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di scl oses a static random access nmenory ilncluding 64 nenory cell array

bl ocks and a redundant nenory cell array bl ock. The redundant nenory cell
array includes a total of 16 redundant nenory cell columms. A defect

address indicating a | ocation of a defective nmenory colum is programed in

an address programing ci r BUVRSTREAINENGORNORATING OUTRUTol unm i n t he
defect address 1 S is prograned i”xﬁfs ] circuit. Although
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Fow er - Nor df& ‘unneling in which electrons pierce a thin dielectric
material, reducing the anmobunt of electronic charge on the floating gate. 25

Erasing a cell sets the |ogical value of the cell to "1" while progranmm ng
the cell sdBAGKROUYRARTal ue to "0". Aside from programing or erasing
operajgpons, a flagh,r Ly erates simlarly to a randomy accessibl e read
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performed at the primary array. Typically, this substitution of p (f:m?rqg
array nmenory cells with redundant array nmenory cells is seam ess and
transparent to the user of the nenory. Newer technol ogies, such as
simul taneous read and wite operation fl &sh nmenories, present opportunities
for the redesign of CAMcircuitries and architectures and their associated
output circuitry to nmeet 5 increasing standards of system performance, and
device density. The presently preferred enbodi nents described herein
i npl enent  awHbibe appreciatednthat dhtwe den oymERMs Gitegraict I dircain daktcalibh Mé%ﬁfnd
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the princi plefectitesnembgd Oy &ells M6EY pRfad PR ' 0 g eels]

Ci rcui'[(ie in which % nuF?gnequs operation pg’lfm&glslbg %‘:ﬁf ?gg{%‘?ﬂ%&lﬂ Ssdble
a(rjghi chug‘?m‘?ﬂe %Pr@ r?“?.‘(‘}g'ﬁ’i F‘R@b’ub%sutdlchlc):'ra\tﬁ/I assist m{ ramilg%ﬁéy mbiﬁ?ﬂﬁ)?[l 104,
address bu c circuitry, .2 control 1ogic
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104, and the redlayrll)dancy CAM gﬁ?cuﬁ?%é?(b)gé}gﬁlgp%?%g?@?tﬁ%mcwqg.d c

ci rcuift 11@%@5‘?@5@9@@@%‘1’)1191‘1%@ whilfratiore by arcaktosies 0a user{ The tr y

100. The c r includes, a.pluralify of menory cells, each
confi gur edq&(;Mg‘?(k%ér gl%d%r?%aéd]a?ﬁ ﬂsr S%Eam%eda theprasions of inoperakivg memosy (celiy
store a si aghpproptiatefollbating thietestidgastageppl i cati ons, each nmenory cell may
store two or rm\rx%J bitﬁﬂqf data. The nenory cells of the core cell array 102
“may be byte or WOFU SR BsTSHOE PRy eebye cars siond addeessable. efpanalirticnladdr ess
at the addeesmtibnfid €6 Wl i i1, 0N mbodi oent , .the nenory cells
are accesseg as data V\%rggt%ﬁﬁé(? %ﬂg %‘lggr sSes° cor &e%ﬁs nfpTt the Regtony i o
wor d$0  Howeueplied.q At presente befiprar that memoon eeld f losdtionl forntheh Prittiaty #Rbdyels
enbodi nment ﬁccaergs% p@%Sidﬁ'e% wher e ea(gh.rlrle_la:@r% cell has a unique , 30 address,
Cwhich is docsaed vV PRESH ScFyBpargd Iese deeranatiop selayng tatheylopationuafes row
or x-addr ette depediing hagoss @8k, bift thki : S ien i C.c The
x-address decodi.ng | ogic of_ the decode%ﬁjf%ﬁ %ggg%lgsﬁfgﬁ%%gd%réggps?fgnal
ADD pr ovi dEYWPFaHKT (RINQR aFelss theifaddressiis oilireopedl 08 thy mdbndaat iangryorEhewor d

line of a BAY i wrd i bei associ ated with one
row of t he@ic):%f%g&dc{esl tP@%P \réfa}gﬂ]i%%gpﬁ!ﬁ %@dﬁgﬁ% Igglgq ?ﬁi{{}gﬁn‘fw notdnafeh @ | i ne,
meno?y 35 loshtien ofss guiupt eftinuperhtitdmibmony eelk) fhe aid¥els RMbpRNel Re g ﬁiﬂié,i ng
cuxrent. To adequately turn on the nenory cells, the word |ine st be
varied by a substantial potential difference, such as 3.0 to 4.0 V, for
exanpl e. The y-address decoding |ogic of the decoder 104 couples the
appropriate bit line of the core cell array 102 to the sense anplifier and
output circuitry 112. The y address decoding | ogic responds to an address
ADD 2 0 6 DEC 2004 WO 02/17078 PCT/ US01/ 22646 fromthe address buffer
circuitry 108 to decode the selected bit line fromanong a plurality of bit
lines of the core cell array 102. The sense anplifier and output circuitry
112 senses the current in the selected nmenory cell of .the core cell array
102 and deternines the binary state of the one or nore bits of data stored
in the selected nenory cell. The circuitry 112 produces the nenory cel

data that are sensed, in one enbodinent, as 5 data words by the sense
anplifier circuitry 112 at the output of the nenory 100 for use external to
the nmenory 100. Ot her circuitry, not showmn in FIG 1, provides for

progr amm wfo19%8 eadi ng, verifying, erasing, and perform ng other operations
as necessary AMENDED@GHWEBTal nenmory cells of the core cell array 102. The
menory 100 operates in response to a supply voltage, labeled VCCin FIG 1.
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15 The core cell array 102 typically includes a series of primary arrays
and redundant arrays. The redundancy CAMcircuitry 106 of FIG ﬂﬁfﬁEChM!,
includes CAM celIs that store information regarding the |ocation of an

i noper at WROB 0% ef ecti ve nenory cell or of an inoperative por/usef/enté ve bit
line of one of the primary arrays of the core cell array 102. A bit line of

an assocr ate thredundant rray is used as a substitute for an inoperative
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redundant ar Ref§pringnosiip G- d4jt ie g/ blpekdiagim of ﬂuqmneltoﬂvr@odding td ai prssenfyydefériea
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upper pr. arra 1 and upper redundant ar | ower
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130AD. metuemmbmmﬂmdm&oﬁsgﬁam&memo i10g! udes the primry arrays |

I8A) 128A a arr.a 20A, 130 5 ne enbodi nment, each
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i noper ce i.s_identifie ypi cal |y, i ne spanni ng
t he up?’eil%l%g ng%?r“ 8 %‘Hr‘i‘dtah?“ - QPF ’t‘f Hﬁ@?setrle t"Pf‘ée ftre*rltlrneaﬂ celbhap g ynique .

sulsh i t addess, meamdmeMdbrlm ne of the primary array that corresponds

to the inop r'i'@ﬂ% fr.oone; ITe bit Line is

i noper at i veefh?ﬁéecg‘gen %anfﬁ*ﬂlldedowof’f dl%?“%??é%?’ﬁ’f@’ﬂ#ﬁ“t © gy-28dst qundant  bi t
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| nOper afiAf dRER b1 Shchiey TobyGak i RN ARSI tfttv&obanges' (Pl NE COTE

cel | arrag télrmted nunber of | noperati oA I mary
at xay i Eft%oc?%g’t PRFER okt coggicplpuran1 02 singespaned ta petivatiop ¢ thetwand hra,rmeayry In one

enisddi melistassaeiatdleﬂthrthabﬁdd él‘ibél\h@ on Eﬂ’d@emng oteht! o 8eGualtfiRE L Anddpl:fs, Wor ds, g

with a [ cells s a uni quée data word. For exanpl e,
a read %%‘Jélr"‘wtl"’%‘nq.%sgm yas Sda“%g‘?’eé‘“aﬁgdgleri% lﬁi‘"ﬂ’aﬂaf’a’%\’d%“"mler ead at a
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t oget her .&ﬁﬂéé‘t’ﬁ o%e“‘t‘g‘%‘ft@%& 1cltz)n ?‘5’ eséd"fﬁ‘{l\ﬁl PRI o firessADD
performed .with one 16 bit data wor d at a tinme, and one colum area would
be accessed at atime. O course, these data word | engths are exenplary and
other word | engths may be used as suitable. FIG 3 is a circuit diagram of
an exenpl ary CAM stage 200 and acconpanyi ng output circuitry according to
the menory of FI G 1, The exerrpl ary CAM st age 200 |ncI udes a CAM ceII 202, a
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0 6 DEC 200 WD 02/ 17078 PCT/LTSA /22646 axray VERTm In the exenplary care
cell array 102 showmn in FIG 2, there are M=4. vertical arrays[]gEm'_I

I n one eRfg @&W each vertical array VERTm has N=8 associ ated and uni que
r edundancy stages CAMO-CAMZ. I n another enbodi ment eaRGT/YMHReL array
VERTmM has N--16 associ ated and uni que redundancy CAM st ages CAMO- CAMLG,

ar r angegomheQiEesOhurit: t wse, the core cell 5 array
102 is scal abl e and ma mc (gjée%sdrg coge(é srégect%debdt lm%l P 370Rg 2 Plgralicy i hiflings gffhe
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e sy 3ol V08 LRI N5 A
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CAM cel bolﬁ@&rxﬂmdnhnall}a&ﬂ@mdltsd ixf doSIRI thek, eili OvoRbh ?s@péareﬁganq% lﬁaﬁm@hetoq%% ependi ng

on whet M 02 rogr anmed Of €rase cenll 202
i's pr ogggﬂrme‘?;éog % ?’B%"é& ‘5’@5%" FEQ-9pvgle aadibe rrngyer thesshotdyolageVdfapn and

t he gat@a@ﬂt{ahﬁ@twsmﬁs@sﬂtsr ceII 202. The regul ated voltages are relatively

hi gis, conpargg . For exa a voltage VD of
apgr oxXi rrarr'}tjeli;g %Eéﬂ Rﬁw§ %fn\ép'(kfts nfsno PEPAY Hraysigh nPegm’&a‘\PﬂTa%’sagé‘gVG of 20

ar ound 8du %r%ﬂrlscmgpm@ém bfurthes inglades CAMjzeits mtsmmamwmgmaer | 202.
Regar d| ecsSiondf at 16pei@eoP @St teinbr§ Bbor bIAE i %%bﬁ&q% O‘Z,fotnhef r ogr amm ng
I’ es

operation -on theﬂ%M cell 202 is'to Increa ge hi gher
than arly &ppFTeEd foresEfbaray 10?héb§§?@feqa3§qqxete®qﬂnné@mnaggzhsed@m snly;utue@unl ar
oper at i apinapdrativibit line ATHRAAMC 311 AMe Gddlibtich CXMREiitryt 108 bre hl%gmﬁ t he
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suppl vy rin ar op ion, once t ceﬁﬁf
prggr ant’%{r‘%a)livdé an% E pdgg?%nlgff(}egu}y@éﬂy %‘;&Mgeﬂaeezegr@%eﬂmds%mm Wnen a
gat e vdmgwt%maambtwmhéths@myynmlutseagxebuél&r is applied nothing will

happen, i . e. whdA&eAWERbA su . I, onduc cally, ~all of
thngA are géa&% ran#e mdf%oérg&){’rﬁngerlpgure aﬁh 3?8‘%%%263 eo‘ﬁ)é‘f‘th’ér The
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d ﬁf ect i twmsistaragt wil ain @i agd@ind@oin r@@a@m apphe& ghle Vol GO Bﬂ%\nbgﬁﬁéngﬁl@t or of
that ¢ exes stage that outputs a
r equl a‘raéuélrly h}%e q’%wr ggep%%@éd 2[69 &'H&é‘g te ﬁ?de grgund pptentighy Typigplly,ihe crAg‘éﬁﬁ“ar
edadi r?éﬂsai dgtigekd to e strongsoihati thgeztd(pull—hetrmﬁmtzlmﬂ fierefofbes thg CAMDGI 062 i B@ed egul ar *
ITEITDI‘ Y &8 tHe read BBl bub ﬂﬂ"ig Al éﬁoggfih V}é%beg,g e.ldltoed ; (?pogefng%lm'” tiplexes output

corresponding to the inpu output esi g he regul ar nenory cell
That circuit al so outputs a redundant S|gnal in response to the redundant
menory cell and to the defect decoding signal corresponding to the

i nput/ out put designator of the defective nenory cell. That redundant si gnal
is applied to the multiplexes output Corresponding to the input/output
desi gnator of the defective nenory cell. In addition, the device for

perform ng redundant reading nay also include a first array of one or nore .
35 CAMs configured. to store the defective address, as well as a second
array of one or nore. CAIVB confl gured to store the |nput/out put desr gnat or
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Simlarly, in the event that device includes the two kinds of zeaég
anplifiers, the regular sense anplifier will communicate the g t r 48kt he
regul ar ngews)7e! | to the multiplexer stage. On the other hand, 15 the
redundant sense anmplifier will comunicate the data from PREUSEHtFant
menory cell to the multiplexer stage. It is therefore a primary advant age

that the redumgantopseitnss SMRkdeh| ] t [i i me interval
gener al l%/ff‘{(}:aﬂhngié’g';ﬁt with the gtpi%&ﬁ%%?@%?%&?ﬁ%g%ﬁ%@%‘{atﬁg‘%rzéé;‘(’}ﬁa? sense
anplifie P Colerlbats wilhuot be ghecker. (Whethes the SaMadell 209 ip progrivemedenesyd wixdtce Wil |
not be defeayedalicf hofgBCANMHR ShnehbiR 21£dundant sense anplifier. 2~ It is a
. further advar&eamgﬁ1 tigat he address matching circuitry will operate during a

time jnterval genar ?W‘&‘%P{Sﬁa‘i‘fﬁ’i%‘@wsp%’fﬂﬁdetﬁérertlffaimrawmmahemaW%i.ch t he
r egular dz@yi@%wi&pq@ﬁfyﬁlieemawnl of tlhe bieléxﬁ?vﬂere Asa@dah@%hﬂsﬁtfuﬁé},ﬁs tggﬁ,gﬁg,iigge é?&ststh he
. nenory . e ration of the address nmatching
¢ circuit ry&%ﬁ” %éé%m%%?fﬁgﬁgg\é%ﬁf %08?@4?‘?5&“3% GRMBYER G Prefeighly. pye opjmpre
oper at e Ythe FiEngls SAMORe. CAMBR willl be geuperdibithytheaaid Agirae Ridethi whilRr bR 2 kdd§ €F val
duri ng WhitghirtnRe is288H Lak ifier.w.ll operate. As result the 25
oper ation of thelsrirlermlrn? °ﬁ§’$?§§°‘w i Iemfndc?%c‘g% ; ‘1°a‘§’é‘d’“? g?m@ﬁé’ﬁ‘ﬁ‘flﬂnbﬁ‘i‘%f the
decodi ng L fPrthemopemaiive it fnes Tatfrethe radimdantbitdiee is htiltzBingne shkttinbaaRabi on t hat
as d0r esigk if a tahieh iRHBIHAd bOfvedRAeAA G oIt Lng.and rel at ed
circuitry will bg reduced. Final | Y, ta%&ejm?rgf%:m%%ﬁgf%%%w%w%g%ﬁﬁwﬁ‘?j’yt he
speed of  Oper at roRPHon PRSP devi ce wil | be enhanced by the present
i nvention. 3@IGHés dbidck dagrnnillbéglifes exebislard€Afisl £ 500lahddcb R %gﬁ@% o

ot her objects

preferregd.aphodi t il clearl enonstrate these an
‘and advant agesg{ggggh%%grwgn%%cﬁl e CRP B Aoy B2 o FIRVG: Nisreflyn@gney] i s a

bl ock di%’@’#%\‘i@f105°$Eﬁn¥iyclm@¢ddmgarymsmmmbymmgﬂge%@gﬁmdi ment; 35

FI G152 i1uddd e ¥sH6%ih - lReludi n By s.and
ecundant g as ECHMRES DO FelocLd i ol VLAY YRR AR SR C
di agr am &P&Qf’n&é & §W“€§M§?§@@°&W@SS&&%H@&WM§Wtqutayﬂmuui\my&
accor di ng t o ThdeAMetgRlaytayH00 FolrGer inbluded dead p-Ghaielafrug 1204 b L Bistor,

. PCTI US0%422848 F.keG'h4 il?cﬁ b] ock d?a ?dam i |,fll?§§r§99§'§&gﬂ9g‘§'!e eQrfznzfrtysCAM

" stage array an aé’c?o%%ﬁﬁ'?‘ﬂ%ﬂogf}?‘ﬁ]ﬂﬂdv1@%6‘1“?‘?“}”%&9@#& ng to the menmory of
FIG | and t A obie@iVatages 20rof the €AM st anyy 30D adsboiatediith e Rortidl dny P00 CK

- di ag0 amededilelit ' £ ages_associated wth one
verti cal z;rra‘ywyﬂt%‘)ﬁtfdm?%aédageg%(mgt)§ %Jr‘gg%tg’%&ggl@I%ﬁgmwggﬁ@°@e%%“ﬁﬁayﬁ is a

bl ock dPYLEQFRtEVIG Hhe obebtsHcermiys wheive Hailic wientd oal sckdtGenak. i S a Ci rcuit
- di agram of t e a8 kages €ARONVERTE PN | £1pl.exi ng stage of the
tag. TESRRCHIRNER?S 20sAS I bR 1k A

i nventi A t%%{ FOR ,CARRYI NG QUT. THE | NVE n one ment of
the present i £ PP QURHE baving ajsignak ¢ AMQRoang ag el enupladio tiefwrigrpsll-dpltomsigad t he
menory 8&Alaga sharedsutputrtaging edignaterMow.cel | s, in the prinmary array 412. For
exagpl e, in gp ead embodi ment 32 bits of data are read at onetine
and appear at &Ay{%%rsoénfﬁlgﬁ. put shﬂ%‘“’i CRURIGY ©zad Bulk R fensisiory it ghassdeuttusns . | n
this enbOMIREAMTR audsesplisoupteditd similer writehiul-up easistbis &t shaglHuibhts CRIDWCAEHYS

Simlarly, semseisabbéddidgiS X , i_e. redundant
menory cells, in.the.associ gtég%n‘%%g%r%gﬁﬁgg%%@%s%@o@éf%ﬁtﬂ@ﬁ°B°f t he
15 act ufél“’lmcﬁlég?ngf“#H’ée’?é‘%@ i prlliafrdyd PBORHG- 2. TeporroblonCaMeng goupBooor y
oM GHEE e AEer e tar, Ly i roee L LA ERE At Wb Byl lT | T
cells in tﬁ’é’“ rinary arofé‘f/é%taéﬁ%ﬁéﬁﬁﬁﬂ%ﬁ%‘%ﬂ@“&ﬁ%‘?@”&ﬂé’ﬂi’eeqi@?ﬂiwd to as
regul ar Wﬁ?;m?nﬂam‘ﬂ$ebcfalig§ji§!12§3lmckﬂn8§poﬂmmrt%év@ﬁkdé&{aymﬂﬁ_cti ?/el y. For simlar
reasons, thenSRRSE ; are referred. to as regul ar sense
ampl i fi o @gﬁﬁgdﬁ% ﬁ?@:ﬁ%é‘%ﬁ%ﬁ‘% cellgareagestyed 3 glatg Feids-ith ¢ columa agaelcr i bed
above, S iPrnSR viqye - dfor eadmpireamoadyop@ation 6 geformebiitre@fo kit S, are
access edordtarei@ 6t alitk ifdGnaBy WERDORSL: 3l or.di ngl r tohe ,ll)i,tt | i ne bus
414 romt%_g requl ar sense anpl i fi or %‘P%%EB%%:%% ag?e[é?‘?é‘eﬁh"ﬂ‘éwﬁﬁﬁy 32 ‘
regul ar §8 & a?ﬁ) FfYe Y cglmn press maddbpraeagssestogsiherin a reabbromkiond B contrast, b he  most
pr ef er rede @ebidisyeritrmbheittonal &btk wak btk tdQnd SRUOHRAN L AZXINS ac%«%gedff'lt%r each
WO

. L [
pri mar y;ar bay onding to the two redundant arrays are
redundant sense géglrbrsﬁ I igvgrrﬁgcnﬂ T RGPt Wgrddeaths may be used as suitable.
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25 the two redundant arrays also are two separate arrays 432 of CAM st ages,
each of which stores the address of a defective two word segnefg. DE@IRP?
doubling of redundancy permits the substitution of redundant nenory cells
for defedWOV¥1WEory cells in tw different two word segmpgiBustibitsg t he
primary array 412 because each of the two CAM arrays 432 can store a

different defective two word address. In the nost preferred enbodi nent this
doubl i ng al | o‘%%"f‘f‘@&tosmﬁgtbp@lmmt@honznntﬂwldﬂfefpamafmrralyoﬁartertﬂﬂwatyrvﬂmﬁ valame two

vor o Seqilp bl kool Al i foAIACB LIS OULAN 14 APl S Lo e

two redun ané1 ense anplifiers 420

r edundarffroEHS °8f‘rﬁf“|aref5é?%“dm§e—léépare&tferayot@@ﬁéf@rtém@shreahoea@tangw of the two
r edundanbursepths t;aheehls &ceﬂﬂaﬂyaﬁcﬁﬁt@nds&kbsipﬁ&trh(ﬁér% h,;nlglﬁpdgs % J4on of the
readgoperat i oIrP1 e anplifier 410. As descri above, an

ar_sen
arr ag of . CAM st By %glaﬁgfg/gilgw gpw 43§ Qi sighrAM stages $024-407H sesifing fop I%itttoa?f al12. As
35 desc Mommvahdm)wﬂh mcblatn anetalof thip}dnaty&rri;l’tﬂ tﬂ’él’vaﬁ@[]&rn@ VERTh "R MaundhddbiS ! r 2y

of CAM g} durin rea romthat prinmary array
412, to d@?%?‘lméaﬁéﬁmie@%ler *a t\/\dno\?\d?’ 92‘@5‘??31? othgrvise Bejacessesby nwiRen nar y
array néadspegtinbst it ut ed nenory cell. The accessing of this array of CAM

stages 432 i gy pl%ep‘!' Tho es 432 w |l
coni@En t.Wwo foérirgr%h&% i nfo m?cfdgr%ﬁ%?gsle%%dﬁmb}flfm@@’r‘ﬁgﬁe ‘P’H'g‘“ s of 12

Ceowpmarspsheyincluies ey ipprptivebit e B, tze mme ofitireat b digeveiihe co]iinﬁ ategvthatwor d
segment cwmﬁds&dﬂéﬁ&&rahﬁetmﬁ&ﬁtdéﬁﬁed m&&ﬁ%%%%ﬁ; %&I\cﬂﬂ;ﬁ éﬂg@ogﬁf ective,
he

i.e., vm a| n gﬁgﬁggctlve hit. Secon %
the | ocSET6 eré"%%ar%f infogmatiopfo ingicate the fpsatigh pftheinaperative bito wor d

segnent lincHia term nol ogy for this location can assune special formfor a

burst read ne word of a two word segnent

are, pl aced gﬁgtahedrr%?h%ﬁl%eh]bqpﬂwl% fﬁg%&e@ﬁﬁﬁéﬁﬁsﬁ?ﬁ?tﬁg‘ﬁcﬂfmﬂﬁ%& ‘ﬂ"\‘ﬁr“ygat :
onc® t HEL ofi%a bit bineadtis comparkd th the hbih (Rbep/2) Gddpist Sorbdsin b ebay of R dddr@s OAVIGkages. aFhe

“i nput / b cBbdin 05 OB bAoA dd dkARER. Tl e af tgg%%cesse "

accessralg first formof 1 nf orrratronr arra
the add EQ“ =R42) 3ddress off thedwe cRinmpaeas, ensgiruirich incfudes tmimpeusgvecbﬁhnmldmaetl ve

tWO WOr & aS@ghBibliech the 6 GNP RidreksQnd @6 h-HAMIGRE Grorkd ithd tbgabd %Agﬂéﬂigﬁssfﬁen%e the two

word segen i t he ar 4 currently being rea e co arrson
is conpléte e’r%lOfls U lﬁnsot)graf%e g% ‘E%/“@Fdl‘fzyﬁ SF=3ap¥0 %ﬁ‘v’est e Yalugsfprfopndf wi

reg‘m armmc}cp@élohﬁwb&uesﬁepml ar sense arrpl ifiers 410. In the preferred
enbodi ment t rd se isSr sent db three
bits, as di s%ﬁsse o°6§£ %Q%S% Ct1on W e b . 18%‘ %‘?"t‘%ﬁ‘“’t‘ 4B form
conpar i ¥Batemaly ybile 011% nébmdatt@v@mered@fd abiktithd franthet dutpundituian i ZioBFIGEP Tedant ed
1 Fi 0. why, 85 obtheieltc GSifln ol Iachtammaﬁitggam%g abodEMbERh " MBI Ched,

t he secgnd forér’glcg hn ormation in CAM I'S processed t he
| ocati 0 ST Ces BT Hdiits G Moaees 483F, @rHS‘PfCﬁe 3vbittafideess ofiteo ¢olvomwonsd
sedient oneAswmmtudma mp@atae bifliné BN SA§-5QI5-8b) 10 CAM stags Ed%ﬁ#o%&&é @ within

t he def nY nt defective nenory_cell or bit line is
cont ai nlg(%ul) noq bl§ (?E‘e 8¢ g%f*.é R é?l‘f‘%f‘fseaﬁ?)‘ﬁhe“?ﬁﬁgépef“f‘%s bits

Wil | bepe\tfeeeéi@dwe%adge#semommei agfinst there8dibieds CAM slmmaa)mm READADDI, | i nes
that nepdREABRSHS bithd AleRY AR 2o FRRR dooh ARG LeAYBTRY" array. In

t he nost preferred enbodi nent , th|s decodi ng ge pr ocess.
The fi r'SAMEVEREm FQRE, repneciivaly utiaddiessmsiching Cfi'@lrﬁyexfaﬂrptr@qd mFIGt ﬁer HiGMY. Hits of

thQOCAI\thaﬂexdaydrebea&rthd%dagd&&echmtmghmdh%@m @HM%{ageSQ%%.ﬁdzﬂgﬁgw% At the

bit gr | A3) and A4 are forne I'nat I ons,
i ncl udlolﬁg %zggg’ﬁfs%ﬁ“é’mlB‘P“fr%‘SﬂﬁI“PP%ﬁHeP‘h@eBAB) are arranged resul ting
in eight con’ﬂleﬁlAMmgsstogEhﬂsmovﬁiaﬂmdﬁﬁmmﬂ&gﬁﬂlﬁg B AR e dpstive AP $n t O

Si Pl g okg B AANAE, AnBREURGAT NG, QUL YL, 25 Incthe second st age of the

decodi ng, thosé predecoding outpu ARy et ieaing o
A4 and EFS‘P‘E? ‘*ﬂf%ﬁ@é@tgzhwl\pstw;s 402 re8ER 0001QN0L hespendvalyer ms of the f ve hits
AO3s4. The mﬂﬁﬂﬁcﬁ)@ﬁndn%stt) be T b é& zf o co%ﬂ%bsqgga erhg%ltrg; aorEdﬁl V\%eSf %’rj Opﬁt I on

arrange é’pl i catian, out put gati ngs ose of
or di nar&e e‘?lﬂ 1 gomapared withhthe follewiRgchigAdS: pr ocess i s conpl et ed not

subst anti al |1gEAlmmz_chmR;mnr@ﬁebsmﬁM% ét@nr egul ar sense anplifiers 410.
3~ The 32 oyny 7 fr e of the two CAM arrays 432, are
desi gnated as rp%?f fg‘gi(&ti (g@fessg?p‘%ﬁ{}faé%‘t@%ﬁ‘fd rpohn for the second 16.
RpOl n determ nes the defective locatien within the first or |ower word of
the two word segnent while rpGhn determ nes the defective |ocation within
t he second or higher word of the two word segnent. The suffix n at the end

of each of these two signals designates each of the 32 outputs of the
decoder 460 (after accountr ng for 16 suffrxes for rpOl and rpCh each) and

oy . Y M AN SN -, T

wll store
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Al t hough the decodi ng function 460 has been descn' bed as havi rlgﬁsm?hﬁt?es,

the first being a 5 gredecodi ng stage, other designs are possi I

- be appar &y od/protdrose of siQl in the art. At this point tg@ﬂ%@/ﬂigy has
acquired 34 bits of data fromthe 34. sense anplifiers 4l %% bits of

this 34 will eventually formthe circuitry ontpui for the two word segnent

A 32-Dbit out REFADARDOF R0 fromgayidressiCAMwiapd 40981 ect the proper 32 fiomthe

34 and wi || %ér@ﬂ%r&@a&ﬁwgm&eso%%cgﬂen%o% g?age 4Séaées%rﬁ&lz%gﬁ?od§ts g portion

500 of ﬁhe cirrcuitr he mul ti pl exer A ntly be

10 r ef er 8" pigheygongray bt‘tlhﬁ? Rl gjthip fhe g cplus0 Breas Fpether having ah Gldieston@00cal

ml ti pl ehodm bEihe pllbkity §QAs: represented by n= 0,1, . . . : ISin Wg. 7, in
- the gultlple nals marled "h'~ portion S10 of

0, The | ower (si
‘the frul tipl e@@féﬁ%@4 | from (YOLCAMstags E@xes partial azcnif~ operates in a
. manner ident READIQ%CAM&A@@&H@{GA@&%&Q@J iced "1") portion 520, as will

be apparent kg _eAMaﬁaUl% (ﬁogggMart 40 cora~agly only the defaz?s of the

operation of 't e upper por provi ded. The aggregate of the
| 6 i denti cal REAPIQI5CAMIB=Cfranc@D} GAMB@Dge492B;ianegly ~5 ~ referred to as the

rruI tipl exes %@mé@%iﬁ&@g)@mﬁ%%%yt put DSla. Data tom one of the

(;‘vard set : first, 1s a at the soup of 16 upper
mu E* pl eaer B’a"r"‘? F‘ﬁquWEtuﬂ%thBZ@Pmemﬁ efrﬁ‘ﬁ[)&rft @htaigeton@ single integrdtdy cJreuitABip.

descm t mew thataadess akd t@ntetR inpkey the‘la@gnp@ary flash ﬂbﬁ&p&hﬁg ald '39 xE%n memo%ygtipnﬁxd% on of

def ect H%si%fthetv\o segpe~ word i's de~t1we as one e two
r edundafit edf“ﬂﬁ?%““ﬁ‘g‘? Tt willhsaprrssiafer thatfbe dissloped °&P®m®m€wanlwewwﬁhélffppm ("no
r ednndameradry denditiss ¥hd-alt2iDats BSick mgméﬂmmlmua&ﬁmﬁﬁgﬁ aberhat@aadis Gy and

‘nor pl PN eontedrl &9‘%9‘1&%@” is low, accordingly, e regular array.. bit

DSl IS pas transurissina gate 540 and tiumtly steered at
late?z 55Q Tie spypdthneoysoperation fl4sh mémorCiB: tpeatet ﬁﬂlhﬁﬁﬂncg&dn5412st RASHEHR aREDSI
(O mfuak ks bRl s WA EIARS opEPRG IR U2 830, RERLIDG, GRE Of 1 he

r ed~ndant rrermr5 coi | atE i
544 pasPaTPIREEP GTIP"P““CPW@ bgﬁ Qj ﬁ‘é‘} ar? et ?W@meémm the @xpracey @upols i tive 16

?(z)g)r eadbiggrtiohe Taé RestingbRuOR vérpaloftafdsmﬁaé’g ﬁé)ns ’ﬂiﬁg@&% Fle'leﬁves el innel EDSI

or ase is then passed by trans Ssi on gate

560 con% fc{'n(?f}'%l %ﬁ%ﬁ %’é’é@“@?&éﬂ F’fo‘(ﬂ?)e Frra anqygeag isepretat efsain: aliegh thisli ct ai es
t hat0 t hésteoninatioh, Ivergiltﬂc tit 15 yvapiabilef fortina identifatbn of heBit fide wBidRid inBfera Ak 8gechi@uUnd 1 n

the UppPSk o : & ate. 56 ote a p-type

Pl ﬁxﬁ dgiiRs Exﬁ:ﬁﬁ\ﬁi S b9 RaRlant 1S % Eu%mh %b{hgtg t%méqa ge pand indicaips.

ain, after storage In
trausm @ié FPappdaney sadis eefms% |amob\dlexb§aat3@hﬁe idn@ficatigi mhxdaiakeﬂwsccﬁasﬁagﬁmaﬂ%n | ow)
i.e., Rexaf @) itnehdindd SBkRIE REAELAWLR dependi ng
upon Wnegger 1t he mé@ or, first p(f)rtl gnhe%g%&xﬁ% Sl {r.]%’{l%ﬂ%f bmStpqngq
exa wfhﬁge"f"ﬁm“& of the mmerY %Pfl%ﬁﬁm%méawvemeﬂsmﬁreo@mg afyensrlucingor d.

woud beduacppd dperdtidnovolild @e teeiful tb ﬂitﬁﬁ(ﬁﬁn@ida@&g&%m&m%pgmﬁog not defective.

Til e foregoi descript.ion has. descnbed onl . few of the mad
forns that t%qggfhtﬁl\% ‘?l 8uﬁ?can Bhiges bpye sjguifipgpes a3 follps. ¥'Pﬂt%ﬁd@dﬁs%‘ﬁﬂfeﬂ‘ieﬁe

f or egoi BiRpdly érrafier te dnydecstion igeniifisnthis gniquelyanekepbndsto,iok toulsetldscatoweoﬂe@f JB&E t han

I|mt|r}&.m o t d he lnovwn
i ncl udi_n 0g’lrklgll eggf tﬁﬂé‘%éﬁ\"{éh}mm%fﬁgggg’ %ﬁ%sseﬁ%%aata%t de d|0na uveﬁrgg'geﬁ‘fl it and

scope dFO ol dagiciley values of p digitah signah eaneraliyrindansieed toiepréstmea bipmmenoe). Teai M5 t 0
COVBr  akrins sudphraehRiglg Gicang, a@@@didn@ahb%%neéﬁue@t&oiﬂtb reth Eomgié Nﬁ’r;\lﬁé‘ﬁ@%%%

scope Q diayenti on ~'112 ~ vl 1
o DR Zhmiiind: BRI BRI 004 cbto b ity o i Dpegiesic el wih B i o
r edundarreyA disssdyrsingecied toB, bl Anisitirentyrooanyctelionih@ethrobdh@ndd SRR mEREPT i Sing: 5 an

1] (=) l IriS1 () CESS l l l
(412 arpRh o Al e 1ol R oot e Smpihent b ge<Bi iy @) 2)

conpr i SHGYallsdrmeiena) @f%@ﬁ@ﬁly tore pifalog Aikigital stgp aokbénemiphsé bote fypersySf @bk, , each
red@sl ar ne msylsdaﬁlexjem,(tﬂé{gﬂn m&htﬂg oﬂeﬂaﬁk el lgéd llﬂl 5}@‘0 ao;[x va gx;[lente ({r the

1a9¢
menory ceI g§ def ective or non=defective an rage a cf’é
a group ot storage elements, refers broadly to any condition or state that may require the substitution of one

D

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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| O aregular first nmenory cell conprising one of the regular ry ceIIs
(412); a fast address conprising the storage address of the r%gﬁﬁgb

menory cel¢ a defective first nenory cell conprising one of the defectlve
menory c&Y Q”lgfﬁefectlve address conprising the storage RdAvusey21sh6t he
defective first nmenory cell; i 5 decoding circuitry (460) configured to

gener at din response to the designator of the
def ectiv ?no?;?l r's ? P&ﬁ%«%@\%%emm? Féi %Qrggmﬂﬂ%tf’ﬂ’ﬁ‘?l?ry ePll it o witheut aqopmpaBYing CIE e t he

first adenheszbilinethatis d:@pled:tp ithe enematgl caliser,a bit i taaefnaﬁdes flegatdrpgls fl‘ﬂﬂﬁhy,

correspepRd dec circuitr 4 ei ng

further con??ncﬁfhgﬁ@? %hgﬁ%agggl‘?%&g@% g’lr ) é?f&}e t@”%‘?%‘?ﬁ%f’ q%‘ e lackiofy

ci rcuit P maychedpaip Aasapge 914 2 defeet if fhe sorammm%ermmnﬁerfacatodefseﬁ‘gd ve )
addr@ss;eleh&e regul ar decodi ng si gnal correspondl ng to the designator of the -
regul ar fi rs rrermr?/tgcel | ; a_rnultiplexer stage (490) having nultiplex

outputs, the feftems 8 gthods ’5@@‘1 hezeirpgan Plgnﬁ iadnytondeseohgsnt mﬁdhdi‘pqiibq/actsat a
mul tipl ex fi rvatile partigulit exdboliggid ﬂﬁhe@iéﬁdﬂ%veﬁtﬁcﬂ'ﬂﬁje béeH Mﬁessﬂ&%ﬁcé orib0f

regul ar £ cell and jn response to regul ar deco |ng srgnal
correspo ng'h&hmfsén A hé/m s+°§; ﬁ’ﬁ‘P“Bff’ thyysenspreot Théﬁ’ﬂll“é\‘al WIF@‘?IS’ wechinne] agdat-dhanntlh e

nul ti pl By be m‘@tsed)mtmplable kpplications. Hieis B Betnbepd m sﬁl!dﬁl@&ﬂns&& %&&%?é}ﬂqﬁe%af&g &Jgg

desj@na fra s
(490%J bg?%ng& g &L?? er con (\C:]l{ﬁ)irn;ét‘?s s(é[fsyf@f W‘%"ﬁﬁf’%} mélfe “Bﬁ?@el?ﬁﬁdt"frﬁ’lﬁéx second
out put g@& arittadhiromise fmites sit gﬁlebb appreciaed thanssieblt atibshey bechdsd dgpkndi@ Ry Cel |

(422) aa&ilgh&qﬁ@ggggﬁﬁﬂ{e e Sl 8k all6S Lre n to the
AF01078 A N SHEET 6 DEC 2004 Re%ﬁ‘ gener?%ma%ate ““c‘“%i)%’g‘igr"tﬁésc 2004
desi gnat™ °H’§“‘6‘€P8E‘P%%mﬁwsl%asﬁ@mfoymwneqmr@mwmwmmmm out put
bei ng tﬁethamihbmpdn&veoeh&mues&leédrh&@ﬁ% e td itGuitdl Gifd E&é‘% e defective
firgt menory cell. 2. ~ A flash mem)?y Iéw ce as cl él %%&ge(%%ml t he
flash nenory device further 5 . conprising: a regular, sense anpllfler
(410) cBWOLGEVREIOF@NYENRIONhe regul ar first menory cell; an accessed regul ar

regul ar - sense ot oEare i el Skt oo St N
‘st or ag€ eé{’éfﬂ’rsﬁé"é"d%ﬂ‘ t he accessed regul ar f| rst menory cell; and a redundant
sense arrpl |f|er (420) 3. A flash nenory device as clai med in claim 2,

wh e|n r sense anplifier (410) is fiuther configured to r ead
t he regul ar %F §?SP%§?{§W“8@F ipvegifon iy flirecizd tevensds @ devisg for parfofningsthat pdmgrnt cel |

dur i ng readitigr She demteinatades afarrhyi di&exﬁd}si cﬂ@ﬂﬁé@&@b&bﬁd&‘ﬂeﬂo@ﬁceﬁé &ridamiapfcer val - a

regul arg, edundant s r (420). 1s configured to read
t he redund)(‘?ﬂt%hsrne:ﬁ'hrrgg3 cefey ﬁ‘ﬂlﬁ ﬁ%gcgves‘&%ﬁfe?tﬁf #d\pagh bata sforagp addrees

gener at#d aruinpugutpus éesge%@nd d@@:twe adme.e tisvetee stoBags ﬁﬁﬁﬁd)ﬁﬂ&ef&h@ﬂﬂbboryfcaﬁ sec 0 nd

i nterval notRxt rs i nt er.val A
fl %%h mennr y gv‘lg%glsggldg&gl rreg gj&&ﬁ% tpaﬁ%/e’sergfsh PAR GO RSE b0 t'F“‘urt her

ri JF él esxgnator of a memory cell if that cell’s address is defectwe That circuitry also generates a
regular decoding signal if that cell’s address is not defective, and that signal corresponds to the input/output

-

designator of that cell. The device also includes a multiplexer stage that outputs a regular signal in response to
a regular memory cell and to the regular decoding signal corresponding to the input/output designator of the
regular memory cell. That regular signal is applied to the multiplexer output corresponding to the mputloutput
30  designator of the regular memory cell. That circuit also outputs a redundant signal in response to the
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 multipléxer 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
10
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det er mi n%lt%l agﬁ&gtﬂ're f“%f;ess a?%ﬁ‘lg'f%f PEPRFEgon 6‘1%’“%“@1"?@}” theaddipss irdefactivat Bravatuityot
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5, the fﬁ“&‘gtﬁ"rrermry device further conprising: a first array (432) of one

or mor & CAVB, Sikhelyfi s bvoltiarpvil AR SRNb Bif:Ssch 1 SHBEE diEnflelogt | ve
, the Se

‘addr ess; . ond arr 43 of one or nore cond array
(432) coar’%’??ﬂﬁ?‘é%g%‘&r““fcééé‘iegg‘%&%@ TFeUi gemety pellde the multiplexprstags-\Q@n thepotisr hand el | .
7 1OA regalipddtprerrplifiasdbmipiynicare te dal &6 HIERABdNnt S8HF QUASHEhALNEE: | N
claiml ,subd) Which: a stored word conprises a phuality of regular nenory
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desi-gnat or, &4 heios e @tmi pdvantaas thetdheaedyndont acpee angitiiee will;opatliedieingla tide def ect i ve
wor d corifasria BerallySchREi@e: Wil 502 Ydiddeh @ufle ' S lJEIIRL Yo | l.. and a .

e i Mbr%&kﬁe\é it éneé%?:rtwﬂ\llﬁpeﬁéﬁ”rﬁsray cel |,

non- def ect.iye wor.d rises a stored w having no
a def ec??%lém%‘? ?aé s°¥ g‘%‘?‘?‘%i‘%@ Vil gotde gelaygtionepaitionof b¢ redundantiwhise amplifier. wor d.

30 20 ~ o- _ ANENDER: ShvildiaEe that the address matching circuitry will operate during a time interval
generally coincident with the time interval during which the regular sense amplifier will operate. As a result the

operation of the memory device will not be delayed for operation of the address matching circuitry.

It is a further advantage that the decoding circuitry will operate during a time interval generally
coincident with the time interval during which the regular sense amplifier will operate. As a result the
25  operation of the memory device will not be delayed for operation of the decoding circuitry.
Itisa further advantage of the present invention that as a result the amount of area occupied by the X-

decoding and related circuitry will be reduced.

Finally, the major objective of enhancing the speed of operation of the memory device will be
enhanced by the present invention. '

30 The following ﬁgures and detailed description of the preferred embodiments will more clearly

demonstrate these and other objects and advantages of 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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0 f~ DEC 2004 Repl acement page 1g 0 1 DEC Z004 8. A method of ﬁshggaﬂ@ﬁn
reading in a flash nenory device, the device conprising; an ar ry
cells, the neno cells conprising regular nenory cells (412) and redundant
nmenory c&Q & ’(@'Qé) 5 . the regular menory cells (41 Z)PCosoi/xiéay a
defective nmenory cell and nondefective nenory cell; a stored word

conprising a r.al,l t menory cells (412), each regul ar nmenory
celrr}o (412§J i nﬁg%s % dlm%“ﬁ%?‘??g“ﬁ“&’@ %gwuw?%awgm her the
menory G@Pﬂltm%cocﬂeﬁavmmmowofm-ldedmmmmﬂarydcﬁcoauaﬁ@bﬂgs addr ess of the

stored word; 5604 2 r 1 red to read the regul ar
nmenory cel | sff(qE}uZ) o‘fﬁﬁfﬁé,g}gtﬁlore ane:‘? &'H' e&{él‘té!\)ﬁgﬁsraém&‘ﬁ h ﬁ&lﬂtch‘e .
st ored VGFRP H’é\?%eﬁ‘glm’o’ﬁ@e?félgﬂﬂmfFﬁﬁD@9 cells (412) read by the regu gr sensf
anpl 5t i er (qFl@)&lsa%lo%k@i@grﬁﬁgﬁﬁé%oaﬂgﬁt%%eﬁ%ﬁﬁ%' sing the storage address o

t he accessed a redundant sense a ler (420); a, defective word
conpri sing aF\i@J W@&W%maﬂﬁ@fegﬂwgﬁm@hﬁﬁvmmmﬁmgstaenﬁ:thr:- def ecti ve
word conpestdh.ng a stored word having no defective nenory cell; 20 a
defective address conprising the storage address of the defective word; a ~
~'ay (432) of one or nore CAMS, the first array configured to store the

def ectiMOléE{&)rF@s:ARRYmomtmlEﬂHyEM@&) of one or nore CAMS, the seﬂ)nd25
arr confi RS f the defecti errenor cell;
thewrret hod ggg&rgf&sll ngte]?hgthggr Sené?ve g" 58 F%‘ erranse =i @éﬁ‘é anplifier
(410) t FF@mP@g‘gE’aP gD Fpmere pdlls, Gmﬁa@pnn@fy aniaed 12, CRoe esengleVio bk bilist edd@mbBodinens t

i nt er vala g of idire r&aa%né&h@ﬂ]d%ﬁemgmé ﬁ&%y Jughahébtdﬁ oAU I%quégﬁa' AL

‘response .to_ such readi ng; readin sense anp r—(420)
t hepr ed tikeked ‘ﬂ“é‘h%?rs?f‘s"c%* ?WWA?%FCWFIWHEW%MMMS@SV ahplifiérs 420med

nFQ o~s ttAlil&ﬁl&mtdlIE te. Pedundaht memdey &H@E@xﬁ%@:@&at&%&uﬁﬁﬂ%@42@a% sgeclloxg%ﬁezoo 19
gen atl &I the seﬁ(? ‘Ellgterval a_redundant si‘gnal In response to

such’ redding §°é’f: pend o Vel sy e uE seseiresRts and Will brapRsrRt t he
first i mtbqsvaﬂshll mahvparliongmdanrenwna nbtihécedarilydue fo\ilereftidittekdil:, b RertrF &AL

third interval xt endi n
st anti gt 4ty 88 oGPl 825 e el Pl e S e R ¢
i nt er vaFeligrespectiyslya For similanrpagens. dbpcienss amplifiere Hl0giegefiated icf as tdgalacempanplifi@and
det er m Re@tndbdd fohselaliflifidfe A8 G BAN! RS SesdrBed dBsve 368 &l WA Wobn 5o memory

20 cells, each of 16 bits, are accessed at once during a read operation and, accordingly, the bit line bus 414 from

D

the regular sense amplifier block 410 is 32 bits wide and 32 regular sense amplifiers are represented by
diagram block 410.

* In the most preferred embodiment there are actually two redundant arrays 422 for each primary array
412. Corresponding to the two redundant arrays are two redundant sense alhpliﬁers 420. Corresponding to

25  the two redundant arrays also are two separate arrays 432 of CAM stages, each of which stores the address of a
defective two word segment. This doubling of redundancy permits the substitution of redundant memory cells
for defective memory cells in two different two word segments within the primary array 412 because each of
the two CAM arrays 432 can store a different defective two word address. In the most preferred embodiment
this doubling allows for substitution in two different locations in the same two word segment. The two bit-

30  wide bus 424 carries the output signals from the two redundant sense amplifiers 420. In the present '
embodiment, the two redundant sense amplifiers 420 separately complete the readings of the two redundant
memory cells no later, substantially, than the completion of the read operation by the regular sense amplifier
410.

As described above, an array of CAM stages 432 will be associated with each primary array 412. As

35 described above, and as utilized in the present embodiment, this array of CAM stages 432 is accessed, during a
reading from that primary array 412, to determine whether a two-word segment being read from the primary
array needs a substituted memory cell. The accessing of this arréy of CAM stages 432 is depicted in block 440
of Fig. 6. Those CAM stages 432 will contain two forms of information. First they will contain the address of

12
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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 rp1ln for the first 16 and rp1hn 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
13



TUVEL, 1 10% & () - P@LO% & () -$Y10% & () -G 10AA 10AA IlOAA' aY@ 1OOWQEP z@é
P00 & ()-MO? wUBuV7! L 3%0% (& ()-X&  3%0% (& ()-X&&  3940% ) !
3940% (& () - X&! 3%40% (& ()-X&  39%409& ()- X&k{m RF%0%& ()-3 10PcPc
10PcPcWIDIEF®TH y> 10%PcPc& ()- 3%d0% & ()-X& 3% 0%BE@R&SH)2H%86 S
3°/d.0°/¢( (& ()-X& HzX6_ Q! aZz%d 0% ( & ( ) -1 (29409 () -1t Z29%A0%
;& ()11 Z9%40%& () -1 Z940%00& () -1 109 () -
PSR 16 arseys @2 the Wo—smcmrd(z; nat defeptie0 VIl oiteomeWf Be@REL¢D) prodessvd 0% b &
1(())EEM55%@ 88%5%&% ?%%ﬂgz%%%})%gl 3 1% B B e (22 10l +) 1
0%&' (ﬁm ﬁ Tu#SU ' oMH2!t " s3%0% \ & ()-9!\ " s3% 0% () -9!
3%10% \ &Althorgh m&%ﬁ%@@@&%&&&m&aﬂ&&éﬁ)@& the first being a
%E 09KR ““EL% 18 %ﬁ/é?g’% %"‘ﬁg‘(“)mﬁf’sﬂ)ﬁ%/&"%" EOPaTFt (o350 ofeidllju the FY4 004 \ & () - nB
10% & () - #At MBQORO e ZreBikly haGBaRInd 34 il AUl fom thd 30 %Ese i BiekAN0, 420. 32 bits
of this 34 will eventually form the circuitry output for the two word segment. A 32-bit output multiplexer
stage 470 will select the proper 32 from the 34 and will output 16 of those 32 at a time 480.
Fig. 7 depicts a portion 500 of the cireuitry of the multiplexer stage 490 and can conveniently be
10  referred to as a multiplexer circuit 500. There are 16 identical mmitiplexer circuits 500, represented by n=0,1,

- .- 15inFig. 7, in the multiplexer stage 490. The lower (signals marked “b™) portion 510 of the multiplexer
circuit (or “lower multiplexer partial circuit™) operates in a manner identical to the upper (signals marked )
portion 520, as will be apparent to one of skill in the art. Accordingly only the details of the operation of the
upper partion 520 will be provided. Thc aggregate of the 16 identical mmitiplexer 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
muitiplexer partial circuits 520 at input DSILa (=0, ..., 15). As described abave, the decoder 460 output is
disabled and makes 1o selection of defect mnless the two-segmented word is defictive as determined by one of
- the two redondant CAM arrays 432, I both xp0ln and rpIin are 0 or low, norpin (“no redundance™ = “nor’™)
20  resuiting from a NOR gate 530 islar high and norpibn, its complement, is low; accordingly, the regular axray-
' bltDSIanspassedbyCMOS transmission gate 540 andmmtemporanlysmredaﬂatch 550.
¥ rpOin is 1 or high, CMOS transmission gate 542 passes REDSI (0), the signial from the redlmdant
sense amplifier 420 reading one of the redundant memoary ceils. Frpi is 1 or high, CMOS transmission gate
544 passes REDSI (1), the signal from the redundant sense amplifier 42Qreadmg the other one of the redundant
25  memory cells.
DSILa, 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 trangular shapes found in the upper two trausistors of the transmission gate 560 denote a p-type
MOSFET). Again, after storage in a latch 570, the signal passes through transmission gate 580 controlled by
30  RA(0) which allows passage when low, Le., 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 “ET” or second pertion
(“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 s therefore intended in the appended claims to cover all such
changes and modifications which fall within the tree-spisit-ard scope of the inventionGs dsza( in he délm? .
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10
the regular memory cells (412) comprising a defective memory cell and a non-

defective memory cell, each regular memory cell (412) having a designator mdwatwe
of whether the memory cell is defective or non-defective and a storage address;
.10 aregular first memory cell comprising one of the regular memory cells 412);
a first address comprising the storage address of the regular first memory cell;
a defective first memory cell comprising one of the defective memory cells;
a defective address comprising the storage address of the defective first
membry'cell; .

15 decoding circuitry (460) configured to generate a defect decoding signal in
response to the designator of the defective first memory cell if said circuitry (460)
determmes that the first address is the defective address, the defect decodmg signal
corresponding to said demgnator _

_ ‘the decoding circuitry (460) béing further conﬁgured to generate a regular
20 decoding signal if said circuitry (460) determines that the first address is not a
' “defective address, the regular decoding signal corresponding to the designator of the
regular first memory cell; _ ‘ _
‘ a multiplexer stage (490) having multiplex outputs, the multiplexer stage (490)
| configured to select and apply at a multiplex first output a regular output signal in

25 response to the regular first niemory cell and in response to the regular decoding
signal corresponding to the designator of tﬁe regular ﬁrst memory cell, the multiplex
first output being the multiplex output correspondmg to the designator of the regular
first memory cell; and

the multiplexer stage (490) being further configured to select and apply at a

30 multiplex second output a redundant output signal in response to the redundant

memory cell (422) and in response to the defect decoding signal corresponding to the |
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read by the regular sense amplifier (410); _ ‘
10 an accessed address comprising the storage address of the- ajccessed regular
first memory cell; and
a redundant sense amplifier (420).

3. A ﬂash memory device as claimed in claim 2, wherem
15 the regular sense amphﬁer (410) is further conﬁgured to read the regular first
medlory cell of the accessed regular first memory cell during a first interval of time
and generate during the first interval a regular signal; |
~ the redundant sense amplifier (420) is configured to read the redundant
memory cell (422) during a second interval of time and generate during the second

20 interval a redundant signal, the second interval not extendmg substantlally beyond the
| first interval. ' ‘ :

4. . A flash memory device as claimed in claim 3, the flash memory device further
comprising: |
25 address matching circuitry (450) configured to compare the accessed address
with the defective address, said circuitry being further configured to generate during a -
third interval of time a defective address match signal if the comparison determmes
that the accessed address is the defective address; and ‘
the address matching circuitry (450) being further configured to generate
30 durmg the third interval a non-defective address match 51gnal if the comparison
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5. A flash memory device as claimed in claim 4, wherein:

5 the decoding circuitry (460) is further configured to determine that the first
address is the defective address in response to the defectivé address match - signal
generated by the address matching circuitry (450), the decoding circuitry (460) being
conﬁgured to make such determination during a fourth mterval of time, the fourth
interval not extending substantxally beyond the ﬁrst mterval and ‘

10 the decoding circuitry (460) is further configured to determiné that the first
address 1s not a defective address in response to ‘the non-defective address match
signal generated by the address matching circuitry (450), the docoding circuitry (460)

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

15 6. A flash memory device as claimed in claim 3, the flash memory device further
comprising;: ,
-a first array (432) of one or more CAMs, the first array (432) conﬁgured to
store the defective address; and o
a second array (432) of one or more CAMs, the second array (432) conﬁgured'
20 to store the demgnator of the defecnve memory cell. '

7. A read redundancy asscmbly mn a flash memory device as claimed in claim 1,
in whlch
a stored word comprises a plurahty of regular memory cells, each regular
25 | memory cell-in a stored word having a said désignator, each stored word having a
storage address; wherein: o
a defective word comprises a stored word having a ldefect'rve memory cell, and
a non-defective word comprises a stored word having no defective memory cell, a
defectrve address comprising the storage address of the defective word.
30
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the regular memory cells (412) comprising a defectlve memory cell and non-
defective memory cell;
a stored word comprising a plurality of regular memory cells (412), each
| regular memory cell (412) in a stored word having a designzitor indicative of whether
the memory cell is deféctive of non-defective;

10 a storage address of the stored word;

a regular sense amplifier (410) conﬁgured to read the regular mcmory cells
(412) of the stored word;
an accessed word comprising the stored word having the regular memory cells
(412) read by the regular sense amplifier (410);
15 : an accessed address comprising the storage address of the accessed word;
a redundant sense amplifier (420);
a defectlve word compnsmg a stored word havmg a defective memory cell
_ a non-defectlve word compnsmg a stored word having no defective memory
cell; o .
- 20 o a defectlve address comprising the storage address of the defective word,;
 a first array (432) of one or more CAMs, the first array configured to store the
defectlve address;
a second array (432) of one or more CAMs the second array configured to
_ store the de&gnator of the defectlve memory cell; '
25 _ the method comprising the acts of:
reading with the regular sense amplifier (410) the regular memory cell (412)
of'the accessed word during a first interval of time;
generating during the first interval a regﬂm signal in response to such reaciing;
reading with the redundant sense amplifier (420) the redundant memory cell
30 (412) during a second interval of time;
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5 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 .
B comparison determines that the accessed address is ndt a deféctive address;
- 10 _ ' generating during a fourth interval of time a defect decoding signal in response
| to said 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 designator, the fourth interval not extending
- substantially beyond the first interval; | : |
15 - generating during the fourth interval separate regular decoding signals in
' résponse to the non-defective address match signal, the separate regular decoding
signals corresponding to the separate designatbrs of the separate non-defective
memory cells of the non-defective word having the accessed address; -
o selecting and applying at a multiplex first output a regular outpﬁt signa]' in
20 response to the regular 'sighal and in response to the regular decoding signal
' corr&spbnding to the designator of such separate non-defective‘memory cell of such
non-defective word, the multiplex first output being ‘the multiplex output
corresponding to the designator of such separate non-defective memory cell; and
selecting and applying at a multiplex second output a redundant output signal
25 in response to the redundant signal and in response to the defect deéoding signal
corresponding to the designator of the defective memory cell, theAmultiplex second
output being the multiplex output corresponding to the designator of the defective

memory cell.
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