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TRUST  ARCHI TECTURE FOR A FLASH MEMORY BACKGROUND S The present i nvettSin6426
rel ates generally to sem gonductor nenory devices. Mre particularly, the
present. i nveotglese7eel ates to a burst architecture for a flgsiiygpRy. Flash
random access nenory (3, nore commonly known as flash nmenory, 1s a form of
non vol atile storage that uses a nenory cell design wwth a floating gate.

Hi gh voltages are applied to the nenory cell inputs to programor store 10

charge on the floatiggrggter Hﬂﬁfﬁr‘fﬁf & romthe floating
gate. Programm ng occurs by ﬁot el ec rorﬂlﬁgn@%fgﬂﬁxgﬁm% charge on the
floating gate while erasure makes use of Fow er-Nordheimtunnelling in

whi ch el ect j athin dielectric material, reducing the anmount of
el ectronic %ﬁ%‘gﬁﬁﬁhe floating gate. Erasing a cell sets the | ogical
value of the cell to "1" while programm ng the cell sets 15 the | ogical

value of "0". Aside from progranm ng or erasing operations, a flash .
menor y>oper Bt gresenti ippantion welates iganctaly o aemiesmdustor mematy atthicesre oy ( Rom

Convent. on f - chi i,ncl udi ng, t he flas eEnory storage
cell's and :é#;g%%lrl%lyr %‘g?’g‘?‘éﬁﬁ%?{‘f@y’,e@? ‘94 Ersb?%}f“iﬁ?W%é’W%g}e BHBPY.- of

sem conduct or nefiashi mdmdadmuemmmemr@fwﬁ%mi lh&en agngzﬁgi rst and
second netal |ayers to ? subsirate. 20 It will ba appreciated that three

are numer ouS*PHYedt 48T OF FOBTVPIARALTPREE ithi wse Brinemes cell rdesigniwith aor e or
fewer | ayerfloatinhcsl, #Migh vdiabé i it | e sked to neet
continually 'iaﬁgasi n le't anggﬁga@hgggf%hgnﬁlﬁﬁ.g?ﬁ ce?0 %{?graglr%aft%ere
oppor #8ni t | ¥arae en the fiprtingagate oo seask ormmoge charge dom A Aemap)gats t he

area of bur gde § | ywould be desirable to inplement a high
per f or manceﬁhgls h °?‘§ﬂ%§%;@f )éleg#s? hels 'égn B@Fgfﬁ%ﬁé’négérfgg%.gatF BM
Techni cal Dvisilsl gsswe nilsts wi of, FovdérdNord8€m MNanellig inMiickl 88&rond ek, NY,
USA, pages ,339 .élo 341 ".l.ncreasi dat a r?é(ﬁj rate from nmenori €s" descri bes
a 30 net hod Porelpstids Baterinl, fodiang ticamguny Af elacteppicocharap ancthe Satingrgsta a nenor y

i nvol vi ng IEradM-AIREDséHHEEE logical value of 1R call 1o 1%while 5 gﬁ%ﬂﬁﬁ%‘l /93272 .
eprOUC t tal@aaggg. a stream

PCTf US01116426 the use of, two Qr nore nmenory units s

Wi th igt a f‘PBﬁ?%%g W&ﬁ%rﬁt{ Wi nfEife diops @rograpmingaer epsing eperatienss i flash
gener at ed aheth$l§ Opbcarel sinfiRri 5 S%dn hReR:; s cond nenory
device with,si ml ified rseadiﬁg 5 and@%?ﬁ?\%ﬁ%@r %ﬁ?t%e%ﬂr?g%p?@onpri si ng
an even nurf%%”%%“@ 3. Bash meRsry hip, iegindieg theeflash ymemonp storage! tellanndy Wit h
vari ous COrgy n%ﬁ@&ﬂixﬁrjﬁ% b $L : PTI OF THE W NGS
Fig. 1is a l|9(}’m' ng di agram i ,,usi’thﬁ’?rﬁé %g %rgs%?c SRREFIp rial A2l x enpl ary
10 bur st noBErCRRSES Syeis aftrobsiliFon andhBrsbend sebod nidtal dayerstunes k sdbsa@icam of . a

menor ygi nc j I rst node architecture according to a
pr ese%t ly g?g'?‘[e.% %@gee&rfg%dl nen%e;gaé%L&nﬁs?ssmgegﬁgﬁ%“‘ﬂ?"’é&?aé'ﬁf’it?qhﬁlﬁtl?sati ng the
 basi ¢ oper drvadyingmotear feweriaylens; which nst apphichblediesdii.t ecture of Fig. 2; 15 Fig.
4 is a circuit diagramof an exenplary address valid buffet according to
the menory of Fig. 2; Fig. 5is a circuit diagram of an exenplary clock
“buf fer accor di nglash chdmerier an yskef td-i@et Sintimhdlly iﬁcxéa%in? snfigdb br Qg am . of
an exenpl a;ﬁg [ | njlng g?)ntrol gi rcuit according to 20 The nenory of Fig. Z
Fig. 7 is & Crretit HBqreinvasre oReortyptas digstosngrease thy puformenerafifash t o t he

Curt
menor 95 of Fh@nor? jis fheGreaSofibir ' ' ' xenpl ary addr ess
buffer stage . cr%ordi ng tob?hsglﬂgggglg%%mbgfg?%r bl B o‘?m %@fﬁl%p%nqgf g. 9is
a circuit dilghesrosmangs flashamemery papebltraf smpioved brstshadgepentiguel y desi gned
for the least significant bit of the address according to the address
buffer block of fig. 7;

IBM Technical Disclosure Bulletin, Volume 30, No. 12, May 1988, Armonk,

LJ

NY, USA, pages 339 to 341; "Increasing data read rate from memories" describes 2

30 method for increasing the rate at which data may be read from a memory involving
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Fig. 10.is a circuit diagramof an exenplary clock circuit according 3 H10V, &30
menory of Fi-g. 2; and | A AMENDED SHEET 1 9 ~~IV ,2~Q- WO 01/ 93272 US0116426
PCT/USQA /16426 FIG 11 is a circuit diagramillustrating exenplary sense,
| atch, and output circuitry according to the nenory of° FIG 2. DETAILED
DESCRI PTI ON ®&@ GIME2PRESENTLY PREFERRED EMBCDI MENTS Fl ash neP@liiségledie
requi red to neet continually increasing standards of system perfornance.
One 5 area where opportunities lie to increase the performance of flash
menory is the area of burst node flash nmenory. The presently preferred
enb‘ogl: rren]Es diesage dfetﬁlvd bohar mioredinambmm' sacthttgh apiatd iﬁfsmnmh ﬁhtagi‘bmmmhré
capabl e of .i nprove r st operatjon | n general terms, a burst node
operation in BLintarisaNed i tg%?t‘g%led?dé?@gtﬂ erpigd ghibe OB of data words, at
the output of the nmenory in synchronization with a clock or a timng

signal. The |ocations of core | O nmenory cells where the data are stored
are accessed BPr4-0c83le3 Gk Hescabidreesmiantiugdtr ouinmyy | degice withrsitplified remitie _

operation, an ini..ial.ad rgés.i%soup.Jed to or ner at ed t he nory.
Typical Iy, s g’ﬂﬁ%‘ﬂﬁtwﬂﬂr SR COUUTFRE 58, FYPH JUEBCT BTROTE &P AT Bns” ar e
internal ly gedernri®ey Rimbeh eellei mith vadbiidontrbPdleridfsis MREoRY. t he nenmory from
a source external to the nmenory. U timately) data in the formof data
words, stored in core cell locations that correspond to these initial and
subsequent i@ﬂﬂqhtgcﬁgpﬁﬁ%fﬁﬁr Pn@§ € produced at the 15 output of
the menory in synchronization wth a timng signal. FIG 1l is atimng

di agram i | | ustr at Figg 1t fsea imsng dagemailugratiof the besie pkmtion bfias texempleryaccess

function,in a mgrm(ri%/ Inf%‘{lc? case of ‘a burst operation, -an initial address
i s present ed PS5 BRYY #5EY ECUPRHE 4BHBTY? and is represented in FIG 1 as a

si gnal ADDRESS. | Figganes dlock dherdnbftd skmagdh@ssorsling arDe Fur& o dy t
signal. An ADDRESS VALID signal that is resp‘?ri]giveéto ae%glla%yd iniltﬁ?cg

n .
.~ address is né?qkfﬁ?qt‘yeHF%@S)?%PISQFG’&N@@W@GEM@P@&%e that a valid initial
address has been pieseptednfif GhgAETRML; ng%? L, [ |, is thus
a low active si gna{g_’.'3 AH_CLOCK s?fg%'al pr ovfl%g-e[?fétl mn %u;éAnt#Bh%uergs platy
oper ati on. Thuarstinodkanghiteshue ofFigt% CLOCK signal shown in FIG 1 are |abel ed

it or et on’ that Sy e Gt el SPAF bty AuR il R s PRERE 5L

of out put cotheseoontfFig. 2he i nformation stored in a core nenory cell of

the nenory. Typically, .the.DATA.25 signal wl] be Liple-bit signal
correspondi ng to ?ﬁ’e i %r':ln’g\uf @rl?g%%?g&uieﬁe’gpf?gr fﬂtggk i’o&é"?ﬁ’%?"yt@el s of
t he menory. THescey ofBighfitched area in FIG 1 represent the boundary of a
don't care area w?ere the.valye of the DATA signal is indeterm nate and/or
not relevant to ci lgcéilfac?ﬁﬁ‘ﬂla#‘iagﬁm"fﬁ@ eEGFRPIATY| LIBiBE cantrQ) Sirg it aoserdinsntory
proceedspr espRNEEHGNGIFR. 8; valid initial address applied at an input of the
menory. The ADDRESS VALID signal |oads the given valid initial ADDRESS
signal into the 3HiEdribp girglt disgsam of the gddie blckle a0xDOIESS thenkDosi gnal .
At the risi ngregge. of the clock pulse.Co of the CLOCK signal, the initial
address is |latchied or stored in the nmenory, in an address buffer, for
exanpl e. At the f Fisstd b4 ¢ifcniy disgrpem of ant eremplagiddriesprimiifen fth gy adchalidd ORESS

VALI | ~ si gnaly, 998S,..L Mﬁ;i ' i nthis case, the falling edge of the clock
pul se Co, théhe,& resb@ ﬁdﬁnggﬁ;’ goes to its rest state .val ue of high.

The perkbd of ti nmFighe iweercitchie dizgrdn: f aadgemplary RddEDRERS sk | digiegnal and
the rising edge of, 3J .clock pulse of .,the CLOCK signal is called the
initial stat %.%ﬂﬂﬁdi %ﬁ tﬁ‘hgea t W@W%%Péfhetwgf%m%@@ Hidrgsa dyifers or
burst oper at ibitk of i@ 7;nitial state will include a certain number N of clock
pul ses. Fol |l owi ng_the number N of clock pulses (in FIG1, the nunber Nis
four), data words Fig Ocis g Rismitodiegrah aftha swemplayy slock\cireit pécoiding exlgies of t he
CLOCK si gnal . |y, .she number N of clock pulses will be preset by
the system I%é%ﬁgfraﬁ hyaitan{lhe system functions properly, the first data Do
shoul d be ready and valid 2 19 ~~ 2~0~ WO 01/93272 PCT/USQO / 16426 before
the rising edge of the clock pulse C4 so that the system can seed out the
first data Do at or following the rising edge of the clock pulse C4. The
second data DI, should be ready before the rising edge of the clock pul se
C5. Simlarly, the third data DZ shoul d be ready before the rising edge of
t he next clock pulse (not showmn in FIG 1) of the CLOCK signal, and so on.
The presently preferred enbodi nent and. of,her 5 enbodi ments and vari ati ons

t hereof provide the architecture to reallze this burst node function
effectively. Referring nowto FIG 2, it shows a block diagramof a nenory
200. In the il AMENBEEISEHEOHI nrent, the nmenory 200 is configured as a flash
menory formed as a conpl enentary netal - oxi de-sem conduct or ( CMOS)

e o o, - . ~r~
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external input, of the nenory 200 and is received at the add egw?g@
buf fer 206. The A~7V signal indicates whether or not an initi'a (o

signal ADD is 2presently being applied to the menory 200 and whether or not

35 the iWP14P273ddress signal ADD is valid. The initial aurivess/isizgnal ADD
is applied at an input, pref erany an external input, of the nmenory 200 and

is received fer block 208. .The address buffer bl ock 208

i ncl udes a sgerf Eefs]i?g?ﬂq{ﬁ%%% Hlﬁmfa %’gregf’m e*@?’aﬁ%“gfwt&&d%%“ﬂﬁ@&es are
cascade®r¥yefi&2 in a chain, as shown in FIG 7 and descn'bed in nore
detail bel ow. Each address buffer of the chain of address buffers is

conf i gUDETIAN BD PESORIPEICNOF S0 PRESHNTRS SREFERIYD EMBYC ﬁvﬁ%TgE”Dry 200 of FIG

2, there are n+l address buffers ~0 within the address buffer block 208, N
each recei vi Hgharemargs erersapisediso mechetmtinualldatireasingitidards of syMetalperfofinatddeoieni ti al 3

159 ~~~aramre\9@o&ule3 2R &e&u@%&ﬁ&%@o@mﬂeﬁaﬁ% H0Aka R @90% B poduci ng

and storli n reggee tive eﬁ't Ao presen ess signal.
ADDP. Tﬁese - e PEEEfrgfered gm °ﬂfmen§§\§es°“b°d hepeip implement ﬁblglpl?eémce Haghlmerawy si gnal
ADDP, a@PﬁbklometovaﬂdxrsemsdeoBerﬂfoar abl y, t he address bits : ... An are

recei ved by fnh@negfﬁﬁ)ﬂ bu&gﬁ]iode-EP&?h%g §§g’{%|d&cmagabt%7pﬁe,?é£ly:u$ %Smamﬁ?m ficant

bit of the adcress an ene ore s puffer
in the Yyt adke optgytptthe @W%%Wmﬁonwaa@mk ergdintingfsfeadl. THe bedtio®@8corel he

de es Smmdfydéﬂsvﬂfc&ftﬂ’cﬁhh&sﬁ@ﬂ!@ico@&e@n&@&{céﬂddr;éés grafdmaﬂglo . RbQYLAG e
eac i Q eries o a m exers Beglinning wi

232 angépgrr%caﬁ’ %lﬁﬁa‘fﬁ bﬁﬁlﬁsﬁiﬂmﬂ’ OS¥ BYSAFS oY t@dﬁ*f‘fmﬂ'a(r‘r&g) Ayt ya dfﬁsé‘fsect s data
wor ds efE’EEPPeﬂdﬁgtotcefetcﬂblo‘faﬂ%sqemt@wﬂméentrhsl tyaiwtmeglorystatherahan Aecived By 6 er abl y, it
i S not ey fdach sofad cxfehﬂltﬁ@ﬂtnfeﬂl)r sUﬁfﬂﬁt!elyAQta%h%ﬁE tg q?rhg stgredamgoecg ﬂer 204.

That is houl d dersto as used herein “addr ess
sj gnal ‘BB?F ‘F?p%g&fg‘fs?/mfnﬁl af“ﬂ%"’%ﬁ?‘é%‘%mﬂyf’ gerpipd addgesses, are mecﬁdat thfw th or
I t houtoumﬁeofd%nbmWWWhMannhsmﬁmmnce with the context within which
the present ﬁ@dlr@§§mﬁéggﬁ'£mﬁ%ﬂ e%gs?ccdfﬁllﬂgf?oq %;:e e)l(aargr)ugg?)?d ﬂFI G 2, the

control,_signal Ao is. provid mg B as well as
the datBeH ‘PFB‘F‘&%r‘é“hefﬂ“abuzsswer%m@ éﬁdfeﬁﬁrl%)mediw@mmeofd@coder 204.

‘I'n t hi onenst aahis esprebdned pridG s a sighl geskessgmagen NDIAR thiflal AR W8 4 O the

decoder. -bi c Jihgludes. a I A of core cells,
ch conrlrlfa@ﬂubr Ee;’%ﬂ%logé tﬁhc?rﬁghbdsa‘tf71 Firgn%l g:hr g‘%fe?‘msi"g t‘f”h‘gJ“}cj’B’rt‘él é%rsr’sa?frld&r high 5 set
f1 adit Wﬁfﬁ??%afeéba‘%é%ﬂ addypsq bes bepp preseniedibithieanemeryo TheADDRESS al SO be

used i WAlLIbegnbi RS WRRAtE. mBiaEf/eCE@bKﬂ%ﬁj Provitled tih¥ing fAF fe sg@ﬁtﬁo%d wor ds

and th qQr eit or vvord a dr n sone
appl i CEEL CPfoulS%s Eahc r(ric(:) ggglg@agr&f Wffﬁ{}ﬁ tﬁ"’r“‘elal °§F diedira Cofes 804 iCa Tespentivelyn &y
“appl i cd%ATo%ﬁgndéWn@dheenfe@rahomawwammummmmo@ Insgeﬂafal ebanat ofl N a

pres entoh@uﬂbﬂs&ﬁdsﬁgthsmm%md inf%orc R or?gelﬂlogthé)rfnc s&g 'Ig{s |r )a/‘y b)2/0t2 he

B e vvord v\ﬁ{]b egg@gfb and .two data wor s are acces
‘ pr esent™ §ighal ggsepmongin gt“l’r@‘“&fﬂ’d?"é@%s%‘?ﬂfme#eﬂﬁﬁoéeqem&rycmfpr esent
addr es ghegiagont Tmms-hmnd 4rkvein Bl 1 epesehutfeftotindlty OddoR@&ird afea SBGOES IR YE t he
+ decoderingd9dra i @kinat DoIREANGR: GO Rkges row and col unm decoding

circuitry, i@ E‘ﬁ ecoders ecoders are well known in the
art of sem cdhfif 8Pef§?gﬁﬁfr¢eégem0§/ﬁao0pq4s rﬁwrsrvelm oty valid inigieliaddresmapplicd st an Sorre
exanpl dsputdf the nasbry "EIRDXIDRESS MARID kiffal 16ABME QMnQElﬁi ﬁﬁﬁ ADBRESS BEM ide

Db S
t ent glﬁ'ﬁj 7,998 to V
3I-gjtjslegr Igmmryi“ﬁ g%%g%r%or por ﬁsa%léxm)r g‘r?ﬁ?&“ fm?ﬂécid’el&*d’d@f ?02 o
coupl e%ﬁ@ﬁl’rﬂ&t‘@“‘éﬁd{ﬁfﬁ@ la@fwdtmetoredypdaemfnbryam creuﬁdraﬁﬂuffen farkembler At seri es

of lsepmmsm’ﬁhjnéb@é Sftﬁ’ﬁ,‘f)(ﬁ{ls@gnalaftcr%{eemﬂ{%gs @?ﬂnﬁﬁfg‘é&? ol h B8 Ok @ense .
anpl i irst series an e second series
of sen lsf% nfnpéc Oftrgce‘f%%‘:% %’S%%%D %’%‘%ﬂ ‘Zf‘{}i}? Ferabgoatlp dgrest state V’é‘@l ofkigh hat foam a

pair of dat é"hwqeof@memee@@emreageafmmmmmaw indae nﬁlﬁgeedg&fbr nary

I ate ehocit fife dpdrte TLOCKY tARIER IHE&{ TRER formt air of .
data wo g Igﬁccessed S Jlg%lgrrseousl y s%‘%}e prestgn a %F’esesmeém

the ad m‘?ﬁ)‘f?tatel“ﬂu’gél @ s¢rtainpapler Niofclpgk pulssens e arrpl ifi ers in
each of therlilqwsfgﬂsaemmbal\h:ffclsmpaEes@ﬂmGfrt@rﬁm&adﬁfg@)’w%@m‘;cﬁeﬁ&f sense
anplif I t 0 there are Mtl =16
sense b%lérrnf[{)dgyr%e%}e%sﬁ{ge&é ogttgpglg(?(:%egs}gn 3 fPrs‘%’rrfi"a6 n?ﬂ“?(’f %g?f§l°‘f18’ @ﬁ‘éle %2 16 bit
dat a wBFEFt Py Bavitere Jogrer *Pf’éthSSa‘iePé@mmm@ﬂmHCQSfo}a;alborshcmldp;e ehdyranddlid

enbodi nent of 35 the menory 200, there are Mt1=16 sense anplifiers in the
second series of sense anplifiers tossense a 16 bit data word fromthe core
cell array 202. A pair of data words in the nmenory 200 at a particul ar

nmoment in tinme may be characterized as high and | ow, respectively. A high
data word corresponds to a | ogi c hr gh vaI ue of t he control si gnal Ao, while

. o v o - Y b1
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the initial address ADD into the address buffer block 208 so

present address ADDP is equal, at first, to the initial address ADD. The
falling sge®A#k of the 8dV signal causes the STP signal If(f—gﬁ‘ﬁh hAgag! ock
counter ci rcwt 212 to go high. Wth the rising edge 303 of e STP signal,
t he CLKI t5 gnal will stop following the CLK signal and will stay | ow
fol | owi G °f°ﬁ1é‘= Tijiag edep pithefdpe H@S@Cz%h%gw gfslem Ciniersiogt i first Hata Bdértfollowing thiae

Pat | e o nlock patetd b oGa) i S5 Ahhldb hady 06 1S O By TGt 222 50
si gnal ((%gfrg] .a%%%e%fﬁd%?l) g?"?‘f)befﬁ‘gy lelf’?"(?i‘?: e pe gdee °B‘Fe‘%eﬁé%éﬂ€k§f"@hal shown
cin FIGE ‘a’fﬂénﬂéib@loé@e@@CK@mal @sl,s0 G, Thé:ﬁﬁseﬂﬂ@pref&&pdmpd@Ma@mh&espect ively.

The ri sicafodaae aﬁzp‘ﬁn%nsltﬁ@eof %’5\%&3 t%é a?cﬁifecm%\ﬁ %’gﬁdﬁ%ﬁ&t (.?fl' E u%noeffﬁ%%g’%ﬁ FS): gng: t

to go high. isin
. address ADD E??gffﬁlé“%%r%‘% %@P\V%ﬁrbl%@eszanm’@melm'arzf)wlnthnglumg@en@:@ﬁmgﬁ, t he
ATDAd s itigmemotyr20Q)iy esufigi@é 27 Mash ngiady fptddSe a EomPRinkhRy fbtklioRide-Saftbid@btorCi F CUI t

210. Th T |, set dd ffer block
208 so ?%%P§’t‘ﬁ*8g‘%?%§%§4f9f Bhol 8L B e e

changi n§™4 iR &cidbsringiplesegribad hﬁelema)ﬁbetm@h apyghecwitdblegircudtiinwizith aAortibisof the
i1 tial |p§1-fdnﬁMicef altﬂeQMuﬂgzvblb@ aﬁ:&lsddldalop%ﬂ% G0yl 06 10 g&;}ér&é aééxgﬂﬁiq &9& the
€s

exanpl e t he FIG 3. iI'n other exa

control n%g er e b 68“’1’??‘5’%’ ‘???ﬂe‘g)WWﬂ‘ﬁle‘lth@"f"&F‘P’iYﬁﬂo ‘é‘ﬂ\ffés ow celimgay
falling 2%géecgdftzzwfantaarbess\qamd bif{gr206, aniaddresq tuéferlbDcis 208 netimidg@shtiol 6g@EI16, 22 Si gnal
pul se alﬂﬂcl{do&lté?gxr&dgﬁ AL Bhtedk Bﬁl E&st%érgp sen?g%p%f'é’%egl“ teg'fv?iﬁa‘”sgq,@z 6I 3 t or

initial %&émé&e core cell array 2 e core
cell's of 5 1‘SWFﬁ%?%@PW@°W%@§MHeZWW@W @tbe“ém
116cati o ﬁ%Z 8 tegies ofi Gpichds degiiatng mmsca,g 28 nd Lh'ecm,;alzta ﬁh erding wih DABEY G RDS AECESSes
are sel egired, Psol naI

0, aﬂ&epbftdﬁta%ﬂ ﬁrsoore %ﬁpggéavgﬁsﬁ%es% t he

initial access the pr esent a ress. si

i nitial “4APELEs b§$"§f g with G TBPFe2364n¢ 9o gwﬁ&Waﬂ%al ADD as stored and
produced by w#héepaditag e 1&11{3‘0&&%%9@%1 @&&Wm%&@%&%ﬁﬂﬂruw&%e of

menory, S I S ntI referred embodi nent,

Ch o R s BBR e bl 3 S il Bt e el 200 =R eieed and
;}?’od uc e 8d5ys Yelidbuifafios dhe aﬁms# bqffebmm R0%204@ thwiclotk tafer?d4 Wino thz&putaigml mDisds of
menory) arfaoégxcﬂﬂgmmé ﬁput Sigmﬁ maﬁu@hﬁableb fhe aariaﬁs%ﬁﬁé%&a(mpaé‘é %sf ﬁ:@ﬂ’e’ ent, a

subsequ cce exe th everytwo pul ses | m ng
S onal e PSR Samtrix Sk R ncoroteg s e il crwcm@%&os Sbwequent
accesseSgnablgd. subsequent address ADDP needs to be generated by the address

e Dl LLal Gal o e CO R S . el BRI AR Bk SR 2D

t) tial tial
Zar oss R R arrReRTE The AEreion CF b gaphdebioct g APSEBOr bt voon

access esncrolpmcasop cledk@pesranhg exdmiiionieiiemo 200 Pkl HE UL siphal fibvliesth&i gnal pul se

Ot o) T g KL bRl A8 0P for bl ferld Mo BRlerlf S Il 1 19

control circuit turns on t sense a g AM 216
S/ Alimiss#ensl gregpperated K le Sbinpar rost the, Gl isuakasidesetited bergip. Aﬁmemﬂe the.

S/ A~ , | CRRQsigial i hehing kignaf that sstgemddeﬁthaa&ktbh&r 5RGANGa S dvRied BlneSRAS ©

(;pllfl p. he f rmof ata words,
fromt hg@gggg%teéi%g?%q%g HLFI %%I T 88s é‘yﬁl%‘f[’ltpﬁ) até Tq
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circuit Waogrsarof exenplary sense, |atch, and output cir /hﬁ()ﬁﬁ}ﬂéordi ng
to the nmenory 200 of FIG 2. The circuitry is illustrated in nore detail
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Ry ef er t 2 de I 8 neI
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1 9 NOV 2004 WD 01/93272 PCT/ USQO /16426 descri bed herein and if élﬁii\{]%ﬁd in
FIG 6. O course, other delay stages, flip-flops, or suitablel €i Cad
el enents may be utilized. It should be understood that the timng di agrans
descri biwo etles27penory 200 and subsidiary circuitry are fqiofddoygépative
pur poses and that for the enbodi nents described herein, all durations of
signal pulses are of 5 a length of tinme such that the signal pulses are
assur edrotergis@is 317 das bd mage ¢rfies tharf fowguisaigjending dmtheatigehbataton T @RfRIbly, B Used
her ei N, nidd& of : Ihan, | L.y to refer t

L P B i 1 iR REAGy oo, TR GRTE 1l obihl Sl oB PO oy

address_.tha nlegue%ey, correspon , cat
cell. P& gﬁiﬁ gn fiexibilivdp fllowipgderaesssimght refer to a read address that is
g; ed exe I'usi ?leﬁoﬁi@d%&dsaﬂlﬂﬂd’eﬁﬁdb@ﬁeen\&ﬁﬂhli% o150 mmrd ! ds%&t‘ék&ﬁﬁ)d  thddfe cell

se ress that cou e used in a read operation,
but coul y%%’ g%fee%glly%q%&\%??@%m&?g?%’ ion as well. The enbodi ments descri bed
her ei n Snaldte ghanges Fom bigh tedels for exatpbpbthateoplarpfitingedgsi t ect ure. However,

aspect 338f34b RBweRTeeli3NBRsS ot 1 ISP heh & led t other -
t han readi n%fggt Einah)a Sfﬂqudgs datﬁa m%%?gw%gﬁéﬁggﬁg&ﬁe%?ﬁ%gfgﬁ used

her ei n, "&REUELPHE D 0¥ pfhehds@ Woily, | ogic | ow, not asserted, not active, and
i nact i Vieym the mesir adopss Eoud e intetoBIcl sthgds (etfsdwn i@ the Gifkt Brids @NeeHR atifiFieRTs/A8, di gi t al
1) gnal ,o1ge€! I a N, nay, 0 d

et o) n 2w R SEPIA08: bl EBRARED bt 2 Y B e 2 ar o
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gener alBrferabily) ed sxeoplsty Ealling €26 BBEEH0 R hDLD Skl SHiSinftibtks anARerpbRFridMR e ieRs52, t he
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A 20 i r?éiﬁxffetgt S?%S%?e% gﬁwﬁ“ﬁS@?Wb%Wr%%WW%ﬁ%mPl 3p FEEHP%"tyga“mg
conpon&fgs3S6 pldhe BQsignaldrigeps a pulieef the L sigmbio moge therivwe mddith data wedlefront the a

I8 oCes SRy agtess @ld16E ineARIIARRAes A th&fsd sbiés SIREKL NPLACCHSS to menory. Wiile
particyl ar e sodlo nts of. the present invention have been shown and

descri b&d, HoGTFict ¥P°SRY My be made. For exanple, the senses of the

i ndi vi dual tHoaswsdiessive pelses pf-tieH LKA eiignad rvdhich follbresntieal LK sigayl afi thicaniedl 8@elor25 _ 1 n
U1 3DIpRrRR i bt et Sk a9 Lo LA o bLANSH R OF o1z

speci fyi el width to |length ratios (neasure croneters or
m cr qnéjj“ﬂg%‘rcf&?ﬁ@“ﬂ%aﬂ#%%@r@%w%oww FHBscgespt Regsert addresosigngl ADDR e been
2hi t t ecvifbregany tw ulfds githeGLK/CLRGICLKI Sighalogp BRAL wadsQek stohaltwith vehypdah Buliebits may

~ be choggr; ; ] r Wsenent s and capabi.liti es and
linitations o% f ggﬁg’%ﬁi%gfi%%%%qg@r%gp é@gé ra%ﬁipfoq?cﬁ%%}%heé?f&%ﬁf f BEBEE used
for i nmpTieysEssy el o FLV/HK@CEE figmalas wel | as the performance requirenents
gf the specixfﬂhegieaﬁmfjmms:wi_sawweﬂﬁmmsmﬁ@isi,ﬁmlwtg,igﬁge&@ﬂﬁfddgaﬁ&r: 363 |
erein, a ed.to circuits other than memory devices, It. shou e
under s tdb}g% a‘?‘%ﬁ @%isowutg%ﬁmﬁ gperafion cap figrt yhile m°§?°§”ﬁ§fceﬁsésfsgﬁ goipg Jhtbg itiely an

Znal og 28dresy pPPtisdn odd agidests, thendhednitial vpluent s cdnirolisizta) pefonpthe sddgpseutfer blecom t he

f or 90i208)is high, afiPte $26on8 BREs bbbl BSngMiE $6Rtd e RHSE BL L84 offaggli mENt's provi de
a bur st ”Dd‘iiirCh'tef%i’;'fé%l-o royi de burst node access to a plurality of -

data words i 3 HERD Hé‘sﬁg'f%‘ftd’rarﬁrﬂfé" exepplay pddress yalid pyffer 2§ according i ot
Ci T cui the TmemorI0P OFIG: 2 Jte didros willddhifiera0q idudss apaik of N gakes AOTNGE, efirstadin DUT f er
sel ect igy8aYectRULSMs nQndol8 eldstspls 4§b,&§#hiza&¥ a@@%h&ga%%mfsgﬁ,%i& zuzi,r % first

@i r cui tugﬁzcégesses,a pl ural,léééof dat'a words, nni ng W an 1ni
ccess asswitching dogfcand gverters 404, 408 410 Prefergbly. dhefist latch cdudeganeir o r cui t
gener atimsrtas 418 4280 Frefarablyathe deeond gh@sd ses and a second signal. The second

si gnal i 488Nk &t Jey npl etion of the initial access of the first data
wor d ancfﬁ!t %eq)secon at g’ﬁ%rd. The first circuit follows the initial access

Wi t h subsequBiddascaEcsal0ADY {sBaemiiy bititd Y thOfeHaY S00MRd HsechianRARsi vely to
the second signal and thetimng signal. The data buffer has an |5 19 Ny
2~0~ \\eidyast otig putfeP205/ UBOADVG #2161 indicates thelivelombiadalidssitidl ladiréss sigdal A8 word at
he out E‘#t apd successi vel y producess- with each successive pul se of the

i mi ng PEEgHnPeine pRlisdio thy memony 3Pq: i The 46, sigyel isgeneratodby the pdsirasevalith bufignd0s andor d,
and subsaeyitedto tibatidressbufEsblovk 208 id €Hd otk counlod EircGit IS E ULEATD A a1 WY AiSated

corres u c ses. of the. plurali atg. words. In a
pref er Irgggg gr%%%@n%ﬁ#@%ﬁ%n%g} cf(gvrllcfg S‘?‘g%“é‘rm%"ﬁ% °h‘8'§‘é‘tﬁh'e'h{°% Y@t %f FIG 2.

O coususrated bile clork bt 314gndrg propided fo thel addtelromlid tuffer 20ie exenpl ary LT si gnal

as appropriate. In a preferred enbodinment, the timng signal includes both
the CLK signal and the CLKI signal. O course, other signals other than the
exenpl ary CLK signal and CLKI signal nay be used for the timng signal as
appropriate. As used herein, the terffirst circuit is intended broadly to
refer to circuitry to access data fromnenory, preferably data. in the form
of data words. For exanple, in a preferred enbodinent, the first circuit 10
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30 Preferably, the burst node architecture further includes a fsm%wt er
circuit. The clock counter circuit is coupled to the control clfcu and
measures the initial period of tinme by counting an initial nunmber of pul ses
of the t WRWHP3RT2gnal . Preferably, the burst node archit eqgiamesoimsdber

i ncl udes address buffer circuitry. The address buffer circuitry is coupled
to and respongjive to the control circuit. The address buffer circuitry

i ncrements an EFR 5 igput sepalPRs atedogicigh, homemony9A ibsn powet down fadst thelsTAMOT d and

t he seco %Mpli?. ener at e .supsequent addresses to the initial
addr ess. & re Ié‘?“aﬁﬁ‘gm F‘l‘af‘gglg@i"ﬁcﬁia?gfgﬁt‘?' i@@%@ﬁ‘@“@‘ﬁ%@ﬁﬁé‘rﬂl%ﬁdﬁl‘?@éses to

access t e mbhdt 800 . i the initi CC Tn
addition, t he&%r edsl;’eérfll%t?écd’y tﬂé?lpr %&%ﬁr){é%ﬁef%%?lne n%‘é Sﬁf’%’vaf“%j%e @%‘%‘%ﬂﬁ%ﬁ{?&éﬂ‘e

ar chi t ecCLK eighab Wiien the (4D Wsigih! L ha RSO ASsifndl ihidhl abd Airktln¥aebo gag@%\wr ds in a
rreegory. The burst node architecture includes a control circuit, a first
se?i es ofecad aade 4¢hiplow Thendf they A{2Y oizdal gees lograndahe ATDYRIigaATRbds higewih thaddr ess
buffer circ ittéc{y land lateh-16 =1 9 N~~ 204——W0 01/ 93272_PCT/ USO / 16426

ci rcui t r FOMANCFAIEY: thep fip AV, tienakgresdovanith the ALY signabasd e cfit senalivethdonmt 1 ol

wor ds. | Ther pAEGRTRASAA ghishith yBE BinCont B b GG Sl el St dhechina 1 e
by the f3dsturasde yneoffsiafe. sense anplifiers, beginning with an initial access
of a frst datRefes G GO R bl a bR il f a,third data
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seri es oOfickéiem nahaphdl friveister 458 uiilinedds @ shwitch, ahdiBveRQPAT20164,068. QidfbratBle REEESSES a

second s&piRfdlh pdAdrdhviREUSe 3.2 plurality of data words. The second series
of data words_are_accessed one data word at a tinme by the second series of

sense anpl i fi BFSLKSIERAl AP A7 Mputipectaablvan enternabingns of ¢ memorg@mui islat a wor d,
and contmeeivedw thaicloék tintie 2 5400 GIG] Saﬂgﬂﬂ.‘K@fgnﬂ isfacﬁ]gﬁ;ftgbigmlm ;yggﬁ%wd@?g,a aﬁ;&s equ 3 nt
esse . 0] ar a. Wor, a (o) ata wordas
?Iéﬂ; pons ?0\}% Igr ZE‘?_ %@ﬁ?&%ﬁa (E:)c{ tﬁccsﬁl?c{é ar “fl%er H f)m'ﬁi%mgg’& r“‘gdgﬁg‘ﬁg# ‘?“«SEF‘ %ﬁ PGty i s
coupl ed s SEhiienlds grapaed by thegloekeourtensirguis 21%ind s piovided Fnte clotiibatis 24U fiheer
Ci I CUi t IGLTsgnel R ficGatcd By ihBitind borBEIG-E%216 Aals 2 Gtk @iﬁ&?ﬂﬂ?ﬁﬁé&m‘gm tﬂ%icit%ﬁ}e data
SSes

word an I atg.word t.o. generate subsequent ad )

initial %ﬁggéigﬁg kg ?tgeéé‘?’i“gélg‘ﬁmgés&??% o Fleck dulfer gl4ppdshagdsc ond
seri es drovidedtpdheaddstsi putforblock 209 ang i pertientas toleach gddessd busferdii the &AM of Mdregcess t he
@Qur al i toafre, data words. The latch circuitry is coupled to the.control
circuit and ivghs Iectti yel¥ cougl ed to the first series of 15 sense
anplifiers and THEWESHRY R alosishigk the emary 200 if in gpweer Agwnimade, sk the GIKC

ci rcui t .sigh#lds Hight alin apioff state.t WitengbecinmssignhlePTX ik 4t 8 logis @i 08 thofneday 200Whslteaand t he
second SgSdISET 3o ionhl A § | el it directs L ransfer of the
first sepee sgf’a‘at  HOGER Sl On SAREh S or il B ol b Tl 4@ e
first seriidie Y sigualbigh folloyying 4 falling edaapf the ELK sighsh dn et of the dftchd6hvnd thastid i f i er s,
2Ss pect iinvetiy 464 will bélow) aad £hiliag édgelbitikie)CLRTRRA Brived 104 CIOTIsGhH fowt WHEOEL Sipt he

second A rd e fourth data rd responsively
pon e 2aa B Bt uaLichlfd i gt b e B vl aip o e et e
second d@48edgePidhsr & siantle When the SIP signdd eeps lowothe GleKIlsighat follows i (ki signalAs  used
herei n, follogrink etemv fAdiggledgel of helCLK ¥ighat | Nt ended broadly to refer to one or

nore circuit i .one or. nore | atches, For exanple, in a preferred
%‘r&)odi ment, t %’Hﬁ'gfl %‘ﬂgﬁ{? gﬁl'f?f/m’lmﬁgf‘oglﬁ%%fa?ﬁ‘ém &Y [roime potrel oirqus 210 ageogiingn ng

h LAMtemagory %GQ@fEﬁmhg@m@z@onm@ﬁmmmxmmﬁmm, 586,04, 4IC! i ~ 230
of the BeNOI4aRRH5M a firbtGaverdion dehiy A b8E Y s&&fdtﬂv&%\m% %ﬁ (E)t?ég%é, g%h%?ial‘llvesrsié nt ended

to refer, to a rary data storage el ement. ry"s e el enent

may be iR S@ﬁ%ﬁ@%@ﬁ“"é&?&ﬁ%ﬂé% & iffly jnyersin dplay;siage 848sinyenters 0sBiabdd and

i |1 ust r atcbahnd] Gamsistols 556 558aslizd hd siitebingdqgics BefiraBlg, tik 1k 520 Riclhideks Ppdir 0P Giverters

Pref er ah¢ 518 BRrdbfys ' farther. i ncl ugde address valid

§§f fer. Te?e Fd&r es ﬁ%@gﬁgﬁiﬁ%&%ﬁé&%ﬁm{ﬂ%ﬁﬁxﬁﬁwﬁ 9%0%?%8 5§ Fhe address
ffer EFFLai: thesecopf mversiondslag staeg 562ingdesthree inverierniPs 430,582 iniserles. Peefesabit e Of

t he bur ¢te thid deyersion delay sBieSELINEIBRPORS inveel 5340538/538 Bi sbrickl| PraElGIR 8 foullh ©f €r abl y,

the bur gf.006 i f [ el s a.switchin iLycuit to sel ect
a dat s e Ll SRRl ok o) KRB B PR e Bl e et ¢
sel ect s SRS} Beludeq ypeginycsters S48, AP, 333 inedissher the data word is one of the
first series of data words or is one of the second series of data words.
Preferably, the switching circuit selgcts the data word according to a
transition of a control signal. Preferably, the control signal is the 35

| east significant bit of the initial address. As used herein, the term
switching circuit is intended broadly to refer to any of a variety of
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30 accessed for every subsequent address with every two pul sesy ngq\ﬂgﬂM
timng signal, two data words are stored with every two pul ses bf
timng signal, and one data word is produced at the output of the nenory

with evewpopsszse of the timing signal; It should be underghangsidisé the
steps of the methods recited herein can be perforned in any orc{

consistent with the recited acts. 35 The foregoing detail ed description has
descri bed otfloysidarinizehe gaferatitreof RV signitirom R INGR Has 504£STC. ispﬁheE&EIATB&e It is
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0 of time and a signal pulse will appear from the NOR gate 512 for that period of time. This signal pulse in turn
triggers a signal pulse of the LD signal at the output of the inverter 554. That is, a falling edge of the control
signal Aq or a signal pulse of the CLKT signal triggess a signal pulse of the LD signal.
Referring now to FIG. 7, it is a circuit diagram of the address buffer block 208 according to the
memory 200 of FIG. 2. The address buffer block 208 includes a series of address buffers from ADDBUFF,
5 252, ADDBUFF; 256 to ADDBUFF, 256. Preferably, the address buffers 252, 256,.. 256 are cascaded
together in a chain as shown in FIG. 7. Each address buffer of the chain of address buffers is configured to
‘produce and store an address bit. In the memory 200 of FIG. 2, there are n+1 address buffers within the
address buffer block 208, each recelvmg a respective bit Add,, Add;, Addy, .. . Add, of the initial address
s1gnal ADD and producing and storing a respective bit Ag, Ay, Ay, ... A, of the present address signal ADDP.
0 These address bits Ag, Aj, Ag, ... A, form the present address signal ADDP, an n+1 bit address. Preferably, the
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The exemplary address buffer ADDBUFF, 252 is used to store and generate the control signal Ay, the

35 least significant bit of the present address signal ADDP. A rising edge of the ATD signal switches the input of

the third latch 698 to ground by turning on the n-channel transistor 692. A signal INTB, at the output of the

inverter 696 will thus be low and a TGL, signal will be high prior to the first pulse of the LD signal. In this

condition, even though a signal pulse of the CLKI signal, which is triggered by the rising edge of the signal

CLKT, enters the address buffer ADDBUFF, 252, the control signal A, is not toggled while the TGL, signal
10 stays high so that the present address signal ADDP can be incremented without changing the control signal Ag.
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o gencrrsot sELRE Ralthey o BRA gl dnhierat siserd P Beasier deissb econd
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~and a f %et?d_vj g’éu%l, gxp cdad\é\geés Qalgcps?gnasl %Bﬁ?an% Ctihcirnggzg edge of clock pulse C, of the CLKC
20 signal is called the initial state. During the initial state, the memory has to be ready for burst operation. The
initial state includes a certain number N, here N=4 of clock pulses. Of course, other clock counter circuits
may be employed, and the clock counter circuit 212 is not limited to counting four clock pulses. The falling

edge 304 of the &0V signal resets the clock counter circuit 212 so that the circuit 212 begins to count the

number of pulses of the CLKC signal (and thus the CLK signal). The falling edge 304 of the &V signal
25 turns on the n-channel transistor 714 and the p-channel transistors 716, 718. The output of the sixth latch 772
is pulled to ground, and the STP signal goes high. A pair of signals C0 and C1 are pulled low at the respective

outputs of the second and fourth latches 740, 762. The signal CO and the complement _51- of the C1 signal are
illustrated in the timing diagram of FIG. 3. Prior to the rising edge 308 of the first clock pulse Co, as shown in
FIG. 3, the respective outputs of the first and third latches 732, 760 are low. The rising edge 308 of the first

30 clock pulse Co causes the &0V signal to go high, turning off the transistors 716, 718, and 714. The operation
of the clock counter circuit 212 will be apparent to those skilled in the art. In addition, the signals
CLK(CLKC), adV , STP, C0, and C1 are illustrated in the timing diagram of FIG. 3.

As shown in FIG. 3, the operation of the clock counter circuit 212 of FIG. 10 results in the STP

signal of FIG. 10 going low at a rising edge 342 of the clock pulse C; of the CLKC signal, so that the CLXI
35 signal from the clock buffer 214 begins to run, following the CLKC signal from the rising edge 336 of the

clock pulse C4 of the CLKC signal, i.e. the fifth pulse of the CLKC signal after the rising edge of the adv
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35 the signals EQ, LT, LD, Ay, DATA, and OF are illustrated in the timing diagram of FIG. 3. A pulse of the
EQ signal turns on the sense amplifiers S/Ayz; 220 and S/Amy 222 to access a bit of a low data word and a bit
of a high data word, respectively, by sense the information stored in core memory cells addressable as data
words of the memory 200. The EQ signal going low triggers a pulse of the LT signal. A rising edge of the LT
signal moves the bit of the low data word into a latch stage located within the sense amplifier S/A;y 220 and
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38, which includes logic gates 858, 854 that receive the output enable signal OF and the complement OF ,

respectively. When the E_ signal is high, the transistors 860, 862 are off, and the bit DATAy of the DATA

10 signal is available or is not valid. When the OF signal is low, the output functions are enabled, and the bit
DATAy of the DATA signal produced at the output of the output buffer 238 is equivalent to the bit of the high
or low data word that was selected with the control signal A, at the data multiplexer My 234,

It should be understood that the addresses such as the initial address signal ADD and the present

address signal ADDP of the memory 200 are generally multiple-bit signals, since the selection of a particular

15 core cell or cells in memory requires a corresponding multiple-bit address. However, in the presently
preferred embodiments, circuitry may be described with reference to particular bits of the multiple-bit address.
It will be evident in such instances to those skilled in the art to apply and extend the concepts illustrated by the
circuitry to multiple-bit implementations. Those skilled in the art will appreciate that such implementations
might include parallel implementations, including instances where circuitry for one bit is duplicated in parallel

20 for each bit of a multiple-bit address as required. Other implementations might include presenting all or some
of the multiple address bits together to achieve the desired result or function.

In one embodiment, all of the components of FIG. 2 are contained on a single integrated circuit chip.
Note that address and control inputs for the exemplary flash memory chips are dependent on memory density
and interface implementations. It will be appreciated that the disclosed embodiments can work with different

25 memory densities and alternate interface implementations with their accompanying alternate address and
control input configurations.

As used herein, the term access is intended broadly to refer to the retrieval and/or sensing of data
from core cells in a core cell memory array, the core cells preferably being addressable as data words. The
term access may refer to providing an address to a decoder.or decoding logic to identify and reach one or more

30 core cells in memory, as performed by address buffer circuitry, for example. Similarly, the term access may
likewise refer to sensing data, preferably in the form of data words, from one or more core cells in memory, as
performed by sense amplifier circuitry. In a preferred embodiment, the access further includes storing data, -
preferably in the form of data words, from one or more core cells in memory, so that a subsequent access may
begin while retaining data from a prior access. A first or initial access, a second access, and subsequent

35 accesses are described herein.

As used herein, the term inversion delay stage is intended broadly to refer to a delay stage with an
inversion operation. A delay stage with an inversion operation may be implemented, for example, with an odd

number of inverters placed in series. For example, inversion delay stages including three inverters are
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embodiments described herein present a burst mode read operation and architecture. However, aspects of the
embodiments can be applied with respect to operations other than reading out data such as data words of core
cell memory data.
As used hercin, the terms and phrases low, logic low, not asserted, not active, and inactive, are
15 _ intended broadly to refer to logic low values of a digital signal, generally understood to represent a binary zero
(0).
As used herein, the termis 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
20 indirectly connected with B through one or more intermediate components.
As used berein, the term user is intended to refer to a processor or other component or entity seeking
access to memory.
While particular embodiments of tﬁe present invention have been shown and described, modifications
may be made. For example, the senses of the individual transistors, p-channel and n-channel, may be reversed
25 . insuitable applications. It is to be noted that suitable transistor sizes specifying channel width to length ratios
(measured in micrometers or microns) for the transistors that make up the depicted circuits have been omitted
from the figures. It will be appreciated that suitable ratios may be chosen depending on the design
requirements and the capabilities and limitations of the particular integrated circuit fabrication process used
for implementation of the circuit as well as the performance requirements of the specific embodiment.
30 Further, the inventive concepts described herein may be applied to circuits other than memory devices.
1t should be understood that, as used herein, the term signal refers broadly to an analog or digital
signal and encompasses both types of signals. .
From the foregoing, it can be seen that the presently preferred embodiments provide a burst mode
architecture to provide burst mode access to a plurality of data words in a memory. The burst mode
35 architecture includes a first circuit, a control circuit coupled to the first circuit, and a data buffer selectively
coupled to the first circuit by the control circuit. The first circuit accesses a plurality of data words, beginning
with an initial access of a first data word and a second data word. The contro] circuit generates a timing signal
having pulses and a second signal. The second signal is generated upon completion of the initial access of the
first data word and the second data word. The first circuit follows the initial access with subsequent accesses
10 of the plurality of data words responsively to the second signal and the timing signal. The data buffer has an
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HG. 2.
As used herein, the term control circuit is intended broadly to refer to circuitry to generate and
produce a variety of signals to perform a variety of burst mode access functions according to the presently

15 preferred embodiments described herein. The signals preferably include timing signals. In some
embodiments, the control circuit receives a timing signal external to the memory and produces internal timing
signals from the external timing signal. In other embodiments, external timing signals are not directly
received by the control circuit. The control circuit can encompass a wide variety of circuitry described herein.
For example, the control circuit preferably includes the timing control circuit 210 of the memory 200 of FIG.

20 2. In other preferred embodiment, the control circuit includes clock buffer 214 as well as the timing control
circuit 210 of the memory 200 of FIG. 2. In yet another example according to a preferred embodiment, the
control circuit includes the timing control circuit 210, the clock buffer 214, and the clock counter circuit 212
of the memory 200 of FIG. 2.

As used herein, the term data buffer is intended broadly to refer to interface circuitry that facilitates

25 the introduction of data to another circuit or the retrieval of data from another circuit. The data buffer might
include, for example, an output buffer, an input buffer. An output buffer might include an output circuit while
an input buffer might include an input circuit. For example, in a prefetred embodiment, the data buffer
includes the series of output buffers beginning with OUTBUF, 236 and ending with QUTBUE,; 238 of the
memory 200 of FIG. 2.

30 Preferably, the burst mode architecture further includes a clock counter circuit. The clock counter
circuit is coupled to the control circuit and measures the initial period of time by counting an initial number of
pulses of the timing signal.

Preferably, the burst mode architecture further includes address buffer circuitry. The address buffer
circuitry is coupled to and responsive to the control circuit. The address buffer circuitry increments an initial

35 address that corresponds to the first data word and the second data word to generate subsequent addresses to
the initial address. Preferably, the first circuit utilizes the subsequent addresses to access the plurality of data
words following the initial access.

In addition, the presently preferred embodiments provide a burst mode architecture to provide burst
mode access to a plurality of data words ina memory. The burst mode architecture includes a control circuit,

10 a first series of sense amplifiers, a second series of sense amplifiers, address buffer circuitry, and latch
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&10% | & 1&3 it and accesses a second series of data words of a plurality of data words. The second series of data

words are accessed one data word at a time by the second series of sense amplifiers, beginning with the initial

access of a second data word, and continuing with the second access of a fourth data word, and subsequent

accesses of the second series of data words of the plurality of data words responsively to the control circuit.

10 The address buffer circuitry is coupled to and responsive to the control circuit. The address buffer
circuitry increments an initial address that corresponds to the first data word and the second data word to
generate subsequent addresses to the initial address. The first series of sense amplifiers and the second series
of sense amplifiers utilize the subsequent addresses to access the plurality of data words.

The latch circuitry is coupled to the.control circuit and is selectively coupled to the first series of

15 sense amplifiers and the second series of sense amplifiers by the control circuit. The latch circuitry stores the
first series of data words and the second series of data words. The control circuit directs a transfer of the first
series of data words and the second series of data words from the first series of sense amplifiers and the
second series of sense amplifiers, respectively, to the latch circuitry. The control circuit triggers the second
access of the third data word and the fourth data word responsively upon the completion of the transfer of the

- 20 first data word and the second data word from the initial access to the latch circuitry.

As used herein, the term latch circuitry is intended broadly to refer to one or more circuits that
include one or more latches. For example, in a preferred embodiment, the latch circuitry includes the series of
latches beginning with LATCHy o 224 and LATCHjg 226 and ending with LATCHjy 228 and LATCHyp 230
of the memory 200 of FIG. 2.

25 As used herein, the term latch is intended to refer to a temporary data storage element. A temporary
| storage element may be implemented, for example, as a pair of inverters (as described and illustrated herein),
or as a flip-flop such as a D-type flip-flop.

Preferably, the burst mode architecture further includes an address valid buffer. The address valid
buffer has an input and is coupled to the address buffer circuitry. The address valid buffer begins an initial

30 state of the burst mode architecture responsively to an initial address.

Preferably, the burst mode architecture further includes a switching circuit to select a data word from
the latch circuitry. Preferably, the switching circuit selects the data word according to whether the data word
is one of the first series of data words or is one of the second series of data words. Preferably, the switching
circuit selects the data word according to a transition of a control signal. Preferably, the control signal is the

35 least significant bit of the initial address.

As used herein, the term switching circuit is intended broadly to refer to any of a variety of switching
mechanisms used to toggle the value of an output C between the values of an input A and an input B. A data
multiplexer may be organized as a 2 to 1 switching circuit. For example, in a preferred embodiment, the
switching circuit includes the series of data multiplexers beginning with M, 232 and ending with My, 234 of

40 the memory 200 of FIG. 2.
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Further, the presently preferred embodiments provide a method of providing burst mode access to a
10 Plurality of data words in a memory. An initial period of time is measured responsively to an initial address
by counting an initial number of pulses of a timing signal. Within the initial period of time, a first data word
and a second data word are accessed with the initial address, a second signal is subsequently generated, the
initial address is incremented to generate a second address, and a third data word and a fourth data word are
accessed with the second address responsively to the second signal. Preferably, the first data word and the
15 second data word are stored responsively to the second signal. Following the initial period of time, the first
data word is produced at an output of the memory responsively to a first pulse of the timing signal, and the -
second data word is produced at the output of the memory responsively to a second pulse of the timing signal.
In addition, the presently preferred embodiments provide a method of providing burst mode access to
a plurality of data words in a memory. Preferably, the plurality of data words is stored in a plurality of core
20 memory cells of the memory. An initial period of time is measured responsively to an initial address by
counting an initial number of pulses of a timing signal. Within the initial period of time, a first data word and
a second data word are accessed with the initial address, a second signal is subsequently generated, the initial
address is incremented to generate a second address, the first data word and the second data word are stored
responsively to the second signal, and a third data word and a fourth data word are accessed with the second
25 address responsively to the second sxgnal Following the initial period of time, the first data word is produced
at an output of the memory responsively to a first pulse of the timing signal, the second data word is produced
at the output of the memory responsively to a second pulse of the timing signal, and the third and the fourth
data word are stored responsively to the second pulse of the timing signal. For successive pulses of the timing
signal, a subsequent address is generated with every two pulses of the timing signal, two data words are
30 accessed for every subsequent address with every two pulses of the timing signal, two data words are stored
' with every two pulses of the timing signal, and one data word is produced at the output of the memory with
every pulse of the timing signal.
It should be understood that the steps of the methods recited herein can be performed in any order
consistent with the recited acts. ,
35 The foregoing detailed description has described only a few of the many forms that this invention can
take. It is therefore intended that the foregoing detailed description be regarded as illustrative rather than
limiting, and that it be understood that it is the following claims, including all equivalents, which are intended
to define the spirit and scope of this invention. It is therefore intended in the appended claims to cover all

such changes and modifications which fall within the true spirit and scope of the invention,
40
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access to a plurality of data words in a memory, the architecture comprising:
5 a core cell array comprising a plurality of non-volatile memory cells;
a first circuit coupled to said core cell array for accessing a plurality of data
words, beginning with an initial access of a first data word and a second data word;
a control circuit coupled to the first circuit and generating a timing signal
having pulses, and a second signal upon completion of the initial access of the first
10 data word and the second data word, and wherein the first circuit follows the initial
access with subsequent accesses of the plurality of data words responsively to the
second signal and the timing signal; and
a data buffer having an output and selectively coupled to the first circuit by
the control circuit, the data buffer producing the first data word at the output and
15 successively producing, with each successive pulse of the timing signal following an
initial period of time, the second data word, and subsequent data words at the output,
the subsequent data words cofresponding to the subsequént accesses of the plurality

of data words.

20 2. The burst mode architecture of claim 1, further comprising:
a clock counter circuit, coupled to the control circuit, to measure the initial

period of time by counting an initial number of pulses of the timing signal.

3. The burst mode architecture of claim 1, further comprising:

25 address buffer circuitry coupled to and responsive to the control circuit to
increment an initial address that corresponds to the first data word and the second
data word to generate subsequent addresses to fhe initial address, the first circuit
utilizing the subsequent addresses to access the plurality of data words following the
initial access.

30
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5. A burst mode architecture to provide burst mode access to a plurality of data
5 words in a memory, the architecture comprising:

control circuit;

a first series of sense amplifiers to access a first series of data words of the
plurality of data words, the first series of sense amplifiers coupled to the control
circuit, wherein the first series of data words are accessed one data word at a time by

10 the first series of sense amplifiers, beginning with an initial access of a first data
word, and continuing with a second access of a third data word, and subsequent
accesses of the first series of data words of the plurality of data words responsively to
the control circuit;

a second series of sense amplifiers to access a second series of data words of

15 the plurality of data words, the second series of sense amplifiers coupled to the
control circuit, wherein the second series of data words are accessed one data word at
a time by the second series of sense amplifiers, beginning with the initial access of a
second data word, and continuing with the second access of a fourth data word, and
subsequent accesses of the second series of data words of the plurality of data words

20 responsively to the control circuit;

address buffer circuitry coupled to and responsive to the control circuit to
increment an initial address that corresponds to the first data word and the second
data word to generate subsequent addresses to the initial address, the first series of
sense amplifiers and the second series of sense amplifiers utilizing the subsequent

25 addresses to access the plurality of data words; and

latch circuitry coupled to the control circuit and selectively coupled to the first
series of sense amplifiers and the second series of sense amplifiers by the control
circuit to store the first series of data words and the second series of data words, the
control circuit directing a transfer of the first series of data words and the second

30 series of data words from the first series of sense amplifiers and the second series of

- sense amplifiers, respectively, to the latch circuitry;
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: 5 6. The burst mode architecture of claim 5, further comprising:

an address valid buffer having an input and coupled to the address buffer
circuitry to begin an initial state of the burst mode architecture responsively to the

initial address.

10 7. The burst mode architecture of claim 5, further comprising:
a switching circuit to select a data word from the latch circuitry according to
whether the data word is one of the first series of data words or is one of the second

series of data words.

15 8. The burst mode architecture of claim 5, further comprising:
a switching circuit to select a data word from the latch circuitry according to a
transition of a control signal, wherein the control signal is the least significant bit of

the initial address.

20 9. The burst mode architecture of claim 5, further comprising:
a switching circuit to select a data word from the latch circuitry; and
a data buffer having an output and coupled to the switching circuit, the data
buffer successively producing the first data word, the second data word, the third data
word, the fourth data word, and subsequent data words at the output, the subsequent
25 data words corresponding to the first series of data words and the second series of

data words of the plurality of data words.

10.  The burst mode architecture of claim 9, further comprising:
a clock buffer to generate a timing signal having pulses; and
30 a clock counter circuit, coupled to the clock buffer, to measure an initial

period of time by counting an initial number of pulses of the timing signal;
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5 11.  The burst mode architecture of claim 5, wherein the plurality of data words is

stored in a plurality of core memory cells of the memory.

12.  In a flash memory device comprising an array of non-volatile memory cells, a
method of prov1d1ng burst mode access to a plurahty of data words, the method
10 comprising:
measuring an initial period of time responsively to an initial address by
counting an initial'number of pulses of a timing signal, and, within the initial period
of time: | | ,
accessing a first data word and a second data word with the initial address;
15 subsequently generating a second signal;
incrementing the initial address to generate a second address;
accessing a third data word and a fourth data word with the second address
responsively to the second signal; and,
following the initial period of time;
20 producing the first data word at an output of the memory responswely toa
first pulse of the timing signal; and
producmg the second data word at the output of the memory responsively to a

second pulse of the timing signal.
25 13. The method of claim 12, further comprising: within the initial period of time:
storing the first data word and the second data word responsively to the second

signal.

14.  The method of claim 12, wherein the plurality of data words is stored in a

30 plurality of core memory cells of the memory.
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counting an initial number of pulses of a timing signal, and, within the initial period
5 of time:
accessing a first data word and a second data word with the initial address;
subsequently generating a second signal; -
incrementing the initial address to generate a second address;
storing the first data word and the second data word responsively -to the
10 second signal;
V accessing a third data word and a fourth data wbrd with the second address
responsively to the second signal; and,
following the initial period of time:
producing the first data word at an output of the memory responsively to a
15 first pulse of the timing signal,
producing the second data word at the output of the memory responsively to a
second pulse of the timing signal
storing the third data word and the fourth data word responsively to the third
and fourth pulse of the timing signal; and,
20 for successive pulses of the timing signal:
generating a subsequent address with every two pulses of the timing signal;
accessing two data words for every subsequent address with every two pulses
of the timing signal;
storing two data words with every two pulses of the timing signal; and
25 producing one data word at the output of the memory with every pulse of the
timing signal. ‘

16.  The method of claim 15, wherein the plurality of data words is stored in a

plurality of core memory cells of the memory.
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