask
register MergeMask 46.

The next column Y[3] and succeeding columns Y[N] are similarly

processed, resulting in the final row tag FinalRowTag 48 shown in FIG. 12.
As indicated by the final row tag image FinalRowTag 48, memory device 20

25 has sparse failures in memory cells 22 that correspond to 10 bits [O[1] -
10[Z] (except 10[3]) of row X[1], and 10 bit 10[0] of row X[M]. 10[3] of row
X[1] shows no errors because the only errors on 10[3] of row X[1] have
already been identified as must-repair, and hence they are not sparse.
Rows X[2] and X[3] have no failures in any of the columns Y[1] through Y[N].

30 A column tag is then generated by scanning through the rows.
However, since the final row tag FinalRowTag 48 indicates that certain rows
(for example, rows X[2] and X[3]) have no failures in any of the columns Y[1]
through Y[N], these rows need not be scanned, thereby saving processing
time. The final column tag FinalColTag 58 is generated in the same way that
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given row is considered a nust-repair rowif it contains three (3) or
nore errors. (In practice, this nunber will typically be higher).
Thus, in the 15 present exanple, the counters CNTR 1] - CNTR Z] 52
are each i nithé halzed tag FIﬁE:ll%WT@g)‘lS {s3gendratealn exesyitdbatments, arelseanned

groupi ng confjguration function al.l ow groups of 10 bits to be
D ot ed as. GHESHIET GHIUFVE S5anped &5 oINS BSOPRRS foil ures. 20 Each

X[ 1] - X
row X[ 1] -x[ M 'SFEéig ﬁgﬁt dprfe@énteédga;ﬁg&?bﬂr:ﬂ%.ﬁf??mﬂié*ﬁmahzé’tlo[ﬁ d])ff st

row X[1] is selecte e error i rst el ement
t hat row i shaseemwrpassasThé sosnmiag ethdrithimlsgts up.a membenehcaiitensn

dd i h , dat d
30 at the spuinest Zateds oreceriBpdmiit PR Bl enpbl R A B ¢ s
of the errorcnipREr)16hd eadh cﬂﬁésﬁlﬂwd?ﬁ?ﬂi@H@%@cﬁ@ﬁﬁ@@m&m[ﬂeIO[Z]

groupi ng conflguratlon as set up in the grouping configuration
function 40.aneérertamebestimsahtdissusspd dereinalipr, theye may bedie ¢RUNtEner1o

bi t t

counter a2 2vTeBRbingR yRFBS IR aibst TR R gl e BuBREs o
to FIG 14, GNPRHI]F-QIN'HREZ} 5RMrd. inilhliZert toodl endraach mumbeB@f efrdis and
addr essed colunn Y[1] is obtained and has a value of "000...0". The

gr ouped er r delerried ITarpw, beforg consigasiidihe roWs3 BrustTenair ke and the
nbodi t, at
Cororroat o RUIEHS2HERHERANER Bobhid ol devalbidseficlB iR ned

The i nt er mediefdated mwion thag:orr’éépsmcd]ngstOcmB rFeow ;funmsesfofgnmi;mbnear or

data GEDj 1..Z]. Thus, in, 22 enbodi ment of the.e of FI G 14,
Che i nt or e diNATLIIb R AATSIRISE 2 TUSTGRETITON bl RGN ES 6 % P

The grouped fdr@r &Iﬂ%r@c@&%s e wil T’%’b]ce?f[ylﬂe h@ﬂmeThY[slln ihe thus

tenporarily store row 1 I Col Tag[ 1] i nter nedi at e colum tag

54. 5 Becaugeesdnd eyanpedhe rqountedatC‘a\ltED[] 1 CNTRjZ) SR are saghtisitiphizgditp,

10[2] 10[%, Iand l Z]) that have failures, each of the counters
CNTR[Z] 52 corresponding to the 10 bits 10[1],

10[ 2] 110[ 3], andn |ogezdmb@d1me¢i€%@@?6@;ﬂﬁg coRfgeiaYiok emmioardd thay allow
recordlng the cunul ati ve nunber of ~ corresponding failures seen so

far on thosareeppetiQ bids i befieqied pepnerhit foothapwipasey okePWrINGd r ow

X[1]. failures.

20 Each row X[1]-X[M] is then scanned for errors. In one embodiment, a
first row X[1] is selected and the error data for the first element Y[1] in that
row is accessed, as illustrated in FIG. 14. For each column address in each
row, the error data stored in the error data image 30 at the specified address
is obtained. In one embodiment, the bits of the error data 10[1..Z] may be

25 grouped according to the grouping configuration as set up in the grouping
configuration function 40. For the present example, it will be assumed that
no 1O bit grouping is set up. Accordingly, in this example there is one
counter 42 corresponding to each group of one [O bit.

Referring agéin to FIG. 14, the error data IO[1..Z] for addressed row

30 X[1] and addressed column Y[1] is obtained and has a value of “000...0".
The grouped error data GED[1..Z] is temporarily stored. In one embodiment,
the grouped error data GEDI[1..Z] is stored in what is referred to herein as
the intermediate column tag 1ColTag[1..N] 54. The intermediate column tag
54 stores one row full of grouped error data GED[1..Z}. Thus, in one
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The next elenment Y[2] in selected first row X[1] is then accessed, as
illustrated in FIG 15. As shown, the error data 10[1l..Z] for
addressed row X[ 1] and addressed colum Y[2] has a val ue of
"000...0". lemodimeatbbthen@mplehe FAGo Wpeithedntcomedatea calEbDirltagZ4 iss

Lo ot el e STl oo R oS By i S

d1gZ]) t | 2
ONTR 3] and kR SO SRR (ol JORIGRIBIST ol ““j@NTR[ -

10[ 3], and intgrdpdiate cdiinretagn®4d, thereby tenporarily recording the
| at nmb 20 of di f f t
Fespecttve bit I EuREe RLSURGl pani vk ET 2 Wuish A o SRy RaRE

el enents Y| ab[s]YbﬁiH 40[2]) thaYhblre igilres, e@édthffthé gbuhtas KINTR, ECNT

accessed and si'm | arl f/@grocessed until all elements in row I] have

been pr ocessang] CHIRIZ] 52 couesppndingtathell§) big KA. HO[ & 1@I3], cthaQ{é]s

been 25 obt o h

count ers o EhefRS ridebl Forad S recBudinl i Hutuihve by of
1 g Z] aSSOCIcﬁirﬂ;%an@lhgerHureéi[sb}an@‘o faheneosy respeviicebittireefathaed.
Any counter whose final count value has counted at |east the

pr edet &9 mi neHrigikly setacied v o1 ]errors tolerated in any row (in this
exanpl e, counted oW i Gert Y?g ge!e(:%rf rgﬁu%m Xﬁﬁ I%%ncééc%%sé@aés
orre

t he particul ar rowonthec erepaired wth
a redundant ilwsiratédint RES. p‘r&sAatshewanﬁeeerrai datad Oft.ef]foChidrpsded row

CNTR] Z] 52 dd h d . [ I f
orrors tol OAT 800 BORGRseY Caln 2 Aurle of ‘B B apiRne; oo
Accor di ngl yzﬁrﬁts?d inf BRI YuSEd BRLPYafnBEN] 12/a8dickBdlat rowasirtihen

10[ 1] - I"ed row 1s 23 recorded in the fail list. The
correspﬁ)ndl ngtelumedlaWDghmue[g IColheg §dMask[ Z] in the nerge mask

| st 56 dat d K
bi {5 10 1] - 101 7 FEPERENSapaee PBR St CERLLAaTEY i L forh
regi ster Meriggdpsrd fS{Zi)sthbthave fHIdRSS @ath o'ﬁtmeaéd:mérg mmgipomm[ozm
reveal ed by the counters 52 for the current scanned

each entry | @NTRE] ape GHEHRE eorespanding o e |Q biglgEd. Kb 'Q[Q and
final col u”Dﬁ)ifﬁ%rrégsd@c?e%gﬁtéﬁa?#&%by@él’ﬁbmpﬂ'@c&&’ hﬁm%%a%eu‘fé}f\feynurﬂber

masked by st-te ormati on" contal ne
56. Thus, | r‘oftdmrespondlng failures seen so far on those respective bit Iines for the

currently selected row X[1].

The next elements Y{2], Y[3], ..., YIN] in selected first row X{1] are
then accessed and similarly processed until all elements in row X[1] have
been processed, as illustrated in FIG. 16. When the error data has been

25 obtained for each column element in the row X[1], the counters CNTR[1] -
CNTR[Z] associated with each of the 10 bits I0[1] - IO[Z] associated with row
X[1] of the memory device are examined. Any counter whose final count
value has counted at least the predetermined maximum value of errors
tolerated in any row (in this example, counted down from “3" to “0" (or less))

30 indicates that the particular row on the corresponding O bit must be repaired
with a redundant row. In the present example, all counters CNTR{1]-
CNTRIZ] 52 have counted down the predetermined maximum value of errors
tolerated before a row is considered a must-repair row. Accordingly, the
currently selected row X[1] and 10 bit position 10[1] - I0[Z] of the failed row is
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present exanple, since there is a mask on all bits in MergeMask 56,
all 10 failures on all bits get ignored for this row for purposes of
adding the information to the cunulative columm tag. In FIG 17, the
count ers 52 racerdeddethd fziltlist phedeotrespomdidg tits iMergeMask[id - and t he
next row, X ' ected. The error d or th flrst col um
o rrent v 1 eigeh BRI e meraS s FoglETe, Ste Undated JE s (6RRrele
error data Jfémilr@&%ee?r]onftﬁéséw@bﬁgs@mrmzﬁ&aie anferadenes WeRa d col um
a

Y[ 1] has a val ue of . The "grouped error dat 1..7] is

tenporarily stordanca tf@rmeggama@k remeter Mesgaiasids is dulbnwpdatgd &,

S0La] e dEl RS EPIRAu i erted fuyr el cdlited affor M aflertsiinheg
next col um rg 5?1;]‘) Seadhdntryvihdhe intermediabtd colomeetag@4eid merged]inr tbe

t hen each acces and processed, resulting_in the internediate
colum tag Towl polumn tegtafias thq:msk%mtﬁmwgtetmum@rtaa egymaskady
second scan H@% t he
nmer ge mask r@%ﬁlﬂStﬂgﬁgFmf%%&ﬂgmegéﬁg%earse Srg:‘:geG ”?ﬁ%fggﬁél

fl agged as guesertrexanasiedsince ﬁlei‘edﬂ‘ aendisk damaﬂabitsm Me?@eMaskﬁﬁpahh
saving steps |ater. Thus, in | e shown, since [1],

bit 3 c%orré‘gwﬁamga'kleﬁ%@tu%or?p *)ﬁrt B[O JoriRrRgFes el S’ %M
I\/Ergel\/ask[S]]m(JMQtlg,qtd{ &Rﬁﬂ%ﬁ@@@gl inter not decrenenting to or
past 0), the correspondi ng colum an I't address Y[1l], 10[3] may be
entered into 30 dnfRGL (i?ethlelcsfiunve)'s52i&revmesettoatbdrpee@et&[m]nedlmﬁm]num

I dded to . the fajl list f t,hi

Failure. dat aaeandbetsst regogel s selol e itk ol tor TRIBisS poumy
show up in themeat ¥pnen hi\ﬁlx[f]qs a@uéss@u aael:m@wéd AB &RBWed tHederror data
generate a sparse fai'lure |ist 2& or exanp by runni ng@a 24

conput ¢§i zedOf1 LZ]efrJr pddr@saad !'m?( f ﬁﬁd@;ddaﬁ?ﬁﬁeﬁd%ﬂ“éﬁg ¥l bAas Bevatug olur e

repeat ed for Ser T ang SoES) SRl e BEi 2! b serr R KRrpl 5P R0t 3,
addr esses, rcﬂ‘&hléintégnediateh@)mmlnatbg@al um tag image 58 and s failure
list 70 shown in FIG 19. As indjcated by the fjinal %illurm tgqg I mage

58 and failure |iBecanse the gsmypaseeiercdats GBI ;] Ngses Pilcel I s
22 that "coriopspapeiedbiiy dlrthr CRARIS) 24 hodahieRed 1. and

10[ 1] of col
20 The next column elements Y[2], Y[3], ..., Y[N] in selected row[2] are

then each accessed and processed, resulting in the intermediate column tag
54 jllustrated in FIG. 18. |
During the merge step in the second scan pass, any column with any
fail that is not masked by the merge mask register MergeMask 52 is a
25 sparse failure, and can be flagged as such or placed in a sparse failure list
70, as shown, saving steps later. Thus, in the example shown, since
IColTag[1], bit 3 (corresponding to column Y[1], 10[3]) is not masked by the
MergeMask[3] (due to its corresponding counter not decrementing to or past
0), the corresponding column and bit address Y[1], I0[3] may be entered into
30 a failure list 70. Likewise, address Y[3], |O[1] is also added to the failure list
70. As shown from this example, failure data from the Must Repair list 60
(such as Y[1], IO[3]) may show up in the failure list 70, but may be easily

removed to generate a sparse failure list 72 (for example by running a
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Renoving the addresses in the failure list 70 that al so appear in the
must- repair list 60 yields the sparse failure list 72, shown in FIG
19. The 10 remai ning colums have no failures in any of the 10 bits
(not counti rug;mmﬂenmtsﬂltefrqqmagnanmmalnmmoaesl amy siddressafromrtbedailurg 1istd7G n
the fail 3% 60). Thus, all of th #nterestlnglnforrratlon

i ncl udi ng 148ak% rein thesnustigpginlislows and nmust repair col urms and

the | ocations of ﬁHEalEnﬁ@ét@bQ%re PdHatEd f&lédeheréma.rﬁng@m\tﬁéﬁmlsnﬁgfam

the error data image 30 in only two scan passes. I n one
enmbodi ment , thedeledian setof addeessess ressffingcio thetflneha:q,lumnrtagﬂmﬁge 38 and

le 10 b I
Ceaul t,8 ontnuedisnZo sRABDAREIC: 29, AnindBalbct B et EREME 8k inteosh
and the courBgeand FRIGRS li$tr AL néthofy e viceTRe haeffafidreb ﬁmm@yeﬁllg@zcxhat
any 10 bit. 20 To continue with this exanple, pose that the neno

D(lng 20 is mr@sgnndmiO\mtd@[Heaﬁﬂp[@ka%qoih@ﬂ\ﬂd?.andelﬂié] OBGOAWBHW[B]
renory cel 1 0 H0WNG 1k SRS LR K AL 4B 6BR a0 Bieifbst:

and each pr qepdiriist 60 yieldatheuipatsd failume Bstdid, showantin . 09 é’hght pi ns

10[ 1..8]. Suppose further that 25 the DUT 20_i onfigured wt
redundaht cdEOIAEING SOkMRs baye Be failkes i amyof Uaetﬁ’ &%&HHW%@% hat

' ncl ude al | rﬁ@st%gébcsﬂﬁn 506 ¥k rpAIPFSES ﬁ%@'lrglﬂ}esfahfﬁ_sg@ﬁ'g“ scan

pass woul d have t u to t er o
counters), wher eﬂwsbaﬂaﬁﬁ&a mmj'eammfmmm\emwndingndncaﬁnhyd hreust ow
of one 10 bit but the entire row chros

Sounter woulTEPBE Taws ABa i Saat EREN Roand Ine DaatoARar PRErdEng ous

because regayr&smilRfed, iereddbtdtietrdm tHe dvdr ddidtimagé B0l iHronly fvo scan
detected on, the tailure should be counted towards the replacenent

of the1entirpassesn 25 Clearly, the opposite would apply if the nmenory

edundant col umsdngte bbb REReM TS et 2 0P

di scussed, tiheasirl€ 10iditBli & rsw\Metiding aNadl isitPsinfulidaadusip) @\st@remlunt
failures on any one or nore of a group of 10 bits as a sin

failure. Theordy asindlg ceynter ifuneedeshtor genarpismthecalympiag it C&_tnt@'n
of 10 bit afouRS K §Fthé Auhibe? oPFAkKeSHERLRY b LHY 163 N9 a 1 ogic

di agram of an
20 To continue with this example, suppose that the memory DUT 20 is

an eight bit wide memory (Z=8) having internal X and Y address
mechanisms. Internally the DUT 20 is organized as eight memory cells 22,
each having the same X and Y addressing mechanisms, and each providing
~ its.output data to a different one of eight pins [O[1..8]. Suppose further that

25 the DUT 20 is configured with redundant columns on a per-lO bit basis and
with redundant rows that include all 10 bits. The number of counters during
the column scan pass would have to be equal to the number of 10 bits (i.e., 8
counters), whereas, because redundant rows replace not only the row of one
IO bit but the entire row across all 1O bits, only one counter would be

30 required during the row scan pass. This follows because regardless of the
particular 10 pin that a failure is detected on, the failure should be counted

towards the replacement of the entire row.
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exenpl ary enbodi nent 200 of a grouping configuration function 40. The
| ogi c i nplenmentation of the enbodinent of FIG 20 assunes that a

| ogi cal 10 "0" corresponds to a fail of the corresponding 10 bit and
a logical "1" c&Heardypdmespposite waskl afply féhe oreragydddil 29 is@obfigurethe
| ogi ¢ i npl ementation .of the enbodi t of FILG ,20 alsg assunes that
a | ogi cal d“'phdégvaﬁa@tégwsmwﬁé’reéﬁ@gﬁg?aﬁ'%@“%6?‘?%?&6\%8%&"1%0%% in a
correspondi mgygpRUD-bipBEsi@, | 0gi cal "1" designates exclusion of the
corresponding 10 bit fromthe 15 correspondi ng group. For description
of exanpl es presdyspréviouslyidis¢ussed, these asprBibertianstwhes b wsddiRes t he

Cont s guf at 1 JeoreRle:P satobsifes ofial) grhs Motiindein JIOHIS s 4
one per courirgjle BWURE. 1 Th8lgréunsing Toaflratita fimctighclpalliwsresifiguration of

G oupMask[ 1] . . GroupMask]| 8] includes eight bits, one each 20
cor r espondi g hitbgrenese fdh. 39 is18 bipgkdipgiam iligptrating, adegie diagramypef an

10 bits optongayeranddifiehtoRe of FBipRREAIBRTBRTINORE &7 The ek

L 0 ? I)ogi callogi® implemeltsiignef thermnbedisten obF1G 20 assureep tratianiggibal
it(s) in the group, and setti t he corres ILng bits.in.the group
mask t® a |o§i8%rre4?ppn%§50@xf@|'eagg@wwwﬂwﬁggm%ﬂga logic ' om £ ho

cor r espondi BL bf HIRHEPIOBRK The logic impl tation
o ouoNBat resBuRds [ BaSh bf fe ESFSRdBICTBRL The logic implementation

10 bit. The obitealenbodimentafdHGyR20wiso asswyes thaty logivat'0” degignaéss t o

generate a correspondi respectiyve oubed _error data bit

CEDL 1] . . CEDyBMBaRERPEi e BPandee by 4 CorPopdtifia Stre A i s
30 tenpor ar ihyicsitqr 8dsigRafelesxcnistsiBEihat drerpbAgingrOobit fromMegi ng
into the final tag images. The value of the grouped error data
controls wheowespendinggreus Feodeswiptiop of sxamplgwRprgsentedrirgrgjnafter, the

cor respondi . I ted. il i @y (; LNGFEENt €d OF
decr enment ed%ﬁ&%@gﬁ{ g{sgl%g?lﬁ%%elﬂ?%%g&f[@%%ﬁn% %)((adrrip-f’égg whi ch
assume a "0" desimgigtstsatedf gidupiry cdifiguastiirgfuatien 20pasdudes §dlp

desi gnates inclusion of the corresponding 10 R'ﬁﬁin the group,_and a
"1" desi gnathiEnasks| Groupiasklt & Qs PRSHRIRNENG Llr [hi-8] (PPBﬁ'?OW'!f‘bg EaSup,

illustrate ?;3:51?ﬁ‘bitﬁl@sw@"fbnEwﬁﬁﬂﬁ-i-@%u@ﬁ%@;iﬁ@he& bl bit8nordBacty To

test one 10 per counte gro
20 corresponding to one each of 10 bits 10[1..8]. Any given group bitmask

GroupMask[1]..GroupMask[8] may group any combination of the 1O bits
I0O[1..8] by setting the corresponding bits in the group mask to a logical “0” to
designate membership of the corresponding 10 bit(s) in the group, and
sefting the corresponding bits in the group mask to a logical *1” to exclude
25 the corresponding IO bit from the corresponding group. Each bit of each
group mask GroupMask[1]..GroupMask[8] is logically ORed with the
corresponding 10 bit. The ORed data in each group is logically ANDed
together to generate a corresponding respective grouped error data bit
GEDI[1]..GED[8]. The grouped error data GED[1..8] is the data that is
30 temporarily stored in the intermediate caches prior to merging into the final
tag images.
The value of the grouped error data controls whether or not the
counter 42, 52, CNTR]1]..CNTR][8] corresponding to the group should be

updated (i.e., incremented or decremented to “count” a failure).
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G oupMask[ 1] . . G oupMask] 8] (shovvn below as GM1]..GM8]) may be set
up as follows: G oupMsk[1] 01111111 G oupMask[2] = 10111111 10
G oupMask[ 3] = 11011111 Groupl\/ask[4] = 11101111 G oupMask[5] =
11110111 G oupMahe[fellowingleanialés, vdnioh pshgie7g “02 dpgmimaial a*1"
G oupMask[ 8 11110 Su the. erro = 11011

fai 1 on 100 ST Rass & RheasinliptS it e sorkpiding 16 vifin

11111111; i g oy
11111111; S g}fmgil fmgf‘xiI #'Mﬂ %)]ldﬁﬂ?g of t2rog %%r[r %pdgaa'rgdb‘t from

11011111; Al gfout, lillusirate eperatinmryf He gwr@w@@nflgya)@tpn Rinctign 4] =

I AND of 13 st IOt gy Efer fielpropplmeifs % i o] =
11111111, A@oﬂ?l\@sk[ﬂl .GroupMadiBRsRbwh Wetbvid asIGHLL]..GM[ER r@& b sat up

11111111; AND of all bits =1; CNTR[ 7] hold 1Q1..8] OR GM8] =
11111111: ARSTeHOWST bits =1: ONTR(8] hold and GED[1..8] = 11011111.

Suppose the, et oigghfal] SEPAANAY, (sss on 1011 ) and 1081, al)
bits =1; CNTR[ 1] GmUdMakQ[Zl . B]110R1GM 2] = 10111111; AND of all bits
0 qpRa deosmnld Pl @ a5 O 0.0 3 s
E: E : :8 ggg[[ g} Gr@%ﬁf\/%@ﬁ[ll] hd {19148k OR GM 5] = 11110111; AND of all
GroupMask[5] = 11110111
GroupMask[6] = 11111011
GroupMask[7] = 11111101
15 GroupMask[8] = 11111110
Suppose the error data 10 = 11011111 (i.e., fail on 10[3], all others
passing). Then,
I0[1..8] OR GM[1] = 11111111; AND of all bits =1; CNTR[1] hold
10[1..8] OR GMJ2] = 11111111; AND of all bits =1; CNTR[2] hold
20 10[1..8] OR GM[3] = 11011111; AND of all bits =0; CNTRI[3]
decrement
10[1..8] OR GM[4] = 11111111; AND of all bits =1; CNTR[4] hold
10[1..8] OR GM[5] = 11111111; AND of all bits =1; CNTR[5] hold
0[1..8] OR GMI[6] = 11111111; AND of all bits =1; CNTRJ[6] hold
25 I0[1..8] OR GM[7] = 11111111; AND of all bits =1; CNTR[7] hold
10[1..8] OR GM[8] = 11111111; AND of ali bits =1; CNTR[8] hold
and GEDI[1..8] = 11011111.
Suppose the error data 10 = 10000001 (pass on I0[1] and 10[8], all
others failing). Then,
30 10[1..8] OR GM[1] =11111111; AND of all bits =1; CNTR[1] hold
10[1..8] OR GM[2] = 10111111; AND of all bits =0; CNTR[2]
decrement
[O[1..8] OR GM[3] = 11011111; AND of all bits =0; CNTR[3]

decrement
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decrenent 5 10[1..8] OR GV 6] = 11111011; AND of all bits =0; CNTR] 6]
decrenent 10[1..8] OR GM7] = 11111101; AND of all bits =0; CNTR 7]
decrenent 1J1..8] OR GV[8] = 11111111; AND of all bits =1; CNTR] 8]
hold 10 and GED{IO[1.4] GRIHGID@GOM‘]%%%&NQ aball bity FOsCPIRIEbunt er |
the group bi rrasks G oupMask[ 1] .. G oupMask[ 8] (shown beI ow as
av1].. Gl\/[8]C§ fe set up as foI | ows: G oupMask][ 1] 00111111 15
G oupMask[ 2] = 1J|@<[)1138!|bR@rﬂ LRI NROTRES Amaﬂéllbut&ougms]ﬁl] =
11111100 G oupMask[5] = 11111111 Groupl\/ask[G] = 11111111 20
GroupMask[ 7]decramenti111  GroupMask[8] = 11111111 Suppose the error

102,87 cr v CL- AT AT A By oy AN oPal BiEREITHIE | 5o

I 1..8] ORdd¥é&hemt 11011111; AND of aI I bits =0; CNTR[ 2] decrenent
10[1..8] OR 3] =11111111: AND o d

'O T 8] OR vt 4Ok B ARENITIAD Bt D AR & 3t biteoRERTAIG] 6
10[1..8] OR eft 11111111; AND of all bits =1; CNTR 5] hold 30
10[ 1.. 8] %@%11 = 11111111; AND of all bits =1; CNTR 6] hold

1 1.. 8] GM 7]10§1 . 181 0R TAM[8] AND! b1 1dl1;, AND of allblts:NTRpNTRta] biold

10[ 1.

i, 8, O 0SS o1 15 5 G el e
on 10[1] and 10] 8o tea two FO s per @blintes) the Yr6dp bitmasks
GroupMask[1]..GroupMask[8] (shown below as GM[1]..GM[8]) may be set up
as follows:
GroupMask[1] = 00111111
15 GroupMask[2] = 11001111
GroupMask[3] = 11110011
GroupMask[4] = 11111100
GroupMask[5] = 11111111
GroupMask[6] = 11111111
20 GroupMask[7] = 11111111
GroupMask[8] = 11111111
Suppose the error data |O = 00100000 (i.e., fail on 10[3], all others
passing). Then,
I0[1..8] OR GM[1} = 11111111; AND of all bits =1; CNTR[1] hold
25 10[1..8] OR GM[2] = 11011111; AND of all bits =0; CNTR[2]
decrement
10[1..8] OR GM[3] = 11111111; AND of all bits =1; CNTR[3] hold
10[1..8] OR GM[4] = 11111111; AND of all bits =1; CNTR{[4] hold
0][1..8] OR GM[5] = 11111111; AND of all bits =1; CNTR[5] hold
30 10[1..8] OR GM[6] = 11111111; AND of all bits =1; CNTR[6] hold
10[1..8] OR GM[7] = 11111111; AND of all bits =1; CNTR[7] hold
10[1..8] OR GM[8] = 111111 1‘1; AND of all bits =1; CNTR[8] hold
and GED[1..8] = 10111111.
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10[1..8] OR GV 1] = 10111111; AND of all bits =0; CNTR[ 1] decrenent
5 10[1..8] OR GM2] = 11001111; AND of all bits =0; CNTR[2]
decrerrent lJ1..8] OR GV3] = 11010011; AND of all bits =0; CNTR 3
decrenent 10[ 1. aums@tﬁa}ermr atel tQ 611008R003 1 (pass an KQ{11and @ER[

10 decrenment thqa]f i Gl\/[5] = 11111111; AND of all bits =1;
CNTR[ 5] hol £"¢¥ :‘L"“ lr&3|\/[6] = 11111111; AND of all bits =1:

CNTR[ 6] hold | Qidy1. &i] dﬁ%gk F0111J1111:1311AND ONB) Bits abl CNTR{1F1;
CNTR[ 7] hold 1Q1..8] 1111111; AND of all bits =1;
CNTR[ 8] hol diecwnanbl GED[ 1. . 8] 00001111 To test four 10 bits per

counter, the gro 0, 41 KR8 bel ow
as GM13..aM8]) q@é@%?@@”[@‘ h slﬁq' ’:ﬂ|1o\]§‘é\!§?f%iﬁgﬁg§é[aﬂl i itg]\(l)w(;onll
20 Groupl\/asldez;}emeﬁtllloooo Groupl\/ask[S] = 11111111 G oupMask[ 4] =
11111111 G oupMask ]éj = 11111111 Go g = 11111111 25
GroupMask[?] = 1191 pR@M[ﬁi%@WQO“ f‘ﬂﬂ@ ﬁ'ib%pﬁo%”ﬁf[@] error
data 10 = %Qm(l ., fail on 10[3], all others passing). Then,
1 1.. 8] CR = 11011111; AND of all bits =0; CNTR[1] 30
decrenent 1 1.. 80[&8]@!323[\/@]%11111111]11)1 AND of alhbits B0t ENTR[4LNTR[ 2]
hold 1J1.. qv[ = 11111111; AND of all bits =1; CNTR 3] hold
10[1..8 OR emenl 11111111; AND of all bits =1 CNTR[ 4] hol d

10[1.. 8] OR GM S]iop. 11 Er Brkis)AND P11 A, AND 8f ail bitéNTRCNTR]S] old29
lO[1..8] OR GM[6] = 11111111; AND of all bits =1; CNTR[6] hold

I0[1..8] OR GM[7] = 1—1 111111; AND of all bits =1; CNTR[7] hold

I0[1..8] OR GM[8] =11111111; AND of all bits =1; CNTR][8] hold

15 and GED[1..8] = 00001111.

To test four 1O bits per counter, the group bitmasks
GroupMask{1]..GroupMask[8] (shown below as GM[1]..GM[8]) may be set up
as follows:

GroupMask[1] = 00001111

20 GroupMask[2] = 11110000

GroupMask[3] = 11111111

GroupMask[4] = 11111111

GroupMask[5] = 11111111

GroupMask[6] = 11111111

25 GroupMask[7] = 11111111

GroupMask[8] = 11111111

Suppose the error data 10 = 00100000 (i.e., fail on 10[3], all others
passing). Then,

IO[1..8] OR GM[1] = 11011111; AND of all bits =0; CNTR[1]

30 decrement

IO[1..8] OR GM[2] = 11111111; AND of all bits =1; CNTR[2] hold

10[1..8] OR GM[3] = 11111111; AND of all bits =1; CNTR[3] hold

10[1..8] OR GM[4] = 11111111; AND of all bits =1; CNTR[4] hold

I0[1..8] OR GM[5] = 11111111; AND of all bits =1; CNTR[5] hold
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10[1..8] OR GM6] = 11111111; AND of all bits =1; CNTR[ 6] hold
10[1..8] OR GM7] = 11111111; AND of all bits =1; CNTR[ 7] hold
|0[1..8] ORGM8] = 11111111, AND of all bits =1; OCNTR[8] hold and

GED[ | ..8] = 011110IL.8]ORGWEI e tHd 1dilpANTRoballbits==100N0®RIE] figldss on

1003 200 10051 18]y e TRSRoL ] sl @&%a .

11110001; AND of |af1. d)ioR G lg‘ﬁrﬂ[ﬁhﬂlﬁr\mﬁéf@m&m =10CAT. KBdGV[ 3]
= 11111111; AND of ‘ail bits =1: CNTR 3] hold 10[1..8] OR GM 4]

11111111; AND of aeﬂleEDc[b&]PO‘d\Im[M} hold 10[1..8] ORG\/[S] =

111111115 AND of L of

111111190 AND of @ee % {ticGopt pasi%mgﬁs] 2l
11111111; AI‘dﬂ]@fEfaihhgplTh‘eﬁl QTR 7} hold 101 8] (RO

11111111: AND of all bits = 20001111,

It is to be undeﬂ@ﬂacﬁ] Q'ﬁ;ﬁM e 19%1éﬂénﬁ§@ ana|b¥”ts't ﬁ@ 8 Rihg

configurati qu.f ion 200 and acconpanyi ng exanples are presented 20
herein by way o exarrpl e only and not limtation. Those skilled in
the art will unde{kt8RGM2]t=El 110904 ; ANLE 0 alhbilay0pENTRIZEMent ed

I n many eqU|vaIent ways, and the convention used to designate "pass”
and "f3 1 SEr$Beqo bits and to designate "inclusion" and

"excl usion" of a ibRI pa l4a¥ e |y
i npl emented. In g%l tglaoc?IR GME%] L‘{)‘Il‘lﬁlgt‘lfloﬁm(?ﬂpallﬂﬁg h)l ?gjﬂagspﬁé@

grouped, and 10 HO{%. W@Mbﬂg 16l tidrid ; Albhobalkbids EﬂlpCNKER[ﬁbe@d

e o L SEL 3D GR AN PR IR ST

failure. If group SQR@MPTE”"EMHHH IS hfeambwaﬂadome] ﬁ@aa
GED 1..Z] that |?mtler]rporar| stored and oper at on duri nglthe

merge $tep into tIQE!. %@RlGM[—)it-abﬂ'[rﬂééés ANLQ of all PES 5d; DE/ThRld in
an error data i migh - SRR EH ERAITANSbE o L7 ENTRYBEoLT I
segnment or sub-segreGED)..8)he00B0DIM.device. This is
It is to be understood that the implementation of the grouping
configuration function 200 and accompanying examples are presented
20 herein by way of example only and nof limitation. Those skilled in the art will
understand that the logic function may be implemented in many equivalent
ways, and the convention used to designate “pass” and “fail” of the 1O bits
and fo designate "“inclusion” and “exclusion” of an 10 bit in a particular group
may be alternately implemented. In addition, any combination of the 10 bits
25 may be grouped, and |O bits may belong to more than one group.
As noted previously, the effect of the grouping configuration function
40 is to group pins together that should be counted together as a single
failure. If grouping is implemented, it is the grouped error data GED[1..Z]
that is temporarily stored and operated on during the merge step into the
30 final tag images.
It is to be noted that in addition to the ability to extract sparse failure
information from an error data image, the method of FIG. 3 may be

performed on any segment or sub-segment of the memory device. This is
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30 advant ageous because it allows testing of only a portion of the
menory device if desired. Additionally, in testers that have native
word widths greater than the word width of the nenory under test,
mul ti pl e nerasivestagende becayse itaylows tegingesfianly sipaniermathegngmoryr
exanpl e, su&pose .E\ﬂat. a nmenory tester has a native word wi dth of
thirty-two qvEel ??'Eeq'he menory DUT has a word with of eight bits

(10[1..8]). It magdioriimy] hassierd B haOe nedive Wand wadthsipsstee tighi thei t

menory DUTs at a time by partitioning the native word wdth of the
tester i nt ovargwidd efthepmemsaywiderdesh muitige regaries upder tesbmay be

this case, ' u n | [

usi ng ZEdi fﬁé%téﬁta@gtgﬁ%%gﬁu%& (%gasrﬁélg g@uqﬁ%ﬁha{%nﬁinﬂﬁf%gg&rﬁ aand
col Iu gﬂ tag idrrmige WGTE vﬁ_dtéh?]f@h[ﬁy-tw biey, mﬁﬁlbxéﬁd_ar ynerhbey [D_Uﬂ'ﬁta‘léag woragsth |
coul d provide enough width to support 4 s, .in which case a,single
scan t hr ougifEightdite4lO néle ]\/\WSQV@QA%‘W@W%WG”&H&G%Q‘Q@U‘F g§e]e¢gi1t-£%|
4 DTS st il SRBRYBUTs g% fih€byHarifioting HPHERe RbR1 GROHAYP the Rister
perfornms sparse tallure 1nfor lon extraction froman error data

i mage of a rimtodfour dight-bé segohents, toestfor €aeh obfquntDJTs s tleiciee, error

| nput 1 801 pulMRER R OKLES Bra e NEIe, FePh eI Rel R sStoh Rl
a di splay mMphéiaf re iRy MPd UARRMSW ARI8HIBMEE ilhagB féPead@f Pldance

with well-known conputer systens. A program 10§ conprising program
i nstruct i onsAltereatinedpitee fipakliag i prayide eeeughyidindasuppepér se

fail i nf ti. t tion (f I ' d
of FiG 3 T naRorErabar aihat Rbat HSRaRn ShBh Mindh byl Vil
conput er re@jﬁhla? ifla@ead6r P4 IDUTY sintitangoaslyext ernal di sk 109, or
floppy 25 disk 1I1) accessible by the conputer system 100. The

conput 88 system F60 2 daasomprdeasystesr1Q PegdemMIRaParFR/alee
e PR S e e

stored in a conpu rage medi um (such
di sk 109, orte$t. ofHy cetnplitet BY3tenndoe ssilides dHypradessop Pl progsam eemddp,

O B e 15 B R DR b A g
L5 5 por o PRARE, AR SSBRER By VeRcsPa) 'S
20 accordance with well-known computer systems. A program 105 comprising
program instructions executable by the processor 101 that implements
sparse failure information extraction (for example, according to the method
of FIG. 3) may be stored in the program memory 102 or read from a
computer readable storage medium (such as an external disk 109, or floppy
25 disk 111) accessible by the computer system 100. The computer system
100 reads a data error image 106 that may be generated by a memory tester
110. The data error image 106 may be stored in a computer readable
storage medium (such as an external disk 109, or floppy disk 111)
accessible by the computer system 100, which may be subsequently read by
30 the computer system 100 and stored in data memory 103. The processor
101 may execute the program instructions of the program 105 that may
generate a must repair list 107, a sparse failure list 108, and final row and

column tag images 112, 113.
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colum tag inmages 112, 113. 31 Wiile illustrative enbodi nents have
been presented in which the plurality of dinensions include a row
di nensi on and a colum dinension, the plurality of dinmensions my
addi tional |y or &Vhikr ilagtratdleyembodintmntshgvebean pdegritedimehighdhe one
or nore diagonal, di_nensions, . and/or one,.or nore 5 other nory. cel |
groupi ng pa ety imeRgPRS agow&msgélon@%ﬁ%'m@"&m%&&&%
menory cel | ofiraiordhABRsibhe nisasdinsieslly cHalRhRitRRsy infeetiastiarent s
described a IlTustrate erei'n may be” inplenented in software,
firmare or deatrddimensiar, caeyorsudreatipgosaldimeasions, and'or nee @6MOrEhe

met hod and apparatus of the invention may be inplene a

Comput & or e BB Bebce bR Ret A I T Rr U eideRt e
executed, tchmdohehtspiat Q8SedRahBECT) ERErdUs ARG tid a8sovmated

conput er -r eadabl e nedi um and bei ng executed by any suitable

i nstructi ondinensiessr. Alternative enbodiments are contenpl at ed,
however, and are-withj . WELE. . I ntion. 32
WHAT |'S CLAI MED | .e41"!‘9%‘5‘ﬁiﬁnﬁs’éﬁé%ﬂbae@ﬂ?ﬁ%‘??ﬁ%@‘ﬂe&%‘}ﬁ%ﬁ?é’?mti on

from an err gnplmientdd inrsgftwarle, irmwaps v daxdwre, bhanesuitablelabmbineadige

conpri sing correspaondi ngi error data for each of a plurality of

meror yi&el | $heyeghn be Methed apd Arpagatus of e INyeRtion MaY, |m@§619&§ed by

al ong a plurgld I Fas: i Ga

cell group aa?#rrﬁéusakfjg Ey ghe o?agp'ﬁ&grsa |t9%gﬂﬁ§félg§g§§aéﬁ6‘gme§hts

cor r espondi nige instracto ting ghdneddbr exeaftioti oreasbmmitert a e a
di s béing ghbneddbi @ftiodi i tertte@adableomedidun

i mage conpri Si .a plurali of bits each bit corresponding.to a

di f ferent @@ﬂ%:m ei‘ﬂ%lﬁﬁg&?ér%nyc%f“iaz’lq s rHEt'%PrWS v%@r%ﬁ'e{ehayi ng
a val ue i ndighabddigheiehResortEmBRited NROWWEVST SSRPBFE WEhRRBISpIt@Ind | S
defective, the nethod 10 conprising: scanning the error data inmage
for faid ur escopeaf fhe ipwvesdian.of nmenory cell 12 groups organi zed al ong
a first dinension between a selected set of addresses, keeping track

of respective nunbers of failures seen in each of 14 the respective
menory cell groups in the first set, and keeping track of and
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designating as a nust-repair nmenory cell group any nmenory cell group
16 whose respective nunber of failures equals or exceeds a first

maxi mum failure threshold; and 16 scanning the error data inage for
failures i nViHadCGNGLABMEDfISrenory cel |l groups organi zed al ong a
second di mensi on between the selected set of 20 addresses, keeping
track of respective nunbers of failures seen in each of the

respective menory ceAln&heymsr extrddifig TEEAP hiSiBhatio WorlkeaPensr damack of
22 and designating as a must-repair ienory cell group any nenory cell

group whose imagpadia memauyrevicef thiesdrrandaia dnage somprisigeerrsesposdiend

i 24 fai | h | d; . ti o) fi.
120 | mage. as SGUT S0 R B R PO alanor Beiagy SeiS Ssninid fid e Ruaib iy
a seconds t ag rhamefy esIPGOUPEetond b pluraeof diehsiots e fife Mlenidry deeicend
set, the first tag image I ndicating nenory cells of 28 the first set

y {
cont ai ni ng f &achrreemanvicelhgraswcasktiessaple bigwe ofd Rlbralityohaddiegs cel |

groups of th J: N1 ' b ] ea of
Phe 30 1 r st M I S ke Ban ot s B elisidrRa e 07,

of failures idatd@ahgaabegrisigta pripality offbii® eycle bitlcopesppadiat tb redifferent
corresponding set. 33 2. The nmethod of claim1, further conpri in%:
2 mai nt af ni n@Ng Pfitee pemaBheR!ly 18 dae aerBary eVE&?%E?@BQ@J%'Bg%ﬁ?Qt g
menory cel | %r?éfﬂérorsnoﬂhs c%ﬁ%gggn(%g%é’rhﬂh/lcelfigrcfetﬂ@éti\/%fj et 2

mai ntaining a I1st of nenory addresses contal ning sparse ftailures.

4. A nmetdhod foommidimgicting repair information froman error data 2

cor Tespondi ng et 156N BRGHNE GYToE SRR FAGE [T dREPE )1 BrSHatrd ) megmery cel
organi zeg i ”tg?o@pé)lﬁkgaﬁiiéd/alggg AHirdBAPiShsiSH belNe@vns saleRY setRifural ity

of dinmensions of the nenory device, each nenory cell group
addr essabl e Baddoessest keepingregckiof respeaiive ewenimere ofifailhiees seen in each of

correspondi ng,.to one.of the pluralit i | .0 . er

mge cohor | S gedPRide s iR, Corelbedi e TRE SbE ARG KRRtk of "
different 8 d@@.ﬁ’gr@ti\?ﬁ% ABRtYes&l herdryldet gieup bty desthesy ediidgroapi ng
a val ue indicating ether or not the corresponding nenmpry cell 1s
def ecti V&, t WRe Tesaective RWRPEr af fagures equals or exceeds a first maximum

failure threshold; and
18 scanning the error data image for failures in a second set of memory

cell groups organized along a second dimension between the selected set of
20 addresses, keeping track of respective numbers of failures seen in each of

the respective memaory cell groups in the second set, and keeping track of
22 and designating as a must-repair memory cell group any memory cell group

whose respective number of failures equals or exceeds a second maximum
24 failure threshold; and

generating one or both of a first tag image associated with memory

26 cell groups of the first set and a second tag image associated with memory

cell groups of the second set, the first tag image indicating memory cells of
28 the first set containing failures and the second tag image indicating memory

cell groups of the second set containing failures, wherein at least one of the
30 first tag image and the second tag image exclude indication of failures in

designated must-repair memory cell groups of the corresponding set.
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scanning the error data inmage for failures in a first set of nenory
cell 12 groups organi zed along a first dinmension between a sel ected
set of addresses, keeping track of respective nunbers of failures
per 14 sinultaneously addressable 10 bit in each of the respective

menory cell groums Tie triwthdd bbtlaket!, ftﬁntizrlceﬁmrmmgtrack of and
designating as a nust-repair

group whbse respeéf‘?'m@"f'l'l]ﬁﬁ’e'i&"’té‘?“’feé‘i@ %%ﬁ?%lr ucfﬁsagi%/l?éﬁ "??F%i'lét

maxi mum f ai | yg g; hg&ﬂl 18 scanning the error data inage for
failures in a second set 8? menory cell groups organized al ong a
second di mensi on between the selected set of 20 addresses, keeping

track of respectivye unber f.ai er_simultaneously
addr essabl e 10 bi to ] fﬁ'@"‘?gs%r\%’w cell 22 groups

in the sgcond set méiﬂ@buﬂﬁﬁ@@ [1¢) o?h?&ho@fao@?éséé%sécﬂﬂﬁhld@%p%?s@féﬂﬂﬁés
repair nmenory cell group any nenory céll group whose respective

nunber 24 of failures equals or exceeds a second maxi mum failure

t hreshol d; and gene atl ot h_of. t t

associated with ne tggdg ﬁ'&}cgﬂgge%?"m&rﬁ%fo&ﬁ%& %ﬁord%tgcond
tag inmage assmegatcﬂ@ mretrh)rjmmw $R! drr@ duig Image cbmprie iR cbregipontiig
first tag image indicating menory cells of 34 28 the first set

cont ai ni ng f &raidata fsreashf@fia %!HE%&%PV"&WE%B%PEQWQQ ity A dplyrglity of

second tag i 0
cont i nihg 1 eebLeEABY JHEPE bRy S fBRsBhs b AERy Blicd”
Iegst one O;eatchefr:?nnbls)t celagrdummd remlalildaeymm"fda mlagailtyragad@es*lsijde

i ndication o 32 failures in desjgnat ry ge
groups of thgoé‘ﬁ?qr@@b%ﬁ?ﬁ%oj@éig C;eo”erﬁgthr‘?eﬁgq %8‘3# @F&%;Fgﬁ‘s %rlﬁgr
conpri sing | i

st ropatr bl By 2 blugaItRIBY ofes bR ARsfondRe SRR Rcren:
conpri sisg: Zanwmfrthammmgr}acellssn tiod mesnanyydexildr a1 baviogat ealne imglicating

sparse failur hod for extractin a |nfo mat i nfrom
an error  dat AEURAG TG Hisspondibraanops IR Asfeqilea aagtiod
conpri skflg Congsiapifi ng error data for each of a plurality of

menory cells organi zed into a plurality of 4 nenory cell ?rou ps
al ong a pl ural ity ssandinggheicsies deta tinrgeriardaijurasin a,éirst set of memory cell

12 groups organized along a first dimension between a selected set of
addresses, keeping track of respective numbers of failures per

14 simultaneously addressable 10 bit in each of the respective memory cell
groups in the first set, and keeping track of and designating as a must-repair

16 memory cell group any memory cell group whose respective number of
failures equals or exceeds a first maximum failure threshold;

18 scanning the error data image for failures in a second set of memory
cell groups organized along a second dimension between the selected set of

20 addresses, keeping track of respective numbers of failures per
simultaneously addressable IO bit in each of the respective memory cell

22 groups in the second set, and keeping track of and designating as a must-
repair memory cell group any memory cell group whose respective number

24 of failures equals or exceeds a second maximum failure threshold; and

generating one or both of a first fag image associated with memory
26 cell groups of the first set and a second tag image associated with memory

cell groups of the second set, the first tag image indicating memory cells of
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each nmenory cell group addressable by one of a plurality of address 6
conponents corresponding to one of the plurality of dinensions, the
error data inmage conprising a plurality of bits each bit
correspondin

to g diff t f .th L 1s | )
Govi co dhd ndop fetsey apileinafaufes ovrE ooy sdrersebly I B Branry
menmory cell ispcaRf @4g i etﬁa%diﬁbhﬁémowcélpgwuﬁi@ghe 8686HY 8@t t he
error data image for faiTures ina first set of nenory cell 12

groups @ ganicoatainingrfgiluresipes sinulianesiusly assiroesable |Qdlilewheteip &t lagst

addr esses, groupi i myl t anequsl [ | e. bj .t he .
respective 1@@%@3@5@@@gpag%gnﬁgﬁgﬁggﬁﬁ‘fgqg |£|iqogei %){(cgu@é mdﬂc?aégppto; of
first 1@ bit fgil@eBIn dekigABtcIMLEBRIpaR mERDPLEEI YR UPLITERS cofrespandings
per first 10 bit group in each 16 of the respective nenory cell

groups in theéetirst set, and keeping track of and designating as a
nmust-repair nenory cell group any nenory cell group 18 whose
respective nunber of failures equals or exceeds a first maxi num
failure threshol d;5.aTide 8%tR6d of elaim [y furtteereonyrished:a | nage for

failures in a second set, of penor cel |l groups organi zed al gng a
second d? nensi on BBRIREGRIAING Rl Off @Bws%idgrﬁ?s%zo{%ﬁﬁ'gléﬁg,m‘bﬁﬂg%'ﬁg
si mul t aneousl 10 bits of the respective nenory cell
groups in themgﬁg;ﬁhgélggﬁl%ﬁfo a plurality of second 10 bit groups,

24 keeping track of respective nunbers of failures per second 10 bit
group in each of the_res tive nmenor ell groups in the second set,
and keeping 26 tr clﬁ%ﬂ%jﬁadaggkagﬂé‘#wg‘e&@ 19y epai r menory cel |
group any menory rﬁ§ﬂn|taiﬁirngl§3|iWﬁ@e_rﬁSﬁP&ﬁr@gﬁa@éﬁmgmiﬁgs_éﬂsbl#éiﬁﬁes.

equal s or exceeds a secon 28 maxi mum failure thresh and
generating one or both of a first tag i mage associated with nmenory

30 cell groups of 1he fix X ; ] I d
wth memory cell rBuBeih PR BRsREHE Mok TEOR 41 MeL Bu

i ndi cating mamRige ofel nentiry devicketHd €mér dath imagbaiom misif@obressoraity
the second tag inmage indicating rre_rmr¥ cell groups of the seco%set
cont ai ni ng f #&Tardaa frrack of apluralily ot BYREnerl Gelis organizeq dyto ajus

SR e e T A T L
met hod of cl adavh/imemary bell gmuppaddriesgable by one of a plurality of address
6 components corresponding to one of the plurality of dimensions, the error
data image comprising a plurality of bits each bit corresponding to a different
8 one of the memory cells in the memory device and having a value indicating
whether or not the corresponding memory cell is defective, the method
10 comprising:
scanning the error data image for failures in a first set of memory cell
12 groups organized along a first dimension between a selected set of
addresses, grouping simultaneously addressable [O bits of the respective
14 memory cell groups in the first set into a plurality of first 10 bit groups,
keeping track of respective numbers of failures per first 1O bit group in each
16 of the respective memory cell groups in the first set, and keeping track of
and designating as a must-repair memory cell group any memory cell group
18 whose respective number of failures equals or exceeds a first maximum

failure threshold; and
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2 mintaining a |list of menory addresses of designated nust-repair
menory cell groups. 9. The nethod of claim?7, further conprising: 2
mai ntaining a list of nmenory addresses containing sparse failures.

10. A t dabl di um t angi bl y_enbodyi ng 2
st 1 UGH s | rpl SRERENAGNS eHEr ABI MRS Tlirvs 517 Snten i SR,
from an errogeflgréupdBgantedal rs6cBA idiRensiBA HRAWSEN B Selbbbiset of

conprising corresponding error data for each of a plurality of nenory
cel | s = ganiagidiessesog@wuping sinuliangpusiy medyessable @)blﬁ@@f Hieoiggpective

oo R GeRin R 58 € AR SR B s,

corr espgndi Ngekpirngtfadk oftrégpéctieUuianbérg offfaiflira® per sasond I bR igreup at a
I mage conpr|5|ng a plurality of bits each bit corresponding to a

di fferent oné&ash of Hee msheciive mamonyrrallgoupsin the sasond sgh\anckkeaning

havi ng val Lngi.cat | r 1( ; i e =Tgen)

cel l isgsdef egﬁc\'l}e'?)?aﬁﬁéé&&%@b%ﬁ%ﬁu&?%@l?@eg@(%rgﬁﬁgﬁé? eQQYror gé/ta
i mage for faidelligesup whaséirespectioe nuimbarofifyilures equalsarexceeds aiseednd
along a first dinension between a selected set of 14 addresses,

keepi ng2d r ac ENFIMUBY failbre JEeaipige®dd of failures seen in each of the
respective nenory QSRS ' fi ; Phsh i QGthtrh f
and 16 designati ﬁgﬂtaegatg{ nustﬁ g%tgihjr? Jn%%tﬁ)ira)?s'ceﬁq gr(?&%?gdrllmnengf]?rp
]E:_el I tgr BLp mmﬂ?éo?mi)?tmieﬁ?ﬁmmﬂr{md asedarid talgdma@qmﬁsci@ite wéibettllemal’y
i rst maxi mum ai lure threshaold: and.scanning the. error da

| mge for f ateliaEainotthe seshao et the e 136 JRou8 Mgl g™y s of
organi zggd al qRg first SRE eHktafHing Riiufss S84 1RESeddiRl 18 iR_bedngiehtiey memory
addresses, keeping track of respective nunbers orf failures seen in

each of 22 twelligseprsof the sasapdset spntainiog failures, wherscailgastane efrife

any mondty cdri g Slgee Zhe g SR Tad T RlRds R A el

or exceeds a degiptcdBiistivepaif Mdmurg delligesinss of thengr28pgrdiegadetng one
or both of a first tag i nage associated with nenory cell groups of
the first set and a second tag i mage associated with nenory 28 cell

groups of the secontrseinethdl®of bibth ﬁ%ﬁé%?nﬁr&%gﬁati ng menory cells

of

2 maintaining a list of memory addresses of designated must-repair

memory cell groups.

9. The method of claim 7, further comprising:

2 maintaining a list of memory addresses containing sparse failures.

10. A computer readable storage medium tangibly embodying

2 program instructions implementing a method for extracting repair information
from an error data image of a memory device, the error data image

4 comprising corresponding error data for each of a plurality of memory cells
organized into a plurality of memory cell groups along a plurality of

6 dimensions of the memory device, each memory cell group addressable by
one of a plurality of address components corresponding to one of the

8 plurality of dimensions, the error data image comprising a plurality of bits

each bit corresponding to a different one of the memory cells in the memory
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the first set containing failures and the second tag i mge indicating
menory 30 cell groups of the second set containing failures, wherein
at least one of the first tag inmge and the second tag i mage excl ude

i ndi catjon of i I [ O = r ;

1 oat o, Ol el il SAAES M RiShef SRR T ERkoSRbhg
nedi um of cl mn%md:ﬁﬁ c?ﬁferde:fentiveZth&meﬂtabcmﬁﬁﬁSBg:l ng track of
respective nunbers of failures seen in a of the_respective nmeno
cel | gr&ps in t hECANRIRg tBeerosRBH3 @@%@égﬁ"l‘rﬁeﬁ"‘t?ﬁ s Of@@ﬂmi%@y

number s of { SrbUseardazcH ATihd aNReHBmerAN BEREBh: dobic sotbr cach of

the respecti I ups 1n the rst set; and 6 the step of
keepi ngi4 r acladdfessespketping tnackiof respeictifanumbess sbiailures sesircih asfchtdfe

oot e IR e A 4B R B e BB kbR vk
addressgpl e HesRjratih 2R Mmugf-rdftfr MRRRAG CeN Qral®iMBhyY niehbry@elyrsup N
g? 12. T r ? f

the 10 second set. ] he con;ppter eadabl'e storage nedi um o
clai m 10, whavhsise: respective murabendf fabwigismgualaekexseeds olvst Maximumber s

of failures seen i.n e ) the respective nenory cell groups in the
first s& cpﬁ%‘ﬁlrgéﬁrejﬁ%@p%ﬁa 4 sinmul taneously addressable 10 bits of
the respective nereaynidglihe @rovRatd imaddrforifailses fred sebbiod sepdfirnamory

of first 10 bit groups, and keeping track of 6 respective nunbers of
fai | ur e?0 per CRiliERURSIOKIRNIZEAAIBNY A SesoRd simeRsiopdgiueen e seigrisryset of
cel | groups 'dri;it()ﬁ'@sesefs' R?%piﬁgttﬁacﬂ%q‘ ré‘sﬁé&ﬁvéh%@ﬂ%{rs Eﬁf‘a‘?théé Lafth Sch of
respective nunbers of I1dres seen'tn each of the respective nenory
cel | greups ithe réspeaticenteraety csingroups in @ spooupi sed, andikdeping tnask wpf

addr essabl e 10 bit f.th tiv | | in t
seconzsset i Y Sgsg@'?(}’rtﬁlgiEiesy"z‘gfﬁﬁﬁ%?é%/'?ﬁr&?ﬁw@ﬁ?ﬂfﬁg?%bﬁ%%@& ?ﬁngr?E'p
track op,r esméevr%spé&%rmﬁﬁeif G biiRS Ritfald bF SkcebRIsh SedrRURakifum

each of the respective nenory cell groups in the second set. 13. The
conput er readaibire threshalge amddi um of claim 10, the method 2 further

COTEY SKA0: T LR b b B o R S B
medi um of ¢l gleNgkOupd BEthEEIrBISkt and a second tag image associated with memory
28 cell groups of the second set, the first tag image indicating memory cells of
the first set containing failures and the second tag image indicating memory
30 cell groups of the second set containing failures, wherein at least one of the

first tag image and the second tag image exclude indication of failures in

32 designated must-repair memory cell groups of the corresponding set.

11. The computer readable storage medium of claim 10, wherein:

2 the step of keeping track of respective numbers of failures seen in
each of the respective memory cell groups in the first set comprises keeping

4 track of respective numbers of failures per simultaneously addressable 10 bit
in each of the respective memory cell groups in the first set; and

6 the step of keeping track of respective numbers of failures seen in
each of the respective memory cell groups in the second set comprises

8 keeping track of respective numbers of failures per simultaneously
addressable 10 bit in each of the respective memory cell groups in the

10 second set.
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2 further conprising: maintaining a list of nenory addresses
containing sparse failures. 15. A systemfor extracting repair
information froman error data 2 inmage of a nenory device, the error
data i mage conprising corresponding error data for each of a
plurality of menory cells organized into a plurality of 4 menory

cell groups al ong plurality, of dinensions of the s evj ce,
each nenory cel l gf%uth%aﬁmé’ %ﬁ?@d%@emasﬁ r%e%pm&quglﬁaﬁ, Waeetss 6
conponens s COfreSHﬁB%‘téthfl@eéﬂgﬁ%ﬁEcR PFre@p%FﬁﬁY')él {wam%r bgi%pé#e%ré%entihe

error data inmage conpri sing urality o S eac

cor r espondi ngeaah &f the fréspastive ngeroary adll groapsimtie/firsbsétcamprides greuping
devi ce and havi ng a val uedi ndi ¢ ti[%.}/\h%ttger or r,E.ot t he corrlgsrpondi.ng
memory chl | i WMYBaReqySiLaddiessable lLrhits of thE reeheqtiyg meBoLy Gelbdraups in
whi ch scans ttRe fipsirsat irfléafpluraRgLof ftst bl \gr@spd, And Kdebfig &8k ofl2 of
menory cell groups organi zed al'ong a first di mension between a )
sel ect eds set respeefiyegysniersiaidailurgs pertst 49 bitagrpue in each afiher espective

failures seeﬂag%gﬁcgﬁa{brug%@tﬂ%ﬁgszgggteainﬂe menory cell groups in the

first set, a g signating as a nust-repair

menory cgll group thestepeotkeepiny tradlo ofl Faspeci®RembesPetiilv@sisspan of
failures equals or exceeds a first maxinmumfailure threshold; and
whi ch scans mrnfﬁeem@e&ﬂmm%mpa/ ‘F%@UP?LS“ ther sqegind fe sompriges

econd t of ; 1 : i i
et ween 1t he SPERRESITEands MFAIHASIETD NG (BERRNS HETBRA,
nunbers of farbupen theesecondesat mtofa plbealityesifest Gy bit geoups; anedlKeeping

i h d , d k [ k of .designati
st 23 1 eparaoRARBRReCiYpI TUgRRlS L iR By st P CirsapPingeg of the”
respective ”Hﬁ@?%qt% mheklow B8ll BRIHPsSn Fre 88ESRASeta second maxi num

failure thresho and 24 which generates one or both of a first tag
i mge associated with menory cell groups of the first set and a

second tag i mage i at i th ry.cell 2 r . of ~t d
set.the Ti ot t aqd nie e el te Rl e T G0k o fufl S 1 p PR
cont ai ni ng f FuHHeesormpesihge second tag i nmage indicating nenmory cell
28 groups of the second set containing failures, wherein at |east one
of the first tag MaRENREER IHef Nemay addjessriyel tsaignaled inmdgtdapaion

of failufes i " d nust-repair nenory cell groups of the
correspo{]di ngrl:]%\@]t%.ngSéllI g'%%tp%

14. The computer readable storage medium of claim 10, the method
2 further comprising:

maintaining a list of memory addresses containing sparse failures.

156. A system for extracting repair information from an error data
2 image of a memory device, the error data image comprising corresponding
error data for each of a plurality of memory cells organized into a plurality of
4 memory cell groups along a plurality of dimensions of the memory device,
each memory cell group addressable by one of a plurality of address
6 components corresponding {o one of the plurality of dimensions, the error
data image comprising a plurality of bits each bit corresponding to a different
8 one of the memory cells in the memory device and having a value indicating
whether or not the corresponding memory cell is defective, the system

10 comprising:
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16. The system of claim 15, further conprising: 2 a nenory tester
whi ch generates the error data image. 39

12

14

16

18

20

22

24

26

28

30

a processor which scans the error data image for failures in a first set
of memory cell groups organized along a first dimension between a selected
set of addresses, keeping track of respective numbers of failures seen in
each of the respective memory cell groups in the first set, and keeping track
of and designating as a must-repair memory cell group any memory cell
group whose respective number of failures equals or exceeds a first
maximum failure threshold; and which scans scanning the error data image
for failures in a second set of memory cell groups organized along a second
dimension between the selected set of addresses, keeping track of
respective numbers of failures seen in each of the respective memory cell
groups in the second set, and keeping track of and designating as a must-
repair memory cell group any memory cell group whose respective number
of failures equals or exceeds a second maximum failure threshold; and
which generates one or both of a first tag image associated with memory cell
groups of the first set and a second tag image associated with memory cell
groups of the second set, the first tag image indicating memory cells of the
first set containing failures and the second tag image indicating memory cell
groups of the second set containing failures, wherein at least one of thé first
tag image and the second tag image exclude indication of failures in

designated must-repair memory cell groups of the corresponding set.

16. The system of claim 15, further comprising:

a memory tester which generates the error data image.
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