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drain nod %eﬁ&g array that utilizes a virtual ground architecture, all of the memory cells on the word line are subject to
the core voltage. This can induce a leakage, or error, current along the word line, in effect causing an unwanted
interaction between the memory cells on the word line. The leakage current, if of sufficient magnitude, may
30  cause an error when reading the selected memory cell.

To minimize the interaction among memory cells on a word line and to reduce errors during reads, a
technique commonly referred to as precharging is used. Precharging works by charging (applying an electrical
load) to the column next to the column that corresponds to the memory cell being read. If the drain node and
the precharge node are at about the same voltage, then the precharge has the effect of reducing the leakage

35  current. Referring to Prior Art Figure 1, to read a memory cell on column 1, for example, a precharge voltage is
applied to column 2.

In the conventional art, memory array 5 may be coupled to a redundancy anhy (not shown). The

redundancy array is essentially another block of memory that has the same number of rows as memory array 5,

but fewer columns. The number of columns in the redundancy array is typically less than the number of
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thereof, that can reduce or eliminate errors when reading memory cells adjacent to the redundancy window in a
30  memory array. A particular column (e.g., a defective column) of the memory array is identified. According to
the various embodiments of the present invention, the redundédncy window is defined by selecting a group of
adjacent columns including the defective column. The group of columns is selected such that there is at least
one column on one side of the defective column and another column on the other side of the defective column.
Typically, there will be multiple columns on each side of the defective column. In one embodiment, the
35  redundancy window is defined such that the defective column is approximately in the middle of the group of
adjacent columns. In another embodiment, the redundancy window is defined by specifying an address
corresponding to a boundary of the redundancy window.
In one embodiment, only the memory cells in the columns at the boundaries of the redundancy window

are programmed. In another embodiment, the memory cells in all of the columns in the redundancy window, on
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FIGURE 6 is a flowchart of a method of memory redundancy according to one embodiment of the
present invention.
FIGURE 7A is a flowchart of a method for determining whether or not an address is associated with a
30  redundancy window according to one embodiment of the present invention.
FIGURE 7B is a flowchart of a method for reading information from a memory array or redundancy
array according to one embodiment of the present invention.
FIGURE 8A is a flowchart of a method for determining which input/output pad the redundancy data
should be sent to in accordance with one embodiment of the present invention.
35 FIGURE 8B illustrates a logic circuit for determining which input/output pad the redundancy data
should be sent to in accordance with one embodiment of the present invention.
BEST MODES FOR CARRYING QUT THE INVENTION
In the following detailed description of the present invention, numerous specific details are set forth in

order to provide a thorough understanding of the present invention. However, it will be recognized by one
3
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25  present invention. In Figure 2A for 51mp11c1ty of dlscussmn and illustration, a single word line 40 and a

number of bit lines 30, 31 and 32 are illustrated. However, it is understood that a memory array may actually
utilize a different number of word lines and bit lines. That is, memory array 100 will in actuality extend further
to the left and right and also horizontally and vertically (left, right, horizontal and vertical being relative
directions). Word lines may be referred to as rows, and bit lines may be referred to as columns; however, it is
30  understood that those are relative terms. It is also understood that only certain elements of a memory 'anray are
illustrated; that is, a memory array may actually include elements other than those shown. For example, in one
embodiment, memory array 100 utilizes a virtual ground architecture. In a virtual ground architecture, a bit line
can serve as either a source or drain, depending on the memory cell being read (or program verified).
Couplable to word line 40 is a power supply (voltage source 60), while couplable to each bit line 30-32
35  isaload (not shown). The bit lines 30-32 are substantially parallel to each other, and word line 40 is
substantially orthogonal to the bit lines. The word line 40 and the bit lines 30-32 overlap (but are not
connected) at a number of nodes 10, 11 and 12, respectively. Corresponding to each of these nodes is a
memory cell 20, 21 and 22. That is, in this embodiment, memory cell 20 corresponds to node 10, memory cell

21 corresponds to node 11, and memory cell 22 corresponds to node 12. Also illustrated is a memory cell 23,
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is a reprggentation of a portion of a menory array 100 according to one
enbodi ment” of the 25 present invention. In Figure 2A, for sinplicity of
di scud®i on andFigurd 3dgis # xepriseriatiop ofgh prgplanyeemory fell G0UQCopding taone popliment of thehj t
lines 30, prédnt BRGR DR edbahthe! AR celfw/ﬁ\é%atmg Latd M&Q@Hnﬁ& ROkl Nabstrte

nmenory arfay C)Aactuall utilize a different number of word |ines and bit
li nes. Tha0™ whichsous and digin regjons arg fogpqd) TYH‘Fa%Ye{“EPéﬂW el 3%5‘{3%??61“‘?6&? firpropide lgysr t he
| eft and 3209 btmxagedle&bmesdraglmxglg&t@ BBAnd/@&IdE 296 BR0P, dndl e&foht,rol gmgﬂzo In thls

hori zont a%mb%&glen\/ %to;a ece?‘eméx?t%b(? 9 Fs%ﬂ‘or g:tc;n\xllga %ngle bq Mernorazegls SuC as mgnor cell %yar

referred homever
it isl30 hnﬂemﬁ@eﬁd that those are relative terns. It |s al so understood

that only certﬁmﬁilegﬁp&s%nmonafammwmo%ﬁé&ryaeﬁkm&&fm%m& hat is, a

menory array _my actu i ncl ude el enents ot han t hose shown. For
exanpl e, fopodiment °fé‘i‘ﬁ§’6"d?"|‘d§‘}’ﬂ““°“n€¥%f spbgdipept, memery ealli3P peledesa sybsirate, 360, afirbund
ar chi t ect ouid2 layéri37@, Astdrighl dlbmd@t 380 (k. andamgtgae)t keddnd Skideildyerl370bLand € Atrél @ity BOAS

th d
L e e
sour c&0 6 Oyhstmvtﬁrainemmme&bﬂ Ods haged emedymippttic transigor 3Gk ﬁ@lar BBledtablepsoroerdd draint
shown) . Tl&ﬁo Birdor bit B&ﬁb&&n 390 @Joﬁﬁg%}é@ DAy d b?t' t % sﬁ%gilx ltﬁﬁ’al:r of Gbﬂ?sfi’cféi'bf%ljag‘er and

word line 40 is substantially orthogonal l'ines. The word |ine
40 and t helemg38p. $pecifiogty. guse gjcrirpys a5 storsden oge %deﬁéﬁtoraaeehm%%sédyeyaqma oAthaber of

nodes 10, sidelan@dtthodrdigrate @StResiich Y@l oY the §i8ick QSHRAN AhikJin 4R pRAGILnBdihdAE &R bROERS 1S
a nenory. cell 20,21 agfi 22. That is, in this enbodinent, nenory cell 20

cor r espon8s ¥ PREFEYEG* menory cel| 21 corresponds to node 11, and nenory
cell 22 corr esbgtnd@sta@pmndeml@fanﬁdmw arhyl 106 shosing dmersoryrednpdaeyyschemé in 23, 4 WO

2004/ 049330tk HERA0HIZA00F oKL ARIAR AP AANIUNGRUOORR dD ORI

The nenor - are actu et ween nes an

| i nes (" uHeserf mﬁ@lfhﬁraalqoéﬁeﬂ“?“@emﬁ‘ér’m two jiRE/oHEHEYS) blogls|(KO 9 gd Y9 Lyefymepary o
singl e Di turdy@00u/sheva; hov&%htlﬁﬁxderd’t@mﬁt)(ne a‘lfylmaqao ¥l typlcaiyiR1udFmor®thardwd /O I OF
0

bit menor el uch 250 ure 2B is a block
G agr am SOt 1 Bt 55 O 5050 i Berog 6 B PO P oy 110 5
accorabng to erusedmtmh I blak oit ICegriup €8 eimply 'Y '@ hatludensomAhintibet i bolinink thattareat ed
as separ atg,ed BTEPR) to'a bindI€V0 pad or port. In Figure 4, 170 0 is coupled to O pad 401 and 1O 1is

coupled to /O pad 402. Each I/O is uniquely identifiable using I/O CAMs (content addressable memories) in a

known fashion. For example, for 16 I/Os, four CAMs are used to uniquely identify each I/O.
In one embodiment, there are 32 columns per /O (N=32). It should be noted that the columns shown
35 by Figure 4 are the metal-2 bit lines. Associated with each metal-2 bit line are two metal-1 bit lines. With
N=32, for example, there are 64 metal-1 bit lines per I/O. In the memory architecture exemplified by Figure
3A, memory array 100 can store 64 bits of information per word line per I/O. In the memory architecture
exemplified by Figure 3B (the mirror bit architecture), memory array 100 can store 128 bits of information per

word line per I/O.
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appreci ated that nmenory array 100 and redundancy array 110 may be
Integrated as a single elenent. Cenerally speaking, redundancy array 110
I s essent v bagsaigigher bl ock of menory that has the sa rows as
menory array 100, but fewer columms. Redundancy array ﬁ%ﬂpg%gismeg&s a
redundancy schenme that is described below 10 Figure 3Ais a

r epr esent at i onwih referen@xeFgiray, mexﬁmmfay 1@0&& th coMMAniSLEOwiE ar}giuﬁdanc@ &@ayeIUDOd I ment

of the menor

floati ng ggdtﬁlgﬂ& %&%{Ulhﬁ(ﬂ{&s sh IEulmlber oF £eo ulsnns Iﬁeglugdafmry apray M% ?{g%ﬁ?dcaﬁhag%%?\ ce
and dr ai nTyTRg %ﬁ@neatﬁ,éaqh@kmmclmu sorad lugnber pfaniomys. EarlekanPROredubdageyiamayl liiey a
first oxi ﬁlﬁude@)éﬁéle el B fidd cSihRfsOF R nﬁ&r ngﬁdytwoge%(;:lex(@of@ve coﬂunI]J egﬁl{) kgﬂnncgec e), a

second_oxi de_| ayer 320b, and a control gate 340 n
st or age e%mmaﬁg’ﬁl“ﬁl?%@%”%@“%ﬁfﬁﬁﬁ“és gy ﬁ‘@!‘bé”’éPlfmen%rmr y cells such as
menory cel | 30@ccauaag to e viRAYEinbodimedRedf AE preseltlirdéhki6h, BRddnSandy wxﬁiasvaaﬁmaeaﬁddon of

an exenpl | t cell . 35 r di 0. 0ne, odi pent of the
present %{/ n%pln% gmﬁp 2 dﬁacengcno%msdequal 1T P?%%ﬁ m’i‘@%l&‘f%’ﬁmf IHST HEE substrate
360, a fi redundanpycimdilDalerasgaidicussonstdmdnge aghydi®inbss880 héren © haw 2 bihgeddmeg
gate), a sEROMnAX LGS hay ﬁﬁun@a%ghvmd%@quﬁs fefoly M acT N ﬁ@én?as ?h%ﬁdmg LG menor y

cell 300 of Flgure 3A, which based on an asymmetric transistor with a
di stin®t EBHPEetisREregatadiby Fﬁsﬁdﬁ@f wigidoxyi 440 myepaS any symberps eolymaps,deperding o they
symetri Cmtnibaﬂ’tﬁtc&hﬂﬁm\t%dhthlar&ymdyam (sel ectabl e) source and drain. Al so,

mrror bit nenpr ured to a a bit to b red on
ei ther or bot ERSC’?& gl ﬂ?ee o‘fﬁ% ﬂ%ﬁpgﬁgﬁ?w‘?% r"“gﬂ yf“i“lf‘&?”f‘&f"s ﬂ%eg%él ectrons
ar e st or eetleolingorlenms s@bthétfthesetlmt Beptore kamenin oB8@e of ahpetyiculae ey, idefentive) bfrtmn asd de
and do noﬁno[ﬁkxgzﬁﬁﬁmﬁoﬂtﬁ)e Jtlmasﬁ%topﬁé de?e'ct%@ ccﬁl]jmnt q‘gp1c§fl}p Feﬁx%an@{/‘%&@tm g@li@udl n the

present embodi nent, bits can lgure 4 is
a r epreseffPEthepene ﬁ?lu%P e |519° ‘%flﬂ}eéifecllm@%vﬁ%@stﬁcmm sych @t aekiein Nynageeh e e

in accor grmged aélbéuli'g deﬂaawemfﬁdy qmmﬁgh%m&mfnwmﬁmed ko MR othBrReasdaf rAcEdrdiy | Ci Ly
ums es) of 100 are

of illustratio rra
shown. Al & gtt' E‘i’ w%f tgerpéﬁf BB rg?“l“ po "B’TdB‘E O eldes cﬁlu'é‘hlg anglagjacyt col¥mnsp oy y
array 100 ompoth mmﬂmlumsge polumn Ni2sind N0 et S €ide] artdlesl mmydAD Byd mromtyne apd wl |

ty pl cal | y Slhé} Ciﬂl& en{ Bl@?utﬁsb\ggof chlgms % egtgchﬁl 0{14 s1dﬁ%fjtgé &elfegt?/b cQ i 25 cgurrrx?‘y be

divided intdo sonme nu
herei g0 afb 1 sgralip @ewnxbpr of goiymgs Qﬂﬂﬁed(‘@rthe§ihm§id§lOfIVe@Efthlile“@déPﬁhS@h@lmNi?ﬁer of

col ums  t Bektered rfredub @bty Waidow £100 Note Shalr&thdatcd whdsH :H%'h@ edt&eg WA aR /0 BREK ma
Figure 4, 1/0 0 is ¢c to I/ 40 andl coupl ed toI/yOpad

| e a
205, BachFPErn BTG Bt PR pheng Somnigo piit e KRR opte R SRS sabl o
menor i es) illustragd biFigwad. f ashi on. For exanple, for 16 I/ GCs, four CAMs are used

1o tneas) Y | ¢ BBkl o SRS Dokl b RS AR TERbganc, NHBy B AcfB) UT)S P

/0O (N=32). e note e col Ums Ure 4 are
t he nméfal SWIB'F'B 2y 3ddress thayoomespindy te doewf thinbourgeties nﬁh@bduzdamytmndpwe()@memm

metal -1 bld&scriﬂe@ﬁ%enjuyl\ltfoﬂwnﬂ\ﬁgtgeS beidw. @&@f@ﬁeﬁms crapﬁeruged% &ﬁ@e‘llhé’@&uﬂ&anc]y wildbw.| i nes
per I/O |n the nenory architecture exenplifi gure 3A, nenory array

100 can stOeE Bl By j9dregsrorrespopdingd? soln Ned (°WB¥“’B“ NTQH éa“ﬁ’é PS°11 odsientjfy ore l‘?%‘m??é)fm ry
ar chi t ect uf iedunéxgMuddod 410 Begpusk ihg dintberBediinthe in fddtinidadcy Rintlovad 10 i khea! tié @er

menory arf &Xm& Qnglu&;eg th t§e rgdfugda%‘c%ﬁwm%o& gan ?)I: deke%rcx)erd %%121 Ithcc) Ija].ddt:)eessr of céﬁD ! dN EI L e &r l/a
30 N+2). As another example, the addresses of each colummn in redundancy window 410 may be used, or the

addresses of the columns at both of the borders of redundancy window 410 may be used. In an embodiment in

Q)

which the defective column (e.g., column N) lies at the center of redundancy window 410, the address of
.column N can be used to define the redundancy window, because an equal number of columns will lie to either
side of column N.

35 As mentioned above, according to the embodiments of the present invention, the redundancy window
410 of Figure 4 is defined such that there is at least one column on each side of the defective column. As such,
there will be functioning (non-defective) columns at the boundaries of redundancy window 410. In one
embodiment, the memory cells in at least one column on each side of the defective column is programmed. In

one such embodiment, only the memory cells in the columns at the boundaries of redundancy window 410 are
6



5 WD 2004/ 049350 PCTI US2003/ 022003 Wth reference to Figure 4, nmenory
array 100 is in comrunication with a redundancy array 110. Redundancy array
110 i ncl ugRscdpoRsfunber of col utms. Redundancy array 15896800 (ﬁgganlzed
as having a nunber of elenments, each el enent including sone nun%er of
colums. For exanple, redundancy array 110 may include a single el enent of
five col upmgammexd. Intanotimysuchneedboribernt, v nehepedilt B DS tHeifdhetiond) bahiHis ine@kitiancy

Redundanc y n nber of co i.zed 88, any
number of Mlgﬁogﬂn%pl?%pééccor dA%lngll Qgﬁg %//ﬁénrcgonméandr?f)ogr&m%{{rrc?g sflgti AV RacEh
i nvent i onbetweer @eidnfrgtiie 6wy an@j@wmms idipcahttp (quiside ofhe edindsotyiwimgiow gr oup of

adj acent colu nH%n@éiﬂb@chm&n@ pRErath@88 oflnl A0y Lh8 i iRy and&%l@ MM&okplisRA vl enent
of re undancy r ease of discussion, redundancy array 110 is
Dol

assunedl hEPEER ¥ PRSP ENE Flumoy n radpaggrey Binda 0. thas qolgrans ik
r edundancyot wipertboet oflet-Brasing shduklﬂnedﬁ@@ﬁiyhﬁﬂibel’t&feﬁéd[}' ofuSed] TikehelbBhufh ch tie@ef@ObelMS .

10 Howeve r.edundanc ncl ude any
nunber of 51*8%#1% lr)rlj'reﬁ'al\-g%e pe%&g A 56k gl’?hf Pt a({r?r%:%nrt c% C %d 1 exa%p}e becaugecf and aﬁ%ys array
110. Acc onGi!fﬁgmﬁldG"eP thoughepleroh M‘é higssvithin (2t Hhe edse efsredundangy\ramibw 419, it cagliindancy

Wi ndow 41Qirseiodff g&e@lﬁﬁke@&{mngsﬁlsﬁ%? éoﬂ&n‘l\’@i Hlmmﬁx ? o}rmgmgt 4?1‘31'% Ghat iy Blcud BARL ONE

col um on 0 e Si a particular 1\&; defective) colum and another
col um? on™e4& ’B?W@’rcel?laﬁfémeﬁﬁd"t‘théo‘t‘fé‘f &tive col um. Typi cal |y, redundancy
Wi ndow 410 Wi | Flgtrélﬁtillwﬂﬁes]afblumrfmo bﬂ'ﬁépﬂm@:ﬂﬁ a GRinbH R ra@ (.26 @6Mor$ hrfhg 400 of FibRe 4)

defective o

i dentified 8}5&{ tglorﬁegc éo dfmentoqglgpfgsre% A Utoxm‘k@auffcc%gabétﬁm%gopﬂeﬁﬁseﬂfs ﬂ’éﬁﬁ’ 288P%ct ed
for sone brth@nory@asdn)he Prﬁew@mhhdwgnt th@I/Q bichitmap$Oelis gavized asffout sub-U/Os &8 £502,

i nventi 0“503ra§ﬂ563d%¥%\éhﬂdéﬁﬂ¥nééﬂhé pp&énpﬂ%ﬁu&%e%%MnMSCQ%?ﬁgﬁlﬁl gé wans _on

bot h sides of columm col ums on one s ums
N+1 afd NeEhegpmrenby mﬁ*&lﬁ%&“ e@?ﬂ&l@?d by Frigugs,38- ibis pRaesrinfestfhat the frscrintionsabe xtendeitinms

sel ect ed Otﬁcrﬁtﬁﬁor?hxdlﬁte@lfrestﬁ&ladﬁiﬁaﬁﬁlﬂedﬁﬁeéi(@&lﬂﬂﬁw&y@lg&eE»ACO' um 20 N) is equal
to the nunber cdoSc ssmnsbe | ect

e er._si'de, of the ctive
col um, such t V1 08¢ ¢ e@ﬁ? érdgtﬁ‘mFﬁrep'g‘a‘ﬁ‘WdﬁW@V‘S\ﬂe l%?\% ’I‘r%schmet‘% t hat
r edundancie d@isqit!@vwhqmyﬂnb pantefiths redinganeyl vilon isddentifie@bizhee te numhyr of @hoosipass an
entire |/ Qabl@elwinih fibud, BELSRnE AN bl &I ta% poind, Rs BLAGHS-  Thi S

latter instance is illustrated by ure 4. Accor one enbodi nent of
the prPBsedtoVs A stPEs Ca“IbéEPB%H&?fé‘?aW %&@Wlmsa‘:@é?ai‘qqé’dh 1B/ Prossnt iYeEeTE i ng an
zci)(zlldr es?] that coithasdaandsbolifet iR 10frepkdid opnEap s@%fp}guretsms ﬁl@amg@ﬁworw Rdow

e sche scr nction_wt ure W, er schenes
can be usd2F TSR PR i b R RLLRBIT At pHsE A s ot AL oo

cor r espontrqugh A® ae otedetinio MenBify(aepecifiobiti RachMddgss ARAE6 fn@reaaﬁtedlogxm tecbam b lofiyal atee
bound i.n .
oundary B%apr 5g§ %Qgétg&a\étuwigﬁgs@ ) ﬂ)gah on tﬁ% 'ﬁ‘&%‘s vJ:e gs cglrl?cgt%)e §8 ﬂ%l%ﬁédQSmg

redundancy w'n ums
r edundancesiverrsdiees Ao det er ni ned fromthe address of columm N-2 (or

col utm 30 N+2) The%meaaeﬁah&essaammldeﬁne&e@cmaﬁg%ﬁﬁo?@&d&lﬁmeya@momwﬂaa oh fle
r edundanc or .the, addresses of the colums at both

e S T

of the boRtRSF &t G IR AETe I 8 Fhleyo eriy Do gt e SRR PR |
whi ch t he tdévedof va bitethaetvanmidie@esgnay beedrortefibd thd sta@tihg pdintohtie edhndady widdow. In
redundanc Xne‘@mﬂ&ﬁ}}i\éné 819 star&@%oﬁpoq f ?eﬁun(aincy window i; specified using four addresses, specifically the

30  addresses A6, AS, Al and AO. As can be seen from Figure 5, using these four addresses, a particular group of

Q

-

eight bits is identified (however, the eight bits in that group are not individually identifiable using just these four

addresses). For example, with A6, A5, Al and A0 equal to 0, 1, 0, 0, respectively, the group of bits in physical

locations 8 through 15 and logical locations 32, 36, 40, 44, 48, 52, 56 and 60 is identified. The starting point

("A") of this redundancy window is thereby identified as including the four columns (eight bits) so identified.
35  Also, the four addresses A6, A5, Al and AO can be used to identify a particular position in bitmap 500,

identified as "V," that corresponds to the starting point of the group of eight bits.

Depending on the number of columns in the redundancy array, the redundancy window may extend
into an adjacent I/O. For example, similar to the manner just described, a redundancy window having a starting

point "B" can be identified with A6, A5, Al and AO equal to 1, 0, 1, 1, respectively. Should the redundancy
7



colum N can be used to define the redundancy w ndow, because an equal
nunber of colums will he to either side of colum N 35 As nentioned
above, aceap ffod@adssy t he enbodi ments of the present inve

redundancy w ndow 410 of Figure 4 is defined such that 9{:1;@5@0%/@%%3 | east
one colum on each side of the defective colum. As such, there will be
functi oni rigddwiedefthed B adciutfify 162OhidiNEe RdundaAe; VIR Bavink @5 tQf poinS BY F6lR ¥éndM Ndow

410.Ino rh?g e, ne cells in at | east one columm on each
si de of t “8° er f‘]?c\?% ré%ln%ﬁ%ovﬁngnffo osfeamTed In one such enbodi nent, only

t he menory cel Aeoiding tolle egibbdimants ofthe 11r¢selt mwmiwauppeslectﬁlgusdkmﬁedamgdomnddﬁsw 410
are 6 m&@@%%%é&n&? 30 Rt a@f@ﬁ&ﬁ b%gggglagamgm aﬁ%l%eﬁ%{th d@ach

enbodi ment, the nenor in aneti onal ums 1 n redundancy

wi ndow’ 41(5’d‘éPF‘%‘°3b‘F‘B‘§’Wa¥’Fh*’éﬁCAM%W1§ betsferred thherein as ADREAMg F?@ESP@H‘FWI@F?@ ey anmred
col ums i sARE hetibied edoye. it mng baitaRfnel Rlcdfiee QJolJé/(&latCiQ bsiFRoupdbidredsf; te®| UMMS

or 0gr anmi o BTEGAGR Lo el LR Wi O LG ey s
writing @f‘the(lwelromlscrmn@sﬂdanﬁde/hwbdcﬁymﬂ}erpiumgncamndm col ums in redundancy
wi ndow 410, t h@ag, £QbdiERSn lwléng it R letls Sur@8ilon BbA h&ﬁ&%&?&&’ madaiﬁggvr y

array 100 be repeatedly erased. These colums can therefore properly

pr echaf ge i thememety ara-tyRiealy speqilisd 8y te anglicatéon, Fox eimalicinef refesprgeriis addoest m&nbanpl e,
because  C afduiio berdin hshe "BeeOGE TN BllireE '€ RechdRl B n b biienNor 2he lple @6t ifVertidh, Ehe( at

t he edge ndow 410, it can be tisfact r|I rec

ori g e PbehfE SR ol SRE hlesor e Sy it o BT BB e S RAE Sy
occur dur wngow (b theeefiets inalie revipmincy arcg). |Vheas sdingidbraationiith the edundmeyiNn3y, tei gure 5
i || ustrat ¢34, ag%ntopapusérosgecﬂifed RaRQT hd @@%@%\amm %&Aﬁ[‘é Edd¥e §Ba Br dire %B{aXn array

400 of Figure according to one present 1 nventi on.

Speci fIf c affeyedudpncyeffey SOME rwpléstit s one | /O of a mirror bit nenory array.
In the present rRid6diaBRthar édo@falé&mat,flﬁaﬁo@&wuw&y h&o&ﬁﬁ@@h&eﬁﬂocﬁﬁm{&%

b-1/Gs 501, 502, 04 Al nbodi pents of the pre
hvent | on PR 0B JreaBeties Bt R B eSS LFPB Rt SPBSE A i ¢ or
3| t ar c[n tte@tesphiemextenlwell suitell th perfotntngrveriodBythelr ftepls Srhmmbmeftaém}s fediad int h;ah :
escripti qn, Gafsdde t% %ﬂgeg mg%edgéshgg@ %m%{})% ér}o%&e%%{a%%rdrrsd&%félln&&an €

archltecture exe E20sst on be oW, one scheme
f or deéPi nipregpnigd, @%tm@aﬁ@y lwﬂowdmﬁqogred'e@emsméﬂpeﬂbm@ indhesespepnillysigatedh o

descri bed, the$&gisid, nghaq;aas&t enfbdinb}€ 2 LEUNRERREY Y &%}/y abrsy it & Bkdaf F&d
because the nunber of cqQlums IE““%‘F‘&‘?F\ redundancy ndow i's known,

r edundanc YRR S HorPHE AV B P“rf&e“ﬁ%ﬁdﬁf the %?C%r‘i?l}“l?hé’a 20
above, ot hierembaihenes Fgand, b&umﬂed1cteﬁnfelceis|tm@aracutaedlgndﬂaage) sivglow | N

accordance wt nt i .| resent the 1/0
represent ed byqrb%t%}er%%&?&g}g 111E&ggusr"met ’gb(}qlélg}n rg%?:‘g gbl ré%%gdl{}ggéecmgl% bits
i n 64 2¥ensplymesdippaificgliynadidenheatugins) on each Siﬁqn"sthqﬂefewemml Ir@n@:m&gmgty thegds asuch,

seven addnggdfscokuion dabl s‘{HéQM«%%ectﬁé SIBREFRALY, Bede A€ %}eft})én @ne%&@xﬁxl Snlefenlial -
Each address AQ-A6 represents a | ogical zero or a one. Bitmap 500

shows t he °ht¢ ﬂﬁﬁq"t“?ﬁﬂ%‘? é'éd“?thFIGE‘EﬁdF’l‘iﬂ‘ 1B defesfivh cqlynin 1%1%‘b 1“1“3’ spgtefehia theg g cal
| ocati on trémbdahcs windew tiith the thmd Sinibgr of &duninki6h iR Sl o the BT RScolMn. AR yet another

embodiment, the redundancy window includes columns from more than one /O group or block of columns.

30 In step 630, in one embodiment, some or all of the memory cells in the redundancy window are
programmed. In one such embodiment, at least one column on each side of the defective column is
programmed. In another such embodiment, only the columns at the boundaries of the redundancy window are
programmed. In yet another embodiment, all of the functional columns in the redundancy window are
programmed.

35 : Figure 7A is a flowchart 700 of a method for determining whether or not an address is associated with
a redundancy window according to one embodiment of the present invention. Although specific steps are
disclosed in flowchart 700, such steps are exemplary. That is, the present invention is well suited to performing
various other steps or variations of the steps recited in flowchart 700. It is appreciated that the steps in

flowchart 700 may be performed in an order different than presented and that the steps in flowchart 700 are not
' 8



The nunber of addresses used to define the starting point of a redundancy
w ndow depends on the degree of discreteness that is desired. Shoul d it be
desirabl e wo 2600099350/ the start of the redundancy wi ndow, €.I, 515;025 of a
bit, then seven addresses may be used to define the starting pol n of t he
redundancy wi ndow. In one enbodi nent, the starting point of the redundancy
W ndow | ans@wymbre:dnadﬁimdmemasﬂxd&esses specifically the 30 addresses A6

AS, Al and AO. usi t e four a ses,
particul ar gr ou%é ?1% %ﬁsﬁb gé ?rgacgzocrien{“?eragdl i“ha ‘gess E?C% R HETENG f‘{agiifsg i n
t hat grou T’:Pe‘a’ﬁi"é bh@taPIPlﬁﬁiO%lﬂEF&iwédfmi adeemotyflacativh @ auminpry arrays It istigstent fomore that

addr esses ahe adaRks vﬁll(%fmlﬁpmﬂﬁ’totarbcﬁﬁm i meﬁlory%gf AR W LcnIaﬂocgnonJof wd: 0,

respective u ts in_physical * locations 8 through 15 and
| ogi ca% |8‘§Pﬁ“8%§s°§§° “@% "he&%m%l&m e&@ X‘S??m‘%’"éh?i thgepdpndancyarey isersetely The
starting paspatent tf thepprativh bty rfdr@elindancy wi ndow i s ther eby i denti fi ed as

i ncl udi ng the - col. Lght. bits) so i.dent e four
addr esses A8, &%deﬁgﬁ I%EFJBZ%)O( g‘a% i Q’ém om At °ﬁ‘fﬁslf°§}%§° %%?dﬁeﬁu“lcgﬁed ff’oséef’ tion
in bit napﬁ?()ﬁieterml@énﬁ degeglepd afwove, Y ohe ¢nibadiment ithe eslpdad s window daebesibfined isivg sqpei Nt
of the g r Me&ff adaieﬂ&tthab@leﬁélds m&%glopﬁsc%nésp&sﬂl&' rmgﬁe sﬁ)z,fh eﬁﬁ’cldﬂxﬂ:pt,s oﬁerJTQEDO

redung %/ ay, the redund anca@w ndow may exten an adj acen
For e efrredtp g5 ADRCAM apepised fpde ﬁhﬁsagwgw&efr%@andaw W@mmdaﬁ@ymwdm@w
having a @&t &tl’dteksl’tg:qud(msﬁpﬂ(ﬁzan Ba&ﬂmﬁ&dltdtﬁé'lmlﬁ(ll@ds tlididAniASwhe& or Nt thedd 2O equal

to 1, O, . |y r edundan 2004/ 049350

PCT/ US200 HHEREES ik bAehlg ‘9 ‘P“’s}daf“’r’(é*i‘ é‘gaieé RO merpgpylocation

r edundanc§ergipprding/torthpaiddieps is trethetrﬁdngdamylamy, GtEfmwﬁﬁ agtug xrtemorgl locatint B inctireotehieny

(adj acent }raly/ O, not shown in Figure 5. According to the enbodiments of the
pr esent i nventjon, upon selecting a redundancy wi ndow and its starting
poi nt 1° t he def Iatid proputieremotrchat the #eralipamsryfigoation ofsbe infprmeticnyprrespomiipgio hhat  ar e
associ at emhdetr&eMaen Step!7 S BGLAO C) cabibd B@nindiRBS hideiYiin Whdal &8t RERSF £y t O

herei n as éngA |st|n sh t emfr I/ O CAMs nentioned above.
If the starting p%rie m‘?aa@g%hléﬁ"e‘é@"ﬁg n%ité‘{}‘eé’ﬂﬁ?}‘ﬁm‘("f’ﬁﬁiﬁ‘ﬁ%‘“7%| ng four

addr esses), t hEigure Thisiz floNOBEARS ofamethodfedredding théskmation fiduea madunaay @ yedmidmdpw, 1 n
general ,  iho .ALERE of enRREAMS ot SLLESAR tigness
desired wheﬁaspeci?f; eg he reduir}uﬁanc 1\5,1“8:?] Wﬁhqe’{e/dgl% 10%%31740%&1%&%%% I°s
witifQ i Wﬁ?‘ﬁﬁ?qdﬁﬁmt%aﬁm%’é&a?%fw ﬁfeeﬂrm@qoaanwemaathmngbwmapy 2 an

addr ess a@erxtﬂﬂatbiflﬁ néYRAR wWith dghrad}6 whSthdr ¥idoE@e ddiress Q&féépgﬁcﬁg) AcakdAGiBRAL I cation.
For si npl 'ecCI this address may be referred to herein as the

efer nce
"user - spes ﬁ‘{ﬁ’?”ég’g eAV@E’él}ed?df@a‘fcﬁa‘W)e enbodi nent of the present
i nvention, t h eIn sRPTICAMe pasentiembadied:, thoinfdebagonTh thereﬂ\hﬂﬁnl‘:'gediraﬁ)iﬁ reBO tThhtsin one
et SDeCh bt 0l ihd Subdind oy s Aol 08 SRR Rt TE0T Hhe
redundancy ar r Hytep {69ein the prgtsntiembqdispenigthe informationest thsp@mrf in thel merdety @y idettifial

ADDCAMNs  ankhd da@reds :{'e@\,l@ﬁ\hﬁteﬁ 240 idx8adU et 1dcRton i tﬁe%ﬁlbﬂ}grrg@B@esﬁdﬂds td8e {otm in the
redundanc roper I/O ad. Figure is a flowhart 600 of a

ar.ra
met hod of %Cde eé‘&'ﬁ’ﬁlad ERALTR 10y G FAd P eﬁg’ﬁ%ﬂ‘P‘?@Fﬂe MSOTY REEAY CRTFeERSRAst
i nvent i onto cﬂh@h@t@iﬁﬂ]&@@daﬁdymﬁbve fxfformkitBn dxh)ShbhﬁS :@Owdvet, the ﬁmmbadsrima@ Gbhot BUCH
steps ar eva%éelsg’lwaﬁlyle a?]&%hbédibovc,tthe%ungtl{o%%eg]o umns mﬁng:re:qgnr&%r{c%\ﬁlg e%a]y I ted to

performng vari ous ot her steps or variations o %d|n
30  programmed with zeroes only, and perhaps only some of the columns in the redundancy window are

programmed. These cases are resolved by step 770, below. Note that steps 750 and 760 can be performed in
partallel, at essentially the same time.
In step 770, in the present embodiment, a determination is made with regard to whether or not the

address (from step 740) corresponds to a memory location that is in the redundancy window. If the address

35  corresponds to a memory location in the redundancy window, then the information requested in the read
operation is located in the redundancy array. Accordingly, in step 772, the information that was read from the
redundancy array in step 750 is used in lieu of the information read from the memory array in step 760. If the
address corresponds to a memory location outside of the redundancy window, then the information requested in

the read operation is located in the memory array. Accordingly, in step 774, the information that was read from
9



flowchart 600. It is appreciated that the steps in flowhart 600 nay be

performed in an order different than 20 presented, and that the steps in

fl owchart ¥w@Qonahesspt necessarily perforned in t he sequepsRsiobddshgzated. I'n

step 610, in the present embodinment, a particular colum in a nenory array

is identified. For exanple, a faulty or non-functioning colum in the

menory ar heyenmepyardyein stefeTsD isfubed Gh 128 of theenfi@iation Gdaél Bém GOlettMncy aftay th A€ 760rtRdi Ment

of Figure i.ed as t he icular .(e.g., defective)

col um. I%né g?%%n%te ﬁ7€aﬂd%ﬁ£r%lccomﬁh? ﬁd usmgagq{r.;élexgﬁﬁ%egu%b nt, a redundancy

wi ndow i s def i g 8yis %@“@hﬂmi‘ﬁ‘gof%ﬂe@m fgrrmsm@mrpxe’(mch ingtiottyut pad}eaﬂdemnczdnlwrms)

on each singf Wfserk B QKRG WIS ofe@ubtiiinent BHOREs eﬁmeaﬂa,mghﬁe gh Bﬁ!uﬁ e he Al | €ast
ica

one cg_Jhurm on each .side of the defective colum ere are nore
t han TEPUmE ‘@%ﬁm&f‘aé@lwmﬁ@o‘&é%%?? i Alikoygh anc stepﬁarea%mém
enbodi menfigwchalt @0 @ickegdps st exeMblufNTHass, %bﬁ:ﬁeﬁﬂﬁ\leﬂioh ¥ V@Eﬂlt@rt@&rfbrﬂnﬂg R&ious

r edundanc ol ums i ther side t he
def ect i ve(yﬂé g’%t%gg Wa:ra\ﬁ’bll:s Qg l‘}me s?egﬁ_lngd mlfll %&gt ﬁls aPﬁﬁ%laFgﬁﬁtﬁHgﬁ@)}n@ﬁ dla_g&ﬁo
i ncl udes ’é@lbam@fﬂ?eﬁ@r%ﬂﬁmrehffmaﬁhag nresehttdQng theiy seps ibflanchert@00 godotmerssaril30 | n
step 630, peiBmedi@ e syt BRbatessOM® Or all of the menory cells in the
reduﬁoancy W Eﬂow are u%&%damred I n one such enbodi ment, at | east one
col unt’ on” each™&FRH0 gfFig B8 PTOrS5Es T aﬁFPﬁtdF%nb%F’Gg‘H@ﬁ#Péd"mflﬁuﬁﬁéﬂﬂer such
enbodi menTy above] a/mdndsy 1eadidn i e redundaf& ab@ﬂﬂﬂﬁx&ﬁdﬂﬁmﬂéca{emﬁ a'i‘éﬁ&jbﬁ@fli@dic?&s W ndow aII:]e
pr ogr amme tional .colums in the
redundanc%i}sc\fxlﬁJJ nc?lMo‘%E fe ré%ugh%nc& Wlngn‘?reraay °§%ﬂdﬁt‘§ﬁ?r§m?“,&mf g(f) g“’?(i‘r AL T2YR0 of a
met hod f orecesisatyeq Mwunﬁgﬂfmhéfpﬁvéqckmassmtedamhmdzdm&sl ldcgtion Bisigaédatdetty widyfso a
redundancmat\mfd?ﬁal%Q%Mnﬂhﬂ%céuen&ﬂﬁecﬁﬁg&% Hﬁ&l@m o#é&%#&esem I nvention.

se

Al tho gh speC|f|c steps are _disclo such steps are
exerrpl'l ry. That? °’i°€°“"”t“ﬁ‘ép Fr0 a5 §4n e prproprets 1O sk fs deferminedy Tn enogaboflizierti ng

vari ous oishgs logi ﬁp:?u ?th z\éa{at sBbvrH) Fighk 88, Qo8R8 cdh%@in&clﬁ)@f tthsc}Esz&\?iﬁglﬁa'&&reszoo It
i s apprecja e ste e perforned.in, an
order di f e%’ggf“{« 3 qetime B ?ﬁf%sé}d"ﬁ?ffcﬁfﬂ‘ﬁ‘fi‘ ?ﬁ?@cé&é&g%%eﬂ%%’ﬂmwm ‘Bre not

8 WO 2004¢r@et 9)3@@&@@3' PIDBE UO BlogR 208 Blinglyebeisfommiidnyeap &t G rEehdindy drnfagcag Bejuence
|IIustratmctedtglmgﬁgﬁrgégadof Figure 7A, during a read or wite operation, an
address (such as user-specified address specified by an application) is
recei ¥&d for aThﬁgﬁiﬁP‘yg flegrsiatiqne pf spegifip emhodimenys of the prgsentlinverition liamghsert regsented 61 not e

that t hepusets eSBusttibh anH H@l:rii)ﬁi)ﬂ YhdYQtehbt ihtbhdd th QLRRab@Be dr b Unl@he TREROY toMel 2Y -
Whet her the.act the%winfor tion associated with t

0 he
nddr os. | R R b el Rl Pt b S R i REAyP g s
essent i al fesching. IThngpadientts vepe dhbsen o desatbbdin ol itdigst paldirahd prideiplAGEHE idveliny, | N
step 720, LRI ands. t o t he.address
T ecol yod T Ceraals RN, bl Wil iR 1AA0MDL Be bISUBURRSs o
t he r&duntrbadipenty Vﬁ@dwoesanpdﬁ“@atwfais pre epiteddp ﬁgp%@mr usmmmiat@f Itésduafendssissthe hat
depends oOgogeldthé @Malion®E ddhhiby Bl ERES Sppdfisd Kedh and MeiPiGivadish enbodi nent, four
addresses 10 referred to as ADDCAMs are used to define the starting p0|nt
of the redundancy window. In this enbodinent, the address received in step
710 can be conpared to the ADDCAMs to deternine whet her or not there is a
hi t
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wi thin the redundancy window. A hit within the redundancy w ndow i ndi cates
that the actual nenory |ocation corresponding to the address is in the
redundancy array; otherw se, the actual nenory location is in the nenory
array. 15 In a read operation, note that the actual nmenory |ocation of the
information corresponding to the address received in step 710 of Figure 7A
can be defdAIMS{ after information is read fromthe nenory array and/or
fromthe redundancy array. This scenario is described further in
conjunction with Figure 7B. Figure 7B is a flowhart 730 of a method for
readi ng i 0f or M inethodl b6 MetnorR PETNdEHdyAN aGherh&i§ WRERBEMpridihs amﬁﬁmgro@li ng to
one enbodi nent of the present invention. Wth reference to step 740 of

Fi gure 7BCcolumns gE memyry,cellsesaid methadi qeamrisingh address is received for a read

operation. Ho P Jo: i i o) a determnation i s not
made vv#th reg%ﬁ?g’"\%gk) el?d%fk(%léphm‘tgg}gﬁ e%r§%§%¥’r esponds to a |l ocation

wi thin the redefisiagay redundamoy (wirdohe bg eseldctifiy tahgroup bMatiavest avkuany. | n
step 750, .i E‘H}he gresent enmbodi ma}%, the information in the_redundancy
array is msiyfingrsad nagiculay oM st nunpbes of ol InoFRid grupeis

r edundanc [ ; | , i 760, in
the pr eseﬁ?@gﬁn%g%ihﬁceﬂ@gﬁg{ei n o@ﬁ%% ?%Hﬁ]g% t %eﬂaigiaglﬁ gﬁaY ﬁﬁ% Lsgcoﬁé%gry array
i denti fi etb sdi¢ ntehwraduagsshareineshideghoup issebgrteddch that dmte isl 4t 1¢d3ea lfietat i on in
t he r rray corr.esponds to. the columm in the rray that is defective,
no i ggglr)né?ﬁgﬁl 9“%%3‘? ggﬁf“ﬁ? .Ra’%{cBG“ FRYmn dt%?"?%%‘?l}"é‘ﬁ onythe othergidsy v arr ay
COr r espongssaid PartichldMolidnhNady t he redundancy w ndow, information nmay be
read; however, the information may or not be valid. For exanple, as

descri bed aboverogrammingn ey reglls dh saidsfitsh columnr sdunsaney cellndowaiday be 30
progr arrrnegjec\gina?i ler oes only, and perhaps only some of the colums in the
redundancy W n 8 e programed. These cases are resolved by step 770,

bel ow. Note that steps 750 and 760 can be performed in parallel, at
essentially the sane tine. In step 770, in the present enbodinent, a

det er A nai on il&e fagthodypf glaima gl wherein whidt Manalityr ofenlumhe is qrigdnized itbr om st ep

740 | iLan.. isS ih.th dund i ndow. | f
(he. addr e Sergg o RplEITRS V52 MR SRbuin? i HE BB IR ARCME W cow
then the itohesspadtiveld/O pagliested in the read operation is |ocated in the

redundancy array. Accordingly, in step 772, the information that was read
fromthe redundancy array in step 750 is used in |lieu of the information

read fromt he 3 £ the address corresponds to a
st ff‘ﬁg‘ﬁ{e)fh(g*é (;t‘;%%’ad[n}?é ﬁugl%ﬁ Z:ggl;[')rlglfn%j

menory | ocation outsi n cy ndow, then the information
requegted in téudingemboroptiontstoned irssdideatuadarnicy aifag cowpied Yo s4id ayemory
Accordingly, in . step 774, the information that was read from 9 WO

2004/ 0493852BEMUS2003/ 022003 the menory array in step 760 is used in |ieu

of the informij nﬁfgd,,,- =y -1l n one
enbodi nent, stgg{séﬁggz an@%@%%&ggg@%&g?ﬁhﬁ%@d uslloirllgjE %Egnda?tg(?g?tgki ng

operation. Figure 8Ais a flowhart 800 of a nethod for determ ning which
i nput/out gut p the r da data .should be sent to in accordance wth
one errbodlarrent o ocf)&ejciaéﬂ’tnlc%'h%m ?%i?fosrw@ggwrlﬁ?fst rates one

25 programming functional memory cells in said redundancy window.

5. The method of claim 1 wherein said redundancy window is defined such that

said particular column is approximately in the middle of said group of adjacent

columns.

30

6. The method of claim 1 wherein said first column is located at one boundary of
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5 enbodinent of a logic circuit for inplenenting flowhart 800. Although
specific steps are disclosed in flowhart 800, such steps are exenplary.
That is, the present invention is well suited to perform ng various other
steps or variations of the steps recited in flowhart 800. It is

appreciated that the steps in flowhart 800 nmay be perfornmed in an order

di f f er ent stiddpdyndaaeynwindowrand: said sached selupm is dodatedvat Itlzer etheOboumdaryraft
necessari |y f ge‘gl t he sequence illustrated. 10 In step 810 of
Fi gure 8A,SXIS§?(ﬁgldgé ceggg"’sv' such as that described in conjunction with
Figures 7A and 7B above, a nenory location in the redundancy array is
identifi e;} and _|ocated in a read operation. As described above, the

r edundancy- wi nd&% mEhodxelepldimnl ovhaseia said redundangyowindsok is Mlsfisediby it may
be neges ] ' ' [ w th the

identifie ﬁf%fgg% %ﬁéﬁg% E@%gﬁﬂgéﬁg?%@?a ,gfssgﬁsdsr? %"g}adtaﬁ%? ‘6’%“:%18%’% on read from
that | ocation can be directed to the proper I/0O pad or port. 15 Therefore,

in step 820 of .Fi gur t.he opriate I/O block is determ ned. In one
embodi rren%; us’lji:hﬁg"‘?}ﬁ?dgg%a@ b 5"*@8&‘“’“&@18{ hat shown by Figure 8B, a
conpari son can i m%ﬁf b ed: , hg.4/ O CAMs t hat
define the var ir%ﬁls 1 ?ﬁdé%%goﬂéaﬁ% t eﬁﬁwﬁ{}s@aﬁﬁﬁﬁ?ﬁ'h@% he redundancy
wi ndow, in or determningiamadtial mdmeory logation kordespbndikg tolmitbadiiresy) whertine
infornation. read.fromthe redundancy.arr.gy can be directed to the proper
110 pad. fﬁld'larfgla11 Sy gacadlé’gclrsieb@i%ﬁé S?Bg TReLy Wye‘?ﬁ)@d?ar‘rg ﬁ?‘gmé?nctyhe
present im@mgpti on have been presented for purposes of illustration and
description. They are not intended to be exhaustive or to limt the
invention to the precise forns disclosed, and obviously many nodifications
and vari aty ons 4ar ible in:ll.ght of .t.he above teaching. The

enbodi mentb's vve@eg%egg%dz&gcr%%}mogwﬁgﬂwﬂmgg‘der to best explain the
principles of téingivesitniation irbed tddsndineg bingl appl i cation, to thereby
enabl e others skilled in the art to best utilize the invention and various
25 enBddi ment s KRN VBFrEgHompE fSeidht MeMeryaArtay e ak usaic dmemonh elopationi cul ar
use conte : LS L ded; t hat the scope of the invention be

defi ned b%ﬁ%%gﬁllgkﬁr%kﬁ%%@r{g%d ereto and their equivalents. 10 CLAIMS 1.
A net hod of nesekestingebitwaansyd infofmatkiresd &ofayaid esfahilgich GrayRindrsaid ty of
col ums of, noy ce(urs, saj d nmethod conprising: . 5 identifying a particular
col um of ! arfaatr%lrfs? Qi sgit MERPTYATFAY accordingte snidycimehaemonylosaiakt i ng a
group of adjacent colums including said particular colum, wherein the
nunber of colums in said group is determ ned according to the nunber of
col umig i A0a r ddmethed ®f nemary reduatiancy inaupdmaty atray saiddmethod cymprisiay:,
wherein said grolugt.is zcgl e%ted uch that, there is at |east a first 1o

col urm on one SPgeHng a defegtive cofumn of sah memor @rray s whersin sud URFMeR t he

ot her si d@rra?fcoﬁl%'kige@@&)‘lﬁrﬁﬁkpaéf ERMAY of Fnd QRNE TR BRI of ofirhss | N sai d
first colum and nenory cells in said
organized as separate input/output (I/O) groups wherein columns in an I/O group are

coupled to a respective I/0 node; and
25 establishing a redundancy window by selecting a group of adjacent columns
including said defective column, wherein the number of columns in said group of
adjacent columns is determined according to the number of columns in a redundancy
array that is coupled to said memory array, wherein said group of adjacent columns is
selected such that there is at least a first column on one side of said defective column
30 and a second column on the other side of said defective column and wherein said

group of adjacent columns comprises columns from two adjacent I/O groups.

12



second columm. 15 2. The nethod of claim1l wherein said plurality of
colums is organized into separate input/output (I/0O groups, wherein
colums within an 1/O group are coupled to a respective |I/0O pad. 3. The
met hod of claim2, further conprising: 20 reading information stored in
sai d redundancy array coupled to said nmenory array; and determ ni ng which
of said I/0O groups said information is associated with. 4. The nethod of

claim1 rei r. unct
romory celts | i SRR aBATR h 35ersdy ol R HhAG MIBSERG, o
sai d redundancydemﬁyiﬂgvalpartd:afar oeldmiilstta héifbry dflydwhérein sald Bemes diay | s

approximately int 'dﬂtle of sajd group_ _of adjacent colums. 30 6. The
met hod of CEMBIFESE colyrans of raemery) Gehp or&am@é inte sepgrateMEUYRHiAMar y of

11 said r g?(mé,g | ot her
bounda?y S?BS' al ’r%u n@%ﬁ%@,ﬁﬁ@?fﬁ;#&#&%ﬁ égﬁ%%@??%ﬁ%sp%&tmeggg n said
r edundancyads ndow i s defined by 5 specifying an address corresponding to a
boundary of said.redundancy w ndo 8 T met hod of claim 1, further
conprising: redSfiginga éﬁ&]‘ﬁéﬁ?c@sg‘“‘? IQgIaO(SEﬁ‘ipoﬂfl Agja %F“ﬁt?ﬁ&“}“sar ray,
and det eﬁlﬁﬂllﬁﬁlﬂ@ A alticlar MBS, |\9H@f§1'no @alﬂoferdﬁﬁ@éi’ﬂg' ﬂ/ﬁldb‘% tBmrigddr ess,

wherein 10 said actual nenory |location is either in sald memory array or
in said redwntsfrom twe adjpcerd I/Orgroups twhedein theianber ©f talutins iin saidngraupi ng:

r eadi i nf rmat:o |dr dund rr.a 15 re informatjon in
sai d g’grml’i/ gﬁgpggpegtacg%ﬁ aléeét ‘?faﬁ(’lu%%‘? r"é?pEF??HP&?S‘ rr@ glfdr ess;
and sel ectcotigled efoVesia ﬁl@hféry rbfrﬁfyﬁ%hidO?edxﬁaﬂmE/r eifhyp &l Feplacduiedatey said ay and
said information read fromsaid nenory array according to said actual

mermory | odedundancy windew, whenein spidigroup ﬁemprlyeswé émmﬁrsy columa aneonsrsjdear r ay,

d hg f :
wherei n o3 ditepisiolAcol SR 3ol 4" Heelnd SR 4F S olIF s e PR
cells, saicdlupinjaadi ty of col umms

15 programming memory cells in said first column and memory cells in said

second column.

12.  The method of claim 11 wherein said memory array utilizes a mirror bit
architecture wherein two bits of data are stored in a memory cell.

20
13.  The method of claim 11 wherein said programming comprises: programming

functional memory cells in said redundancy window.

14.  The method of claim 11 wherein said particular column is approximately in

25  the middle of said group of adjacent columns.

15.  The method of claim 11 wherein said first column is located at one boundary
of said redundancy window and said second column is located at the other boundary
of said redundancy window.

30

16.  The method of claim 11 wherein said redundancy window is defined by

13



organi zed as separate input/output (1/0O groups wherein colums in an I/0O
group are coupled to a respective I/0O node; and 25 establishing a
redundancy wi ndow by sel ecting a group of adjacent colums including said
defective columm, wherein the nunber of colums in said group of adjacent
colums is determ ned according to the nunber_ of colums in a redundancy
array t hafP§ealysns an address cauesponding 192 heyndary qfitaidaedunsaney windawy. of adj acent
colums is selected such that there is at least a first colum on one side
of said defective colum 30 and a second colum on the other side of said
def ect i ve 1ol urnmaticdwiferemory sedudagydn p ndmarstjapag,¥aidoabihod sortpiigid: Ses

colums fromt dj acent .| /O groups.. 12 11. A nmethod of nenory redundancy
in a menory ar%&“@a?d’%%og%wﬁgrqfsqaﬁb memary yayy Whgremn said tRPTE; col urm

of a MeMILGadldofrist¥E HBlMlic2h 6 JTEHER rd ' of
col ums of fargfgorﬁﬁybngel I spﬁgr é‘?ﬂ‘? z%d I n% )cé)’lege;ar f“gﬁ%’)’n%ﬁﬁ’%ﬁ?lgﬁ‘l’%@ % i 7 @)
groups, woeegasized @sisepanate inputiontpan (VO zmupsipherein calupheih 4ml/@ gregpaet i ve 1/ O

pad; definin r edundanc i ndow by sel ecting a group of adjacent columms
i ncl udi ng CSBE?&‘?%H?FB???IXF}'@%?P%&“ erein said redundancy wi ndow conpri ses
col urms from t wetaBkl ﬂtreddn@mwyomow\/ﬁg%&édﬁngfhegﬂ%up‘fb%radjakelﬁ%uﬂm in said
group 10 is determ ned according to the nunber of "colums in a redundancy

array t hatinglading seigd| pagtiewarseglamne whengina theayymbsesjof cobuumsdinsaid grougyofa

repl agenent;. j . ndan wi_rdow. wherein sai roup .c ri ses at

| east Clg f :&? a{c&@gﬁﬁfrﬁ%sc}% ﬁgt'ré\]érggleéécc%?mg & 8’%‘5‘1@?8&?? 5?1%88136‘?1% r%\‘ﬁ’g‘aﬂlc%' econd
col um on atrag tht e towpléte taofaid aiethddf atrag, Wadl redGRdanoy arrapd rﬁﬁla&iﬁéﬂf g&rm ng
menory cells in said fjrst colum and nmenmory cells in sai second col um.

12. The métifgedundanqywindow, wheves srid gioyp of adincent eoluyng comprises ablepstiar or  bi t
architect or | - i f ' ell, 20 13.
The net ho r%féﬁz{ﬂ%]?hqﬂf&%éeerﬁ%ﬁﬁs%l %?%ﬁg%ﬁﬂ%ggé%%?icgg@{ %rrlglr(g}ﬁ?ﬁ ng
functi onalsideerfeaid pretididari colwan dnd ediereitnsid givup dd\adjatént cliensvbhpeisaf cl ai m
11 wherein said articuéjar colum is approximately in 25 the m ddle of
sai d d?ouﬁ"@'lmnﬁ O E¥%e aIBFSRiHO 21O8DS- The et hod of clai m 11 wherein said
first colum is | ocated at one boundary of said redundancy w ndow and said
second colum is located at the other boundary :

18.  The method of claim 17 further comprising:

programming memory cells in said first column and memory cells in said
second column.
20
19.  The method of claim 18 wherein said programming comprises:

programming functional memory cells in said group of adjacent columns.

20.  The method of claim 17 wherein said memory array utilizes a mirror bit

25  architecture wherein two bits of data are stored in a memory cell.

21.  The method of claim 17 wherein said memory array is a virtual ground

architecture memory array.

30 22.  The method of claim 17 wherein said particular column is approximately in

the middle of said group of adjacent columns.
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of said redundancy wi ndow. 30 16. The nmethod of claim 11 wherein said
redundancy w ndow i s defined by 13 specifying an address corresponding to
a boundary of said redundancy wi ndow. 17. A nethod of nenory redundancy in
a nenory array, said nethod conprising: selecting a particular colum of
said nenory array, wherein said nenory 5 array conprises a plurality of
colums of nenory cells, said plurality of colums organi zed as separate

Ut out 4t (kO dhg B ST ALl LY BN B o0 L
group of ad jsadeedundmiaynwmdownnlalﬁhsﬂgOS@bﬁb WWhéreinasrald:wcuﬂim;s lodutsdedtn t he
nunber of col agzal d ro p of 10 adjacent columms is determ ned
accor di ng HOHe: OHB Pféﬁ“ aefundarcy; windowdn a serane §/ ugiolD- that is coupled to

said mgnory array, said redundancy array a replacenent for said redundancy
wi ndow, wherein said group of adjacent colums conprises at least a first
col um on28ne dihdenashodsefl daipai T whatein sm@tadmdmylmn&wmmmﬁtabhkhedmsmg t he

ot her side articul.ar oI u erei n aid group of adjacent

col ums c8 3%‘3@53%2“11 lﬁeﬁﬁr@“f’ 0?11\5\?'}3 “&@W"Y‘P %roups. 18. The net hod
of claim 17 further conprising: programmng nmenory cells in said first
colum and nenory cells in said second colum. 20 19. The nethod of claim
18 wher ei @3sai @\meﬁgd@ﬁmam@mmdm Conpxris@gamﬁ ng functional mermory cells
in sai.d group a he. net hod of clalm 7 wherein said
rrermrygarray u?%ﬁe?gggia%FF fr@i?’emﬁg' locgtion 0.4 TemoRn atray- WVhEn SRS of
data are siichic§l drfayacomgsrivey aCilldality bf cdhemnIeiacmely &R sala7p11wa fn sai d

menory arraf/ is a virtual ground architecture nmenory array . The
met hod of cefusng, organigrds as Sr?péramlqpuwutnm (é/ro)cﬁwmnwwelapfmlmm@i g/O. n the

m ddl e of %ldargg (f)umw |§e%ﬁ éI/@)ong)la s. 14 23. The net hod_ of claim17

wherein s f| rs cated at one boundary of said redundancy
window in a fi rdstenhirﬁxgamamuﬁmﬁbmm?ﬂ&anoﬁ _bllespeadingl td said additRdwhéreint he

ot her bound%rg‘/:tua{ mse?r{ocriy rloeccaittunr)lxgi ?Sngl e\IMIII;] ge%\/ nlleTn(?ry Sa?r%? Iz)cri 1r|1 /a?e Jn%gncy array
coupled to said memory array, wherein said redundancy array is a replacement for a
redundancy window defined for said memory array, said redundancy window
comprising a group of adjacent columns including a particular column of said
memory array, wherein said group of adjacent columns comprises at least a first
20  column on one side of said particular column and a second column on the other side
of said particular column and wherein said group of adjacent columns comprises

columns from two adjacent I/O groups.

26.  The method of claim 25 wherein said determining comprises:

25 comparing said address to an address that defines a boundary of said

redundancy window.

27.  The method of claim 25 wherein said memory array utilizes a mirror bit
architecture wherein two bits of data are stored in a memory cell.

30

28.  The method of claim 25 wherein said particular column is approximately in

15



5 24. The nethod of claim 17 wherein said redundancy w ndow i s established
using an address that identifies a boundary of said redundancy w ndow. 25.
A nmet hod of nenory redundancy conprising: 10 receiving an address for a
menory location in a nenory array, wherein said nenory array conprises a
plurality ums. of nmenpry. cel | said plurality of columms organized
as separ attgélln?lép?{lﬁ%ﬁf‘g‘%ﬁou{’g}a@a@%féwerei n colums in an I/O group are
coupled to a respective |I/0O node; determ ning an actual nenory |ocation
corresponding to said address, wherein 15 said actual nenory location is
ei ther inZXai d Thempethodipf elping 25 whezein seid firaneojuman inlpcated apomebaundstyi d

menory art, : I i e array js,a replacenent .for
redunéancf?\)é\nmﬁgow g‘léx?liyfl‘gidﬁp gvrlg;égﬁg{]ﬁ n%sn%?‘i}p éqdrg{;?re ?%bda ?egﬁ?fﬁ’(fe}ﬂ@ecﬁftndow
conpr i si ngheotherchoundiry adjsgideedundahoyWindbwah Hdedoad /@gfdupcul ar col urm  of

said nenory array, wherein said group of adjacent columms conprises at
| east a first 20 columm on one side of said particular colum and a second

col um on 3phe qthla%etﬁé’djgfdmnﬁ%fgﬁhgﬁén%ﬁ@?g%tCOl um and wherein said group

of adjacent col umms conpri ses wo adj acent 1/0O groups. 26.
The nmet hod of céadling Rformtatior imsasdtedundiney airay;ng conpri ses: 25 conpari ng
said address to an address .that defjnes a boundary of said redundancy

wi ndow. 27. Théear%é‘?gwo‘ﬁfcg’fnaef’%i H 2810, HBFBrTY T3y r‘?gn‘t’?rl@/ BEMQY Jofatiofes” a

i rrorbi teorrddpehiiihg 46 Wi adiiesehig t wo bits of data are stored in a menory
cell. 30 28. The nethod of claim 25 wherein said particular colum is

appr oxi mat el y iselectirgy betweern shid énfofmatiwincread drom sdfid acjuadany atal wrdsaid29. The
met hod of . oﬁhgﬁ 25 rein.said first col Eirm i s l.ocat ied at one poundary of

sai d redufdancy E K oinnsagisxpplpg{y 172% aGFpnedn seidiremel mewgryglosaiong i s

| ocated at 5 the other boundary of said redundancy wi ndow in a second I/0O
group. 30.  The nethod of claim25 further conprising: reading information
in said r ddunddnggthedodynemary aedvgdaney somprising: i n sai d nenory array at said

o] oo Ol R P B R P B e
wherein said memory array comprises a plurality of columns of memory cells, said
plurality of columns organized as separate input/output (I/0) groups wherein columns
in an I/O group are coupled to a respective I/O node, wherein said redundancy array is
associated with a redundancy window defined for said memory array, said

20 redundancy window comprising a group of adjacent columns including a particular
column of said memory array, wherein said group of adjacent columns comprises at
least a first column on one side of said particular column and a second column on the
other side of said particular column and wherein said group of adjacent columns
comprises columns from two adjacent I/O groups, wherein said redundancy array

25  stores information from said two I/O groups; and

determining which of said I/O groups said information is associated with.
32.  The method of claim 31 wherein said determining comprises:

comparing an address associated with said information to addresses that define

30  boundaries of said I/O groups.
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information read fromsaid nenory array according to said actual nenory

| ocation. 31. A nethod of nenory redundancy conprising: 15 reading
information stored in a redundancy array coupled to a nmenory array,
wherein said nennry array conprises a plurality of colums of nennry cells,

said plurglity.,o ar d as s parate i nput / out put . groups
wher ei n c33 ?hellﬁe@f%&m}sé%?‘g@g Whereto i éHeIP?)ryaarPg's filiges Ao mi @ géd

wher ei n sardﬂuteadwmé}@mt%wofaata@ﬁesasﬂeaﬁﬁgni/&ﬁ&yeelr edundancy wi ndow
defined for said nenory array, said 20 redundancy” wi ndow conpri sing a group

of adjacent columms including a particular colum of said nenory array,
wherein said group of adjacent colums conprises at least a first colum
on one side of said particular colum and a second colum on the other
side of said particular colum and wherein said group of adjacent colums
conprises colums fromtwo adjacent 1/0O groups, wherein said redundancy
array 25 stores information fromsaid two I/0O groups; and determ ni ng

whi ch of said I/O groups said information is associated with. 32. The

met hod of claim 31 wherein said determ ning conprises: conparing an address
associated with said information to addresses that define 30 boundaries of
said I /O groups. 16 33. The nethod of claim 31 wherein said nenory array
utilizes a mrror bit architecture wherein two bits of data are stored in
a nenory cell. 17
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