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bank architect ur S neous I's, that

al l ows sinult réﬁrr(ie ﬂags Pes ¢ a"dﬂcc\%? fqutaé“y locaﬁgﬁdbt?‘?g Aéé{‘rq’é‘rodgaffe a’dé‘ec“\/ﬁr‘i“’f ‘ék’“‘]
operation is° ﬁﬁd)é?ksof@&de‘tsefrve@r’@rfac#@waanp&meigﬂamnahge ewiensier ﬁs‘e sigpanats on. Fl G
| is aZ2Bl oclpditagaramaciutelfids tuadiahng vabaked Naski.ng per spective of a multiple

bank si mul taneou ) he%ﬁnb&%ﬁ@ﬁrks%dfhéra§ Bomqux}/engiggan?fﬂex?bl nLuﬁ%P bﬁg Q;B{(lyctu(r:em]ap The

exenpl ary fIlS hb] ry a addressing architecture
si mul t aneous® BPEF ALTBH FTHEH 8 HBYS Mot Ner ey r%i‘ﬁa"&dvﬂfeé%eéa“ﬁlﬁf Pyt vock
220, a stat e”'l*?a)efﬁfi“ﬁ'e'sdeﬁﬂwé@mfcrrmaﬁr@gmmmgprre@endper{ulomgl c circuit) 218, a

wite enabl e (VERdUS | BBckARGam ﬁiusDLtNg mtién%!mg%&épec@é\d fradpie RankSuaRdus Menory

| k k h
e oul 2 an S naASke B0 o RANAAORY PR by SRRER e ae

214, and ASEIAPS jask simgiarepys opgeptipndlad mspppm @90 ipsudis Rn aigreps brf%r\hloale%w & SPle REFhARIdr ess
on read add raﬁfsc%nnlal lEglJ (,Jlrm%oé?{cnrgﬁs HAs Q%lﬁ%ﬁﬁg %ﬁrﬂgﬂer %Svgrdiaht b%ff 9540:9@ %mé%{k]s erase

as appli cabl ?.)n ess Wit usses
sel ection by "t"f“i’év Cﬁﬁd’l‘"‘?é‘gsozs‘@i’ké@? ‘Ei‘ﬁkzczp? éﬂidt20%I”HUR%CCQ"_E@*SOCE‘T?add‘ﬂAC’CC‘M6 The
addr ess buf feequit Pbdsg RSARQ 14, 4SEL1 S 2. ASEL2C¢ ommuASBaRicon with the logic circuit

218. Feo clarit YTheQHlﬁes{ lﬁﬁ@‘ b@%ﬁ(ﬁp’?&lé@i dredd |acﬂi§:ss%§ %a@ﬂ@l’es@ﬂﬁmw&r &8 b@sgésl hBS R hi t
line 234 are s 32, 234 are

pr ef er abl y useg?pr(ﬁram or erase aSﬁB)aca agcs%?%on erﬁbn‘g(! €8S [ 118?5 or (faia ngges %é %}r s%k?n B};Sed to
convey or cé‘r"l"ﬂﬁ“’fsﬁ@ecb‘?“tcgcuﬁf’lo%khé‘Of?é?aé”aﬁé ‘v"\helath?ssebdﬁﬂqf blsk @ isgiln i n gener al
depend on hewnmaiyior eadheart ciuic 218. Bl AERE Sneldall SidRssBit lifei2bd B@she wilB@idfedsash

nenory 200 '11§e zd@é@!hmﬁﬁjmw lt f@)éEo%IscanﬁlﬂE@bJﬂeng‘? ﬁ{4ea%gre%ggr §s§dsm ﬁigrgody 8 1WEI te

addres§ a be under st oo t he
addr es SS buf P%r?berbqqggwesz?éb 2?4§Jbeﬂ SYCOPVEYST £287] the Bitstophegread and write addresses will in generdl

depend on how many read and write address bits are utilized.
The flash memory 200 is described with reference to one read address and one write address at a
time. It should be understood that in other embodiments, the address buffer block 220 is not limited to this

arrangement and is capable of simultaneously providing multiple read addresses and/or multiple write
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arrangenment and is capable of sinultaneously providing multiple read

addr essegodngdspy Multiple wite 4 WO 01/69603 PCTI US dresses to
t he address selection circuit blocks 210, 212, 214, 2031% f‘?‘ﬁ%’gggﬁm tiple
addr esses WJeQes't&he agcﬁ&?Jel@Juoﬂ Jmll%lo@iggioti@rﬁl 2#%' tl"heLel nﬁﬁélegcﬁj%sseggbﬂ'ldl The
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Pr ef er abl y, *TH& lmé’dc?r eggh ™ Stff’ nal 222 is externally applied to the
addr ess buffer bTheéd@fe%Qﬁfef tﬂ@h??&mecem enn@lle-titoddraenrysisi 8- Bifeiablp 18 addfegs h

menory 200. mbdw@melzz is éxh&al@dﬁlﬂlaﬁs thé ma;usl's b@iegﬂﬁi( 2232er G.Oel;llexdal l@&lrcl&ﬂ% ated by an
addr €ss genﬁz{s%gﬁo H(P How§ver th z)ddr 59 g’lautf %j a]%QZ hlgFe e%’eneba]ted gea[n a£d¥ess fgrggto(r) nolWI thin

the fl ash mem)rﬁ) dressi ng arch ress buffer
bl ock 220 i Hevu é%ﬂdaﬂ‘aer%é'gﬂ%@aa%mm@n E‘E‘F faghupqmop af*‘liﬁf‘"gia@h‘&?@ﬁfr%?f‘fré’& #By the
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generate Seﬂ’e‘t@tml)' ﬂxla ad@lgggéaﬁ% c%ftﬂy%gseato\@@dek@ sé&ﬂ%ﬁ(a@gdldlgﬂesdurlnga @lleB Gfion.
enbodi nment th ress gebq(a encer Qgic circuit 218. 10 The

| ogi ¢ circul"® Od’"E:e&t esf)?eq‘ﬁ?cg\)? ‘gflﬂfdheéogﬁlch‘i“éﬂgt y of signals to the
flash Yenory 200The TPE\‘éC”C'S}i Zghiabapabisrobrvitied a blyralithe sizadgitectheiiashgrempry 2008 Tiyr ef er abl y
i ncl ude pr ogmanpramndd l@/ﬂl&S@lcrcﬁJuﬁtl@@reﬁﬁﬂp h@hde plogHAAAS er(aJ@Qﬁaled5JhQW§1}na@$noMBl | as

operation sglection signals okl N buffer 224 receives a multiple-bit
i nput  si gnaﬁq Dﬁl\? 2%5 lDPre p ‘““g{]s' th he multiple-bit input signal DN 226

provi des read aanre R Ptfler Bphrsreies ad?ﬁ‘“'@'ﬁﬁﬁ‘rﬁﬁtﬂgg“?‘rﬁlbe?ﬁélepdef@ffﬂy the PRIFE PP e g St er
| ocat ed Wi t dignsl D236 trévéied regindl vaiteropaitibn AthBandsTiendidTptitcorsmagd@bisiddiddicd 26hih S

st Ogeglﬂ [I]_ht Jﬂ@loﬂ Nc@qﬁg Ghe 12}%{‘513@8@”\;'256 1p§’l(9éé|1plfﬁcq} ,5 Qltfrsrrlgél ‘{n@g IQVI&:ld EOQH:h(;glczéS as
neeae eII’] e.l.nftormati on to ranme
&l& as neegeq he 1nﬁut SIigna? dN ?Zﬁ éshh 6nrj%m%%trm§/pr%z1n]m§ \frfrjlg ?1

during a program era f1"ash menory
200. The vvr?PFfé“Oén'a ela"o(6\7’&15')‘(“1021#1i‘rQa‘i*he222E%“‘1"@&‘)‘9’409es a multiple-bit control |nput

signal WE 226. e

st gr ed by the V\/r-rlﬁfgvemée:%aqbel (e %u? 2é2/\§E° Wesa Uf?g]e E‘F%’{’/Pﬁj‘é‘a“ ?l%m @— ?ﬁb} fogl c
circuit 218conibh@puc WE nH, auorapludwr\lﬁna)%s m&eme\dwh@ cRRaklrer 2bhdd Whiotigdfidunct i ons
of the flash nenory. FIG | illustrates a block diagramof the flash nenory
200 f ridm anthdlesydreizhy Thoorito! ipfut WE g6 ispsed grpnabletmmpiledunctiopynf thh Bk memopyank O
202, bankl 204, f@nkksu206, bicandaghankde ZeBnaios zsdmmn hdare&ln@ponl of vidv. 8hgul d he

under st ood ngﬁ;lle ;om'%an gd%kb M%ﬁyZU@%%&%%%I a%&% (J;er]l]EneFICthr IlnH)u]E }7?' e bank

si mul t aneous operat | on I's not our nmenory

Rat her, an SERAMT Gy e gsh By Eer pereditaya f%@%‘f*ﬂ@aﬁwdmﬁ%%m@% not
ar chi t ect urlenitedto fdaettanks piancinbrasdtis T i aRBzaddr s dizagddsdiyiatdeietoding | S

expandabl IeI AcGARN unah@fmnﬁmﬁg 2@(ﬁddr@§r¢ggmg@& 8 eﬁ)%amnpﬁﬁ vkicRanks of
menory ce

i ndi vi dual %éﬁ)g mo{"E e "’U'Rf%[)()f b?("% 43 mem(b r 21'# %?lsr %glb?"%s 28 meT)an ‘{:Fggemﬁ:%’ éfore,
al t hough onPdjviqepi@pe of thg) pajiks cpy *lﬁS‘tfeFTaQ te &s bafkay hepfprpi g thpugh ong| BAG i ogly dpistrates
descri pt i onfourbdnes ferrhaog bivesaiigio the édivedifhdnashihdmeptighogddiLsgianRgcai-chiiect ur e

such as fl @%e%t@@éﬂyaddzggngaaggteg% koplgul%ﬁe%r\kts%héﬁgogs (fp%tlo%le Ldl prlmﬁ:d pﬁ(ﬂ#

si mul t36neoubs operation are not limte four banks. The four banks of
menory cel | nSbankO 202, bank] 204, bank2 206, and bank3 208 are arrays (or
sets) of flash r"fémq")'zanémf ngmorHoiekael0, 205 banielr 204 bak3/29b.abd Haek3 A¥Snaraires (ocan al so

be used in ﬁt)%ﬁﬂaslﬂ‘mﬁﬁ@icm Nl Swever, th@fn@f\@talllymcrﬁoh@s ik e 2R 2n otl%pé]nboﬁt%is 208 are

i zed t Anhd th
g_{jg?gls g g.b| l;!%efyrx%qy%ﬁe b%‘r]g a(%_zh%gn%yZO%%% or()gnlsze r; wof: ?de EIIBH bﬁE%{OEd%Pchbenh i;e bﬁﬁﬁr bank?2

206, bank3 WWOBddrsablenc| ude | ocal i zed addr ess decode logic (not illustrated
in FIG 1). For Bxé&nhes oftntkeoradds, ess 1eeode20k ogike 2deorankd arkeDin20R Idchank 1

(2104 dban k2 aaQ@s de@(ﬁ@%éc (%g%)usda{a(ﬂn lﬁﬁ?% e)?gmglg(;lgq&{ress(({g&he I§Mnk§§@ (IﬂnkY
ecoaer ( no t()4 %an?m bankl; 908) 1nc?udes an Xtdecgd(.r (not shown) and a Y decoder (not shown). Preferably, the

X decoder includes a word line decoder and sector decoder. The word line decoder and the sector decoder

receive address bits from the address selection circuit blocks ASELO 210 (ASEL1 212, ASEL2 214, and
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X decoder includes a word |ine decoder and sector decoder. The word |ine
decoder q);tiﬁiﬁ sector decoder receive address bits fﬁ((ﬂ)'m, @7 dr ess
selection circuit blocks ASELO 210 (ASELI 212, ASEL2 2 WO 01/ 69603
PCT/ USGL/ 072&3 2ﬁ§%ra%ljy6)leY E Ecﬁgr%rcﬁpelsyblt lhpﬁec%erqﬁ&pgagﬁg ‘Tﬁ]e%lltlﬁge%coaerbl t l ine
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ASELO 210 (’ﬁ@l‘:’tsfddff its K%Eﬁ%aﬁiz?m%éﬁ@ %}21%%82‘@ a‘eae%ﬁéfi“%de‘éfré‘”%{}el |
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dESCI’ ! %éel 18% gj%ééé %ﬁokf u&kNQ et a? Tcorgi‘_)ratedq)y re?erence%grelet al ., and US Patent 5

porated by reference herein. In
FI G 1 the | ogi'eFiEi k éleioglc E‘IB‘%??IQY‘@E‘SSG%PS sféﬂm@ sghalsgethedtpeffleeiogpigts to t he
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nal s,
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art t% a exten e concep circurtr

mul ti - bi ‘f’e I BRETRART Ff‘s‘mP‘TPFd@‘é’“%‘R‘F‘P‘ r"élddelpf‘fa'ﬁbmf"ﬁ@"‘é‘f"f‘s W,F‘Pq’"gé’b%’fcésci ate
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bit of a rru(;eSlre ress as required. Qther inplenentations m ght

i nclude presenti or sone of the nultiple address bits together to
achi eve the desTh? wdrer geurienabt?2 pidie f isgrmuliPhex applines 3ot feft ne8ig Hariiz22 of

FI G D5 s abiwnbibf F10I 3 (desxib@mbeal). Piafptdtly, &l aHiRsSs itpaad thé met racies zbmﬁonadidmess 25
bits AN of (Floglde%f l(l%?cﬁ"lke%g IQQAOQe\é\é)sxngEﬁfnﬁ§ @optlal}{ addtet&ﬁ\g ﬁ'n%q{la%% 1%1nl1 QQ}Ut to

the flash nenor or outsid mul ti-bit
addr ess si g‘ﬁ‘gl’m%?"fraﬁﬁ/ Péeéﬁ‘i%gl %useéa‘gﬁ’déét? F?ﬂ‘bpr?"fffso‘ﬁd?fﬁffef’ 82’ ?Séddgr e ﬁ'8 “f¥ad and
W ite oper atreigivss: Thyagdress agphly?22 may e Hrbitg (o siamiee. pvittetwe brinpreppito dareidige aididr esses t o
be used f ornumBaAH oBBAeks O hdnry cap@nzandr@@s; uskB 2@ B8Se1&k BN he Bdic bRyt he 20

bi ts, fOI’ exarrpIT%é Tdrﬂress?nﬁémocﬁ)ﬁﬁg méu&iS lEr?lityo g(%?"eps qun’gs greie;aﬂ zkcpHHngal N of

banks of menory to activate sel ect | ogic
in the |og|3€df€:-*rs Pléfaf i dugl pgried g Tﬁé:haﬂd’?*é’gféﬂt‘f&f“foéﬁ’dméﬁ WYEKS 2TOUPHEr YE¥s a
plurality ofddesdrdasstoibfaeirie.addrise Pefebly yhe r@daddreisnapuis tiuatinglead diesed buf f er

i s dual - por{ygds, Waltate wr%ad@@%mpaplsﬂfoﬁassﬁ,glbm Jfﬁ,@ wh@§ddte¥w1na)¢kdxe%§d nceu[};:) ma]g S, glne
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o o e B RLE S Sy R r G O o LS, B e ol ef erabl y,
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multiple wit resses e Wit resses ves being
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controlled by the address signal 222, either initially or directly.
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35 exanple, the verify sense anplifier block 270 will be able to verify the
val ue of a core cell of the bank3 208 when the selection signal 3WBEL is
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sense afipl i fak @bgrdd DECKas2réQied dagRandbindr Pevef Qe RS pdfe. HNGurfe! 165%@11&’93 mory 200
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circuit 218 B g?ye‘Pea‘b%S‘g“f'ﬁfémﬁ’F&élf SEFHILHA cwrds W‘@Taéltclé“d“(é)t '%rtzfm %oFAtc| ude
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AND gat e i s ghtsghi daibes 08 Butduf(s) BMely Q0D Yacek fow@hdn 1RFERK §1§nai iBULIR hRMWGy, b 8Rs QdnaiONE.
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rel ated CII‘CUI'[ suc at the PGMsignal is input to the one or nore
AND gat es and dr W‘é"é therperean fshgtafes e upt Predmisply AREragiat i s\NDowe {plie brvingisleP@M si gnal
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er ase related s S ERS SI IS I nput e one or
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per spedl i ve virificaidnGind bpeitial cfiram a = 30 data operations st andp0| nt in FIG 2,
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is, if the GP&FELTY 8f208e0581ﬁ 2ﬁabE€efP‘r"2@&a‘bdavrﬂéheéfi (FapSiFOESLIeE NG HCRARBE | n
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simlar communication with the logic circuit 218. While data from one bank are communicated to the read sense

40 amplifier block 268, data from any other bank can be communicated to the verify sense amplifier block 270.
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to a conventional flash nmenory. OF course, the address buffer block 220,
the | ogi gdifssedst 218, and the sense anplifier blocks,268¢,,47dd,di rect and
perform gl obal aspects of the addressing, decoding, dafa sensing and 35
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sense 40 anplifi e?erﬁqyo 8 are WS QP BRSO HE B BARCE AR BRI @ER NI cat ed
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bei ng perfor rrepwps% conmmuni cated from

a
the read sen&é arrpl‘lmfAl%glt(35 f) ngw ‘866‘33'“? agdrfsﬁgoni}‘?)adﬁrﬁ? f"g{‘ Plockr R 1B FABIYdur i ng
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st at us i nf okdmplo@iinnked frbh e 1/d @ffbrlslfof- @¥iScatd whihake pRBra@tlih SiodBle B FRLEHQLS 8aAN pol |
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Wil e one bank 1s belng prog rarme ‘ff?/ e accessed
for a read OFEHIE|BH. Dirippi skl initg 'F*i’i‘gjpeéf‘“ﬁ‘rab@?%h’i“(?W e |99t @oyt?'he bankO
202, the | ogilerady afensioting2 ¥ thrip Lol be grogriv@nca G tpphee thyvicli tegeag @le@cinal 3RSghal  OWNSEL

to ASELO 2 1QSEIQ 25Ab 8¢t e R84 MI'eSIs eror@dlggd&%@ b&frepﬁnct( E‘Z@ f@m{n%ﬁlgaugﬂf) fh@f( a:Q'\OC k 220
for communi Ca% ess ecoders?no sho»{n%(ﬁ%ganm %gc d%&tpsut {fﬂ]og%ri\ﬁ %gmgt%d%)e setnt 0 %e rae'%iig(gnsezoz

Further, the fo IC ore gr anmed
from LA 1/ GMSOY PEHSST Gr e/ 2t PO EnouHET e @girsaﬁerﬁnmgﬁecwb PSredd The
out put of t beseilb upanlb202d aulida hhensemivnt 0 t he verify sense anplifier

bl ock 270 via t hﬁmﬁaﬁ‘l?@%ng Erpe'}ase,zégsettgﬂfln 6219@9@6 lh§ BBC WCS !’blﬁ Q(ﬁlld s%f}ﬂf@qctllvp\plgg

dat a. Durlngel pg{i%ﬁ Sﬁ%glmtlae eration at the bank 08,
the logic clred grtla 0 f ey ATy BF eF adg?iﬁ?sl Y AP paenEiag Ay vpa
progr anmed, ‘hsmémwb@@r lt'(?ff&@ci”re\?éirqs@a@ersetemmmqghaiﬁ us@RSEEle thepughABEE By @16 t 0
sel ect23 he & paduaddioes salk@oni Ben AUl RS abbhide Thdateek sd2Queh@bucanpaini cat i on
to the X angfteY eras@gqﬁeeﬁcﬁﬁgs%gugrg%r §1rcg p)ﬁ&louﬁi bQ\lMJ(} to getnergtg%drlgsaserglt(o‘?’v]pglo gaclbliyh%&tgl t pUt

of the bank3 Vi a

the transi sfreffd 986, VBldrdihbty is b‘f Pﬁeeraé‘iﬂta?ﬂﬁSEbff 216 fethg @é‘d‘o%‘éﬁ‘ﬁé’g‘éﬂﬁ}' | f‘f‘?)é"r

bl ock 268 weisktae a e gigngs fibmo the fddrels/séQudotifif creu@ryafdl ddresnbuifechirtcia22busead not

S hOWI’l) ghgbﬂeﬁﬁdln)éan vel lﬂrrleﬁlgjtt ﬁQnﬁﬁl@ﬁtﬁnk% u@ntv%ﬁﬁ%ng sclc{l tl@?e@cka%drgsg Bom lthpﬁdrjeﬁ%'EEZ 214
circui e a sel ect si 0

to sel :Iéoct t B \?PH’IQC EUPQ’ 8’¥ Kaague errﬁ?]sﬁrtoﬁ A AP S QLTSRS Ce e bu""\é\ﬁf (V:eﬂ'?yt ry wthin

t he addr essoﬂﬁiﬁ'ﬂq“éf therascdeera P perfifed 3 ot e ghedesepigaayet £ groelil repityitherdyia wovalhe  he
used to cycleifytshisitghficadidck blvewHily fe@Siath Ror@ny &uhdd 8dnk Wl R kontr@@i Ak B resake sur e

that each byfg ahﬁlﬁé}rbf%&r RYRIELy vah0s $HE biPhng le§d b%%&%%ﬁ%@%% hé’an?% Kl @5ed.

After erasuye, dress sequencing circult be used tbagenerate

addr esses t & R?&?P‘dftw&éﬁ’ﬁ Mé@'e&fd ttyvﬂeéwd B agté&‘egté@'ea&wl‘swcl @N%Bhéo AR2 206
i s bei¥g er beledn bavehd ASEWRIe 2dvdihere ¢flhe babkyiedtilgrowsf bdgevrilogi. ¢ circuit 218)
is selecting a mnt@sa@dﬁea&smwc@ml&o%@Q@@%ﬁm%@a%@ﬂ% a&breﬁyaomy of the

addr ess buf f L%[lpl% %_51 u taneo’u taqu ﬂasgggnl;oat iO rc&erzﬂ»l tge adgr%slr;_lgu%dr 225 @183{ ot her

bank by usin 0 sel e rea res buf f er
bl ock 220 r#t Wé%a serisaef addrafy s 490 @rowry adﬁmmt%% Oélawcé%hcs@tf%%&@nﬁg lines
circuitry. Domddagdrdshis WaR bfftye write dedicated address on bit lines 234. The address buffer 400 includes a

40 NOR gate 402, an exclusive-NOR or equivalence gate 408, a first latch 450, a second latch 460, inverters 404,
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operation of the erase operation perfornmed at one bank, the logic circuit

218 woul yoififbshy the data using the verify sense anpl %EJ{{%OIB{”@}EK 270,
while read data from any ot her bank woul d be comuni ca e read

sense anpl i f4beh26000206kha@RBransTdSi06, 8MEI1Y uddidddls smesv\gnli t.earh gateam Plfegﬁgy it
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operation flash . Prefera dress 220 of

FIG | i nc|°h‘&é§‘aam%é¥w r‘&i’f’ oﬁﬁﬁm“&éd%tﬁhf‘é‘? Eadiper o HE I BUE 2 WaHrESE ™ 5 t s RAh
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40 NOR gate 402, . usive- ui val ence rst | at ch
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AND gat e 42 4erieRf Bifs ef tedytroferablyR@ernafly &ppiied haate@hnpdia@nat 1¢ birdes. Brefprali)lf lh@ﬁrstjaﬁﬂ/er ters
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respect to éeqf‘reﬂ‘fef‘isg’f"e:d h’k‘mg " AuerdiratyEers 40 gyaded i SHHS menory such as nmenory
200 i s that addr&sdORrhot@acionthcoirssipordingdtoinpniignalohe” Gpanmtsn Pbs

out put 1at a idaiper ddd Elgxﬁgls@ § @ae d&ﬂﬁﬁe&ﬁdr@ﬂbuff@fmloa\dﬂﬁ Qﬁ(ﬁermlyt lhefrgcver @%QWhaﬁ;

out put, whi ldl@abgythe! y(%lbﬁjf%\rlrcncu%é weql a}x' On wn to th scdlid]kgmdhe aTL thc oul{)ul o} é\!téDgrg lpr ogram

or erase) is out ff ress ess
buf f er 400, °FHE"t Whdf Hatiha gy sutepiar galﬁéfe %“FPe Thirdfere be’ddweé'sre' Reepsiieh-éan
operat e i nddpanptentdoyn. andusi ¢tk NOR @SR yypudtie peiyelioR g:codlest sTehe caRtor alli. Bagnal s

appl ied the lsblw{hfag(rWAQQouldij1nIJB@1d§1qgrAﬁ§a§d J?Mdﬁr@s@ buL}QrO406 ng %s\/lﬁ,sadd’:}&s qgrbggkst bi t ;
IS O

i nput i. Brefer J S

the préfer ab%oywoelg eJr th% hfge EVSI oIl Ogg (213%3554 QP‘F ?‘?ﬁ‘ﬂ?d ‘%lf“g‘hvéT‘e’ é°22 T‘&f‘"”ﬁ’l‘t—i‘ ¥
Pref erabl y, cquped t fhe Sot"ceaﬂﬁ d‘e n-gfeerohidnsisiet Yhaswvdlzoto thd Butaf the cassadel itvgrtesyt43¢. 628

addr ess hi t Shatd add@tsmic RaAK & o@fut o (BAENRS 5285 elqu;erm&e;rws theead thh@signal Sequencer

is fornmed b afln o F88S X ) erecouee ) The
NOR gat o 40)2/L/9“§gg:%§gsg 2 ptlthl)?t ?sgsg);gfﬁ TIQH{% ?][/?TCQIQQ de %S%?CA d th ﬁ%§'r'1clo

The input sid§hal®apprus TS“’T“% adﬂ”ﬁ(’i\)\ié“ﬁ"”ﬂ%%m@i ‘Qf’ﬁ“d'l‘e ”EPé,“é‘ﬂdrTSbA*boW ‘hd g\ﬁlc}fbhe
addr es3d buf ﬁleral iblighctke @RGL0r PO Efoamethapecotdiachioen bdevs vih ginademaldiidabhies t he
cl ock buf f eknied ﬂi‘&fdﬂdbtyrcymaaﬁ whB bi read Aﬁ)rrhaﬁork I’M)M\ﬂ&l w&yothct PAS R4S bit &uﬁ)dl whnit he art,

t he out put W at e the
NOR gate ar gcfntzr(glle gn ut a?dress Ahi. V\r\ﬁhee?] hf: Ee & Slﬁ afls Iﬂﬁ tLe transnsﬁ)rjbﬁls OH n<} tﬁe raa(érl ng

power down, 24fE bb&“t‘&b‘U%A’U‘fcof“F?eedee Ba ejd@E?Z‘hbl{fﬂ‘bHEh‘Y%'”&%% Slgeworvel@ar dl ess
of the val usecccnﬂ 1a 460 isH@bpled irSm thRAbut eddlss\AAD hwertit gidlee wondepenrdam: adfessAhi  and
t he adsly essQubder 400 and thus the address buffer block 20 220 woul d be

di sabl ed. The ou{hpe)ut of Jg%%g ate 402 is coupled to the inverter 404.
The inverter 404 T&<Udy RS AP ERE Y O H ANdAr BHERARITPY YA St or 4086,
as well as kwwefaghofenkiilpd "GfleatlheeOelalse%wjewluplhmﬁceptsuvdﬂ%egaz¢2€8>ne if afith enly iédld

addr ess bit of%hnphtStoQidE)QL&EwefN@T@ate he e(ium{l@ﬂ tB]E mﬂﬂﬁgnaﬂ:{hﬁh Li§ tﬁ(ﬂﬁlipﬁttt@fléle QQ@I

rocel ves ANl SLORRL kAT Rl LhE AR hORUL. Bl LCONRLLEN, 400, The
the wite a&HP%f&é“OBiStge"efatfdpftPfﬂ ‘\‘RRH‘P‘E‘@cé?S‘&“?‘Gh‘f“tﬂﬁ"éﬂ"i‘%’f’ﬁiﬁr Raedias @ URigpPut\\hen t he
LATCHb 25 siogaiasigndl $Ghi; gbim tht hrevidus |tvsss Bitffor404 86 the Suy@ingf ta pdsebt Adiresaofmdn eool @t ch

460 can he Lc@@g%gfemutpnt\x’m?toﬁ%; thwutpﬁqgglg§§1a]%ih froWMe%Qvngfsglfﬁ%xr ng\INthgont ai ns
wite or ess hit output WAh is

ad
control | ed y "t'sﬁoeW ?“ﬁ%&‘%h dﬁﬁd?té‘?“'“ ATﬁF °”“%§\h°eh’e ’t‘heal‘f_"ﬂ"’l"ﬁﬁlﬁo%? Greie ot ST“{)C\‘/’\/Of e
transi stor &%“W‘ﬁraeﬁ‘for“&n\dlcm leiveseadiput dod sigss ChKitat bugapirputRAbe tassismoHPr ol | ed
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second latch 460 is decoupled fromthe input address AN, the wite address

woul d beyghpkfeh i n the address 30 sequencer. The excl gate 408
receives an §nput signal TAh_1 and an address bit |npﬂfsll%h is known

to those skiok&fmk Actahier uarrstsmrztlbevh@xuk&%s annp@Qo&)&grla‘-@Jé/Qt}mg% 195111 &4y val ence

gate is onejif an onI hnd t gate are
equi val ent . "FRE" op[h hy el nal ml‘éf_fﬁs f‘f"pqed ‘¢ Hysectgilﬂlﬁ%‘f%{% §f’ g'al%i’fl ar m%ﬁ om t he
previ ous adm“%%"é“%uﬁeé?mfldrﬁa“’f‘ﬁ@ igqaanied chehegfversee 692 dosvieldhfafidsqsssbit OTFhlaWAlhsvhldl! he

out put t oggWi@ reptegmghr of lukiee Glogdh of dids® adaerfs &ﬁcné%n S o@Rb@Iodheddts ametde
out put 5t Oggh@ acﬁﬁe&ri)ﬂlout&t Wkpg alQJ fgyﬂa&qé thpé'(l.][l t/ denée ég?gﬂb% nﬂwe chir 8871{ om% %E inatthe

toggle signal TG .h previ ous ‘a e out put of

t he presentS‘%ﬂ&?é@éreﬂ'ﬂﬁ“f%?eWa‘et“%éoy‘%{?ﬁ’i?‘é’g’gtstﬁﬂﬁTf%lrh out put WAh toggles. If
t he out put tOgg'r@efédeﬂﬁécoﬂfﬁﬂﬂmlﬁ%e r&@aﬁ}‘eg\éltg}l’&ltl@/&”Jaelgllaf)@fol LQé’YJy tﬁehen TGh
is low, and WAh does not toggle. The output of the equivalence gate 408 is
coupl ed to nhengdurfoexaiplet theoutprr-othainveedr 426rcansiveit o codiBnennRiddhef heeei ves an

i nput cl OCkad&bs@BlaAutpuchPr@terattl)hﬁidgaftaﬁmﬂlln@%l sg(twntrhﬁthls ﬁplﬁi]lﬁetigrmeﬂiw 20040 The
drain of the n-channel transistor 410_is coupled to the first latch 450.
The filOst | @pehthamoripreneymel wdresditst RAD kOnew®aG1/ 69603 PCT/ USO / 07982 sour ce
Of the n- ChannelP tfera?@ihsgrggleluﬁen G\Xr oft%hyrlil%e%igressglt?_lud)nne{:llp avai ang?o use{))%QG ICLKa

at the gate |nput aln o rans S S
coupled to rﬁ]&iﬁ@ryQG@GBszln@IeCthb ABQ obRTkedohBlaElr b fn Phvideh&d R ﬁ@@)ﬂﬂl@rhent Wansi st or

406 The Se e Wl’ S@\R 041.-1\?)%0{ V{’/ﬁh 9 k!, ly addtmonatl pltel{nes gno?{hg\gr{m é]%z areu 1I gilllg t he

address bit out u program or
erase) addressy 2d(e(pedadaymgc@mlehk}&rmeeraaarbs@ms(WAWheneaQQFyeSS buf fer 400. 5 The
addre bit out A bac t ui val enc te 408, The
addr e:l? bit out gj&];mb\\é/\\ﬁ%d !)p%ﬁ@on th adgress bit olu puﬁgh w1hl%e utqlzed asarfag gjre ablt IAM_S gate 424
to yield th®HEpatrePErd: “'FGLgPFIL Cé?bé‘f"hﬁl‘e\ya YE‘}'I%W%PFM'%‘YT@W{“" ‘Rﬂﬁ"”@f th¢ he read
addr ess hi treagupgption, ERks 2 vgitcandadst @bls @ bf Drdedlig® tHo yecdnh @tch BTy 1RG1Pnal Fdinput

exanpl e, t h@m@Nbﬁ)g&Le 4@5 .shé‘lﬂld\d“\{ﬁéﬁ th%utp%?(@thQBRQ&é%()b da ol fﬂé‘co% @Pén?d?‘%ﬁ‘it yRAh of
t he read afd ress %:) fera ot

n
shown in FI'G 14 yf Ou"ﬁ" cl’Jfll f’i"eve i n4vr¥'1e!l W 3 [5*}/ hﬁadfﬁssﬁféﬁ‘i/péﬁ/m? v l@&ﬂ%rf)lée%rent ary
read é’@dres*‘é/”lﬁla‘i@ssF‘?AI“}h‘as necessary. Preferably, the conpl ement WAh of the
write address bituri@utwitttopd/Mibn, insadaréaivh alphuewADkil US&i1RY adapBgraBimEdse 200.  For
exarrpl e, t ha@drg'sli; ?nge&t’el} Qﬁce%%lgqgjdrésag l%enie(flo@gm%%ll %Yalle Qhe %g]b "l%er('\ggll ti onal

conpl enent VYA addr ess
bit Iines (‘ﬁSéOWssr%‘%ﬂHh‘i "nchffr’?h‘ra"i'jmféP%s 'u't“fdl “i“z"é‘b‘ ‘PP“‘ ‘ﬁ‘éﬁiﬁ?%‘id ‘2*6@4695'5861% t he
conpl enent ardgpepgentifiomghd dddeessAbh it he dARIwhers thaedte sid@ss ynust BGoddedr thqggna wrl%dlgh
oper atson, 1h hﬂo@zdxdd’pa&ﬁm e taddeusd B itpuBABut Wialh lis 1@ edih ink aidéx@g bEfer 40 {h%@éi tl@d@[ €SS
bit. If a rggﬁeseggﬁ egg@ 4F(§am§) LA Qj{mﬁgrforrreagWAE he signal LATCHb w ||

o}

generally g ow an stay ifati on of the read operati on,
unless a wite AHFFEEY aﬁfé@a‘éaltnéoﬂb@erlaaad@ﬂdrefsiﬁwl PRendgwedn apgeedessdhe Wien
the signal tRfitaprt addtess ohie hNCIR Iagraddentdld Zioresin e ladthes koo int@dirdsteft@udoput  of

the NOR gatt@ th@gznamﬁhprFO Jﬂmgh Cﬂ@mhmﬁ@atddrgsg may be oul[lut as a(fdgalss bQ%puIi Q@J'n dlInh% OUt pLIt
of th i nverter 404 ess bit output

be conP rol I'€d P2 by ”f P ga" e %FTSS }&h‘?”‘p”‘ﬁf‘rhlebb © 5P 10 @WB@FQT“?‘OW"“ t he
addr ess bi tWihLtperb mhlow the| wripeaddugsi i pi@ehilebly becaye bgwrimddiess aps laghedsimthe addr ess
bit, respectdsebyter4ce a wite address i s I oaded or is i nternal |y
generated, the g I he_ n-c nel
Pransistor 406 i ARont e Pral o mel ol W@ Rorlilake M SR SHERRP

i sol at ed arfd¥ s RAEPRHUB FPskh t*ﬁ%*draiﬂérﬂvéfg@r infarorporafgd inpfis addzessbulffi 00 t he write
addr eS8 nustorpeelipactdidition di ene Singeahddmislideatign. Micgires2bqubmingis pic@gplind t9per at i on,

t he addres Snpbll ctocll MH&&L@UEI@@KKM&&E@U tl?etl&’tl%gcuh 5'18%%%21@@0%%]551 HI &Lq{ an4100

t hrough t he le rst q oL | at ches , and the eedback of the
Si 9 nal V\Ah e input clock 51gnal ¢ synchronized w1th an internally generated memory chip clock

while the input clock signal CLKh can be set to toggle each (ime that an embedded series of operations at the
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For exanpl e, assume that incom ng external address signal 222 and thus Ahi

Is a wi{edspess. The bits of the wite address wou | at ched
into or storeﬂi In the | atches 450, 460 in the address hg]fv#] ?}3?8 by the

si gnal LATGﬂharggbaa@nmlg,las Il neway A& i Lﬁregdﬁlrb%%emd B%pegymusn iRAgnaddr ess

n ¢ ouput Wl A e et T g bl
LATCHb goi ng"ltf‘({‘)‘?}? the ihpast qjgek tignalaCledh el LKgeas bej gkrieragd dig dna biiteblchemaarsat of direviy i t e
addr ess was te@lL& gelal bdtiedchiRd wAAE @3S ovDMfch BE opd@fdns AACEHBELIQRI @sicOMdi N a
aon o yptgall . copuLcsn pet] el in iy (e s sl | of
i ncor por at ediefahis thﬁ%"mélﬁ’a‘f“é%féheﬁh?ﬂﬁ@f‘a‘ ‘400 to 35 coordinate the verifi | cat i on of
the requisite adéiCessatcatal vidneeraibh elead e gSers@ GuinGI Agoriisy BOE ompld wiked by

the i nput Qinﬁﬁalﬁeoﬁs! £5}§10§ﬂag-1%§noay%0 Qre@?ablyﬁ’ﬂe%fa@mlny andtcg}nﬁolllé%glcf;cu@kl%%lh&es 218
generates the cl Ka may

be synchroni’Zé¢ * r A S’U%p?m’aé“}’ gt fs3oog%{‘ﬁé°|’ ) ‘hﬁ&H‘o"Fé} > ?eﬁer&li '6‘8‘126 e W'TSE t he

i nput ¢Pock l@fegvr'ibﬁe NGElkchsignalgenatorratuits. 0Fht ogighdewrsampbration srisciisiget separaice aityeitided

iser i es of f Opeludds h masnpatm\nigate 60812 1MER 63, /2 IR m&dua@y nQ¢RG1 MasHET@SSa 4
ocation fi t nt e

properly V\hg\lﬁosgl%&f%ﬁ %Fer?éd §nd\§,§%mfﬁ’ae t %ﬁglﬁﬂ 6eﬁ%|f%s£2§eetares(§ecluve 'nver&em%qgeé%en t he

i nternal addr&E8Y ki 6f0d"°E“rd‘éﬁ§‘i“tqftS‘?‘F”‘Eré("tokPéz next address. Although the

i nput cl ock si gnaheaili KEN"asighal Glalied@rme e o @nechaineltMOSFET 602 yindSwl inpua bl tie

arrangesent gpde. I@Llrmdgwszo tl"lnaewcgﬂlgbinﬁlsgnﬁé thrSin OSSN Q@@zo’uré ahdrgsemlgms know
when t he op%Y&t tion fInISh
S

C ess
advant ageou %rpslsd ferq)arik dd:o no zis x Il (ﬁm morégeldélé) Pthlélcall’s%?.llf ur tgg_]\g all four
usef ul enbod?f??éﬁ*ﬂons tf He ingyrigyand sqnng:aFd VnalseStOhtée %W@Wﬁweﬁre e regleriacls fognal .
FIG 4 is abinadiressiiecotifid. F@ siaflRfiyatht afin&abdalhies 5T i ahalgensdwakdringine SAND 600

according tgaté 68 of i Ll PﬁeﬁhA%leﬁe 62%'ls¢blllp¥e§‘[&%%%ut%ﬂ% E‘Jehe%bzf Jné‘%c[%{*mfé’rm?oo
Prefer%g é‘lgg‘f‘g te machi ne and control logic circuit i ncl ud
f S c {u 10

series ﬁ?\ﬁﬁ\m GEHET deEp- Lierwph! Pféhegﬁﬂ‘er Y& e gPeEAEH Y ¥/E £ our
banks. | n geW&Ea|Thissifnatifiod wckap e AND aak@®$ and e NOB g@te &t A latgipenhbleg&IERE Xsigedl gnall

gener at or cilsra&uilpwed to tht@wd- Lt A1 ghed0$. 118 ANS gz@etdo%mps@ b basd 1g6RRhab P GIRRAT at or

circuit 600( anE}‘? ﬂed§6(% %h‘é&fﬁ%%g%@ygng‘alt ﬁnl@S(ll:% anaaNR@gL swnzﬁ %Sjjlftl\l%g(:hannel

MOSFET 602, an n-channel two-1 nput a pair
of three-i nﬁfj‘tratﬁlﬂﬁﬂﬂ’e&% wemg PEEN $2s-wi t h respect i ve | nverters 618, 622.
Preferdbly, the Tatsoire668: pichahdi BIOSFET §0ais ton@fted e supity ®luGd Uec vhilAhe dhim itnabl e

( ENt) fSI th@Je trg-nglstt@rgm 1% @ﬂplt;on lLJ@alrg(ﬁth@thtanJeMOSi%E@ b@'}ﬁkﬂh Ehm é-(g ’ﬁ@&)u@gg an

i nput o u other in

t hr ee- i nput %M?\']Bswr PP” ?ﬂ'ﬁa‘édﬁ“égma g?‘"ggéheﬁa“i Qéhe N‘E)gf VR ¢ W&E"L%gé“ °%or
bank decodi 8¢, froa’éhee%wl gate A8 Therputpry plghedath£5Q is @enl@w) ong Pt pfitks teaigret PR fasur
banks, all four conbinations of the inverted and noni nverted val ues of the

si gnal so\WAb and YD @i 6 ulré%fe‘ﬁ gatt gﬁpsecg\%p'lcy o inpi S’the llpé%ul%%beg§é6ge?}%%(pg For

sinmplicity, the noninverted values o e sig are shown entering the
NAND gate 699 "B ¢ heihreg-inpyNANRARDS ) a addgsoit F‘s"“!é 8651'"8 BA§ get rPakdputi®of t he
i nverter 622 exgnedefrfogckhilteloy. behifcase nifo Bankshal ffunrepedtigrronbinagdms AND igertee ( not
shown). The aﬂUlB@rH/Erte@f/ahIem the Elyrﬁlrs R&H an@ axg Lr@ usbd¥6r bgrﬁ(r:l&frejs&icé’&hin& eorglﬁlkl%ﬁw mei gnal

P\é\FEh T2L|S nosnln,g&i_'ﬁ%\ragues of t%e Sl%nqs are Stho n emerln [ ggbf;’at?@g wmt Phe N%&%bg l%at62460'§\

The ANDY gat é"”B‘@‘B‘O Blatnp%t)fgheawerﬁtﬁfitsmfequsﬁﬂwrf@mzm fé"C%i"ghaalAND(gmﬁE'EN“)W"ht node
606. The N CGhaogitbsh&@nd hats igpenenata sthcnRSERsENd N NWSEL si gnal s

respectivel y al %cmgﬁ&%r Al Gredthe’ &ﬁpe?e&sl«}(aﬁ*nﬂs@L%%'wn@lsé?J& @99@&& T%5 The
source of th ﬁ l%/DSF 02 1s connected to th E%y vol t age Vcc

while the dfgP "%%EL af%%“ﬂé%@?ﬁ’%&d&‘h‘etﬂzba?kso‘ wEUpTed 'y ‘t’ H‘émtff § yPtnehe
n- channel MOBREF BO4nemprd 20001 Elfd. that ahioGHOks (N, ekl R@ebawf] 204, bank2 206, and

40 bank3 208, with bank n referring generally to the nth bank. Therefore, there are four read select signals
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the transistor 604 is connected to ground while the gate of the MOSFET 604
recei ves naI NnLEN at node 606 fromthe AND gat g-H0 out put of
the | at cn}()gbgé I's coupl ed to one input of the two-input ﬁn/o?;@? 614. 30

The out put 4 i.s coupled to h ree- i nput

NAND gat e 6% 1ﬁ two EiLa"idrf\oufj '&° Sp%‘w ﬁ“alsgﬁgﬁeLep\?%%u%ﬁNgnggte '620 are
addr ess bi t s psshoRag F&%d ﬁﬂgl%@lﬂ’lsrde%gntﬂa@ﬁwatdﬁﬁ%d’rﬂhbe high graaciyg pheap rrel i n

nore det ai |l op@hiawis petisimédik Ge RaSE SorfiladyonwsBpamkis mgabrlacnfvewrenﬁ@ﬁtpaﬁfahdﬂahax is,

conbi nat i onsép,gfgra,gg%ragegyegaﬁlgrggperfgmlgdngpg)aq]y,grted val ues of the signals RAb and
RAg are_used for bank address decodi ng. For sinpli Clté t he  noninverted

val ues df the si GHEPguApE %HB\RH“%“F?Pé‘?dl Vil afdrsseRENEP Rt B Eravhish Pt el 4. The
NAND gat e 61Girdsgoc@®n cau il ted ategout braksi(Regi brlpfivo bise2 4 widlbt ereded bRniq@lydescribe

ef fectivel y sRe£kOiMRerctaR8erEHRCH bobhQN=8 BanfiN: Gk, 61208is BROW) wil PhReut put
of the inverter 618 is the generic read sel ect signal nRSEL. The circuit

600 gener at éishereties Nhazkg thspin@ereralyibniarhern REEL12 anl ) et acedgd it reprase} achenksi Ga il
NWBEL. The r&i gralks NRGEkled nghald MEEqua PdcleRsRA Bl udi@ tishemdtitubaate, Of bicow e
menory 8e| Is. In the_ pulti Ele sinul taneous operation flash menory 200 of
FiIg 1] therdéw%f(évh%%r?%h s X ReEgyeh copRitRon 209 Babfie]"PeO A3t M0 and 40
bank3 208. whds hillvahikh aaadief @ntai thgpagereewtadhlityg opepuibntigadt Rrikank occdrivanigicor e,

there are f Quink qlegﬁL@&{put%gnal s 12 WO 01/ 69603 PCTI USO1/ 07982 ORSEL,

| RSEL, 2RSEL, 3R gp wite select signals OASEL, |WSEL, d I%L

3WBEL (i.e., n=0, ire 59 Wré%adgrﬁsé‘iﬁﬁa“ RS e chpra ‘ﬁ‘ﬁé“ R AT VR acf%cgl gned so
t hat nNRSEL Wwprhi¢n. Eelerhlilygtheseportacchet ofvineries af adégelbits-olppelr dthe omtdnsforsashfupe pred at

t he bamk N. addd cblﬁeﬁrlsﬁforrﬂAABEIIhwuleutyl’bEeam r@hoﬂﬁ e lof N@wm%nd&n%intoﬂndﬂ@ﬂr ation,
t hat I S a R{le(agg @rmog{o%serl"%%s{ Q(P[%r gltalrgglorl vﬁlcfgg(rﬂfssofong( Ca;] ge us&qp&tennme

Certain quantl ties resses are used to

det er m ne whiEhP B! ‘%eréséloFa“O'blﬂ'dT éé’é“kld‘éf@%l‘?cr OPf spegndfrtion f  fepey writgpddrepsoity
banks ( N=4) exapplk.partbposedipo tigerfiguimdpartigildr locdven afi he b dithima ank. diugkery inbersigmi be  t he
banks | f t 5r@n@ﬁe&n[§1@éﬁ%§b 06 &F%)ires@‘n a@éa@&t \»A’]M%&}augh?darkﬁso bi &Hedmmlﬂ(ﬁesst hree
bits (23>7; 23‘&%' be needed. |If there are N banks, then in general y
hits ( ere “are needed to represent the banks The N read
select and N wri l"éheé‘é'r fwplt megiogy 78} ¥ iggaws! 10 Ay ifatryesaist Bt $eigss BYF, Thrsipergrdingi s
nomencl at ur e wdxev@;jmear iNusthied intFEG. N 1EOirsd@apeker bohreaEae and the wrild adire2) would bg two FOT

each conbi n%t\é p&eoé)ne\é?elm'ﬂ@% bfpgfatsgl]@s &{rehm&l&ébns%mgtﬂlﬂG Q”ﬁorQIamhlb‘?mQUéaﬁ)Ut
lines wll n at E‘t eration

he hi whi ¢
(read or wriPtEy® ‘?726 bt‘Sd“ 8‘3:%8'{1?’"‘1 fwé’ bﬁﬁ"ﬁredﬁeglf‘if ba"f‘ &é?ﬂfﬁgftfv‘éﬁ‘ewr’f figcaq & FVEI BT put
line. 7he r &adadkdevifhe bak dddine isest panurdfbsiigaehonyéthehardgbseRiradRAs havi ng
a first portue@puanet NANSAGOBI in QU i Adds 1o GARRE @l ARSEL fehtBSIE POBIL In@BBragONsi st of

a series of ;adfli 65501 Eréed vIrREH bﬁ’s RA%Q.‘T% A f] 1 ca% afm‘%ss h‘?@%@mﬁil}‘&%y 8%&95 addr ess

contains infornation, quantit tioninterns O s will
depend on t REVPH{OY NERXD &ifs lfé?de“‘é%f"%%F ‘{‘@r{‘éreiﬁ’d?‘fcf PYS NMreesperdiag © BoryPeR’ of a
read or w i tekatidregsof thf drheexanplpessibie ambbaiotsede iherdebdmmnneed whisohthbank a

cel | ag@res%lgllaggﬁrfdr%k&e@odlngpurﬁose@ Inh@%(ﬁl%pﬁﬁk@gﬂe mﬂ?@to%%@%}ﬂ%ale&&@mﬁ a
read or wite address, for exanple, can be used to determne the

particul ar lfycariiopOofl te RADRAE | RabRAZ nRAbRdniend RAPRARY | i nf or mat i on _
regarding the i ”El%ﬂﬂi?qmy&gnp%gy Hhild€a 5@1%9'&%1% ahcl?es@bu'; @%h%mé z"‘”rbvlé &e&%‘ @nts' on

can al so be coded dress . .I'n the four
bank menory ™OEC YN© preE s for ‘Lh‘i)p“l?"%tr?ﬂbaf“%de?oé‘ﬁf ‘ég“é ﬁ‘F‘é‘dy W C%”\Rbreﬁﬁ‘ifr“é"é Iits.
Thus, accor drdigAg. tToe tafkale@ditetdks e miakejup bfuigtfirsapoadn pinhefiri@.addtess, A arfdj W A, are
portiogs of ulgmmhetmIie%@@zoamcuheorAMM&eragi@ls mm\wu! sBlecDEnlIVR gerldtalt ﬁveimﬂi si ze.

One exerrpl ar 1¥d n(m mvert(ai valueaa bltse§7A9and E\g\agi gvgrlilceasdﬁress 'blfS exemallf!:\)AFI \gx%arct pr0v1ded 10 For

exanple, if the SS'I'S are used
for bank deé@ﬂ%%atevmd%mmﬁ!ﬁﬁw Npiriegselechenpe Nﬁ@fresr’?né@ p e pgnber of banks, here

N=4) of the 2* (here 2% = = 4) possible combinations of the inverted and non-inverted values of the signals are

—
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25 RAb and RAg. The bank decoding bits that make up of the first portion of
the read g}dress RAb and RAg, are input to the NANDng(?te 616 in FIG 4 in
order to"§eN& St e the nRSEL read sel ect signal. |n gengr™VS01019%8%erted and
non-inverte :;111(:\}%%5d of bit {h ({Pg) of the read address bits =

exenpl i fi ed by RARSF %“"P"E)‘“‘Po“ L ‘“l\ﬁa Niping 4t @ &e forr o Eesrtet 80 éesrate the N
read sel ect 6®lwgn&|WAbWJ4§ COALREPOMAL NG, L.Q: WAgwAYTber of  banks, here N=4) of
the 2Y (here 22 = 4) possi bl e conbi nations of the inverted and non-inverted

val ues of the 30 *@P@eﬁ‘a‘f’“é’f&? e s shikdrend sesyrby thira rignels ésaddifien te thefeqdbpsieofof
four banks, sithaiegWSRpU e chapletCHER"fs@unt is NAMNEN @il @5t i830durife a rE4aWperatibia6dis t s 600
wi | beS RAbB’@ignabl)%nE&%ce tﬁﬁh%lt%gatﬁé‘bﬁ})%mh eﬁ!lbr@( L%Y\Il )ngna?@grﬁsécﬁg%!ﬂ?nraxs bit of

a series of vvrdltg ad sb|t3|s WAh of FIG 3. Two €xe from
the wite addr ”er’s“‘éahegea "“Pgatpﬁoéraﬁﬁ?ebé’&%“ea“‘blfprbfgﬁ%y %E@@&ieﬁg“‘iat‘fat‘ﬁréseﬁ*ﬁf?ﬁ?"y 200
can be ref effath bpnd lated enaplpsignal{ chLIAKY at ndda GOcheaatkve oo OWBFigs it @ adiibraANINBKIENUpP  Of
the first pegdhiionisafor {zolaﬂngM Tabis, 3/ AL ESSonal WARIvaREn VWAge op&hton 3%nbBPHL 1t 0 the

NAND gate 680k & ANG LG w4 erder .t enerate the nWeEL write sel ect signal.
In gen@' i nvert ed l(E;ler(l)pmnlon ignr?vagero ed val ues of bits WAb and WAg of the
ddr es

wite s bi ]P‘gm%%é"ﬁiﬁl"i“’i“i"blﬂe %“;I/S'&I\ﬂhg 9 & " PBETEH e 2 fegrlt th QURNIDS Ry IR et n
order to gefi@ratte highdt Miows ihtighe s@puedthe sivg@a s will N: (0€.06 he P onNdidg: stghal t he
nunber of bmmns A%%c@ve ONS_'IQJI Q‘]cerefoﬁeas gxpec(e@%{eg/ng select s4r)1al mﬁ lpl @al%f?nrpésnatl ons
of the invepted and non- gp ‘8 TE_EN 6g i 3 WO 01/ 69603
PCTI US01/ 0788 % ¥5F “BEHK" ded Fﬁ‘é’?b F“ﬁ“"ie & '&%gegdff”eﬁﬁam’e BEH%s, the
inputs to tH&Y f”B‘&"r‘S ND&RID"@&F@S’P‘G@@"HW tfapriptor ¢ solfi MeanwigIRQ lani Jalue ﬁ@e%ﬂbV\Ag,
VWADWAQLS WADAAG at teeelie WAR\AGstod 402 wap @€ githamnl MISFET@)2 GA, fnﬁlmgthe @but Fo'tl@-latA) 6b(B

drl ven | ar gﬁ l'y W I CEYVEe c € jal h cnt g\gbana WTILE S §CI gnal
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anot her advantage is that circuitry, preferably including sense anplifier
interfacing circuits, is provided |local to each bank to facilitate
extension of a dual bank to a 10 multiple bank or N bank sinultaneous
operation flash nenory. While a particul ar enbodi nent of the present

i nventi on has been shown and described, nodifications nay be nade. For
exanpl e, the senses of the individual transistors, p-channel and n-channel,
may he reversed in suitable applications. It is to be noted that suitable
transi stor sizes specifying channel width to length ratios (neasured in

m crometers or mcrons) for the transistors that make up the depicted
circuits have been omtted 15 fromthe figures. It will be appreciated
that suitable ratios nmay be chosen depending on the design requirenents and
the capabilities and limtations of the particular integrated circuit
fabrication process used for inplenmentation of the circuit as well as the
performance requirenents of the specific enbodinent. Further, the

i nventive concepts described herein may be applied to circuits other than
menory devices. It is therefore intended that the foregoing detailed
description he regarded as illustrative Lﬁther t han



20 limting, and that it be understood that it is the follow ng clains,
|nclud|ngmﬂﬁ) QU|vaIents which are intended to defi /5£ﬁ/ jrit and
scope of g |nvent|on It is therefore intended in the dppended clains to
cover all such changes and nodifications that fall within the true spirit
and scope ofygdaamnvention. 17 WD 01/ 69603 PCT/USO /07982 WE CLAIM 1. An
address buffering and decoding architecture to facilitate sinultaneous
reading fromand witing to N banks of core nenory cells in a nmenory,
wherein for the duratdAnasd&d buderihgad d@pRigaichi@furab fonate Batkneod r@dind e 2N banks,
a write opetahqih 6 Rl ey RRLH OLIRS, O AN 0GR of iy GLNGL Ml sohanks:

and wherein for the duration o peration at one

banks, a re&d" %‘@P“é’tﬁ Yt RSO %Plyﬂ’épeﬁfé’i“F?)‘f" PR e Norharisfng ‘?‘hére‘Blf‘ﬁer N1
banks, the &edintibredt urie oEaRPIi ®¢ trgk of ghe omiks, @tead gition ¢h prdytieperfoonegerrdy at e N
read sel ect 0,§;I0gﬂ@dt}§r1¢1 (pba'iﬁs| [e@g,chgéa@relg@q,lﬁs]gg the N banks for a read operation

and Nwite select a her bank of sfor a
wWite oper ati on, btroh 1C ccrdmtt eneratel%re%dls%%:t s(ﬁnalstﬁise ect one barfkeogthela\‘lfl Qeg‘skf rar t he N

banks, wher eierti@grhN wielielsd siengls loselect evathes pank efithe N @"ks éooﬁfvfl“gwreld)"t or ecel ve
from t h@ contr ol anla@sGCseledtibitt dit I@add@SQRAGE YR bAREwiRfeintete addrefseadtiGelr @t ts
signal s and cc@lﬁguFe@%pg:Qltfé f}éﬁl [}%Q&trglf ogcQgcuNa d)egnee o%ceéf%l%tN %'d geﬂ@llsénalsqm address

buf f er CII‘CUItI’? to simultaneous y pr ovi a wit dress and a read
addr ess in BFRIEYe oo tgSCBESIEbigeifory cel I s, wher ein respective first
portions of the addis buffaredcuiteack raddwexslsesvmraempra@vdsmdaxt@a@dms in &rer mont r ol

| 0gi € Ci r CUbdcest aaregemep &€ whdkeh ELERRGEsL poRioN of BAGHSH egdad&izsg:meé Sroddagliohbewr i t e
Zgljl‘egtssilsgglgoé]?dl 10 c c1r u1dt§ e%grtt Me re%)%c%veeyma[\%eseleaclcfcfngssaggIglé/l’lle sc;f\el,rct SIr%na(l:sl, z}ngﬁcspf:(%vc 2 The
addr ess buf feé‘%“i’ Pﬂj"‘)asrﬂ‘j ‘hﬁleﬁ%éﬁd mgd @Pfé%@seeewﬁeé togife respegirpdpresspeliciMEicubonpri si ng:
a wite operation control circuit |ocated at each of the N banks, wherein
each write operajion T%Q;Qtjx@sgl)uffegr% aﬁ:d Jeébl-zﬁhé aréh§ec{u1%%p@cn§l \{Lﬁthétrgor@n&yﬁspe(:t ive one
of the Nwite select s ign %@O?g res decodi n

rin
architecture of tYai 2"y Kt ?%ﬁmcw%é’é’% e %@n"ﬂ‘e PR el
perfor#s a pruge awPBhePatsresive ope of iyl wikdeles seldisf f eri ng and decodi ng
architecture of x| ai Mh2addréds BdfRAiNY ahdReodihd drAitdRR LANHIPN wh&aKhd Qe Gbraiduli t

perforns ancoe{r@ggmp&g&ggA%ram%gergm The address buffering and decodi ng
architecture of cl e wite operation control circuit

perfornms a verif¥ operﬂ“%ﬁdf“f)sﬁb””é““"??f’é’“é’ﬂ’ﬂ%"é“é‘%“ GPfEAT AgraHY P TE OB

ar chi t ect ur enofi cichiggerforths anfeasetobeeatiogonpr i sing: a read data bus | ocated at
each ofs the N banks, 1OQ6edsBurRARzRnd B&Hin ARl RechMS didfn & AREHiIGHE @t dpBttion
connection togtroem ppere rg;vm% er .responsively to a respective one of the N
read select sig 30 Re addr ess bufferi n? and decoding architecture
of claim1, furtfher dBhIFTES PHgrineand decodingpathisec iy o1 Jlage hfsder amPEREh of the N
banks, wherei n anyadonebus Badd daichofhesN tasks Sinkrtic bratkead doonBBcdn@giredf® a sense

anpl i fi er W&%a@m roeeeecatnblwerr es,oefly tB Qﬁ;s ul.c&ﬁgof%@meh seﬁhggﬁakss indicates a
r ead |§bto t he ata bus is. locate 8.. The address

buf f eri'ng and deCodl hrg ae?f’rﬁsﬁf"t §%”L°G?déje‘i5’fi'"%el“§rer‘i‘lurf of F5jp {-hEPer EBWBYIESi ng: 35 a
wite data bus |aeddarbuglocagdatiqachpf thelebaiys bdierkis any whrarag fate bogicvitghebly eongeitda bus

i s confi gur ed sh@hamplGerWheCd rksp&tiite@ncbt HER $Bd RN kikdals BbicdiR 8 RANSD Webayk 4t Ghich
respective gne d%fataﬁlﬁlsloc?u‘r’g” te select signals. 9. An N-tuple bank

si mul t aneous opera sh nenory, wherein for the duration of a read
The address buffering and decoding architecture of claim 1, further comprising:

35 a write data bus located at each of the N banks, wherein each write data bus is configured for
connection to a sense amplifier responsively to a respective one of the N write select signals.
9. An N-tuple bank simultaneous operation flash memory, wherein for the duration of a read

operation at the Nth bank, a write operation can only be performed on any one of the other N-1 banks, and

18



operation at the Nth bank, a wite operation can only be perfornmed on any
one of tREgepkdey N1 banks, and 18 WO 01/ 69603 PCTI USQRis3 86790 erei n for

the duration of a wite operation at the Nth bank is accessed awite
oper at i on, @herre%ﬁgr tl%ﬂ)lﬁrl;t%B lonar%vrlte%gé?auQxMt the pt% bBlFl;sfacQ:gsse (ijor 1@‘ [xrat? aré)ad 0];6 gonot her
N1 banks, the nenory npri si ng a control logic circurt generate N

read sel ect i ‘dh%flpgf"éfPFd OT\FW'F’P@ CEPE b3§l‘sg‘h“afll“§‘°ry PRI s buf f er circuitry;
5 N localized bandkntoi lpgarirtuititeseragiierdisdiect shpdalcind I8 Miie pdleeSighalst hr ough N- 1
conprise N1 resga@@stsbﬁf@rcpa,n,lgs of core nmenory cells, and wherein the Nth

circuitgyy conpri bank of core. dress selec ion

ci rcui t5£ y, wher I§1%Catl1 egg%lglt rale YerendecEHiEp p@ﬁ?ﬂf‘?\/] GO?W}‘S%gﬂ)bef’f’é’f‘Veé ks © { he Nth
read sel ect %4 Bamatly ceipdnd hereiNthp Niyeirquiery saslpeset: signal ; 10 a wite operation
control circuit, wheraeNm bidief sk inki@orpRey: at i on cont rol circuit is responsi ve

t 0 t he Nt h wr I t € Sela@&éss %}F&Q@Jlrwn \Wl‘e{e%?heq(%}e?s SQ%%](’)H cmaﬁry?s resgonp%d(\),\ﬁlé IEII dat a

bus is responsive to ect si ata bus,
wherein the readre?f?é‘ileﬁ‘Sﬁﬂ‘ga‘idé‘lefq@%wgfc\‘/ség“flo the Nth read select signal. 10.
In a nkhory, a met hod waife opeatibroommolgyewti whatein & @0t Speveridntcbrug! canul isr@pedléivego Of
data w t hi nmanm baieRdctsgre bank flash nenory, the method conprising:
providing a first port| e ad ss and r ortion of r ead
address to N address se?qat e Wheremé’%‘fﬁﬁ“ salag?)sr'srrésgoné'ﬁ%f? H‘eﬁéj “Hﬁsebeétsfgng af’dacore
menory cells; provi digd %?‘@ésc@'w&mp‘w@@iiWW‘S*@W@*SW‘P%NQG@@ sle siggl- a2 cont r ol
logic circuit, tie saconchofodhdiBNof@érfotr@: sivlidntRs AGlGlE @8 Sead@fol Mitaghione bank

for a wi temgprg&rtg;klfggp,,me% pr(eq]\éghgdcgrgprgmf?econd portion of the read address to
a control logic cwcwérlS he second portion of the read address defining

one bank for a rERW"BPETRCTY 2 BOVIET AY 2SREPoBP” N2vird ddress lNedtress S s from
t he cont r ol citcggraereppndogioN s daghmpyenicelsf t he N banks for a wite
oper ation; provigvidagg @Reon®fordn bRRAiEAHRE! 1o §b@RAloSic fifc@Mnt REnEURTR & ihel 0gI C

circuit to geleat anol k,of .the N 25 banks for a read operation;
gating, the first ssortlgﬁlgbag’ggr%w”werf"o"and read addresses to the N banks

with tfve respectﬂ“WQ‘"Na W Roios g eetad g aconinbogidricuitesrretdipgEone” ety
sel ect si gnalisss dedindlz gabankfyr 4iag optedien; t hat are accessed at wite and read

address sites indvamg MeBBkse RiciBRisfibh §t cdRd Toki@ BRuiPh eack 118K Mk N@arRDE: 4 €ad
addresses to.data.output and veritication circuitry with the respective N

Titg operati
wite select’ |pgnaol"s 30 and the respectl ve N read select signals. 19
providing one of N read select signals from the control logic circuit to select another bank of the N

25 banks for a read operation;
gating the first portions of the write and read addresses to the N banks with the respective N write
select signals and the respective N read select signals; and
gating the data that are accessed at write and read address sites in the N banks by the first portions of
the write and read addresses to data output and verification circuitry with the respective N write select signals

30 and the respective N read select signals.

19



