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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a memory according to a presently preferred embodiment;

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;

FIG. 4 is a block diagram illustrating an exemplary CAM stage array and accompanying output

circuitry according to the memory of FIG. 1 and the exemplary core cell array of FIG. 2;
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di vi ded rﬁclﬁltd% aIr lrmd Xnealéstb&&gcf recﬂlﬁ&aﬂtyaﬁay 5@%&\6%14 mé(@g;r \%yper\é arra‘?@f:l@ M@I‘ t i cal

array i primary ar an associ at ed redundan array.

upper baldk: 12‘1%11 1re@g@,%@gﬁ)@ﬂ%ﬁ?%ﬁ?royl%r?@weq%gk 116 ngludes foyvsr pripmgy a&ﬁﬁ upper
r edundants4ass,ayss 14b26d lovet Sedunkiadid arral/s 242, THhG 46, orm IThbwrtcal biky VERIIOUDRSes rewer

F]).LIG ITB.I:’LZ g%ﬁ%ﬁéﬁ% %584134 ar""lgcpthe r%%%@gé%%&?@' 1J120 e ‘{e tl%rg léIIQaS' T@Er{cﬁl&% th%%@aéylll 134

cal arra udes imary arrays
and t he avexiUA®dftandthe w@dwwysﬂ@ 144: Highe estiogl agray V%ﬁfTrZa\gﬁlur}eptmnmm pRYes t he

pri Mary 122, 138 and the redundant arrays 130, 146. The vertical array VERT3 includes the primary arrays 124, 140
and the redundant arrays 132, 148.

Preferably, the memory 100 is a simultaneous operation memory. One of the limitations of
simultaneous operation, for example, of simultaneous read and write operation, memories is that a read and a
write operation may be performed simultaneously, but into different banks. Preferably, one additional

limitation with respect to the core cell array 102 of FIG. 2 is that a read and a write operation may only be
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arrays 120, 136 and the redundant arrays 128, 144. The vertical array VERT2
includes the primary arrays 122, 138 and the redundant arrays 130, 146.
The vertiwabygasay VERT3 includes the primary arrays 124, pAN0S01zxa03t he
redundant arrays 132, 148. Preferably, the menory 100 is a simultaneous
operation nenory. One of the limtations of sinultaneous operation, for
exanpl e,pedfroed sipltangpnsky o ditierept Banks nek Ipqated wistin te s2pA vertehasiay-cBatis ifeigte a r ead
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| ocat ed u&)EHr BrithdtEar ANEs, M 86, 132C 84 offhé aeyncalmayg vEﬁTo VER®, WiERTE vERPEr ation is

performed in t he r primr &?ﬁ- verti cal array VERTO,
then a rr‘ésﬁ?ftlf?g'e?rattt? tggg Ffﬁ’gmbré a‘ﬁ%’rls%?f%der 6t %5“% Bhe of the Iower primary
arrays 136, 138prestatly paferth@nbedimentcadh vaticabyey WERHedlinto nMERTRys oXARdHIOBY cells

respectielvwn hlqaf@\és—‘ rHonaataw'eah'saﬁo} @ggam By bSach laeggau a@oumyarapwaahe
perforrred Into any 0 he upper arrays 118, 120 of the

vert i calPrigry &5y @m‘r@lmwwa tuﬂv éesavmvsof mem%rx ﬁélét@%mémorwlpﬁbfo t he
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nenory ce sec
prefer abﬂeyuféwiwrd@ablv B ligp szelpmagle Bifpeicpd lgvieT redpusiang aWYtphlitlﬁnStOﬁ@e Veﬁwplmw array:
Each col suwmtuar @ahe dnfire bidlik, of hB pxluhwlﬁaraammat@;ron&fm ﬂHBﬂWcMuG&hénﬁ)ry ceiich nenory

cel l of | umm ar ea rres | i ne for
The pri Aot R el eaBh AL Bk B et G PRES e o b Ml R bus LT
menory creiubdantrbltﬂltme sophat areinaperativedit Gne bb/ldémlt@@ atlucbﬂatdﬁast ipandpprative mamdry eellmre nor y

cel I is pyhdfRtnd aesgldmg’sr%@&ea é‘fthe@ox@béll abrhy¥®2, SRENEY daabérfaanw@awe bRgEs bower
redundant array portions of the vertica %r%géﬁsu bstitutes for the entire

bit |i ne* RPayAEay ey Rafstisief &7 Wi &t asgipreens % the inoperative menory
cel | . Pref erlabprysentiyfprefoned mmmynta&l thenofy cellslatetacdedseins d8a wordp eittet dolnep t he

entire ba&eta 01” IIIIQI%B})M.ChS stopﬁg %.H]R@ aittaux;ro?cg Ffopé.xarmxe eogé &%U(lﬂgl@rﬂ ECCQI'dL‘l to tﬂ-é%emglg t hat

an i noper ative I nition 1 nclu | east one I noper ative
nmenory cié@psaread Wﬁf%f mfomaﬁ&h%w@ﬁawhﬁmd‘ﬁfd@ rE rea%%ﬁa@we Bferaieviilgpre 168% | arr ay
102, a |damivborids pam&eat aQimeifioMpi@roatput\éRcubdytl 14. iIN@S way, twcﬁcopﬂiﬂnﬁﬂeﬁsywoa]ﬁfbay may be

substit u(%cesse tgéath\é# in ?regcp(ﬁ)%x% %C !B?E(%gasF ?q'H@qge?z&wr%s ed Qw goﬁ)erl% %?@a \yord at

preferre s are acce th a
col urm  adimsgang preselipn greaculdde schqdrqga tiney Qf epwriee, ala%eéatm@rd lengfb‘irareeﬁ%@rmhﬁrse in
one enbogi fERvorRtEahThiyPe tid teipRMOry 100, a read oper ation is perforned
where two 16 Di

it . data eredatat one 16 bit
e word 1o Siraenoatt 4 S hired et bRty BiFidR XM BpfRC 1 Doy
two col umwmamgas ouwu¢1x§ulbeaccqéloets§edlemqgeﬂﬁ@r1 |Im0ﬂaer prelapdm@geﬁlatduadmorteBy

cont rastgan stX!e'Z@@lem@ (RO DS ttp,%éct)ﬂﬁa‘ﬂﬁﬁig L QRe 1 Bkl melatAsiger dt at @
cess ese

ti e, and one colum area wo cour se,

dat ' worGHRBHOEt e R AHEIRTS A oot e MOl Ohe et as

sui t abl eus Rafad a ienfflandw 206 Fie GAMBGell RA2 i$ Straasitdrypeafribldinaghaunel oktalanidexenpl ary
dual - porstaa@o@l%ér ﬁa@aﬁc&%@o@ @Moaa‘%p PR e aalvpeeﬁ Mtls ﬁ%fgrgw{ ! mssmmo@g to

t he nmenor . I'n other enbodi nents, - por stage 200
may be utt 46# 2~°ead1°w0{aﬁ‘5H’Fm?rﬁéel]a%(ﬁﬁﬁﬁ'éﬁ‘}FPY‘Fg’a%éft’fﬁ%i’tele@?‘?tém’ Pwedcfaf ﬂileer%I\éaﬂé e the
necessi t2.0fhe medumdaaozyhas prhsitpiof fott c@pled ibRRodR 2 xRl at iypuCANDIsd @ e d2R0f the1c] udes

a dual - 1(1\%1 f:eclilfgg\l\ﬂa e I2162 %e rel difa! stezog Eats & %uPpldtspo%QZ{rple Q)qa 3 erZ&I‘il nd gn? 1tn§ut bus 206.

The CAM transi stor anne

sem concdgeregrio ¢ dpig OfélPef‘éAé\fI cqll 28 ?}lt@tn@f}e ZGW@SFE'F)’ datafpys P4 apdyhe @N\ﬂa@éPSI 20? 02 is
pr ef er abkyiradsiMShErably aldBdngdl PIOSFETs. Of course, any suitable data bus may be used for the data

buses 204, 205. A write select signal WSELm is applied to the gate of the write data bus 204, while a read
select signal RSELm is applied to the gate of the read data bus 205. A voltage Vg is applied to the gate input
of the CAM cell 202, while a voltage Vs is applied to the source input of the CAM cell 202. Preferably,
during regular operation of the CAM cell 202, such as when the CAM cell 202 is checked or accessed, the

voltage Vg will be at ground potential.
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utilized as a nonvolatile nmenory cell, any suitable active data storage

el emrent may be used for the CAMcell 202. The wite data bus 204 has an
out put powvoovmepd ed to a node 212 and an input coupl ed torPChESadrmse of the
CAM cel | 202 at a node 216. The read data bus 206 has an out put port
coupled to a node 214 and an input coupled to the drain of the CAM cell
202 at the notighoghpgd defipratiqy for the eterppiarhdigl-ROA G stede@0G ie alsh micserted§GR03  ar e
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applied Q. z&r@ﬁ—g@&tﬁallaﬂw tVER?(g \;EIR?I %MF? Q/'Ek’ll'g %eferml}:f l:a%h @ergﬁll a}rg}g?R\ﬁh ﬂa§

applied to the source I'nput. of the CAM cel ef e uring
ogul ar NP RO B oL S PopeteAN e GRMSAI FAVBAUNG CAME03 | s
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01/ 93034 3
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t here arlecaMﬂZthhemPHe@aVe bifrlingthat 11\¢ER$@6 ingpeRAFive myERTRIL, WER?@umrFar@ﬁrewla@Iﬂ}c each
verti cal m@&ra@%bl\/ﬁ[g‘[m,a@g N=8 assom at ed and un| que r edundancy dual - ported
CAM stages !\/5 bg‘?'\é.% I\/ﬁ ﬁtgkl CAM/. O course, the
core cell array™® SR gt??‘l ‘%a%?ﬁd‘ﬂ ‘i/‘“‘ﬁ‘é’ryd’ég h@‘ﬁ%ﬁpab?iofﬁ%“g eﬁFeflélﬁged or
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each vertical nay al so vary 3e en1 on t ﬁl ment an e particular
desi gn YIS Fe a‘fcﬁ’él’a&ﬁ‘%m{f’éﬁ afe lﬁfqdavo ‘fé‘?ﬁte tm?grwerasrsrﬁ@e@ﬂ?wﬁmm
arrays nmyCAM cqiir20% i The ¢ AvDdell aabdiill tegpoad diffetdtig®lah Spphid)sats @oltdgetdpdnd@ingxar t i cul arl y

identify the | éeﬂ%%gpl%gn&@gdo%rgste%ve menory cell, the |ocation of the

|noperat|ve bit 11ne t es the inoperative nmenory cell, or the
col urm ar ea i Whepiie &M ¢58 203 ipprpprpmadyiegulsied voliagrs aje grefegblytapriied pihe flinabd y, the

CAM cel | th2QR of Ge @an8i@&MDi0at Tme&egrmﬁmwtagaehé retah@ty high, c@alpﬁézll Wihfe sﬁi@lyng erased
of |nfor{{a lvon or of bel ng M cel |

202 is an AR W5 E]to %%bloglf“ 1 aVPI%aﬁe {I’i’ ¢ a%f’é?f‘o%‘% s‘#féoéfs’\?ia%’i’ ted to
modi fi cahd Cbinn ovhileohyeltagh Nesifmﬂuad §ovdtagy epptifd to the edie immvs pfdtansisior TAM cglf ¥aal cell

progr ant ek Asi6s 8k %ﬂ@esﬂﬁﬁi&ﬁﬂ%ﬁmﬁl%d@fféc@&’ﬂﬁr %ﬁaﬁﬁnﬁx?q atoRor tﬂéj%%%e@l 2|b?§ -
ce

program erase e forrred on

will resﬁ@ﬁﬂasagg%% velree giehen hasy FP@EFHQ{%%}B]F@%@@%%&%,%&? B whet her

t he CAM reglal of2@@onjof thpredgamyn€AMaircuiryd 8@ that iX\higher thiwethCAivplg editage2Q2 1 S
programmed, rggpl abed og/e%mggé t@w&ﬁ@ @p%gyan@m}iﬁd% drfn &R cg{zm and  the

gate of the transistor cel regul ated tages are relatively

hi gh, coRPad eeentlrhen %@tegaﬁsf VG PKFE?FaP‘é[&}S Supely volfeg VasyiaRplied, nothine ¥ilipreper r ed
enbodi meRrt the @AM odlitval eot With @for agmpticoxi mately 5.0 volts is applied to the
drain, while g volt pl e atelnput
of transi st or%@# aﬁ%f‘th%%ﬁ‘; %U%E %F gusagpoggd élﬁvé cals aln {gggﬁlfmf/ E&éaég

conbi ned@fEBEPedIrior RErAPTD grrdatrﬁﬁamj teppiag a?heé?ﬁ%wﬂq e H@AM ased wnzegultr% t 0

i Pcr ﬁas evididd aage@foe@megﬁs Midhwh agaosmkgia@rn tﬂefaanoﬁaams@amr eRsk taeﬂfluguagsay%& ukdle gate
of the 202 dur er tio

circuit ﬁ@l %6 of fhig &rgise Ogeramﬁlgo‘h 8‘%{4 S leStoglﬁwef)p&/a\’/eS ckoV NG gr(?m%hf?!‘feﬂ’aenr egul ar
oper at i obe, cely s HTWH@NMO@GPgulaQ@EC censigtent gitlarmemdhr amdistoh &redhrdiynwieh the §éMc el |
202 i's akli202 is erased, the threshold voltage is set so that the cell 202 will behave like an n-channel transistor, i.e.,

'_'(rc

when a gate voltage Vg equivalent to the supply voltage Vc is applied, the transistor will turn on and conduct.
Also illustrated in FIG. 3 are two p-channel bias transistors 208, 210, preferably utilized as

accompanying output circuitry for the exemplary CAM stage 200. Preferably, the transistors 208, 210 are

designed and sized as weak pull-up transistors relative to the CAM cell 202. The p-channel transistors 208,

210 are preferably low threshold voltage transistors in FIG. 3. In an exemplary embodiment, the transistors
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ground potential, when a gate voltage VG preferably the supply voltage
Vcc, is applied noth| ng wll happen, 1i.e. the CAMcell will not turn on or
conduct . Wgpi/emB4 y, all of the CAMs, including the dual - ppeT/@doi0sbascel | s
202 in the nmenory 100, are preprogram*red prior to erasure, and are erased
together. The CAMcells 202 nay be erased with an ultra- violet erase
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transistors | 210 are signed and ‘sized as weak pull-up transistors
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in conmon_ usa articul r ocess
under st ob AL EFE%%&“?H ol gon g P SR R T M a1 .
transi stammneléss gmsipar2dPrebérss sigelCAMR at the eghDlddvbes), 4satyes, nacfels dewi cveofsi zes,

other  Cif C&MI staods 06 ¢ L6, RLANINS , cmmgsbggted%@mlalv&a&l Sraf GER BN, TRRNRLGLE Fe
avail able to tﬁose skilled in the art may be used of substituted where

sui t abl e e MIR@hlnear 21 ErdPgrtion SGM s129aly aybe referred to with r egard
to their conriée tiatoinpun df khe rdadandrtietweite pahehnel ®aglrasiftas PSS a2 Odnnec2O . grobhde Wit e

p- chann e;!otc?t'ia@%vhl‘ier tﬁer%{lrgédlgﬁuts%%sdt {hgsugﬁypdltgg \/tC,% tTHé?eerQ tsH]'cjé tBeo@a\%l\}_llSt(Q{]Zlb QﬁS %’E ite
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produce mdsignails m&wglnmb%smdﬁpaﬁ&wnwﬁﬁ eoma;scamm;@e 200.refers to any

one of N CAM.sta vertical
array VERTm ﬁnﬁ e&ﬁ 9 0 enti st%gcﬁtw 3 éon]umh?n %Wa att f’ebr8 ﬁzg%go‘fidi % fc’l?owswr te
oper at i diefeay. ghegaver an OSFrmqnéMcgﬁss thervereuc@laetaiploé esnmabgapsiesssof whethysthseportic®10 | s

coupl ed it Dreﬁm a Qe ihd Cm lebrs b2 drhe rdﬁﬁﬁﬂmfi@m cREiry206 are Reestd€A Hﬁgﬁngtﬂeﬂ F The q
and the rea

ferred t
o Chanrtie e s ShSisat G50 § e e SHER G ERRLroTRe a0 510,
wher e, ascatidypoxhere a redprdfiney subttmltlamlj negfed. dle mfbi*n@wrgaEJgegnsz@@n@A@mromm@d C

CAMN as s kRic@sh eenstzloz areféﬁmy ko tﬁé‘d’pé)(tlo}{%f@ﬂalla\i %eIBVérQ%@& brfwrﬁ‘e%p&%n oSi gnal
CAMhR at. t he no read gper at gate i hput s of

the read°Sfee g Wric‘i @“f)‘ieélﬁa?ﬁ’f@ly CﬁM{%“ 107 s preyg P%terﬁ‘il(?“d t??)%“ FPkstbntfect ed to
ground qvey €nMicall 202Wtirdughttuh @ thoupphevoltapplitss are at the supply vol tage VCC.

Therefore, sifg ﬁMthon% r@pﬁ%ﬁﬁﬁﬁfﬁ ﬁ&-}% x aa%gh oo vo1t%¥ (Slfeﬂéféch?h%'vﬂ?tﬁé?&

transi stors as descri ove etr fors con ct and
the respeYrl@02 is gigeram pn gased: 4F 3ty ongrationts borug Perigrmed @t tsaien ateny YER B thendown
action fthowritt 8Rct GAM! MISEDA wAOE: high and the write data bus 204 will be on. A programmed CAM cell

202 will remain off and will not turn on or conduct in response to an applied gate voltage Vg, preferably the
supply voltage Ve, The write pull-up transistor 208 will conduct and the node 212 will be at V¢ in the
absence of pull-down action from the CAM stage 200. Therefore, if the CAM cell 202 is programmed and the

write data bus 204 is on, the node 212 remains high or at Vce.
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The operation of the CAM stage 200 in conjunction with the transistors 208,
210 proceeds as follows. Preferably, whenever an operation to access the
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conduct Th"Tés ‘age VG, preferably the supply
vol t age Vcc. Geheally if ¢ wrijggbdratigpis beimgpeifiaheiat 2G8icaliatrky \CERTo tt signad CAN®Whode 212

Wil l be @AviV@Gvil HedifSne 1&%@@% nffhnpwhére Aeamdaa&ytshnnuﬁan% bgaaCANLStage 200.
he wite data bus 204 is

Therefore, if the M cel 8Md and
on, the FOHECIESPPEREREEN F?FS faeey 0o 0’%‘%/%1 oﬁ@%@&%@ﬁf@@@*ﬂ PR3 If a
wri t e oparadfittenighas CYEVIONY . pEAMYMEN badomparstevithi tieadriteddiads tMEﬁﬁime vihbiget tHelze

wite selggh, ﬁst&nqhh%%m?ma} H,g ﬂhcg,t}a@aqn fifea Mok ﬁorg B}d&ta{)gt will be

on. An erased an n- chann tranS| or and

wi |1t ursibsBHesiRttheiBeRstEYe bithing. érélﬁésn@%fef“ﬁda&hbﬂdﬁlﬁlslu@&e‘bla%t@d981‘%19(@@31\7@?“

pr ef er allnyift hich 8 iajRhtyd beotebaBEw(E idreshaf] R BAM lages 20Ass6bidtdd vatikie plili@y node 216
to grourLﬁ:lra aQ(’vﬁl,?l%]t!llglvx‘lte %e%ngl{%ﬁ%r%kotcgag CAM cell 202 is designed to be

st ronger t transi stor 208 and therefore, if the CAM
cel |l 202 is eYmiydy if armd omélombe@ RevierBIed Ay s Vgl Array WERTm, bhen fhotsad pi6@ wi | | be

pul | ed tsgpngReBNE wnmeargh it the rbdd data WM& lz@aawmpeecrnaw pﬁdgrah&eﬂlQAMQ&l y1)¢] wﬂﬁémﬁ med at

avertlc ERTm then the and the
CaM el 19035 ey Osanalt gt b PRieE S o oA Tl e o
erased Wil Theprat pafdpeepsistan@10wall epaduofand thensle Giabill RAVNWiathe hﬂaelcemﬁ del-®hA.

Gener al |a¥uon|f1%m%e\@ﬂl\ﬁ SaddR6Y. qthér&@re 1§theh§41\@gell%f fsgfo%ﬁlm@& an@-th\é?eﬁ& dafahis R §:2Y
VERTmM the Si 8nal CAMNW Wi specify the location of the bit

li ne whePeheofedd s pelserpkYect uti on |s to be made, if one exists and |f
one was pr ogribameicbperation sbeiTpdbinages vatal GAMIER/ER T the reaCANMNsYEARRSELm

Pref er ablifbe B the relPA:fh b0l oo Ot 12 0 SasldMH bt 202 (AWM bn PR fiTPAT e

with the wite address eterm ne ether there wite |
t her e i SroasisigF fdevithiinem a?doﬁondé}ﬁ i HPWF Qe welizsspte plides Vcaprbfi‘mtably e @Plrlv mlr%eh e
redundamntc. au*lfeawvsub 203 \trlllfpﬂBthef Iﬁbﬂe :tme) grdwcp@lteaﬁal vmetahmy lttie DAM BN 242 i¢ Eesigdete

redund a% be Bnglaxj tﬂg tlJb ?iay\éul up n51s or tptge efore 1 llazgj\/leraied and tlllelé% If a

match is in dr es's an ages
associ atdedbwi2Phis phéreppdedid ‘9’111 bapmwoa@ump@m he wite oper atl on ot herw se

occur SV gl' m ligd I{eéd,op!ﬁfltloﬁ 1sﬁ18ﬂ5§m@9@fbﬁieﬂ an vbrﬁcab@fa?@'ER’ﬁrﬁft%%ﬁea@&at@ou%ﬁ%ﬁdﬂp al q
array e a e e hig nd t rea
dat a busl% eﬁglém& tn? ?AI%)[ ¢l 50% il mﬂ’e W’egg%g h"*w ?@Aﬁ&vﬁ’ PPEE ’aoﬁerasﬁijf‘?lﬁand
will notnotaﬁP%thenalmofdlenlautCAMrRatelsmh@é‘lto an applied gate voltage VG

preferably tf&nénnnk yrey(pdptﬂanﬁ is bvigg erf&la@d at%a@tun%ay YERTh aﬁb%lgﬁathfAﬁéw will
conduct he absence of || -down action

fromt he&@ﬁﬁ g@abeég&%fh%f*ﬂ%?fémt Kine "thfef‘ ﬁ“@“w SiBptjtutionyis nbgma? oPERREY and

t he r eadndat svatquegr@dGediisthe CAM stages 200 CAMO/VERTm ... CAMN/VERTm. Preferably, one or
more of the signals CAMOR ... CAMNR will be compared with the read address to determine whether there is

aread match. If there is a read match for an inoperative bit line, a bit line from the redundant array substitutes
for the inoperative bit line. That is, the redundant bit line is utilized instead of the inoperative bit line if a
match is indicated between the read address and the CAM stages 200 associated with the primary array at

which the read operation otherwise occurs.
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on, the node 214 remains high or at Vcc If a read operation is being
performed at a vertical array VERTm then the read select signal RSELmM
will be W@hi/gaods t he read data bus 206 will be on. An er aBpetduSAMdessl | 202
wi || behave |ike an n-channel transistor and will turn on and conduct in

response to | j.e at e .vol tage V r abl |y voltage Vcc.
The” A cel 1 36567 biEsk HBhE hEhBIE PR AT bt e oPEr PP Broubln) |

t he CAM aelitty 2@pdinggo the gegere df FI§.4 ahkthsexemoplge por¢ del arrayH 62 of @EEl 2 pbikferabip the
transis tr@crund%a& c&m@c&ch@rry @éecyé @1(}2& fnclhdagthgé%ﬁﬁlrv lcaROGck Sra§ BRSOk @O sh A& head R

dat a bus will be pulled to ground potential. If
r ead ope%pétnf’lB‘?‘?s hgquBW‘n%gﬁWdtaéeé?q ormed at a vertical array VERTm then the
read data bussRE@edwith the Peaicdhday VARUO:t he CAM cell 202 will not be checked.

Wet her the %M&etmo?s%z d/ﬁvn dgﬁb@éﬁ@%@ﬁfr@%%wg@%%s HFheriedrge val ue

of the signal CAMIR a Gener a é operationis
bei ng pet! W&V%?Toé%&AM@QRT%WaV‘dVEWNERtTH l6si gnal's CAMOR ... CAMNR
W || specify akdoaatbdwiai thoowrrtiofl akR&ERTL: | i ne where a redundancy substitution

is to be mad i t es 200
CAMNVERTM . %A&W@Rﬁ ép{yﬁf‘f’%@q 8@?&%@@5@??%%9@@63’3&%%@? ERGAVDR
CAMNR  wi 326, Qé\é’f%‘ﬂiﬁiéﬁé%l CAMGAVERAE 330e2d CANARERI1 8% det er mi ne whet her there is
a read mat ch.asdoliatth@end wrtdal k@GERRE:Ch for an inoperative bit line, a bit

That 1 5.t he FRUIMERR bstORratR 3 b es P fos, (At BRRE2 SRRy e i ¢
line if 32, GASCYERTR 314 FAYBNERTH 46vwvme FAMAE/EREAMSaddr ess and t he CAM st ages

200 associ at edggomtgmlghhge@{tkm%@mﬁy at which the read operation
ot herw se occ 93034 PCT/US01/16393 FIG 4 is a block diagram

il lustrating ‘ﬁW%"E‘ﬁ{ﬁ AP AR g GAVEY BB D> A M VBRI g ORI dt
Ci rcui t r3gs, a0y HRIY 36@ CAVE/VERTD B2, @fl CEMEVERTaBRE. t he exenpl ary core cell

array 102 of -l @Ayﬁstﬁgé’m %Oﬁ’ﬂtﬂr hxmcﬁdassrr?adgqy 3 39@%@%&*{&%&%&/@9&@ f FIG

1 includes the exgﬁ) st age
i ncl udes’o¢:138. BT $7 7ﬁgg7@,&ﬁﬁ §¥0a§jf§§P -oiggrel %%&%%OWV?Iﬁg%W@l%%%? é&‘f ar ray
VERTO GM/@Q/ESRT@ZS@Z 3963A|\/|1/ VERTO 304, CAMR/ VERTO 306, CAMB/ VERTO 308,

CAMA/ VERTO 3 312, [ VE A RT

associ at ed wi ﬁdft FsczaP %ﬂ? rcﬁ‘% W R—E& TV(aB %gvert'f%ﬁiﬁygﬁg‘jf? 320,
CAMR/ VERWCEWBQ‘ZWHWF%IEWMQQI&WSW{SEFQT All 08t CAANSs YPORT the SABL sta@visy VERT 1
g:i (I\)/[]\]E go@ﬁ%ﬁ{a%%ﬂ-t/hg 3@2&%@%&}2@1@{1 %EIVEU Rtﬁriwﬁt@%d\’%i f\e/gﬁ% gndld WENL1) ViaCAgl\Mfg N‘I%IIIQT )

342, mﬁ%%éﬁﬁ"f g% 40 a"ﬁ C‘Eﬁfﬁh‘i % égg%f‘??eéteétﬁ W h the
verti calanduerdzgyledy| Em W&E‘LWSEERT/QI a 5@ CANUPNANERT 6 B8 2AM Wﬁﬁ%sgﬁﬁf,ed

CAMB NEF?E@m%@@m&M%WBi@s reSeMR the %Méhﬁ&ﬁ%a@@g nafe B YRGES;, 362, and
CAM7/ VERTS3 361%? é"le CAM sta\gl:gz arra er includes read p- channel

e e it GRNssgs MG D Bl MDY A AMRER 4. snroa VAR T
378, 380350 we it @udedab thia reed puflunb kransigtor 366\atta Rifae:g oo d havitlgladigel CABIOS i tara8 382,

384, 3&:§uple§ %ﬁhe V%%Q pulﬁ%%rans%%fl?, 82 :§t9a6shared output having a signal CAMOW.
The CAM stages CAM1/VERTO0 304, CAM1/VERT1 320, CAM1/VERT?2 336, and CAM1/VERT3
352 are all coupled to the read pull-up transistor 368 at a shared output having a signal CAMIR and are all

coupled to the write pull-up transistor 384 at a shared output having a signal CAM1W.

The CAM stages CAM2/VERTO 306, CAM2/VERT1 322, CAM2/VERT?2 338, and CAM2/VERT3
354 are all coupled to the read pull-up transistor 370 at a shared output having a signal CAM2R and are all-
coupled to the write pull-up transistor 386 at a shared output having a signal CAM2W.

The CAM stages CAM3/VERTO 308, CAM3/VERT1 324, CAM3/VERT?2 340, and CAM3/VERT?3
356 are all coupled to the read pull-up transistor 372 at a shared output having a signal CAM3R and are all
coupled to the write pull-up transistor 388 at a shared output having a signal CAM3W.

The CAM stages CAM4/VERTO 310, CAM4/VERT1 326, CAM4/VERT? 342, and CAM4/VERT?3
358 are all coupled to the read pull-up transistor 374 at a shared output having a signal CAMA4R and are all

coupled to the write pull-up transistor 390 at a shared output having a signal CAM4W.
9



Al'l of the CAM stages 200 of the CAM stage array 300 associated with the
vertical array VERTO receive the wite and read sel ect signhals WSELQ,

RSELO. AWOof93be CAM stages 200 of the CAM stage array BODUS&Is®EI3at ed
with the vertical array VERT1 receive the wite and read sel ect signals

\é\ff I(;g [ a? Sg L\IM e CtANe %ﬁ]ﬁiﬁgﬁ\gﬁ?%@%ﬁéé@h@éﬁ%ﬁﬁ% eang é&fﬁ“g’ggﬁ sel ect
si gnal s ke 21l corgEa (@ the Aad pudifup trimeistG/AV sitaalpes! o028 hofingtaligndDBNMVISR agiereilr ay 300

as0Ci ateBthiedyt by liDuNgluhiah 2l arlEETTS L BEEI WYy | e and read sel ect
signal s EL3, RSEL CAM st a CAMONERT! 318

CAMONERT2  3341he SAN. SERaRTSMBENERT: RTga g g?’%"mﬁmé 6%9p?%MGWBR¥%6Taé%%AI}§é{VFRI€p
t r ansi st362 ard@6coafledao thh enephilap tripisistot FY htngh@edDlign ahvidgAMghi1 @ ABI6R kel agd dll

coupl ed I out put having a
Si glEr)aI &’'|§\I/’E3/\?‘?‘r%lrv&’ll P izt 4 %AA}EHISM%J&@%%“%%“QW%N " CAM NERT2 336,
and CAM NERT3Ihe 88! sipees Caﬁl\%/\ﬁﬁ?ﬁﬁé@%%ﬂ\ﬁ@ﬂ SRCAMT/VERT? 18 ndTAVGVERER at a
S halr ed ot pukll m;nmg tha read ginab uﬁ&k%ﬁsam stir% oftpht havGRWRIs R Fkg;%/r alsrvavqrdﬁt eCANI

ull -u tor I as 0 { avln e
St agesp(‘igiﬁ\‘?%? ‘%8‘%‘4“1’%&%?{/%%1‘% S§aé‘2dt‘91 \‘ﬁéﬁ%ﬁg@@%‘gnd CAMR/ VERT3 354
are all couplBg Xipa blprk dinerand illygifating p eﬁerrlahyrmumf‘rOO@?QAMtsta@S §®fbﬂ8%datgcutﬂﬂlut

havi ng ansieaital arfy Ve nodtthe 3k etpRyl core CALIBL L T2 LOFIENE THE bxkBp1RY CAMUR: si stor

550 ol acsliarss, SR AR 10 e ARk AN e G e GO0 ”
the read>AMA/VER 408204 VERTBFIR, GAMSVEREN 612, OAMEVER Tra ¥ 4ngnd S AMTGRRTCAVBR

and are 4§l " I 2 d out put
o ;@&S | lé as@(lpcra&h%ﬂhwe &ca%cg\wﬁsﬁnoewsn T HP cmas Rgés%@crf 1R ANl tacl \%Eﬁamﬁffog%

CAMA/ VERSESVay prite sgifgt SeafhiiERnd "?}8%1 S%}?“é Sl&rra %ﬂ‘rfP‘é‘HPct“@% ‘l‘%éher"%fa‘&l P@I - up
transi st\@RT3/4 at a shared out put having a signal CAMAR and are all

conat cavew g Bl G Rk ABR AR hopnS BB, RRLES RUMOTAES, 5,
CAVG| VERIFquipsL06 @Ar\?@fé\'?mbls gikeepig 2o ARB VEPRTS oFFGtions faking Pllacecwpﬂs a&d o the
read puldperitpn hﬁcﬁiﬂﬁlt@&p@lfatlo%7ﬁ1 additicd, i8 R @Te&dtlﬂiﬂéf@téﬁ eﬂ@umralg tHe Sén@RadlsGAVBR and

are all accessecpas%q to th ﬁf% ,[Jme%r ‘%E i.stor. qg‘g taw hare g\g}teout

havi ng a st gnal P'ages
CAMB/ VERmodstn@t acacn@inmmmwﬂf 300, 3@@1 ereticafid peamgsd et 16H dﬂte aordpad feadup

tr an|S| 3 ta?éf mﬁglﬁtea;uyawha@areeslblpdata%;d VYR afa EheOROB thVBRI-AME, 135 6r 11,
coupl e

&}ﬁt he wi El transi sto 394 %t a sh%{#d outzaput havi ng
si gnal WY 'ﬁ’i‘éco aéeflsa‘é"é‘ beaRrTod cad CRFAF PYERTT 8% W&W?F‘%@RTZ
348, ands CAMAEYVERTGe ISEMaan@rdatitlmmrdloedcotmntahawmm agredséd-ayptihe. Pfsowseor 380

at a Shalﬁe@éhaﬁ%om%ngh@% @)Qmﬁlﬁ'am &EﬁM E%tl?s%y@ér%e@zjskultalﬁ@um ed to the wite
pull -up transjstor 396 at a Shared output having a signal CAMIW FIG 5 is

a bl ock di agreffyfing 9 Sepeaty R’i?jce“&ﬁ e‘B@?@WﬁPta"r Reriganiglip™ oty Roap ARME 3 &b oo
associ atagey VIERThn witli@luwdeyp Eolutx laress; ¢aehyinddREM bafinds hBor exeeplp) the ryw G0Y idclak pk16ar r ay

camt ot agees e el GRSk R i R BRUERTRL B % o) Vit

408, CANRAARERTAY-AQTroureAlEe VEART i aepplany AN AGEFETte el rathes thar Ny IFTRly 416,
al | assq;eeifaﬁe&einwh{&ﬁama vertical array VERTm All of the CAM stages 200 of

the CAM st a96n, 01 AP Orre;%g%'avezro@?t"g{g'th{] A Ste &S h02 098 4@5@%@”&4%6 ead

sel ect signal e vertical arrd
specifies the location of an inoperative bit line with a column area of the primary array of the vertical array

VERTm. Preferably, a redundant bit line of the redundant array substitutes for the inoperative bit line that
would otherwise be accessed by a write or read operation.

The location of an inoperative bit line BL; is identified first by identifying the column area of the p
column areas that includes the inoperative bit line. Next, the bit line of the q bit lines of the column area that
corresponds to the inoperative bit line is identified. Accordingly, the exemplary CAM stage group 400 of
eight CAM stages 402, 404, 406, 408, 410, 412, 414, 416 preferably stores two pieces of information to

indicate that the location of the inoperative bit line BL;.
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As di scussed above, since the nenory 100 supports sinultaneous operation,
the redundancy CAM circuitry 106 is preferably capabl e of keeping track of
two sepamvadel/moes ati ons taking place, such as a read opepral/usol/msed a wite
operation. In addition, in a presently preferred enbodi nent, the nenory
cells are acgcessed as.d a_col um rea of nenpr | 1S
storing a unigde” ’&a%pga%’%afbgg{_i%ﬁﬂ%%“s ?‘ﬂc?ﬂ’?@’on Nisis ol “Wﬁf’ﬁﬁa%%‘%? fng to

t he nenbmeylsr@l@pared tqu@i—:bl’f(mﬂﬁ addresystargl ipegrbuprofbrddredy €AB sages. The dolutnne@d a wor ds
are reagefeAblydolel i m@ﬁm}dcmarmua%dx@ga%mt@és speqxis{]@e m{(g-ﬁ)%dcﬂéspg{t'ﬂéed at a

tlrrefromth output circuitry é col um areas
woul d b& ‘é{%‘baé“saéfté‘tj‘“‘il%?@%‘{‘%‘é‘?Pe‘iaWe&“ I%ea‘H“ o%tél?rats aemtch iveen e Faigrite efldWFﬁ P
oper at i ¢ f-bit gldpesrsfoc: ek fatidréss OAM sthfeslthdn tidtadcationof thk iadpetivieibitne EIRE one col unm

ar ea mwkglflpfbfé(gﬁg)%@& thge%gjlt vah% fo Q&ﬁdg%gl in g@ﬁ%ﬁegg & t}%)\raﬁle £ Elg' S ar e

exenpl ary and sui t Accor di‘ng
present y preferred enbodi nent, a horlzontal row in the pr| mary array of a

?/erti cal ar rsa;exMEBTmmlﬁg to hﬂ@deug@r&rﬁ@émmmar&ewlt&@eﬁatldnmﬂeﬂ&me@wﬁhbl ]E )

i nes. For ol umm each of the
e e L S e S e S L S
hor i zontcg$ssad@im tingf Aemgéo Flﬁhfe% (/a1 6) edstressrGAMS stemayyt 16412, A b 41 6rtoesrtikerebit 0

expl ai Naddak\@h cdibi@ hrdalkl &aﬁa&%%ﬁ&ﬁﬂ& bi¥1ine BE£1RLLLE -8 Ams s 408184,
exenpla 06 408, 410,

M st a es 40
oD, 21, SRR o OB, %Rl AU RS 0% e S roii 2
col um an@ap@aftlom h gerformadgireyrigeraidigss oicotred ugpinbttigadritenddresy CAVERERAs  Pr ef er abl y,
a redungaiteAiso, W@&@Dlt%ﬁ%ﬂwﬁxﬁﬁmﬁfﬁ %D§U§?§etah&r&§ eamsRkest e 1 noperative

bit line that would otherw se be acces wite or réad operation.
The | oc&fMBNEST AN (CASPEERTmA2 Wﬁr‘fﬁ%nﬁu‘ aP%CMM}%W@é TEPpipelp(yith

i dent i f yddrgs thdt@ing Gkduliy natilRstra@fl i Hi@. Joor FIbhl NmﬂthaWﬁtandfeEBEbhd the e&lud@ﬁesi he

i nopera n [ n col um
ar oa t ot Vgt miib R OBA b BB b W De Sk Frlh e o0 ol 1

Accor di W@H’epatl"@t’ihfém%ﬁbrrpl ary CAM stage group 400 of e| ght CAM st ages 402,
_404 406_ 408or a4k opethlich, thd A-4it 24bR) REEIdeea Maycoftsfdn8Sto tWoRIe 6:68%, Rling a

0 e elhETah B e AR BLbE P 2o It AORBEES X Py e P11
wite abipreekymn prppgpreferbly sigrsdwmuadatatwords. aohrtienter, aheéladChiavChM sgedyistecifyi thegsbif s
conpar e@h--tp@) tdaRsdof R kvo coidhn Bbas AR EGHTh SRS the | Hﬂage@atlgé RuRe 8f f ragddness CAM

7 20es sl RN, RS SIS b o s Bl e et e

BPEum area
t hat | nblatidesf thel@peratiop bir ke Bi.gs dertifiéd hyg (Elzq).I/OI GAM ktegee Tibs vauestol B imdhetivieen t he

f-bit wdte A0S &SR ARG foliGaf-Pit address stored in the f address CAM
st ages, t]rl enﬂg[% |'ocat | o(r)lrtp}(;!i {lhe i noperative bit line BL1 is identified by

g (2s--q) I/ rempget agppEding o ead CRPrAiaD i aypresently prgfeged gmbpdiment. Grnl@bi datiepend on
the val wesds frofeadnt atide in@mallyhil€ona MPbiedata@es ftbdugedtaoa tAnefFfod SR ulpyt cpéwtyer r ed

embodi n?ﬁtogFW? I\qﬂtimstv%I g@g Biqllie Otk c!oﬁmB%{eIlso aﬁ;?c%l tfnjga 1n89d§ng 6 ﬁbtllt 1nd a&ra wor d at

atinme, an areas, eac gq 16 bit
| i nes, ﬁ%esseéé@ég@eécwfd% tqlflﬁes hR(@ B cdress %Mlsta@s@ 41f4—4416et2w£@é)b1ta%qs@ss CAM
st ages éik@o cobibuh, arefs] 8ne oft MbichShdDIdes 1ﬁdhﬁle§mb(bp%rat1@@d @33, ¢fd jas eahoymo @ea t hat

05 Y9SN IRESREL Rk St GRS O PR3, 0,
bit | i nexungardas. Wheh e readipmatipnas redormyhiénread adgoes fsgorgped againgirihe readpdrdsor ned t he
wite adaig amsE AR, REABLSH 1) &ld REM AW L EmaLE] ssemﬁ{zﬁm\ﬁ&ﬁEADDO
VR TEADB%M6 m 41?'2:1):12(1 CA%/%WHI E 6 Ar\e%ggh\(/)egy (Evﬂl?ad%%gs rmeatsclsung cul\c/lultry no 111usirated in

FIG. 5 or FIG. 1.). If the read address and the read address CAM signals match, the /O CAM stages 402, 404,

406, 408, 410 indicate which bit line of the 32 bit lines of the two column areas is the inoperative bit line BL;.

Even though the address CAM stages and the /O CAM stages are used in different ways during read
and write operations, the CAM stages together provide the same information regarding the location of the

same inoperative bit line in a primary array that requires a substitution with a bit line in a redundant array. For
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CAMA/ VERTm 410, CAMb/ VERTm 412, CAME/ VERTm 414, and CAM// VERTm 416,
respectively (wth address matching circuitry not illustrated in FIG 5 or
FIG 1.) wobi/pdees wite address and the wite address CAMET/gR@I®39%at ch,
the I/ O CAM stages 402, 404, 406, 408 indicate which bit line of the 16 bit
lines is the inoperative bit line BL1. For a read operation, the h-bit

( 2h=p/ 2) PR "e5arine Ot I aspureedhaf Be psptg <l theglualwerted SAMPeRA8R S04, flféxﬁoﬁgﬂ%l t ot al
of 2q bi4i2)41messis 0@1@oNpaeately.0 t he h-bit (2h p/ 2) address stored in a
group of h a areas efer VnStiole two
dat a wor ds. %g@gtr% to I%{})n 1£ %%gﬁerfOHne% 3 G;Leecggl ”ﬁ?w eé Vé/l‘ltg Q ECI %ofaéuh theﬁtt ese
(2h=p/ 2)f0§@m9é%@m9¢redtw1@tlte\ﬁeilow@gglmlsar eas, one of V\/m ch |ncI udes the

i noperative bWRIﬂEiAD@3M7Wioﬁohﬁ(a@rgs§caMsmgggb bet ween the h-bit read
address and t - hi sto ed. in address CAM stages, then the
| ocation of t%ﬁ@%&?@ﬂ?ﬁ%"fﬂ? % S)gﬁlflt a§e‘péent| fied by j (23=2q) |1/0O CAM
stages. The VERUESDPGCAMND fomipddres) GAMgeeetlalantlepend on the values for p

and q. For eX@ﬁﬁ'E@&DW@%QW“er&&(a@drés@WQ tafoon in a presently preferred
enbodi nept, two. 16 bit data words are read at a tine internally while one

16 bit do9E% SEPHF 9desmagh e le cptens ?ﬁ@?&’%%te%ﬂ%ﬁwm to dpterayife fhp {peatipn of ¢

FI G 1. therindpeiativewninline Blywwittod thé dvdinpaied haying tinaid@sse 01, eabbwicl thefslloinga

i ncl udi n%g gz16 bit lines, are accessed at a tinme. According to FIG 5, h=3
(23=8) a dress CAM stages 412, 414, 416 store the 3-bit address of two

col um ar eas, WW@I@FCﬁﬁ?Wﬁoﬁ%KW@MW?%e an inoperative bit |ine BL1,

and j=5 (25= 3@?11@1@_@&&@%0&@&@@%%4406406 408, 410 store the | ocat i on

of the i noper%i 1%51\/1'1 Sf“’mi“g AM] aﬁeémbl A lines within two col umm

areas. Wen a rea operation | tfe read address is conpar ed
agai nst t he r¥RHEHHCANEW=Chgn §iQ) KAMstREMDADDO, READADDI, and READADD2 of

the address Wc&i@%ﬁ)n@%@p\!ﬁﬁ;ﬁg& A 8 two c@ﬁﬁ@&%&&h&%mg@ﬂgd (NG o¥EIgTm 416,

respecti addr ess t circyitry not illustrated in FIG 5 or
FIG 1. )t}{ent eseﬁ#&ﬁ?“é%f&%la’aﬁﬁ%g@‘tﬁﬁ%ngﬂ‘ég%g@*ﬁa address CAM signals nmatch, the
1/ 0 CAM st ageREAMIDD240ANRAF®m (408ss) FAY stapek16at € which bit |ine of the 32

bit |ines of #fHAnMm-= @m@@bﬁhﬁﬁhé@ckﬂ&a&lﬁ@%@“ ve bit line BL1. Even
t hough the address CAM stages and th M stages are used in different

ways during rEftPARRGCIMPRR fmdrdirrd haM gt l&AM st ages t oget her provi de t he
same i nfTherestared addeganaiing theltentdnpotht BO CAM ¢da@ areshitkeditd@petiad thalecatidntof | 1 ne

in a prif t i I .00 W

redundan'?gal g re%\ye% i} ‘iirt %‘%@3%@%‘3“%%"%%5‘1? %%%%gdaesgggd()b %! Lh%n #}ghrlerl ng to
FIG 5, a@iﬁﬁé‘gt‘%t the output of the dual -ported CAM stages 402 404, 406,
408, 410, A4IxADiG4CAAMB=I ﬁo@ﬁ%@&@ﬂsn{ge&pectl vely. If a wite operation is

to be perfor wsl %21{1 a wite address of 0001, then
these four bits g%e cggéﬁg#gn(ﬁ) Shae ol | owi ng signals: WRI TEADD3=CAM/W£0

f rom (addr es SSEADAMSAAER=0 e (VONAYENBESCAMGWED from (address) CAM st age
414; VR TEAQR! ATAMDMRARES 96 (1R diheSmahe £AMngt age 412; and WRITE

ADD&CAWV%lMé_%@g@I C@M %t e 4%02_. There is a wite address match,
so the conte 1 7O AN &S é@gég%\ checked to determ ne the | ocation
of the i nopefl&ta iveciionit didgrameot Bl gxempliry enaupt 398 of K iMistrgeadO@ avith sbaredigpiain  addr ess
ng MOQ? ; éc(;uag%%la&mngwth& REndrPbiramiaNGne SRR} Sam \WRle bFud IoGAMRR thifcQiBe (1 / O

CAM stages 200: CAMn/VERTO 502, CAMn/VERT1 504, CAMn/VERT2 506, and CAMn/VERT3 508. The

CAM stage CAMn/VERTO 502 receives the write and read select signals WSELO and RSELQ for VERTO.

The CAM stage CAMn/VERT1 504 receives the write and read select signals WSEL1 and RSEL1 for

VERT1. The CAM stage CAMn/VERT?2 506 receives the write and read select signals WSEL?2 and RSEL2

for VERT2. The CAM stage CAMn/VERT?3 508 receives the write and read select signals WSEL3 and

RSEL3 for VERT3. A CAM stage 200 CAMn is located at each vertical array and each CAMn 502, 504, 506,

508 stores a respective bit of information regarding the location of an inoperative bit line within each

respective primary array.

As illustrated in FIG. 6, the CAMDN stages 502, 504, 506, 508 are all coupled to a write pull-up

transistor 510, preferably a p-channel transistor, at a shared output 512 having a signal CAMnW and are all
12 -



VRI TEI O2=CAM2WEO from (1/0) CAM stage 406; WRI TEI O =CAM WO from (1/0) CAM
stage 404; and WRI TEI 00=CAMOM:L1 from (1/0) CAM stage 402. If a read

oper at i ow®981/#3®3be perforned at the two col um areas togePtEUSHZNBI3g a read
address of 000, then these three bits are conpared with the foll ow ng

si gnal s: READADD2=CAM/R=0 from (address) CAM stage 416, READADD1=CAM5R=0
from (ad@rRdya RV R s P L4 REFPrabIRE A ANBRLE sared ertp e dHy keyigy 2 caM
stage 41sgnallhMmB. 1S a read address mat ch, so the contents of the 110 CAM

st ages are C h@g %q“&e grgt og Iism orm J] a?‘el#lgﬁﬁ%ohexam qe the wr1 e Cfale ?Qléna?\?lb%lg)o blll lt:)e line

BL; within the two cofumm eas avi as shown
by the %Yelammmsmmm@Ath@aMlde €Mﬁﬁagelqﬂg\)lﬁ@m05i0&g@ bn‘410
READI CB—(SEMQICJ 4104 obdrhtih m@ﬁMt S&@ﬂ&m@@ﬁVERMEQ%H%B@ﬁﬁﬁ)lsfb&&rﬁel(fdrﬂl@ CAM

st age 40 =CA CAMOR=1
from (1/ 3“” &&W&e{% t@‘gﬂggﬁ% ‘?f’ih ngbg gHye: &Iﬁﬁaﬂﬂ t%g?tgé?”é% %?Ct %{Fflaéxvé bary group
500 of CHREI% @gé}@EE@@lll\AAOtw agttve,rapdithougnpl HAMGY at thg isliaregd oatpw St 24wili ge Ibw ot tigh nmenory
of FIG Rpendi) on%ecm&emth%m&ﬁ%hlgémgwﬁﬁ@o $oacl udes the followi ng CAM

st ages 208 Vh/ VERTO 502, CAMh/ VERT1 504, CAWnh/ VERT2 506, and CAMh/ VERT3
508. The CAMIEBYayaviendiidieperesnatpsormedat VERTS fecxgmple-dieatiip slect sierebi BLe

si gnal s Wbkt xiendd tRStoh@ht§ afithe\EART €l within éhe GV G teAGAMGAMNC AERVER BO506 witibei ves
the witg, ! o | . A 1 veidNEr st age
CANNY VERTS oS e dS orh AR 2 el AR e L lope ST b P
for VERT®ere e &ritcANscstiggeWV ey WER*?%%B@BIﬂraé%qnvfé%oﬂeeﬁeca@xﬁeleﬁtélgwsﬁé%d sel ect
si gnal s RABENL 3naRSEL3 RBELoBbef d0tive niRthe signdl CANIRSAt thg €hac2@ QutfudbAT WiBbd 106G atpll at each

verti cal aernﬁlg on hecfof(ﬁen%t%?fwélefﬁegwlténéAMﬁf%R o P8 stores a respective bit of

|nformat| Ion of an inoperative bit line within each
respective prfpﬁﬁreylb‘airlm@y all g{ghe domppientsef B | are Funt@inedson atsingle (igerated eipeiedhirs5 02,
504, 506yotes acﬁfe@s Al &onﬁ&h‘@hﬁ ¢hr e e@m%ytﬂ@sh%hlbry Wifdps akd cﬁffb‘ﬂﬂeﬁg &rmefril&g,densny

preferabl nne tor d ou t 51 avi

vt ant e bt 0Pt Stepeind Fieh Rirn Rt ot wtPadehol 1+ up
transi stmomokyldtpsities @ eltcadieymterfaps iphlamengtions méhdeistcompagtngaltgirgraddtesoutiput 516
havi ng aonsd SR bonfelMifens. Wien a write operation is performed at VERTO, for
exanple, the wite sel ect S|%nal WSELO wi || be active and the contents of
the CAM cel | A'HiPAePHRe Gapddmps isiuedReiitedy logeereodm lovrtietisentler tht yiaupy
checked. cofsespangs ta, or @aith lap@mat, ondbr e nambry bells. Bk hesemidpreferreEliodmahis | e a wite

operatio %ﬁgb%g} |1 not
be acti V%S&lﬁedggkgpregg% rQ{uﬂ&%gcg %ergn&;ruﬁ gagc{érﬁglg%l ﬁgrleﬁ%t gt%\%Ek‘f %éMf and
WSEL3 wi At Fre igbodisments eanibg pplisgyeithreseeclp epeafionsaii temtedindanc syhstistions of put 512
will be 1h@WaWeniamgbceudepend| ng on the contents of the CAMcell within

CAMn/ VERTO 503 heremat{le terims an Eﬂ{.’glse E a]gglc(:) lgvev,rnao assegeclI got 9(:%rvgc (a)rll’dqr% 1V§'ElreVERT2 for
exanpl e, the wite select sl np RSEL

intended broadly to refer to logic low values of a digital signal, generally understood to represent a binary zero

0).

As used herein, the terms and phrases high, logic high, asserted, and active are intended broadly to
refer to logic high values of a digital signal, generally understood to represent a binary one (1).

As used herein, the phrase ““ A coupled with B” is defined to mean A directly connected to B, or A
indirectly connected with B through one or more intermediate components.

As used herein, the term user is intended to refer to a processor or other component or entity seeking
access to memory.

As used herein, the term inoperative, 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 inoperative
memory cell refers broadly to a memory cell with or without accompanying circuitry, such as a bit line that is

coupled to the memory cell, or a bit line that includes the memory cell. Typically, a lack of functionality of
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will be active and the contents of the CAMcell within the dual -ported CAM
stage CAVh/ VERT2 506 will be checked. Since a wite operation may not be
perfor mredvan1/348BT2 while a read operation is being perforpedustlsss, the
wite select signal WoEL2 will not be active. In addition, the other read
sel ect 5| gnal S RSELO, RSEL1, and RSEL3 will not be active, and the signal
CAMVKR at !¢ $i288 ARSIt uedstag 2 yastutipn fpr theatopaggyplesments Thplackpé asianay meshbe dve to

cont ent sdagiigetohte a @ddt hehd stordgt Elerent oM uh WiAc2 1SBSstorhda eramaltenbodl ment, all of

t he conponen nt.ai ne it chip.
Note that ad dI?Sélglgd lgenug’d%‘%%o%rhgf gsﬁlnetdai rgm,ﬁheQer{nﬁgnal regersetiroagfy?(%n an;hog or &n%lgd'l chi ps
are depefigidted epmpestesbgth d@pssaf signalsand i nterface i rrpl ement ations. It will be

appreci at ed tiéh tht feeobing 6 cgs&deeﬂ istela ﬂi@éﬁﬁﬁ p@@;med\@ﬁbdfdlﬁmnts Brodlidh § RE@Rf  nenory

densities nate i ter ac ement ati ons their a anyi ng
oo nt St i B CER Soond boe R o o PP ERE R Tt ol ht G e R SRRt 1y
t er m add#ese nemoiy gl rededindgamioandy of negony edlle and mdvadrpcyl wmutartt hdressablemtmdry er t hat

uni quel ycag® e&&epon@sedhean&rcmcum@ Ihae@;amﬂg; of A1 Bl CARA B TBERE ¥ k! | S.
The p resentlé)/‘f)wC erre nbodi prents. describ herei n resentg a redundancy

CAM ci r c{figt P %."ﬂg & gtiigiath gy cagletRifie ARGl and prad ot bussoppid iathe AM; he
enbodi nmewrtl.sTle &AMxell stppd infochatipit tagarddgpdcition of 20 mpaﬁtwom&nm &t in thdp@imatyedundancy
SUbSti t Uk, rﬁefeibly ﬁ@ Bk Meno@%meémfe@i Ju§smu€& Mﬁ&qe@%lﬁé&w &G fheCr 1™ and

phrases | ow, gi'c ow, not assert nactive

i nt endedfeqblfl%?aww {The peite dpta bus Prodigescthe lefwrr%ﬂnﬁr@e tapfCAM Gfi“gFSP@F“’%YtQHa'F“e

gener al | sglett @agler SIthG)Qﬂtets&ecf ﬁ@ﬁlﬁ§ﬁdl&atlae dbh ﬂﬁt’é}épelﬁfnﬂto bé fkfornfa atiadrylR@r ei n, the
Lrez)gf“ )a/‘nlg%lgy S ef:[Sprl{llxlalg q‘g%readhdatg IBI]'IS &)ro%uce%t}le 1n181mag<t)n 1? Ctt!h (?Al?lrceql rlesﬁgnglgeﬂ/g?

under st o*tfdadtséecf %&?Plegéfmeadaﬁelmt ﬁaliﬁyls @ﬁleaﬂ(’qf)fafeﬁéonﬁ@w thefn@rf?rme@ Hiaephy edle " A
coupl ed Mdatidhs B'ihelpsimal@hirfied to nean A directly connect ed to B, or A
indirectly c ne ar m)r di at e co one As
used herein, Olp er%lyeﬂlﬁlwﬂlseeolperi’%on f“ﬁllﬁgeﬁﬁgapefa(?o‘}'aé‘?p@ OTP‘S %{dg%até‘g%ﬁf orHe er
corrponenlpcamnsemelptlylarsr@em ng access to nenory. As used herein, the term

i noperative, PRI EE thelnBryGQRUIB 6 doBphriVid Jnfap@}ateﬁ Qdd?@eha%te%q@zlo%mﬁofgr oup of
Storage ¥| enents, refers t})'roa %ﬁto any condition or state hat may reqU| re

the subsfirdPRIOBFELIR s REmAR ARAYSHG ihe dnfor méﬂ"é AR M 5L tp Hf‘ée“iml‘i‘éﬁ’é"r‘hﬁ‘t the Bkt or age
el emrent . mehioey csit DR @Pemaely emBnéquitay sibstltionl @ittoheseand vy batinDthy red@liansarrapr  bi t

lines, or 'ntlﬁﬁfn@i%ﬁedce'rdbg&fﬁl&ﬁ YheldQal H&{EEEXM%EF lﬁcl dLs%e ﬁ]élgpﬂg%decAl\Jl Dy agg%ot' ccul ar,

as used her ei n, I noperative nenor ers menory ceII
with or Wt%&ﬁfoueee AlACHY M stgey wrdugmhe %f@se@lymeﬁenw ﬂ@oélmﬁs may be ¢ ou pl ed
to the niﬁém{h;trtﬁeﬁkﬂeex@lﬁpleﬁy(t)AMsﬂagel’PﬁOishﬂfablb ncl udes the mermry cell. Typically,

g‘l leﬁ'g ﬁt OINI T :'I rl;ﬁ\ %d&l{t:l r?‘léﬂ 8’%% Prf:fter\lrﬁ\"aI 6161 éd%gn%agt? ?rlgl gT / c{‘gggn:ld{te Pt ent adidressaﬁie[ n?eim% k o
f unct i on&AM sfageine tpanoghy fhe GAMglerrpriudeya GAM @lld@f'ré%@atq bys ¢ohpdedsto the G4 cell.erre nt

or in anmj meercfae@@s ct)@pladh@thet@mee 8k emra&u stdrds iR Qe MPBETShiO0H of hat . as
used herein, tt e ter 1 refe adls%% ﬁlatg .anal o ‘% or digital] signal
and encofBEaEE LBy F° émaé’f angy &tﬁlglnéemo °PRE PHPRGETHF Y cHAAEE 2seen
that t hesulptl@tscemlthysqgoreifrmnoedwlembmmmmy pf thvinalera Tie wote ylata pa padice tisf

subst i t UhREHA SEGRNEANTBIREY RS t a%te%aeck HORE AL W ME IR iGRkichtive Ihae
array nenory cells, a redundant array o

menory includes a pri
menory cBIY PR t@é’&%ﬁg‘ﬁﬁ PeBYH feél ﬁ"ccat%SEFdP é% BAPALATTg rfeyyead data bus produces the

information from the CAM cell responsively to a read select signal. The read select signal is indicative of a
read operation to be performed at memory cell locations in the primary array.

Preferably, the write operation and the read operation are performed at different times at memory cell
locations in the primary array.

Preferably, the memory is capable of comparing an operation address that refers to a location of a
third memory cell in the primary array with the information of the CAM cell to determine whether the third

memory cell in the primary array requires a substitution with the second memory cell in the redundant array.
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(CAM circuitry. The redundancy CAMcircuitry includes a plurality of

dual - ported CAM stages. Each CAM stage includes a CAMcell, a wite data
bus coupivedot/goshe CAM cell, and a read data bus coupl ed POTARE/1GAN cel | .
The CAM cell stores information regarding a |ocation of an inoperative
menory cell in the primry arra Preferably, the inoperative rrermry cel |l

requires a sUbyPriemtd e&ﬁowft“h thy dualsposidiC A B eeyincudpy the dyalprised GAMHea O ar r ay .
The wri tRc.dabacdatss ofhéﬁl:{ilhlq:eﬁedtdm std'gés%dmﬁdg@cnthé prexsatly pRfGAMmbedihentsaRpeaSI vel y

to a ""“utse%oth%‘%ﬁa‘ﬁ?h A@ e%dassmtsl% ect signal is indicative of a wite

operation to be p | ocations in the primary array.
The read dat fultﬁ‘ls‘é ﬂ}?rpmélé@eftﬂlf?é eifl?ﬁd@renﬁapfpt?# Fmementdrsbiesfubstiuiingrsepohsi vel y

to a r%ﬂm@@ﬂﬁiﬁiaﬁr&t@ﬁbﬁhy cdinerng ﬁaﬁbrﬁﬁ&mgaﬁérmﬁéeu buSay] dh6 biGRdrd ¥@m@ht Aaysead

operation to be o) onsm rra
or et or nifgeiarp @b fd AR E L IR el iy s suriE HIRRE prseel PR BT B oy
differ emcomd tesl sIngthengrpodipente the merhapcet] ammsncwdesttmnwlnwmyduadantayaysB’fr ef er abI Y,

t he nememo;y%elgamt&s@s 2 orft erfs}gle n&gerrt@mtganquaﬁe@%e R
| ocation of "a_third nenory ce in the primary array with ﬁelnformatlon

of the CK ?,Sé‘lﬁfst POty ﬁﬁIPFé“‘W’fE]{SWé‘? feﬁ‘é‘di’ﬁ‘iﬂﬁ‘riﬁlm%%‘?’&?ryccé lﬂ Iflﬂi“FftrWé‘Sli)‘Fl mary
array r egtinnast de Stssinatylitrhy0 the vecdnh tatslhenmelfe@amorma?rmnmﬁﬂy ht therfirst prémafyedundant
array. | i , . udes the
uat - por't 2 T P S SBROR TR e OB AR i il AR 02

st ages &EEBFHLHY tfleaecﬁwepnma@%m The %F“é‘rsio@él INEYPBHIAN FPENTISS Wheiherigdirst mermRtY ot her
than t heeledfﬁm&ﬂeﬁbl}y cEiAMag tquﬁs a?ia&naeionsumha&bﬁmdnfarya;dldd)ftohamhebﬁee)r peesent | y
E)E:i\.lr\/)er g?éajdge a]il arragls te%PR}i O?¥llls ca 611‘169(2068 Cg llI‘ rilt %TS&.%I ulrmgatpe SEC ?{é&&g t

bus coupl ed tPeefarably, @AWIA&@CII storeseth?docaﬂqneé@ IMQralmu@m@meqHIOé@e penarhesll @ cel | .
The CAMPedrdblySthOfBiseratiid BEnkbRf de@ R iGNk Gont v theQEcBhd RiInoB ceEF thel RORET at | ve
menory cel |l ri mary array of the menory. Preferably, the inoperative
menor y é‘éoﬁreci”g‘ﬁﬂtl substitution with a second nenory cell in a
redundant ar rlagddmbn m@reﬂ@ﬂmryferreifh@bomnienteprd‘adeaa rrgeryre@ble obsbstifngng ajtiflor mat i on

fromt h%e%Mch%ll aﬁrﬁ%%@'c@ﬁ? Ialﬂﬁ CE@bl@Oﬂ%ﬂSﬁt@tlt@%lf&ﬁL m&h&??e’ll forI@&oﬁMﬂeh@rysel ect
signal is indicative of a wite operatlon to be ormed at nmenpry cell

| ocat i orf8liTHe PHRCTDPFHES § Mgt Rty ey ot Pemyy ¢pdt aﬁfftrg Wiastfraee mepery <sliSf or mat i on
f r om t hess@Adddogth therfies ponsy arel yf riedod celbade®ad lﬁnﬁarmxgyxﬁhnemzrﬂyeells aactoske| ect

si gnal réiuﬁdglqlmﬁ%tolf}ﬁgmgr ofhis ad: R QEPlﬂ?er ag)]mﬁ& mﬁ% PREASY &ﬁg aftlredTRARSY cell

| ocations Int rma array write operation and the
read op&PHE} %siﬁre%wtée IB@PGFX)@%@ C‘é‘t“méh "Fffeélf%mmam By lnéﬂdeﬁﬁﬁﬁétrr@en@@lwﬂ anddfeat i ons
in the RéhiBihagafrayinclideed s‘écfoﬁxbﬂn&nor}tdaﬂi THR fealindaic$ C@x&pﬁbhtﬁy iedludepRa klotigoran

Bfle rﬁgf_ Iy%geP ad g:d %ﬁﬁqsttatg%st an fegc;n tOlilpOO% dlgl?p(f\ﬁ& 8%\Alhja%es The tglrst gayp ortrguay 0“{?{#‘?1%2 ; t Pﬁe
third e ﬁtyre%:’@ﬁtllocptwntlrﬁ@mptrqn rithe/firg mergry eadlg @refee@lyathesisrbismernpmcﬂbfmwstah t he

second nEREi6n G&h b third nleR6ry E@dymdﬁatredaﬁcraﬂxnay Ebr ML 109 BRS3AnB LhURA e 16393
nent, th st a i ncludes the

In a pr ferr d

Hoal - e iR e suT5 it gty s DR T SR DL E e it Sa5 T cav

st ages deeiondifmgattop of thesepmé semdry sellpPreferbly.dltt sexvixbdinmeel requises hebstiwged ot her
than t hey@X &vRh AborFAM S a8 ond RBundst My tlapla)smpleqlﬁets@c%ﬁd mdnidey A B3Rt 1Y

preferred enpodi nents provide a nenory. capable of substituting a second
menory ¢8P3eeG grymay op P@%rf’“sﬁ’é‘ﬂﬁ‘}fa?v &yfst m*ﬂ"l]ec ﬁ%%? st R oL LA RREY cel |
array, Omkden firsb€aMreeltl uickamtite ditatay, 8nd adirst reedvabitabuc elthk first vaheldag bGAMH defitst The

menory (ﬁ%h hat%u‘é ¥ résﬁec%ﬂ%@dpﬁd Q)fthew&ll.o R%gc@ﬁcﬁgtlfﬁ '&AM sta%e I)IJ tﬁe%gcoﬁc?g%ﬁp ap da

CAM stages includes a second CAM cell, a second write data bus, and a second read data bus. The second

write data bus and the second read data bus are respectively coupled to the CAM cell. The second write data
bus and the first write data bus share a first write output. The second read data bus and the first read data bus
share a first read output.

Preferably, the first write data bus produces a first portion of the first location information from the
first group of CAM stages at the first write output responsively to a first write select signal. Preferably, the

first portion of the first location information includes one bit of information. The first write select signal is
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second task. In other enbodi ments, the nenory cell array includes the one
or nore redundant arrays of nmenory cells. The tasks are optionally

per for mredva@ongwss ently with one another. The nenory cell BeT/@E$o1/I6BI8 udes a
first primary array of nenory cells, and a second primary array of nmenory
cells. If the first task is perforrred at the first fprlmatry array, the
second tMERIESHhwte BRerater tp B RAFormedInCRFoR cel [poapnsinfhe frptpemary arraypPreferablyy gy

| f the secansl trashatd tiis predicaaREohdbrtibhe tHe e@omidodatidnlifbryhatioh Frap thetsdtendlgedupt t ask
cannot Q)? Rl@[rsfa sqﬁﬁie flrgt%? L{)I‘ %gtq é&ﬂ 1%Ey tE) h%.cén%%i%%el@c’% L@%ﬂﬁ erabgly s-le;p 4 CAM cel |
stores |n ormation reg ar di her cel ?1 rrermry
cel | ar regiion &dfgispeard 180agﬂb%fPﬁntamﬂllI@HdwOP%lta’f nfoepign. 9nd e selest signalds of  t he
one or nNRlctive bﬁﬁmsla;mauartb aa/@rfor}ﬁbceonwyﬂo@%ﬂ 1obaﬁo&anﬁéﬂe@n@$nnhgiaﬂgy accessed

during St tas d.d efea Mcell
st or es {]Jq?era[bbrc Tgmory Fu?tﬂer mchlld 6 g?{g&e 9% tra 1s or rcoupgg |t0| th st WH‘[_E; oHtB%,'ltﬁ,li}as @1‘3' 1r array.
Pr ef er abirie, OUtthéO ﬁ fAspalat li’referabha #@Wte@eftrﬂltlon éq'qumesi aathsﬁnbtsmmarm wirayandsthe firstt he

second rmmummq@uhem atséa@ndqsn@e 18 fusmmcaiﬁ@ém&arﬁef@;bmy§wnk BpeRfiif i on, the

presently preferred enb i ment ovj de a nenor e of substltutl ng a
Phira UHBPSHoC B FEom oy Srrat oy Eary: e emitial GEPHBRES BF ML P | ng-a

fourth megempued dirdferhldy, ifa vsmarperdlomwfoymedcaeﬂhd: secohl grimaeynray arndnielfiustlestea fi r st
primary o%ﬁt%uf?gd wm&rpe'aaﬁdfegllé e sefonl b!&ﬁfceﬁf?gﬂd&gaﬂtefeéﬁl§ % vife JPEARGY cells

associated w the first pri rrarﬂ)l/ arra nmenory cells, a‘second prinary
array ofPeh "%/thE?F‘Pr@ prizary é“éaéfﬁ’éii By H QWP“té?l?aﬁ‘?atélfe f‘ﬁséwyhecséqop%c soci at ed
W t h t heelfis pr5granédrary array of menory cells, and redundancy cont ent

addr essabl e 1T {b}/y Cﬁlygrﬁz%ldatggl tr ices a@&stp&aonof%r %lrs 0 tlar rfc?r%mtlorrll(from &S 4
first menory ce an prinmary array I nc secon rrem)ry
cel | . THist gremﬁ@éwgwhefnﬁféemww rem@nsmséﬁo aﬁrﬁturwé ﬁeleg'rsesaﬁ Bﬁferabmahefmr t ed
(Cj:AIV: St a@6SioddTthe@irss REABAnfHEEHEPn ﬁcfludgdlﬁhl: blp&ﬁﬁf&dlat@ﬁl\ﬁr&tﬁﬁ@sdseﬂéaelgﬁausst ar Oup of
ual - por,

tores first location. in e fi
menory c‘édfcf‘uvggval‘ Fi dr°£gfﬁt‘°“§‘i'1‘?£er?"mﬁed O RERDY § ‘é°°|"‘tf°“5r18§‘ ?ﬁ L-%““Ery mﬁb?{‘“’i&‘ﬁ? | on
with a ttiiseedndreadpipty buﬁaalrdduqeﬂa febrad partiog fof thfeedenndl bratiominfoayatiorFipym bxaempd grount he

first nepesm sﬁ s bt theBst P& oﬂﬁﬂﬁ%ﬂwel? ko 7BMndBaAbIBE ElgﬂaﬁePﬂeﬂ@Hﬂ? mtéygs The
second g’ {l;fﬁ dua[{/l Jéorted %es stores second laocation information
o theserar i

of the & mefP}a‘é%}% §1e HRBERRY The F6Y reL il Bt es a
subst i t uddicative ofM edal cerht@u id He perémoad yn miexhdry éefi 1dchinsie o sdordedmnagarndy. array. For

exanpl e P;re%tpa%lysﬁg ngormgr yncﬁgés reMas lﬁ‘gnmsgmgcﬂp thQ Firs{ B4 09t§ut?c¥ lj;'a% I%h‘é"ﬁ?s@

|noperat|ve first init a e of the first grou CANIsta es

i ncl udeg®4 O‘rw ©r2 fiesh Rl eee Preferaglyf if arfg%d O\Rﬁfi‘q"% is perfoamesh s the %rﬁtdmamv Prayend téf'aférstd at a
bus. Theeali butgit isyMilietl & Lhadond s, trerfist CABI il # Sifased I Brafekalil @ tifa réd Speddtien i§ espect i vel y
coupl ed t i.al a . roup of
CAM st ag ergonlgl%%f udes s@p%mar r?%l %%%%St r%ld%u YA n%rth %?Sf Vaﬁu& eemﬁggmglrllg a
second meadmesd: d’rﬁmbly ﬁﬁéeaé erststiel is RRFPImed g sheaechhipriani arfyandbe Badead Rkt dat a

bus ar e iy R8RS H: e vﬁl@dJ mle edodd @AbNRI Q&Mea einﬂeferair pef a&@@@ﬁ@hwﬁ kb&fogatia: bus
and the first. wite are a fjrst Ex?cond r ead

it o budtegia e iR R RySH oy ok e i et ibiicA0Ey
Preferatptogramtnh‘b first wite data bus produces a first portion of the first

| ocati on i nf gAmt, 'tl@rﬁrefsé’n@ﬁ%r&fgﬁ‘ed eliﬂ!)oﬁﬁtfentgﬁr%& aq;letlgé‘M safsae a@écoﬁdhfemt)fyr S Wite

out put resrp(?(ialvelgtt irst wite select sjgnal. Preferably, he first
por t i on "B R AL P TeRR PO AR PR e O fEY ﬂd@gmﬂﬁ@aﬁf’?mﬂ?‘” Sor mat i on.
The fi r Stformptidngs ssreddan d segiesgfidlal-poged AV WO The BfBdatioLiE r1dg80ing 16383 of thadi cat i ve
of a wr '1&0@&89@&1@1‘5&? E‘ellt %n Q&rﬁgﬁid%@gneg&%ﬁ?@@{e &ﬁ!mle 1&9&%)%{ &éﬁﬁ)r}’ c@llstlﬁﬁef I rst

prlnary arra erab e secon @ro uces a second
port i on PEPaY ﬁ‘éays‘é‘é%‘ﬁ’afe‘il 8&%&1? igferoafigndp the terieypf fhfabPﬁr%%A@é & P dgteBtns Whether caM
st ages aite ohd @ nfoterlSdationt bitnRemotitcpIld LonfipRiSd 1R 16das @ of the hoperHiQCaddtbrynell.t IEthS Ble@Et

signal . m%¥eq£c§ﬁcglp !}fymemory cel%s 1§c?ugg the location of the inoperative memory cell, then the location of the

second memory cell is accessed with the operation address. If the one or more locations of memory cells do
not include the location of the inoperative memory cell, the one or more locations of memory cells are
accessed with the operation address. In one preferred embodiment the operation address is a write address. In

one preferred embodiment the operation address is a read address.
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portion of the second | ocation information includes one bit of information.
The second wite select signal is indicative of a wite operation to be
performegvoni/meapry cell |ocations in the second primary BET/@$01/16393
Preferably, the nmenmory further incl udes a wite bias transistor coupled to
the first wite output to bias the fi wite output to a first val ue.

Preferably, il Sh%tm%‘ei “P%erséf’ﬁéfhé&ﬂ?edﬁpﬁoéthﬁé‘tetﬂ’% Frottpddereip ﬁ"é‘bf periotmeg i apuprderar r ay
and t he chistsht withthietreita@iuttgut is pulled to a second value, the first CAM cell

i s erased. Prﬁlﬁl@ 39%111},& ?rhﬂcodlﬁlem Aftth% p%pﬁ{ eht?oq h!lv% beeB?fE ];v? ﬁnd dgscg‘!g {i mo%tflcatlost he

prinmary array ang te ou remai ns a
first Cﬂwé%mﬂd% Eor expympler tharseiser. of fhe @fimda% frgnsistos, pchggnpliapd Toghepngh eyrpeireyersed

per f or n'&xdsuﬁibletabﬂlc&%ﬁé) rlcis @bk ﬁHBd’thaBd’ufta’b}é t@.ﬁbﬂ;to’& Bes fpetiSing Wahﬂeﬁ\ﬁldﬁi'tﬂl&lgth rhifs pul | ed

to the second .val ue | S8l a awite
oper at i gn : Sed HFl) mlclgonieters d)r m%croFﬁ gor tshg (t:r%nrs]1ators tha make i r&aieylcteé cdrc1tu£| %avF ¥éels1 tonnvt\?d

out put rieomghefizuegs. It Wil bf pnprtiatedzthay @ltaltldrretl(& e@r)bﬂj:hwep@élm on the dosigngr anmed.

Pr ef er abéoirenteh add tﬁe&:ﬁpaﬁﬁﬁéﬂ a&ﬁfn@tat@ﬂ§oﬂﬂi’e@%§ﬁ§ infotatell SteuiP@brich p@besd P& i1 st
| ocat i O?gl nf or nat.i o? romthe fjrst group M st ages at F he first read

out put rESPIARTHFEIPT {hg cEeutt psy el a3 tasRerte a‘é°8feq§‘f°5’ﬁ‘&% of te iRy SedmeRthe £ r st
por t i on Fofthet, ltte ifventis¢ cdneep@ti¢saibed rfeormmgbe apliddnedinds sthenien bietorg flevicad. or mat i on.
The first reag, ﬁfég&ﬁg deﬁhgm-icmstﬁn hds Bélkr%& am\f@a 0 ofind £AY fogﬁsetﬁmh&s%eﬁtfa? b&

performed on nmenory | ocations in first prinmary arra erably,
the secdtd ¥ @é‘lﬁref?é"t lat%% thiy ths dRsceaiss Q\Et”é‘é‘&@ﬁﬁﬂlp?ﬂﬂlbﬁ feé'%deé psi ‘ﬁEa“é’%@@?Fdhqnoc ation

i nf or matlimittag fandtmititve usetOBTkhG it GUlR foldkvingAMns! iddyEie all edilgerdtd, t/Eith dieelaﬁnde&t put
responsi . e h

bor (1 on S el SRAPE oA B r s bRl B TR b B SREAT, o1 o,
The secdtl chaagrd sxdenedificatiopyihich fllgvithin heiteaning endspoppofiteedeyesiger at i on to be
performed on nenory cell locations in the second primary array.

Preferably, the nmenory further includes a read bias transistor coupled to
the first read output to bias the first read output to a first val ue.
Preferably, if a read operation is performed at the first primary array and
the first read output is pulled to a second value, the first CAMcell is
erased. Preferably, if a read operation is perfornmed at the first primry
array and the first read output remains at the first value, the first CAM
cell is programed. Preferably, if a read operation is perfornmed at the
second primary array and the first read output is pulled to the second

val ue, the second CAMcell is erased. Preferably, if a read operation is
performed at the second primary array and the first read output renains at
the first value, the second CAMcell is programed. Further, the presently
preferred enbodi nents provide a nethod of substituting a second nenory cel
in a redundant array of menory cells for an inoperative nenory cell in a
primary array of nmenory cells. Information is stored in a series of
dual - ported CAM stages. The information is regarding a |ocation of the

i noperative nenory cell. An operation address, corresponding to one or nore
| ocation of nmenory cells inthe primary array, is conpared with the
information in the series of dual-ported CAM stages to determ ne whet her
the one or nore locations of nenory cells conprise the |ocation of the

i noperative nenory cell. If the one or nore |ocations of nenory cells

i nclude the location of the inoperative nenory cell, then the |ocation of
the second nenory cell is accessed with the operation address. If the one
or nore |locations of nenory cells do not include the |ocation of the

i noperative nenory cell, the one or nore locations of nenory cells are
accessed with the operation address. In one preferred enbodi nent the
operation address is a wite address. In one preferred enbodi nent the
operation address is a read address. 16 WO 01/ 93034 PCT/ US01/ 16393
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It should be understood that the steps of the nethods recited herein can be
performed in any order consistent with the recited acts. Wile particular
enbodi mrem@ 009308hhe present invention have been shown and BEBPURIBGEY3

nodi fications nay be nade. For exanple, the senses of the individual
transi stors, p-channel and n-channel, may be reversed in suitable

appl i cat‘b(ﬁm M' is to be noted that suitable transistor sizes specifying
channel 0 length ratios (nmeasured in mcronmeters or mcrons) for
the transistors that nake up the depicted circuits have been omtted from
the figures. It will be appreciated that suitable ratios may be chosen
dependi ng on the design requirenents and the capabilities and limtations
of the particul ar Amtegyapet ofsubginiting § abmil mahirgrell foret @@ ratigetkmof yaEll, the

i npl eneqﬁ&;o}}pcgn@gm%he circuit as well as the perfornmance requirenments of
the specific enpbodinment. Further, the inventive concepts described herein
may be appli APTPBY @Y permorpeEr ¢ han menory devices. The foregoing

det ai | ed descareqhdabruriies mdesagedibaad only a few of the nmany fornms that this

i nvention ca efor dd the fore det ai | ed
description %gduk?aﬁg’r HA t%i]t Adﬁregsﬁ?usﬂm Cl\‘;\gb ?%t‘q %é %Eumy & “S%nrgggf“mgtﬁapt hat it
be under&tlpetied stiges. gagh €40 stgsicPBRdsig: cl ai ns, i ncl udi ng all equival ents,

whi ch are intended cAMcdies dtdi'@mfohﬁitlﬁrpﬂeﬁdr&mgﬁﬂ&atﬁﬁ@pﬁ1 Ferati% SehdtyNtid@n. It is
t herefore intend anges and

modi fi cdti® arﬁsa“v&ﬁg%ﬁ"ffeé%‘Te“&ﬁm E(C%F‘F%“é‘““ig?ﬁ‘gs%i"f’ %Sr"i&"“g gepey 8‘?‘ 1 ‘H‘“e i nventi on.
17 WO 0Itd8G84eRCT/ US01/ 16393 WE CLAIM 1. A nenory capabl e of

substituting a secaqme R, youa@d b tﬁe@;rAwaultmpaeane MRS o GECAM i€
menory cgﬁpngrl si ng pri mar menor y | I's; a redundant array of

menmory ¢ wely ek il %Féﬂ?ct RS HERERRIECARY PeEPEdAlt 1y,
the ci r ousntoryycelt brapipissd thepriznafylatriyabridt y of  dual - ported CAM stages, each CAM
stage conprising: aeam%lchwﬁeqtﬁaém'cam DRl O i GBAL kB B caF@hi On gf

an i noperative nenor rlnawgfdarra e I noperative nmeno
cel | redtPrigyR a§?§6§et‘q°‘tstgf’*ild]i*? rigd selechsignald U‘f?é’ﬁ‘bfﬁ%ﬂ opeption F"rPCtPPf@rquéHundant
array,; aneMor}Icellldadhansmﬁeprﬁmyphad to the CAMcell, to produce the
information fyomt sponsi V. to a sel.ect si the
wite sel ect él gna %or%cgf?:}abné 1, w? SRA%R W{l?e c%eratlon nld\éﬁii? ?ago eratlon ar?% fg

menory @efferentté%eaﬂtln@ﬁ@fylcﬁlIP%EOHEJmltmlylmalﬁF?afy and a read data bus, coupl ed to

the CAM cel | ,3.t0 pl"h@Qszﬁ&y bit@inh nfvmsleartﬂe@ﬁmwmhgaa@om&ﬁé in opsraaﬁma%syel y to

a read sel ect SI t read s t nal ca i ve of operatl on
o be. pa e oot Bie HERTy ST pind Py HERSP by e R B
menory cletermiize whether ﬂwhlend@emow kel iphi pEmapereatenons agwbtituhien withdlk seqoad ménogn  ar e

perfornazguﬁtthergjuifla‘agrag@t times at menory cell locations in the primary
array. 3. The mmré!al-QOHgfiI[ m1l wherein the nenory is capabl e of conparing

an operati on “addr &8 °°?t8’fté‘1d§“s?'€}e§e‘1‘%§ﬁh@ﬁm%ﬁm amepry e feibiage cel | in
the pri ramyisagray with the |nforrrat|on of the CAMcell to determ ne
whet her the thy cJﬁJT}?Jré/mf‘o lhkéfaﬁ; ?ééat{vgﬂl%&%eu% SHRsE tution

X altmﬂ lg%a}EI
with the second nenory e re
array of the memory, the 1noperat1ve memory cell requmng a substltutlon w1th a second memory cell in a

redundant array of the memory;

a write data bus, coupled to the CAM cell, to produce the information from the CAM cell
responsively to a write select signal, the write select signal indicative of a write operation to be performed at
memory cell locations in the primary array; and

aread data bus, coupled to the CAM cell, to produce the information from the CAM cell responsively
to a read select signal, the read select signal indicative of a read operation to be performed at memory cell
locations in the primary array.

5. The dual-ported CAM stage of claim 4, wherein the write operation and the read operation
are performed at different times at memory cell locations in the primary array.

6. The memory of claim 4, wherein the memory is capable of comparing an operation address

that refers to a location of a third memory cell in the primary array with the information of the CAM cell to
18



4. A dual -ported content addressable nenory (CAM stage in a nenory, the
CAM stage conprising:. a CAMcell to store information regarding the

| ocat i on vod oagsoBhoperati ve menory cell in a primary arrapCoiUselis3ssenory,
the inoperative nmenory cell requiring a substitution with a second nenory
cell in a redundant array of the nenory, a wite data bus, coupled to the
CAM cel | deteprginsyphstercthe thindanemapyspihiatthe @HORY By fqpireeambgiatipn wyﬂetéqﬁswgq? PENYY t 0 a
Wite sedeBaithetdBdhtarrkyne wite sel ect si gnal indicative of a wite
operation to be pesforned ocatl S i.n ay;
and a read dafa bué EEo Cﬁpa%a cffn%rrtﬁu%&ﬁond [ & pr'S ucré’e?l?fg elugFo%er%fl on

f r om t heco@piiginge| | responswely to a read sel ect SI gnal the read sel ect

Isi gn?I i ndicative men@rf&@%a@pﬂfe@hﬂtw}n&w@rytéal Ry {s@:f éjof%Em (}/orﬂfy‘rl al "
ocation Y. orte cl aim
wherei i TGS BB ke b PR Sih ot et tay

di f f er entenparneel argety conepmisasy cel | | ocations i n the primary array. 6. The

menory of claimd4, whergifhifg foxerﬁ&y&ﬁsp@me%u@theﬁ@mup@&r i QAT ation
address _that refers to a IPOCEI%/IOI’I of hird menory c I'n the primry

array w TF PEREY pHP dPeEorb Atk srmethe P@‘fﬂmwééwcm"feaﬂy 24 e (e RB‘W@H‘&’A
PCT/ US01/ 16393 det er mi asecond@inu@yr artafnef nichibdy dellnpsmoein ifald skcondtagkiepeirinsbdt y

array reﬂygego&%&prﬁnﬁyﬁ% %lﬁ}s& 8l o R meﬁjaﬁ,m%%%%&emy@glx secSi rphmkrgﬁ A)e redundant

array. 7. A nehory capabl tuting a se for a first
menory cell, the n%‘ﬁﬁr‘?Pferé%?ﬂ“Faé’iaYF@fmﬂn%??B%?ndcel | array, wherein the,
menory cell array a&ma&a@&m Qlforllﬂﬁioﬂ@g@cﬁ@r veleél a @ikt fﬂym(ﬂy céillof thé m&ﬁﬁ)kceﬂnd a
Zﬁgoc\ﬁ e: Z‘Si%feglﬁrre]se 2 su@ﬁtuts on v!p tth a(gcg:g‘rlldl Q{engr(e?/rcel?gf rcr;x‘laedof ﬁug ro]rclze]l(lorl.r &gx?eged}énd rr% rax)r/ay%‘rlﬁ}e C@R/gt her,
menory ceel P@ablwafé@@appessf:d ‘iuheg tfl¢ fﬂsttfaSK a§|du¢n§ tfpeqcf?@rtﬁ'éd at the first primary

array, the segond Th@%lgm&ﬁef@atlm bewlﬁ%fnfﬂiérdm'ﬂceﬁ Abfethd ﬁ&hl)xyof@ﬁ 1nBﬂ§1%t1Je'n§e§1Bry
prlma.rya pri mar arra wherein_ if

Elipftle asecf inoppriye SROH Iy %//sg Lhe
second t &SR FPHERE %‘&“Etmp? e SECoNE ﬁ?‘li“‘ﬁ‘ﬁ% ﬁ“F“&S’P withike SF‘iOP‘%‘Pe‘?"é‘/sk
cannot bell pishd e oragregedvodantragatsl y at t he second primary array; one or nore
redundant arr@ys of mEEEJ}PEa\{Sab@@dfk@snt@ﬂ a Birf A SRLeh f&Qﬁé&ﬂ&{f‘m} i, QB RN

regardi ng whet her a first mepory cell of the nenory array requires a
subst i t Ut PEHIRERE A Ogt%%ﬁ&emFe§°“6€1e’|“°ré5f’°”0‘ﬁ%m6’l‘°r¥ ‘P?é‘%ﬁﬁ‘é’v or nore redundant
arrays, the GAitptedry arcispiibdnerodelidiaidipg atsesaed diri ng the first task and

during the seggn ged{m% anraﬁ' of J&?ormﬂpe{s%cﬁgd Wi h"ylerﬂrsz P?Mf !u?ik A &J&%g@“ﬁél cel |

stores the location o noperative nenory ry cell
array, the i rioperbRringy aﬁéYﬁfl“&‘f‘m@rélc?ﬂst\é’ﬁ%lP% qq@n%mgnp@gqeiht ution with the second
nmenory cell dfécohdrediamet My siofiethofyRelldAaotiedMith Y Secorld priflary By m&appdlie of
substi tuting at hird menory cell for a first nmenory cell, and capable of
substit ut'i ng a fourth nenory cell for a second nenory cell, the nenory
conpri si ng: acdupgasgy cprt¢npraddipssalle mgmonf (Chdhroiropitry.ahe ciciitnicdomdiismg: a first menory
cell; a first red Larfalsagﬁou@csfrdlaamp&ted ORIMEYes GRhdrStir@ TR Aoh BERHadh biind g T 1St
pri rrar y rggnll’or)y cel? ther{est merXory cekl reqhiring a substitution with a third memory cell in the first redundant
array, a first initial CAM stage of the first group of CAM stages comprising:
a first CAM cell, a first write data bus, and a first read data bus, the first write data
bus and the first read data bus respectively coupled to the CAM cell; and
a second group of dual-ported CAM stages to store second location information of the
second memory cell, the second memory cell requiring a substitution with a fourth memory cell in the second
redundant array, a second initial CAM stage of the second group of CAM stages comprising:
a second CAM cell, a second write data bus, and a second read data bus, the second
write data bus and the second read data bus respectively coupled to the CAM cell, the second write
data bus and the first write data bus sharing a first write output, and the second read data bus and the
first read data bus share a first read output.
10. The memory of claim 9, wherein the first memory cell is inoperative.

11. The memory of claim 9, wherein the second memory cell is inoperative.
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a second primary array of nmenory cells including a second nenory cell; a
second redundant array of nenory cells associated with the second primary
array of wenoeipscells; and redundancy content addressabl BCvERur63{3CAM)
circuitry, the circuitry conprising: a first group of dual-ported CAM
stages to store first location information of the first nenory cell, the
first menory ‘el | TegerRew AfFlaim & heen g firshyritaiatbus progicssd Trbpasiop ofths st n t he
first reldddtﬂﬂarﬂ'&rmat&ihlﬁam thedirdt kfost of ClAMsta@és akdAM ssdoad)@ri@ Hatd lliheplfoﬂd’c&'fa sgbup of CAM
f;ggezatg t‘%heq on oJah 1¥1f0%6\h/cl>n tl’le sacond ué mmgtagegtagtpg a gtp%UfI rst
respecti r\?ﬁ@PIyW@bisrmswmteéﬂqt pRel SECopd Vs qelfwt azaI@ISath%%et@ndjse@ﬂé wyite @eflecmsaiﬂs et ed CAM
stages tiqialiRIoa $@E BfehtibOG 8¢ pePBrmleMbihdiREy cOMlotkiods MEthe HOGAINEHe RBADFIMGL! |, the
second nmenory cell requiring a substitution with a fourth nenory cell in
the secoli@> FR¥ISant array, a second initial CAMstage of the second group
of CAM st agesl3conpite semgy obelae ¢ wher@iih fred fortiomofdiedan heatph inbrgkéie bus, and a
second rg&aekisdahaniPiSaforini®nsecond  wri te data bus and the second read data
bus respec |ver coupled to the CAM t he second wite data bus and
the first wite dajihanﬁ’ﬂgrygﬁfé”ﬂ‘?’ﬁﬁwaﬂ?‘il ETGCWP‘ErE"“dEF‘ﬁEFP‘mdé?‘fEPOP RETBEEBNd r ead
dat a buscomplﬁestolnebltdfunf@maﬂoead data bus share a first read output. 10. The
menory of clajsm 9’Th§ﬁ:§&&>’8f&‘ 13 k@l Efﬁ'p@i%%’ cell is inoperative. 11. The

menory of claim?9 e Second cell is i nog}gr ative. 19 WO
01/ 93034 PCT/AYStIiapE3wstor oppledyip ghe #@hwrtsfouawtteblaﬁ the st Wikreuepiio t fie velrg st write
dat a bus produces ’H:efﬂeﬂh&ﬁy oﬂﬂmmwm/haémifb]e:mfelopesatmh@@&tohﬁﬁa at thd 1ot Pidddr@fraly r om
the first . gr es an whi.t e data bus produces a
second p%gfprsﬁwrg nguelg%n ch%a llu%Hlelgrﬁ ornanll%%asfc?omthe second group of
CAM st ages, &fl- t helht memery @ dlaie L whepein if a write sprentish 1§ @fripreed af et etiarearfay r st

and secondmyfidst RitSRtREEmShAN@E st vhIdE mb Ms&t‘ANIBdl 1§1§i6§£1ﬁlnéd/rl te select signals

bei n i ndicative of a wi operati.o cel l
Poeali ol by 1 ok bt SBoS bBbHAT b s PRSP RLu R Yl | 15
The menoanyy afl the figt witd Sytpunksenlii m therecofid valoe, thzaecoadoPrMtelltipmastd.r st | ocat i on

information GONPIig GEmAY 8t lirh 19?@&51&95%&'0%104& perfbitied TEADE Y n@frinGhal M 12,
wherein the second portion of the_second | ocation informti Qn conpri ses

one bit B ‘i“ﬂfhﬁF'F?h‘f”i‘t?)ﬂ“tpui§ma%aéﬂ‘ﬁ§%‘iak‘/‘e’8? P M el g Ripgratedc onpr i si ng: a
wite bias transi sthemenatof @din 0.ovhblei the firssicadidata bes poediqeuid fitstpottibad tHelfiest f i 1 St
wite OLﬁBﬁH&xlﬁfS}mgtlofn'ﬁroﬁltthevfﬂ' al%o]f @ﬁMTsFLEesmg s\écogﬁ regnl (ﬁ{arﬁhsléodu ? egdn if a

wite operat|on|sclp forme rst prinary arra irst
write outopige ofithe sprgpd lagptipmyintgrmagiondiom thecspqqed gr?‘ﬁ@f@ StesA %%flsqreafl gutw ased. 17.
The nmendesporivel¢loddspact e, firagirsedoit rbdd s@lechdidnhle, t@ffiest Aidis@ond réad paéct GinaEtEidt t he
first pri arra the first wite ut i n st val ue,
the 1 i FsP R E LR e i L Moelbopleblyf oAl AL B M bR b} V7 V3
wite op?éll&ﬁtfP&DPPﬁV%Y perfornmed at the second primary array and the first

wite output 4is DUitheﬁfémblgotdmmS@;magnma%w@ort&hﬁtﬁﬁﬁ@mawoﬁ@dﬁbnis erased.
19. The nenor wherein if a wite operation is perforned at

t he sec OCF?HPIBF%/ Oﬁ%%lﬁlgf 1n(’%ormat1on’

The memory of claim 20, wherein the second portion of the second location information

comprises one bit of information.

23. The memory of claim 20, further comprising:

aread bias transistor coupled to the first read output to bias the first read output to a first value.

24. The memory of claim 23, wherein if a read operation is performed at the first primary array
and the first read output is pulled to a second value, the first CAM cell is erased. ‘

25. The memory of claim 23, wherein if a read operation is performed at the first primary array
and the first read output remains at the first value, the first CAM cell is programmed.

26. The memory of claim 23, wherein if a read operation is performed at the second primary
array and the first read output is pulled to the second value, the second CAM cell is erased.

27. The memory of claim 23, wherein if a read operation is performed at the second primary

array and the first read output remains at the first value, the second CAM cell is programmed.
20



array and the first wite output remains at the first value, the second CAM
cell is programmed. 20. The nmenory of claim9, wherein the first read data
bus prodwyees1/g3084 rst portion of the first |ocation inforper/iuse/fssm the
first group of CAM stages and the second read data bus produces a second
portion of the second location information fromthe second group of CAM
stages, at tR& fi e mpaeiy agsthpdaf substivging psseqng @leprory seliipaisdpdinyaray ok st and
second meaerysels@sbn SibghalsmentoReel infk $tim@ntray 0L0dEby RBGINS BB cofipr@Rgl S bei ng
gl Ve Ol SRR Bl bR B RER UL IE D S0, DRI 6L LB er 11
cl ai m 20nopeakie mppery pdls f i rst portion of the first |ocation information

conpri ses 0NQodyatingn dpéthtRh ARk Qe opdration Li@esHBIMREYndz t€dn8 bihRDocatbibLi N t he
second portloggof t he second,#&c

ation information conprises one bit of
!t or matBHY S80S e RmA AT ik g oot O i £ A T LM Ees P ST | as
t ransi stvbetha thephea more lochin§ ofmgmony eelld inoludepshet lodationlok the inbeentife mesdoryrcelad out put
to a first valieme gAnord BEER PR MR cof iRl ASiocaBEdileMobdratie hEASy QR&RAL | ON
is perfornmed at the first primary ‘array and the first read output iIs
pul led to a secondsFsingére lqcpiion pf thespeopdupfmony qell with e opsmfion addyessippth nenory of
claim 23, wheftsd die bf mde bo&ichs 0fx@dnatyi Bl do Botfreruiomhemechtiad of tHa @opdrdtisd mgmtioryrar y
array apdgqthe first read output remains at the first value, the first CAM
cell is programred. 26. The nenory of claim23, wherein if a read operation
is perfornmed at tHeccsEgswangr pawiogationyof Bomerh erlls righ the epsrtigngddiesdut put i s
p]lc.ll | Fd t o t hegsecandmyBddif claitnl?e, vﬁﬁ@ﬁlﬂdoﬁﬁl‘bfb@ﬁid}eﬁsiiéia\ﬁﬁtﬁ&ﬁﬁss.h27- Thedrrermry
of claim 23, erein i read_operation is rf orme t he second primary
array and théw¢ir§%cF%%9(%8'ﬁ%?”&gﬁ%%ﬁgm%¥m?%@“?T?%Tgvg &, the second CAM
cell is programmed. 20 WO 01/93034 PCT/USO1/16393 28. In a nenory, a
nmet hod of substituting a second nenory cell in a redundant array of nenory
cells for an inoperative nenory cell in a primary array of nmenory cells,
the nethod conprising: storing information in a series of dual-ported CAM
stages, the information regarding a | ocation of the inoperative nenory
cell; conparing an operation address, the operation address correspondi ng
to one or nore locations of nenory cells in the primary array, with the
information in the series of dual-ported CAM stages to determ ne whether
the one or nore locations of nenory cells include the |ocation of the
i noperative nenory cell; if the one or nore |locations of nenory cells
i nclude the location of the inoperative nenory cell, then accessing the
| ocation of the second nenory cell with the operation address; and if the
one or nore |ocations of nenory cells do not include the |ocation of the
i noperative nenory cell, then accessing the one or nore | ocations of
menory cells with the operation address. 29. The nethod of claim 28,
wherein the operation address is a wite address. 30. The nethod of claim
28, wherein the operation address is a read address. 21

21



