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address that, ci%rhcr ?ﬁeqpe{aﬁlr?sstdgcoﬁmgslgé& &%he QlcodB? mfré/ gcﬁﬁé to§n 53@11&3@@11411%9 pﬁlyaiti@ word

is conpar e ornmation I n the redun LF%I
i noper at framethiaddrepsibpider pisgyie A8 tyactiveiig ergavorsiliae offa pf tyg)ér”?féém‘&feaﬁ‘?é”ﬁis‘ﬂ‘ye cells

that thepgead, Ak sne3by mwcdrea&peﬁ&ﬁmw mhesmth@wquﬁamcwbmm¢ tudmrsbn t hen
t he redundancy CAM circuitry will in |u%{ne are

addri&ys. cfipwwgnEg vty #ord Hag frragn iag feens CW"Fﬁe'?%ng?a“ﬁtéyr edﬁn t‘tc‘i’a Tl mgrc g‘éy i's
subst i tUthedorﬁQﬁe rhdSbe ivirizP BY Ddubseitidd dtentidl dieferame] sich es 3.opdratda vempenory cel |

t hat the read_addr S u Dstd

that the read,acthges aioidoACGaR A hel haldS, B{ggtg RERDAN. & ‘iﬁlé&f*ahgﬁﬂa M arrf)

i ncl ude 00280 b sebda emplifici apd ougfut mvmy ylZC'éhclygdtl!rPSaﬂewCh@ lowiq fP@m&éﬂ?ra@

access with no redundancy substitution, 35 FIG 2 is a diagramillustrating
an exenplary core cell array 102 including primary arrays and redundant
arrays according to the nenory 100 of FIG 1. Horizontally, the exenplary
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4 WO 02117078 PCT/ USO1/ 226~6 array VERTm In the exenplary core cell
array 102 shown in FIG 2, there are M=4 vertical arrays VERTOVERT3. |In one
enbodi megh 8asdIsverti cal array VERTm has N=8 associ ated aou/usoi/zpees
redundancy CAM st ages CAMO- CAM/. I n anot her enbodi nent each vertical array
VERTmM has N=16 associ ated and uni que redundancy CAM st ages CAMO CAMLG,
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used or substituted where suitable. Thg p-channel transistors 208, 210 are
coupled to the wite and read data buses 204, 206. For exanple, the read
p- channel bias transistor 210 is coupled to the output port of the read
data bus 206 at node 214. The generic CAM stage 200) which may be referred
to as CAWn/ VERTn) and the read p-channel bias transistor 210 produce a
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6 WO 02117078 PCT/ USO01/ 22GA46 If a read operation is not being perforned
at a vertical array VERTm the read data bus 206 will be off and the CAM
cell 202w¢id2li7emet be checked. 'Whether the CAM cell 202 ipeTSogemuered or
erased will not affect the value of the signal CAWIR at the node 214.
Generally, if a read operation is being perfornmed at a vertical array
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It is a further advantage of the present invention that as a result the
anount of area occupied by the X decoding and related circuitry wll be
reduced. wipg3ahd7g, the nmajor objective of enhancing the spegddisof22per ati on
of the menory device will be enhanced by the present invention. 30 The
followi ng figures and detailed description of the preferred enbodi nents
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st ad® oflint iemitehiendicard bethvabms)reaﬁmre@mm¢ SV Eages W%S@Wﬂwth@ﬁ puimary #rayne
enbodi nment..of, t e Vv on depicted in Figure 6 sense anplifiers
410 reac:i“‘f"li‘{&th”%g %ra%gﬂ%er% 0%.&?4 regul ar menory cells, in the primary array
412. For exarfib.d.is 4 binck diesrhm istratinganicxemplisyl M siagcgprap JQ0SNGACCERRRIING PEPY oad at
one ti My m}%aa)gﬂiﬁ@tio il méntfb?y SR rlﬁnﬁkﬁeﬁéﬂpﬁ:y%@ cblﬂarffa 2SEEIGES SThY RdukBanby t

porti ons. hi's enbodi ment 32 sense anplifier 4|0 dthe rg ular
nmenory c@AM gircuitgy %ﬁﬁwé?lﬁyl ingludes e sxepmplpry CaMStagergray ARy @ i
r edumdantc BRI Miow8k CAM stdgestdo@ st RRE il thtvertied mamkmrcwommo svm

selection of th tua [ the s d on

overal | Wﬁlﬁ&gﬁM%hﬁ%%ﬁ%%?@“%aﬁsﬁmmf‘ﬁ%& og;% 1 {aer éaﬁ yMﬁ%ose of " skill

in the art. FieCAMRAgsHnan36, furthadnadudes read pekromet pdllylpéhmethlteﬁlomnﬁ@g@wslsm

differe ells, i 12 and redundant array
nflgé g[apde \grrte%c ch? ulluu]p 1ov&nhr%Jﬂ§1d p&t'exég%%%lsg)[;]sé 4

422 are ar nenory ce undant mam)é{% cells,
respectivel y. All-‘qﬁthe§AM dt%fts %afsttlﬁrfé‘\M stige arepy AQQassopipfPd Withdhesventisd 2y YEREY er red t o

as ropgul af elv§ &b %gte gr[m‘l-:a'dfsélgcli ﬁgn@i@ & SEES HBEIRN A SERSEAN BiRLes BA0RK the @R stage arrays

respective scrib bove, two_colum areas_or words of menory 20
cel|s, e@@hﬁs‘@fate%ﬂﬂb‘ih? %theré[?‘é“]a%f@é%%cé‘dc sipilapyiite andsiaf fFCLSIEERd operati on and,

accor di ngly, figeaki stagéslamdzvmm;héz& cmmhmrsrmgu hua Bl &Bplsdo shinplad fuillep bI oc k

410 is 32 hits_wi de a ul ar flensy
di agr am %“8%%3Wtaﬁhﬁe$ wgggﬁ?lg?erreg cou i %gwgtggrﬁﬁ?ﬁsﬁg 11y two
r edundan:soa atradyseddRiButhavingaasighal CAMI®L y arr ay 412 Corresponding to the two

redupdant ar r‘§¥ éﬁf agbs ¥R e YRR i SGRIE AP b tda& peil- lﬂ)%gnms@raf RRRONBLOY tO

25 the two re t arra s also are two separate arrays 432 of CAM st ages,
each of GAMURCAMER e atelsld cam@rl tossignilaf write Ryi-up sgnpigters pigharedobguts GMEN CAMIN. 5

doubl i ng of rﬁ@%@@ﬁ%{(dﬁ?{ 1ﬁ1§tx§ﬂh§an%kb§x§iaiytgl=&xbMOQEAMngHad@IrhEsoﬂﬂmlm ofiel | s
for defective nenor S i

n two different o zaégg@gts vvlth}ldéthe
primary mﬂwdywﬁ@%’@@éﬂrﬁ excmplany corp cqlligay 1zt F'P':ae%mp A& EErR
di ff er entyciGR @& bilovEngtamM wedomm@mmnmmhe CHMTVERE 42Hed agndiodiwiteat t hi s

dou ng al l.ows fere n anme two
rior 3 o e gy Aot s bRt oot Gl e BbupiAr R 2R Rk Bade BB ®

the t wo mﬁmdﬂmtreaemwaatmsﬂmmspd@mtdthe\tehealpllrferwmenbodl ment, the two

redundant senge, i, btﬁeeefn% ivien ﬁss &%&hyar%@aaée@maa%mswhmﬂmqfeabﬂwe t wo

redundant nenory cells no Pater antially, th he conpl etion of the

* read opemandrovsllinjoringeuniqug ddtaword ces exampie b ford QRerations perfermadwhers B IP bitda% e an

array of waﬁé\éxéxfem?ﬁlﬁe%&emmy whil€or $65Cda@ WErd istfirddices aGhimd lﬁbﬂimfe)éutﬁllt giayird 12, As
35 descri bed above, as utilized jn the Eresent e n thls jarray

* of CHM stBpEEIG4Bn Fh§ “&éf dﬁ%’é"é‘ﬂm ageay WY beacressyt foRghef IR ﬁ%ffa“ﬁ’? P4t ay
412, to daiepdmbinis Wﬂiﬁinlﬂ:& FvitR orfeVl® biﬂﬂhtadvdﬁcﬁtgm ati@he\@lumpada foukhhetatvesspirat arar y

array needs subs cel | t of CAM

st ages 459 |C§C?1"ésﬁ1 ets aworcge%gerﬁﬁﬁmg?w omeP&o?iﬁ%g@% “‘%m Js;étdzsidagﬁsdb%z will

contain two forms of information. First they will contain the address of 12
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WO 02/17078 PCT/ USOL/ 22646 a two word segnent. The two word segnent whose
address is contained in the CAM stages 432 wll be defective, i.e., wll
cont ai n wodefiagti ve bit. Secondly, the CAM stages 432 w pCTalSor®Réihe

| ocation of the defective nmenory cell or bit line within that two word
segnent. The term nology for this |location can assune special formfor a
burst read aniiyng toBacentedimdiB, aldorizentfliravein the primaryvorag ofof vertical goeny WEREm sl nent )
are pl ag u (Mo y at
once, tlhgudg I801 ca géldh\?dc ﬂﬁ%&“ﬂ(ngs %%Lé&agﬁ) qu?n(sdtwr e gllglﬁeg) Pécco tuteh? g?ﬁfw;tg

"i nput / @ty Ltte lde%urgrmwclu@md-wblitllmqsafﬁrg‘éott‘lrob A Chitilipes jisa hotwtal rogf Pler

accessi D, tﬂa& vl.hhés%tfe ek Mpiyohd fnfdfded tz%tﬂla@fnam tlah BmECAVIRE foaVendSBmints. Pr ocessed,
the addr ess of defective two word gnent The address of the def ective

wo wor d seg%ﬁtempéarsc%%étﬁe@wwooetm% A stages 4020 40P segilles 9 cHicR oGP t he two
WO r d S e@oRAtivel bil lihd WitHY doRBh et fhaymﬂal)?an(iyléﬂﬂ%l%ﬂtlyal baiy VERT@RAM reddddent onmaar i son
is conpl eted substant] al % tﬁ at er % ﬁ h ‘ﬁg‘f tb e gssee?g 1t9fort
r egul ar OfRsresieglant arpcsupfufen or ee‘@‘i!’F'é't've L% “éﬁ% B v54% e preferred
enbodi N opbnaddr ess of the two word segment is represented by three

bits, as di Sgeed3POVEl e BIASEH] OReithld ik bPierbeyinldeElichd afealoPrupf!  OT M

conpari sons 0se ©o S represented
i n H g. comimparep tiat kncldsd the inoperdfive Hitding. vmyxmljdblelss efbthexq Tt linghenf the ecljmn agsa thadat ched,

the sec Qd;'rgipgr@%] [eg t% é?déagxfaﬁfc mhﬁe(?ﬂdéngﬁeh hgccm@ rtﬁe%\(euﬁ@agy ¢Bv Qﬁﬁ%ﬁﬁm,of t he

| ocation o ctive menory cell or bit line within the two word
segnent cighhEAMsoess 4B+ RH EpEs tW PR Hfét‘,ff"i%ﬁ‘f’“\ﬂ? ingjcats; the loagtiqnigfthe iganerafivsPityy ¢ hi n
t he def ggtgrye two word segnment of the defective nenory cell or bit line is

contained in_five bits of e of the,t M arrays. 432. Theseflve bits
will be decoﬁ‘edrﬁaﬁ%"’éq“%’bfheg %(ngp/%ﬁcéd%dggﬁi ascogfmpﬁ‘éf‘rt?l"?}o LY EH B2 | nes
t hal5 nee@soray bistiret, uadompm&alyomeﬁmt @esp12y yddesstoredl iroagrdub of r addiess GAM stagesr Tye | n
EI'EE P}) ?tgaf e;éﬁf eé’éaﬁg g'l 1§xs f)obodlalgrg (s)tarlertwol d%tta wor(c:lOdI gtlc%ﬁ.p theﬁat?d:ets%’@Alﬁg@gg?Q& cess.

its of
t he CAMha mbagzhzetez; @ddrisi pfghettiecobinn mteasmye bﬁydmh mhda uthg ingpesativé bidige Bhi- Kthered, t he
bit gr Oﬁalrxﬂgﬁ bdeddn hAmalt regf‘gldreﬁa‘?ad tﬁé‘l\dtnﬁédr@sg Sorb&h BR U addisd A9 @@ée@ &leh @BS,

i ncluding the conp enent are arranged resulting

in ei ghiocationpfitheanoperative bit frsdihi is i ?Fahyﬂ thé%cﬁ’féﬁgeap“ﬂic ivaleps fg to
sinphe gkl dddendof e GRuch fPp BAQCOdi ng out put 2~ In the second stage of the
decodi ng, those predecod{%‘g out uts are t . gat ed %\@ 42 g]h oth r and with
A4 and A4 t oF PR 8T Mff“s PPIATR S50 P11 rn“ TR R ROt art 1 aftfve bits
AC- A4. Mﬂemefnarye.me Snej 188t dea WwoREis pradudedaf a tpiectopi ung)ufparctmnmnz of (BB Frethik on

arrangenent a cation, out ucu atl i A8 el J o those of
or di nar)‘/”sf?’l“ﬁ?g’e Ff%lmz'iﬂreas’fnc% N LTSS (T %%gggsﬁlg \é\% éﬁqp%‘n

subst antAcatding td Hﬁe.‘f, hth@P-8) indressEAY stagess 4B¥ ﬁh’é store g Pait a@eqﬂisfé WaJerluiﬂﬁ freass 410.
Thegg2 9&&&?%& ,ﬁ%(bﬁ; aﬁwptrmlblt ﬁngﬁtpma B £ 5 (249 1O ONTAN-2P AMEESR R théll €

designate , firrst out puts and rpChn for the second 16.
RpO n d@tcetowfrthes}nqphrem@éﬁ btetﬁlwef thede bt lltsﬁww“t PP Felpprees- When gread pRRatoNRr d of

the two wrﬁlsdwgém Rddrasbis l:&npﬁ@ﬂ”gﬁlnsdat REdddores CAMEsigialf READATBDI, READADIDL, W t hi n

t he second or_ hi f t he fix nat the end
of each‘"i{?‘fmft‘qt]Pé‘Pé)%t“gﬂi“’\é\‘?j Wﬂ%ﬁ‘fjﬁ@t’ﬁg‘{@%@?%%‘%@g Blts of the

gec oder oﬁﬁﬁ/\(m\f/\rhtnem%ﬂeéspmﬁtelymgnﬁ addresi ﬁxalslurigfcum rboHustrp@in BIGAS erflh leakth) and
esignates_to, which o s, 4

couBPed)eied HatR tueal fel ARSI bR, REE0 CAM Sl A e iRty

ot her ofting dighe Bbit iDadbIAlrert ey eoluam aregdassthaipaperetive it livedilin for the first 16 and
rplhn for tneyse£RMHget fpethdd poti Mmﬁﬁ&.frgg&ﬁ gmetmai@lﬁ mtmowawdaaﬂﬂ b0

circuitry does not select any of the bits as defective and eligible
* subst it GPTBHY ATy faeqpe Salaerw@gévﬂ%?fwﬁ madefundsn) apet Epnfremple elvgine “%% ed on
bot h of st 3@ wat tﬂe?butpuM@thQalAﬂd?sQlZe% 4PETobiShslobd1p@A4E&pacedyndant CAM arrays 432,

t he ,two- seg not defecti ut.cone of ction
" opr 088ss resuI {lqsreﬁ\ﬁ(r)"B?ﬁ“l?g s ‘g"%" Emedat %‘f“ﬁwﬁé&rl%nsalrﬁaf o b Srn}t’at' he? &8 read addt}ess Ot%log

Ci r cui t nhen b tlae bits ate emiphredgithshegoliaiving signalke decodi ng st age 460 Although t he
decodi ng fungiE,pRpies mg%ﬂ ﬁﬁgs‘éfd‘mgag%%ﬁﬁv' ng two stages, the first
bei ng a predecodi ng s age, ér esigns are possible as will be apparent
to those of READADDI=CAM6RA0from faddreds) #rgert03handci rcuitry has acquired 34
bits of data fromthe 34 sense anplifigrs 410) 420. 32 bits of this 34 wll
eventually formthe circuitry output for the two word segnent. A 32-bit
output multiplexer stage 470 will select the proper 32 fromthe 34 and w |l
output 16 of those 32 at a tinme 480. Fig. 7 depicts a portion 500 of the
circuitry of the multiplexer stage 490 and can conveniently be 10 referred
to as a mul ti pI exer CI rcwt 500 There are 16 |dent| caI mul ti pl exer

S e g e\ o M. Ar—- -



25 menory cells. DSILn, REDSI (0) or REDSI (1)) as the case may be, is then
passed by transm ssion gate 560 controlled by DILDB (asserted low) if the
logi ¢ (n@Ql @ARIeted) dictates that the overall circuitry pperfsormeas r ead.
(The triangul ar shapes found in the upper two transistors of the

transm ssion gate 560 denote a p-type MOSFET). Again, after storage in a

| at ch 570, tRBABAGDRHCANEHBs@Em (addonsg ¥ AM wage M2Esi on gate 580 controlled by 30

RA(0) which ﬁ&éﬁ‘@ §1@Qﬁ1aeéﬁ'§cﬂhé @fentd ofthe /O daghd drd chE&eﬂSH@dhﬂh@@E] | ow or
hi gh by the controlTer ependi ng upon whether the "L" Hste)cgortl on

(DSI Ln, loegtien efithgriggperptiye blh@e&%wmé&%mb%&mww%‘Hf’é“mﬂ“%ﬁa“?éd&ﬁh%f Pt i on
(" DSl Hnsgowggytgmu seegeent word woul d be applied to the multiplexer stage
output DSIn'if not defective. The foreg&ﬁ;g detail ed description has
desc?i bed onF?ABIqﬂeWﬁRiltf’é’%W%Ft?ﬁﬁ t this invention can take. It is

t her ef or e i nkeADET -t AMBRAOTR N (DO stepedettai | ed description be regarded as

illustrative r S5 1t that it be understood that it is
the foll ow n&‘E&S %ﬁEWﬁ%ﬁ’aﬁd@éan%%%m ents, which are intended to
defi ne t he sBEADIOIafAMIR€Fem(/OXCAM stiged@d;pndn. It is therefore intended in

t he appended Askeabanges and nodifications which fall
within the t?%éﬁis&?(r:%@mgn élc(gé)tjaco kgr?e invention. 14 WD 02117078 WHAT | S

CLALED |'S: RORe mﬂmwﬂ@f the @oemerleméef&ﬁ%dﬁwora%é b jaglerntegratqd siegyit ghipy -
devi ce, bﬁ@%a@aﬁ&n@mﬁd’comwtﬂbﬂﬂ} exéh'iblz@f @Y m&ory BRIFDArY deperldén® on hdadryemsay y cel | s

conpri si a regular nmenory cel ant rmenor 22);
Che t o qamEmafien Pl Jrs) o cearsiied PR et R IRy e B PP f Frgety

non- def g@fnbry BenBBENRLYalEiRhtt inteERE nplefigntdtns witnieir ycccxﬁ;bahynkgaﬂxcrmye address mplut / out put
designator and a $tora e address; a regular first nenory cell conprising
one of t"?ﬂé“’lr“é’g‘h‘PB Ul Ty cells; a first address conprising the storage
addigss of tI'raes‘:mgtaheausqi:erat@hﬂastmmgtymlbbomfe@dala@eﬂsquF\ﬂeabwtsﬂtﬂdﬁﬁf!mry cel |
corrprl S| pugah{_y O?blg of éaﬂ eq'g 83100'[11!: e %@Eaﬁ‘ a xﬁeﬁmry%u(?ﬁiﬁgﬁé oYEmé‘ﬂS}ﬁ&ﬁ SFor

conpr|S|ng he st orage address o ective first nmenory cell; decoding
circuit myan(p&ﬁﬁ)memmh@dngm Bbits. of deyerreread @ ong %PWPP%%S‘HF‘W'&P‘@H‘&I‘“ WA 16 es ponse

to the | LR AL REy st ifet a8k 06isi YiRs dhbrk SilervaBADd Yerg tbid tihd  Sai d
circuit rbgBﬁeéngﬁnﬁgﬁgrgﬂﬁga Fyfsl rts'}t ad drgess IS s'Ehe de?vectl \j 3 d%‘g{%‘? t he

def ect deaderminaiondion thedﬁ%uvdégcpx GANISpg Vhegesapedpndancy Jead S TSR d 15
t he ogleC QEheRfhafidn! (?ck{.l littinedE@)ilabieioge dettifikaon of a bit Gnsrvdidh tsnogeniee atdefecaxvq: egul ar

decodi ng signa said cirg eter hat the firl i's not
a def ectaf“%/’éq‘%fﬂstﬂ“é%‘%‘“°“t‘ﬁé”"lﬂgﬁ‘ﬁﬂtgf‘*ﬁ%%l% Sty tdte 1Eg%?nrlse%ndon nmﬁﬁéﬁfﬁ

i nput/o uﬁapuﬁedlﬁlmbgaammecasiaryt dvd whepghat lEirling ndpmﬁcmn@mylewnl access tlartllle tedpidenker
stage ( 49%) anl§ i Q\gqyé suspéuﬁas QbR Syie 1ol ﬁntgepnm bk mrms@gut $hiaeey GORE: dired to

sel ect dn I rst ?ut a regular output signal in
r espons end govt theperfe!g@hta of th¢ mmorwﬁém yi\c‘%%‘}“Pg Ya’l’i‘tﬂ‘q""ﬁ“@@ i theisTiReeot Y5t ?‘Pé“‘% egul ar

decodi ng. &l fARRbesiRh WESPHE% &thmglam%éepﬂmw&eade@a@&at or of the regul ar
first menory cell, the nmultiplex first outpu Llhe rruldy If put
cor r espondi ng“stuéthhPfé‘NWFB‘Hl"fﬂfﬁ“a&eéz?V@ ﬁ‘ﬁ‘i‘%?"cf’)f‘s tjf’lﬂ’g' &5 6T ﬁ‘e%) Sisdt en%ﬁm)r y
cel |'; angbahipe rored tb by Q%Rk idehtiKgQha dikiply b@teﬁtgncfs i, bhethe Deatibn efLimeok Mo sel ect
and apply at ti econd out put in

r espons &ngHEHY %En&hﬁﬂﬁﬁﬁ‘ﬁt ﬁﬂ? pyjogi IF m{aa | A g%?%eh%gtn{&&%e %Egggéf%ct

decodi ngreiligneakiedb logo rlqve@;mmﬂ ] dlg}tat augntilhwmrﬂbutldb@m)tb'e reprgeesi ahiyarygero &9- Thpe

def el ive fi I %Lra@ ﬁg’assy&@ M%}BM&&&@&F&P&%%@M& 108 higBlvaida€of a

rrultlplex ou ing to the input/out desi gnat or._of the
def ect i wdigited sizoal, gqtmélv ynde@w to pepresppte binpry epp (M RlisiPYratee vt OBP %9&%&5 Bais Hgﬁnf%t°c | ai m

1, the flash dreaPEnddRY bGE of Alinlikely c&eleaaédlvsm BGhrotih aﬁwinafe inseemaRteanpl i i er
(410) configured to read the regular fi accessed

© regul ar oPYENHERDFRP WA 1“‘8’8??;)‘? Tegef ¢ pfoﬁeésor’ @S&Ph"b“r"x?‘?f?‘&f"’ %t%ﬁe%ﬂn%aéfefs Pead by

the reg Uxhéiﬁory The term signal refers broadly to an analog or digital signal and encompasses both types of signals.

35 As used herein, the term inoperative or defective, when used in conjunction with a storage element or

a group of storage elements, refers broadly to any condition or state that may require the substitution of one
more storage elements for the inoperative storage element. The storage element may include one or more
memory cells, or bit lines, or interface circuitry to memory cells, for example. In particular, as used herein, an
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sense anplifier (410); an accessed address conprising the storage address
of the accessed regular first nenory cell; and a redundant sense anplifier
(420). 3Ronntde flash nmenory device according to clai m 2CTwser/ziené t he
regul ar sense anplifier (410) is further configured to read the regul ar
first menory cell of the accessed regular first menory cell during a first
i nt er valnogsativé ardefentics rymmercell mfertbroadiy totaimempiy celk withir withp|accampasyipg AEYEY. gnal ;
sugﬁ heh i fifke tggsj ch@%ﬁﬁ ?raTglonlel BpM@mﬁt iRROS Ghe MRy bdIE TyidBRAR 1S

confl gured to read the're nt ‘'menory cell (422) during a_.secon |nterval
of ti nelaam@fﬁgemvlwcéﬂaatpﬁasvglemq@ W%IG%WH‘*F‘HE“@&“Q‘&P‘ thestqrags elFBsth T he Ja the
second 'ﬂﬂ&ﬁ)ﬁé{@ md) 8t AR Xd cﬁﬂlﬁlée RSt S UkTEk Allel si%l'ahé/elmyt(bﬁﬁl ah l@rfide fothe stomdger V aI 5 4.
The flash nenory device according to claim3, the flash nenory device
further eleWeMbri si ng: address matching circuitry (450) configured to conpare
the accessed mdmpesme\mthbdstraecddﬂfeemn bt@eraﬁlderdelszmy oslericonsisientovith the yecited iy
further configured.t urin ni I lg:fectlve
addr ess natc%?%%“l%i%%?cﬁ SOft rlesgorllnv i %éa%%gégﬁ%ﬁibeg{?g}lg@g%ge addr ess
is the defiéctibnseapnbiinaes For amdplde Ililesaléhs p@B@ndmdl@'rﬁanﬂgstm:ﬂ,P -ehainel apd pglponel.pei ng
further COerh%gaeﬂ sHEPBRRLALE 1EMoloD Hordd o hiichrahaliPLikeRlpedityh i dighect | ve

addr ess "Ha e conparison determnes that the accessed address
is hOt & ldefhaetios v@ea-ma inemjerometdsgeor migreng) prihedsagsistorsint mé‘if‘%ﬁﬁf“‘ﬁtﬁ“’*% EifsE¥sant i al |y

beyond 4h& pidy oﬂtteél ﬂ&@fhé’ﬁémes Sit will b6 agphediaddd IR BWiadle ﬁﬁ’délnﬁﬁb@dh&@ﬂi &i{)eﬂ@mﬁmtﬁd aimi4
Wherei n: the decod |g§ circuitry furt her, confl %H det er m ne

that t hdesignregpirepgpts ang dhejcapabilifies 4pd i‘@&‘t‘%)oi}sé’% E‘SP%FB‘P‘e‘B%g‘?t?? U RO FHe
defecti Vx&d&&dﬁﬁ&&n@%@ﬂhédu@ﬁ% welBR @fe@tdminye l’échlﬁmﬂiﬂd bBBSspmiftcehlbO’ﬂgnﬁm rcuit,

t he decaoding circuitr nf dto et er on during a
Four . PHYBLYIGvY e ehaeripaita Rt ap Al eiSes Moo sdEbERR ARk T T 0O

no endlng substantlally
beyaddd the first |nterval and the decodi ng C|rCU|try (460) is further
conflgu&ﬁgjlgdig t the first address is not a defective address
in response he non- e ective address match signal generated by the

addr ess mat cH rigw of thephpveraydevigetfes, 2@ mgtbedydi pagorming tedyndgny repsing it BAHPIRPHN ed t o
make sugig‘“g:qg fbvidepation during the fourth interval of time. 6. The flash
menory devi ce according to claim5, the flash nenory device further
conprising: a first array (432) of one or nore CAMs, the first array

conbpgur ed t o BhiQERcilohBe bR lvindéh pelcesBraandedcetapantmag hayed@dBa) of one
or nore CAMs, the secglgd array. confi g‘rl %d to,store the |(r}§)(|5|rréd%gaﬁ)[ut 25

desi gnat etings Therlevicydreldss g sy pf pismory eglfs which can R tegulay metmopy e B ey aesenbl y i n a
flash rrﬁﬁaarow caliesy rrmeerpgutahmemmnhh yrneondefective mignon-defectiverand/eackf haﬂfeﬂmgy addeds s, t he

OOy O kSRl S £ S ALIPRIDIN bkl . Bk apiagant merory

cel l (423313"'[“?3:1 re u menor conprising a defective nenory
cell and non- 'ﬂeﬁ@l@?ﬂwnwnﬁegpd@émcmua“’s‘tws eafast deendipe pignehig resPoptei? e ity of

regghar it QRltpht &Sibdafor oﬁ%ﬁo& @QH{" 18dt cBYMdrYss GRfkctivd) ThatSkQGdis\RRdatiavi ng an
i nput/ out put designator; a_ staor

the store ef ective
wor d corfpguas fesefing S@P%Pfé‘lﬂt%f‘ﬂidﬁ ﬁ‘}?{;éjge"'d"éfaé&hi"\?@“%%?p %é}gq‘fe 'ﬁpggog
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cell; a def ctlvead ris e stor et%dg‘%% Qfieclo s g&%‘%ctlve
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or d. - CHTPRY BFTLHIA § Ra(BoR sre bt app Fa oo AF RpRRRpR el
conf i gurreghldr meigdrpeell. Tineregddr gigial iv epphaide the mltifiéker ouwmo@@worm the mput/output
Pmlﬁsmécgigngto;‘g ?%ﬁ{)ﬂ%n ?c‘é@yrhgt%ﬁg%t agﬁ oltphEs aQ&uﬁ@ﬁt%gM?esﬁo%ch@dﬂé igured to
store the Fnpu /ougp ignator o
redundant memory cell and to the defect decoding signal corresponding to the input/output designator of the
defective memory cell. That redundant signal is applied to the multiplexer output corresponding to the
input/output designator of the defective memory cell.
In addition, the device for performing redundant reading may also include a first array of one or more
35  CAMs configured to store the defective address, as well as a second array of one or more CAMs configured to
store the input/output designator of the defective memory cell.
The device may also include a regular sense amplifier that reads the regular memory cell during a first
interval of time and generates the regular signal during it. In such event, the device would also include the
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defective word corrprls?_@% a stored word having a defectjve nenory cell; 17

WO 021 17078 Bc? (e dy @fémrl?E?FF“bré‘feé‘t"ﬁ“\?bas\?\fﬁS‘Ht ‘Wﬁ‘ﬁ?ﬁ‘%ﬁ"ﬁ@%f“@%f‘chyé*ﬁ%r d
havi ng ralecodmeiﬁﬂtrdlauﬁcmmywluheédhceda def ective address conprising the storage
address of t ol ahT CAMSB, the
first array %g"ﬁgl é‘ﬁ?“@&rﬂ%\wf 8fre§h af"h'ég Peeg?ﬁoéerg%aag%es%emm d§‘é%”%{;°array (432)
of one oerhanad by @ANSent ink@tigecond array configured to store the input/output
> dggi gnat or 1%2 Ednb Y&a10F R Pridn% Eﬂ@:?‘d &Q the acts
of : ggeadl ng w ﬁhaﬁ%&f\g&guﬂtﬂar %sensenéu k |%rr 64%5)&&%3 rg}g{;ﬂridrl nory cell
(412) Ofdcrpwétragdb’e@s@@ pthex@bierts and advantages o the invention.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a block diagram of a memory according to a presently preferred embodiment;
35 FIG. 2 is an exemplary core cell array including primary arrays and redundant arrays according to the
memory of FIG. 1;
FIG. 3 is a circuit diagram of an exemplary CAM stage and accompanying output circuitry according
to the memory of FIG. 1;
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at once, the bit location within those 16 bits is referred to herein as “input/output designator” and will range

from 0 to 15.

ple input/output connectlons 48 of tl(-e memory

Next, after accessing, the first form of information in the CAM array 432 is processed, the address of
a defective two word segment. The address of the defective two word segment is compared to, or matched

10  with, the address of the two word segment in the primary array 412 currently being read. The comparison is
completed substantially no later than the end of the reading of the regular memory cells by the regular sense
amplifiers 410. In the preferred embodiment the address of the two word segment is represented by three bits,
as discussed above in connection with Fig. 5. Circuitry to perform comparisons is well known to those of skill
in the art and is represented in Fig. 6 by block 450.

15 If the two addresses are identical, or matched, the second form of information in the CAM array 432
is processed, the location of the defective memory cell or bit line within the two word segment.

As described above in connection with Fig. 5 the location within the defective two word segment of
the defective memory cell or bit line is contained in five bits of one of the two CAM arrays 432. These five
bits will be decoded to select one of the 32 bits of memory cells or bit lines that needs substitution by a

20  memory cell from the redundant array. In the most preferred embodiment, this decoding 460 is a two-stage
process. The first stage is a pre-decoding stage. For example, if the five bits of the CAM array describing the
bit line location are described as AO-A4, the bit groupings (A0, Al), (A2, A3) and A4 are formed. All
combinations, including the complements, of (A0, Al) and (A2, A3) are arranged resulting in eight
combinations. Those combinations are then applied as inputs to simple gates to produce a predecoding output.

25  Inthe second stage of the decoding, those predecoding outputs are then gated with each other and with A4 and
A4 to produce 32 outputs representing the minterms of the five bits AO-A4. The processes just summarized of
grouping formation, combination arrangement and application, and output gatings are well known to those of
ordinary skill in the art. This decoding process is completed not substantially later than the readings by the
regular sense amplifiers 410.

30 The 32 outputs 470 resulting from one of the two CAM arrays 432, are designated as rpOln for the
first 16 outputs and rpOhn for the second 16. RpOln determines the defective location within the first or lower
word of the two word segment while rpOhn determines the defective location within the second or higher word
of the two word segment. The suffix n at the end of each of these two signals designates each of the 32 outputs
of the decoder 460 (after accounting for 16 suffixes for rp0l and rpOh each) and designates to which of the 16

35  muxtiplexer circuits the signal will be coupled, as will be discussed below. The 32 outputs resulting from the
other of the two CAM arrays are designated as rp1in for the first 16 and rplhn for the second 16.

In the most preferred embodiment the decoding circuitry does not select any of the bits as defective
and eligible for substitution if the word address comparison 450 determines that, based on both of the two
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circuit (or “lower multiplexer partial circuit”) operates in a manner identical to the upper (signals marked “1)
portion 520, as will be apparent to one of skill in the art. Accordingly only the details of the operation of the
upper portion 520 will be provided. The aggregate of the 16 identical muitiplexer circuits 500 is simply

15 . referred to as the multiplexer stage 490 with a 16 bit bus output DSIn.

Data from one of the two word segments, e.g., the first, is applied at the group of 16 upper
multiplexer partial circuits 520 at input DSILn (n =0, ..., 15). As described above, the decoder 460 output is
disabled and makes no selection of defect unless the two-segmented word is defective as determined by one of
the two redundant CAM arrays 432. If both rpOln and rp1ln are O or low, norpln (“no redundance” = “nor”)

20  resulting from a NOR gate 530 is 1 or high and norplbn, its complement, is low; accordingly, the regular array
bit DSILn is passed by CMOS transmission gate 540 and then temporarily stored at latch 550.

Tf rpOln is 1 or high, CMOS transmission gate 542 passes REDSI (0), the signal from the redundant
sense amplifier 420 reading one of the redundant memory cells. If rplin is 1 or high, CMOS transmission gate
544 passes REDSI (1), the signal from the redundant sense amplifier 420rea:iing the other one of the redundant

25  memory cells.

DSILn, REDSI (0) or REDSI (1), as the case may be, is then passed by transmission gate 560
controlled by DTLDB (asserted low) if the logic (not depicted) dictates that the overall circuitry perform a
read. (The triangular shapes found in the upper two transistors of the transmission gate 560 denote a p-type
MOSFET). Again, after storage in  latch 570, the signal passes through transmission gate 580 controlled by

30  RA(0) which allows passage when low, i.e., RA(0) will be determined low or high by the controller depending
upon whether the “L” or first portion (DSILn, the signal in the above example) or the “H” or second portion
(“DSIHn") of the two segment word would be applied to the multiplexer stage output DSIn if not defective.

The foregoing detailed description has described only a few of the many forms that this invention can

take. It is therefore intended that the foregoing detailed description be regarded as illustrative rather than
35  limiting, and that it be understood that it is the following claims, including all equivalents, which are intended
to define the spirit and scope of this invention. It is therefore intended in the appended claims to cover all such

changes and modifications which fall within the true spirit and scope of the invention.
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10 a defective first memory cell comprising one of the defective memory cells;
a defective address comprising the storage address of the defective first memory cell;
decoding circuitry (460) configured to generate a defect decoding signal in response to the
input/output designator of the defective first memory cell if said circuitry determines that the first address is
the defective address, the defect decoding signal corresponding to said input/output designator;

15 the decoding circuitry (460) being further configured to generate a regular decoding signal if said
circuitry determines that the first address is not a defective address, the regular decoding signal corresponding
to the input/output designator of the regular first memory cell; _

a multiplexer stage (490) having multiplex outputs, the multiplexer stage configured to select and
apply at a multiplex first output a regular output signal in response to the regular first memory cell and in

20  response to the regular decoding signal corresponding to the input/output designator of the regular first
memory cell, the multiplex first output being the multiplex output corresponding to the input/output designator
of the regular first memory cell; and

the multiplexer stage (490) being further configured to select and apply at a multiplex second output a
redundant output signal in response to the redundant memory cell and in response to the defect decoding signal

25 corresponding to the input/output designator of the defective first memory cell, the multiplex second output

being the multiplex output corresponding to the input/output designator of the defective first memory cell.

2. The flash memory device according to claim 1, the flash memory device further comprising:
a regular sense amplifier (410) configured to read the regular first memory cell;
30 an accessed regular first memory cell comprising the regular first memory cell read by the regular
sense amplifier (410);
an accessed address comprising the storage address of the accessed regular first memory cell; and

a redundant sense amplifier (420).

35 3. The flash memory device according to claim 2, wherein:
the regular sense amplifier (410) is further configured to read the regular first memory cell of the
accessed regular first memory cell during a first interval of time and generate during the first interval a regular
signal;
15
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10%& () 10Tthe address matching circuitry (450) being further configured to generate during the third interval a

10  non-defective address match signal if the comparison determines that the accessed address is not a defective

address, the third interval not extending substantially beyond the first interval.

5. The flash memory device according to claim 4 wherein:
the decoding circuitry (460) is further configured to determine that the first address is the defective
15  address in response to the defective address match signal generated by the address matching circuit, the
decoding circuitry being configured to make such determination during a fourth interval of time, the fourth
interval not extending substantially beyond the first interval; and
the decoding circuitry (460) is further configured to determine that the first address is not a defective
address in response to the non-defective address match signal generated by the address matching circuitry, the

20  decoding circuitry being configured to make such determination during the fourth interval of time.

6. The flash memory device according to claim 5, the flash memory device further comprising:
a first array (432) of one or more CAMs, the first array configured to store the defective address; and
a second array (432) of one or more CAMs, the second array configured to store the input/output

25  designator of the defective memory cell.

7. A read redundancy assembly in a flash memory device, the assembly comprising:
an array of memory cells, the memory cells comprising a regular memory cell (412) and a redundant
memory cell (422);
30 the regular memory cell (412) comprising a defective memory cell and non-defective memory cell;
a stored word comprising a plurality of regular memory cells, each regular memory cell in a stored
word having an input/output designator;
a storage address of the stored word;
a defective word comprising a stored word having a defective memory cell;
35 a non-defective word comprising a stored word having no defective memory cell;
a defective address comprising the storage address of the defective word,
characterized in that:
a first array (432) of one or more CAMs is configured to store the defective address;
16
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decoding circuitry (460) is configured to generate a defect decoding signal in response to the

input/output designator of the defective memory cell of the defective word having the accessed address and in
10  response to the defective address match signal, the defect decoding signal corresponding to said input/output
designator;

the decoding circuitry (460) is further configured to generate separate regular decoding signals in
response to the non-defective address match signal, the separate regular decoding signals corresponding to the.
separate input/output designators of the separate non-defective memory cells of the non-defective word having

15  the accessed address;

a multiplexer stage (490) has multiplex outputs, the multiplexer stage (490) configured to select and
apply at a multiplex first output a regular output signal in response to the regular memory cell and in response
to the regular decoding signal corresponding to the input/output designator of such separate non-defective
memory cell of such non-defective word, the multiplex first output being the multiplex output corresponding to

20 the input/output designator of such separate non-defective memory cell; and

the multiplexer stage (490) further configured to select and apply at a multiplex second output a
redundant output signal in response to the redundant memory cell and in response to the defect decoding signal
corresponding to the input/output designator of the defective memory cell, the multiplex second output being

the multiplex output corresponding to the input/output designator of the defective memory cell.

25
8. A method of redundancy reading in a flash memory device, the device comprising:
an array of memory cells, the memory cells comprising a regular memory cell (412) and a redundant
memory cell (422); .
the regular memory cell (412) comprising a defective memory cell and non-defective memory cell;
30 a stored word comprising a plurality of regular memory cells, each regular memory cell in a stored

word having an input/output designator;

a storage address of the stored word;
a regular sense amplifier (410) configured to read the regular memory cell (412) of the stored word;
an accessed word comprising the stored word having the regular memory cell (412) read by the

35  regular sense amplifier;
an accessed address comprising the storage address of the accessed word;
a redundant sense amplifier (420);
a defective word comprising a stored word having a defective memory cell;
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generating during the second interval a redundant signal in response to such reading, the second
interval not extending substantially beyond the first interval;
comparing during a third interval of time the accessed address with the defective address, the third
15  interval not extending substantiaily beyond the first interval;
generating during the third interval of time a defective address match signal if the comparison
determines that the accessed address is the defective address;
generating during the third interval a non-defective address match signal if the comparison determines
that the accessed address is not a defective address;

20 generating during a fourth interval of time a defect decoding signal in response to the input/output
designator of the defective memory cell of the defective word having the accessed address and in response to
the defective address match signal, the defect decoding signal corresponding to said input/output designator,
the fourth interval not extending substantially beyond the first interval;

generating during the fourth interval separate regular decoding signals in response to the non-

95  defective address match signal, the separate regular decoding signals corresponding to the separate
input/output designators of the separate non-defective memory cells of the non-defective word having the
accessed address;

selecting and applying at a multiplex first output a regular output signal in response to the regular
signal and in response to the regular decoding signal corresponding to the input/output designator of such

30  separate non-defective memory cell of such non-defective word, the multiplex first output being the multiplex
output corresponding to the input/output designator of such separate non-defective memory cell; and

selecting and applying at a multiplex second output a redundant output signal in response to the
redundant signal and in response to the defect decoding signal corresponding to the input/output designator of
the defective memory cell, the multiplex second output being the multiplex output corresponding to the

35  input/output designator of the defective memory cell.
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