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FLASH I\/El\/g%gﬁl 4FgELD OF THE | NVENTI ON'PCT/ US98/ 1. 1797 The pteasgpsidromention

. rel ates genera Iy to determning the state of a sem conductor menmory cell

and, nore particularly, to sensing the state of a flash nmenory cell.

BACKGROUND CAF THE | NVENTI ON ng systens such as personal

conputers, autonotive and ai \W \&ﬂ\gﬂ cel l ul ar phones, digital

canmeras, and handhel d com‘rum evices use nonvol atile witeabl e

nmenories to store either data, orf'%&fe, or both. Such nonvolatile witeable

menories include Electrically Erasable Programmabl e Read-Only Menories

(EEPROMs) and flash Erasabl e and El ectrl caII Proramrabl e Read-Only

Menories (flash EPROVs, QENSEAMIEAFHER FOR FNASBMEMQRIES| s advant ageous

for allow ng the conputing systemto retal n |ts data and code when power is

renoved fromt L&ﬁﬁ%ﬁﬁg@ﬂ@mus if the systemis turned off or if
there is a po : no | oss of code or date. Nonvol atile
sen conduct or nenorfhedenesedsinyentiburdanesngederaly taldageriiiotigstherstptei of art
conput er SySt%%éi’ﬁ%bﬂ&é%oT?ﬁexﬂB%J@élhaH&%%?é g?}t%ﬁlm B Hatd 't?\esstt?(reed In
nonvol atil e nmenory 1S . Typic prior’ menory ech ogi es
provi de a maxi %%%F?@%Pré’aﬁf 1C|ty of one bit, or two states, per cell.

Sem conductor nenory cells having nore than £ WO possi bl e states are known

in the prior Lex D. C%'eﬂjlé”?ﬁ\@l der nonvol ati |l e sem conduct or

menory is the rogrammabl e read-only nenory

(flash EEPROM . PriMengrconfiuisg SERROMSUC 5 @ersonadicbopiters, ahtpmotive

si mul taneous rgrOkRglaok @RYRI kel fIASPRERYS ai 1Fall'rc5f?1‘3e'fas tavl eald A or flash
EEPROVE have a stor age cap Clt t hat ter than, 'the amount of

data that can ©& ‘Oét Hée tr‘ioﬁé’opu‘i%b rdtleﬁ £yMERLIRSIGt Pt of a
fl ash EEPROM idtieyplatal d)rycc&Bcamtmﬂed Swich mcmivotatil@yv riteableasbmoeieks t hat i s

arranged into ¢ 1 Qr9?

col ums, wher emg}a'!%a?(gc rhcallgvﬁ? gn %#rzg[%dmabréhea% OInl %d#(g@géabl e. Wen a
user provi des GETAdHVesand flagh Faasabig a%%%fé@@ﬁl#yg?mgaremahlq Read-Qdyy EEPROM
sel ects the COMea&n%dafagthmNgeblr flaéhtxﬁ@ﬂn@abs)prmhvblaaﬁlhy nermory cell is

conprised of a_single field ect transis udin se| ect

oare) ot oat pivteeeos ob afiok i ¢ SORPRHAE YRR ImFTat L SR T e
flash cell by eldeewihay pdveeraisoemovefl fobmyr the omputeng systemngliyes, éf thehi ch

causes the t hri}%'?é}h% ¥RUAas: OV4) hafe Poblas RifRk! ik ROk 8codbe
typical prior t flash nenory ce IS ih one of two possi bl e states, being

ei t her "progra 2 or "erased." Flgure 1 shows flash cell voltage

distribution as a fMnavbmll@fsemlcdrcﬂucmoprﬂmO:azr tevdikes bred videmernftal can be -

seen, the eras |str|but|on
or range of v SouRirE ot BRoPAATE, Shabe Fafcha PRI plicty
separ at e i dent ifechpniemsbatwehichrdatadh swired in gywnvhkatile @%Iﬂ@l%’dlstfélet he roatl ng

gate. Practicakdemesieaki.ngyp &a%@v@&,m@mb@y tédh&%fbg@@s‘ ﬂa&aﬁx&@'acﬁbkh‘ane only
two possi bl e states becays

onsi stenci es structure,
charge | oss ovétror?g%apatcﬁéérq&ﬂ“e %ﬁﬁrdé’roa% ?t(?ﬁsp%frﬁ?” é%BBE.?‘hCL‘iCé MM ng
t he charge on télé hivagimgrgttae tvhaposdiblecttateherabndwhyinttbe getagrart.ne t he
data stored i nyphgfdrash cell.

_One type of prior nonvolatile semiconductor memory is the flash
electrically-erasable programmable read-only memory (flash EEPROM).
Prior art flash EEPROMs typically allow for the simultaneous reading of
several flash cells. Further, typical prior flash EEPROMs have a storage
capacity that is much greater than the amount of data that can be output
at any one time. Accordingly, each output of a flash EEPROM is typically
associated with an array of flash cells that is arranged into rows and
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. read, the

To di stinguish between the two possible states, the states are sepgrftBOgi"

a separatiqg}ggggﬁ. According to one prior nethod) when a f pbapiysesiahoi s
B\t conducted by the flash cell is conpared to a current

conducted by reference flash cell having a threshold voltage Vt set to a
predeterm ned reference voltage that is a voltage in the separation range.
A single conparator, or sense anplifier, typically makes the conparison and
outputs the result. Wien a flash cell is selected for reading, a biasing
voltage is applled to the select gate. Sinmultaneously, the sane bi asi ng
vojrage 1s appll gl bRGe SEHRTsAEA Riarl fifat &f EAGRGR Sfllasdtlc AL a5
cell is prog ranne exces rons ar in gatl3 and
the threshol d voiseageoNidespnfadsspsse spw aﬁ@scqlnm@@c@dxwmlt nathetﬂ@hsm ect ed

flash cell con@gq;ﬂR@M%C@gg{enc(ﬁws Alid gggk{&ql reference flash cell. The

rogrammed state of the or f h cell t cal l di ca a logic
8. Igf the prior flaht y@éfqllgrgoreégzeraerqon £eiL! %&I’rHB“é%EB&ISHT&'@%gF@;S ar eg:)n
the floating gatfect amsisthe (FEBshclelihg 2 seledF£0) 4 ddBng gbte;asource2and

PCT~i JS98~ 1 a,7 o] &fence
coll The eragd g@r%u? T&Eid% ti egéﬁfg‘?n‘?%m’ﬂg E E!Bg’%tltemg%pp}?n&g{ 6fee d by
a logic 1. Wheff"a'&9 %QP?“%@ f%r“été‘dbrc 'rﬁfrsé b%qs g@ ‘é?éﬁ tﬂ ﬂg%}:ﬁl or

art sensing scma@n&ear:db@\raewdtsrm ;heen ﬁrmrtiraﬂastemerm e&lh@\lﬁdn\émfca”y
have di sadvant

bq F %e or _art llljler %00 The
prior art sens gn%?ssf &G PP g ‘?’rl ?é‘ag%fm&e%. 85 ecf??ecraJD 158%

di fferential aﬁbpmlféﬁﬁhZ@lﬂ V@Fﬁ%eﬁié?rt@%f@nzw (omtion ¢f ¥t faq{tzl BIIO'aPrﬁI ifier
204 i 5 a et al 1By dRRET OBEMGL Qe MLl henERhiahe PALEraShEY stEUI T ent

| oad. One_di sadvant

Mputhi gh | eveltaEd SRV Bat %flbabspo%{.fﬁagfihg% Dhpee ftie 'asr‘%e s volts

t her ebK_ I Ih mi t: [tgecbzhe:cml@t'rpbfseemdeep?mtdmlmbldhetesfen&eciampburbn ehat 1W1: : e an
t-hi VO I

'ngﬁ\‘jol atlgl o Wlat%%%g% tﬁe‘ff%ahﬁafg@(e 9@%@&&%&@ 1R o%%v{w,f%ﬁééﬂ%% celf

mufti-|evel - ceItVPEBHW‘@é(?le‘r}l)é twemév @statqsechamet @fdm@@w@tnnwﬁam flastye.

This differenti@ll faidiute/Rhedld bsalover hefse @wma%ﬁgldreem&tsl 9&1 because of
t he unbal anced .desi gn .in. that” Vc dﬁ_\es no ?‘ ?P e. i denti.cal I?/ q_é)oth i nput
g iR ect f

transistors. AniBEHRFAGRSRUvRRGES atrﬁaoar Firegzis a4 mb 200 is
the high bias chilignto deqtmirendetdab stdred diftheflesh icell. pair of the arrpl ifier
204, the bias curre i oxJ

mllianps per sensenlzlO Bﬁ%ﬁ?ﬁ%@%ﬂe&éﬂ tﬁ%#‘lvé @Eglggerﬁgggsegﬁsr%ﬁtgﬁ i fiers 200
required for a SeRPFated é\)eﬁ smmt%mn&eatfi\@mr YBetOQNAUPHPRY Tethhasvhen ? ent
canI p][ esent powkdshpfedllsaa®md, tXetcuarnet hend ditedbyant dpeh ebll iheorfpaed taralt fsense
arrpller 200 i ifier
200 in a state %rg%%mﬁ% %ﬁIQFdS%gnE%\%mé%%ﬁg\éh%gEr%&dl aétgﬁés%leégglts %avgl gnal

| evel s used by 3¢hdo @ predetermined refecershoroltege t msar'eolmbhethetshpyrabuoas t he
i nput and out pufar@k. t/i‘%u%%%‘ﬂp%}ﬁa? é)rfsehg@agiﬁlﬂcffe'f i@ lgarﬂﬁ’lkésft'h%r 204 by

shorting them together that ‘the input Is biased trip point of the
stage. This sho?qrf‘ﬁﬁr‘?%‘r‘ PBEAYRHE B Tedttlt probl ens due to slew rate

limtations of the awjhenfd Atsh leltlisssdctett Agereadinighe bsdvong voBagesistamgiliedhe
shorters 206, ibthe r&'leec%%%teor&m éAe%%.TJm Y Qa%xé%;a%fn%wlt%é B3ppt eliG3 that

feed back into can hrough the

sensi ng ci rcui t e lect gap 9f9tilf rﬁﬂﬂssnmwll Ié@&ﬁlﬂa@?@?l e}?fégéamﬁ'édd@sf&s@et s
| at ched and canelgotmatw aﬁstrnpped)@ucmee‘tdammgl gﬁte ar{ttheaﬂhcémmabBagéSUWMARY OF

THE | NVENTI ON A.S Li f t

descri bed. The g%% 5%’6??4?%%%%53‘%&%8 Qﬁ% ?efc#ee(fﬂWI gﬁmﬂ)u sggaég\%alﬁ
signal froma cellulrenf thtametheoreferentd flestweelt.edbe eprngnmryled/&taiefoifehemnoal

i nput latch is ﬂgg&ptaﬁls mﬁ R?SF&H&'& ty sﬁoaJ be Ifﬂu{ fﬁﬁ&rﬁdsﬁ'cellmﬁwa\sé@tch

provi des an outgﬁgelnlc |veo one 0 nmber
Ot her features QHRaRERfE S %cftrqnﬁearsr%s%ﬁt qaﬁmv@yrﬁw fhe trshageblar ent
fromthe acconpanyi ng drawi ngs and fromthe detail ed description and
appended cl ains that foll ow bel ow
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is illust rat ed rby
way of exa%%ﬁp not limtation in the figures of the accpapaRyy Ags7

. draw ngs, ' | i ke references indicate simlar elenments and in which:
Figure 1 shows flash cell voltage distribution as a function of Vt for a
prior art flash device. °~ Figure 2 shows a prior art sense anplifier.
Figure 3 shows a distribution of nufti-level flash cells as a function of
threshold voltage (Vt) for one enbodinent. Figure 4 shows a single bit
flash cell and a correspondi ng sense anplifier for one enbodinent. Figure 5
I's a block diagr g;4a.bi r n|n the state
of a menory CeI% R%ucﬁ Iédxaaup- 8 c%x?xae thﬁkﬁeﬁe% CQEEIFT‘ g%épws 2 M.C
1 ash nmenory cétﬂteﬂ[tl’w Iarl@bﬂﬁfésﬁhdltmcélé)hg‘éhﬂt%h}’fadpg@rﬂe errbodl nent .

Figure 7 shows the Waqm&h'cfellq{asQEr&r& fEhogd b§§‘?:5l£> staﬁbg%@ losfhaqws the

slew rate response of Iowﬁg&u n ci rcwiF lﬁ ]t:fg g a1 e response

of a high gai nsﬁﬁ‘?ﬁuls’fhe‘??i; cgeaHRTATP JRaY ﬁé} P&@F%}HF? t he

t hree states ofhavheligidviaatagesi eﬂxgunplu‘shcbm ohe p4101' att sense amplifer@@014758

P~T/ US98/ 1-t 79 THEIAY g&aﬁ?F El'ﬂl 1§e&g§(§3rgggl difa |§;?s EﬂHPirt hgtng a |ow
erenti I nput

gain preanplifier, ogl ¢ devi'ce to reduce
the offset in t%gefﬁnflﬁbﬁg\ﬁlif@lf 208ptRd phETEErsi296 dé@'@rthf)@ﬂerft& asnphAien Y
accurate and efi§ hcm@ﬂal-osmssem@meﬁduabt Q9O 9) eliffbrential p@n\/&hﬁg al @irydritt eabl e
nmenories. This sense

rovi urate s
nul ti -l evel - celrf”rfcl\?L o%%géﬁa. Va“‘wS égﬁg ?tqm'_"(fs thePYenor y.
| nt ended advanthigbée\cﬁﬂ to hevauaof aapmmmaéﬁly éa\mltsmclthcbevac of Beltsormon node

range or input RERGS mmung oxtnl?ﬁor? éc%n f rRSRnBO WA pliffer! €duced
systematic offse corre g de ed lafch tine, a re Uced noi se
sensitivity In \'8 de @Rypan éoEMZ f"l° §H“%H%P9e%‘éaéﬁ o1 asHhelebtt in an

per cell nonvolatile wrxteable memory, it is typically inadequate for
multi-level-cell applications because of the limited common mode range.
This differential pair typically also has poor noise rejection because of the
unbalanced design in that Vcc does not couple identically to both input
transistors.

Another disadvantage in the prior art sense amplifier 200 is the
high bias current requirement of the differential pair of the amplifier 204,
the bias current requirement typically being approximately 2.5 milliamps
per sense amplifier. With a large number of sense amplifiers 200
required for a multi-level-cell application, the cumulative bias current
can present power problems.

Yet another disadvantage of the prior art sense amplifier 200 is the
use of shorters 206 to initialize the sense amplifier 200 in a state from
which 1t can switch quickly between the output signal levels used by the
circuit. When the shorters 206 are enabled they bias the input and output
of the second stage of the differential amplifier 204 by shorting them
toget-her so that the input is biased at the trip point of the stage. This
shorting is required to limit problems due to slew rate limitations of the
amplifier. A disadvantage of the shorting is that the shorters 206, upon
release or shorting, typically create noise spikes that feed back into the
sensing circuitry. This noise can propagate through the sensing circuitry



n l.r‘s arn
array of flash cells is capable of but not limted to bei ng in oneZ gf Four”
anal og staL g% ﬁﬁg the state of the flash cell is indicatededyusssaitrnary
. bits. Figure ?4 ows a distribution of multi-level flash cells as a
function of threshold voltage (Vt) in one enbodi nent. As can be seen, each
state is separated by a separation range, and three references, REFl, REF2,
and REFS, are provided, one each for the three separation ranges. The
ref erences are provided to distinguish between the anal og states. State 1
enconpasses the | owest range of Vt voltages of the four states and is
indicated by b bi i cated
when t he high g%% t%édQ%B?& E&thd én?océrpgogn ﬁéﬁ@mdc?}vcrgre%c% B-Iikf[j (Bit
0) is alogic é‘f‘dﬁdafjéa?» is indicated by Bit 1 being a logic O and Bit O
being a | ogic $UI\$M=AEY4OFSI'HBCIM&EN¢I®N both bits bel ng logic 0's (both
programed). The nu er n of PosSs] bl e st at s ?ai’ imted to foug) For
exanpl e, the nunber *of<TSE ARSI 05 @ RepvRla ‘lFr\‘fele &Fbeéﬁhmye‘écd%%ﬂ ttrer

t he mappi ng of 'Ihiersanye bingifico hanal ppastifes cuapleldetwmcererd a ﬁgnaleﬁrarrphe, t he
| ouest range otelVlor Ak RAESILEAD Aeh Ol iRty Dl BRDIcRELEihEkNchagi © O s.

Nonvol ati |l e nmenory devi ces ot atr e nmenory
devi ces such a$ouPEalf ﬁ\erarﬁamﬁ K@ées@‘el\@ F?’Béa (RPAM "t%h er%‘a &bPrR of
storing three outpwymdinaivedpfsdrat &Sa nhntbeharf stdtbeof thenalllog st ates of

nonvol ati |l e devi ces |_Qat r. [JT6 Ot her
than the threshold &%ﬁ%ﬂ P&“&efs % ég&"ﬁ%#e% @xe%egﬁ 13%&?&5& wi “9911a758
PCTI U 598A a?9?paﬁéﬁragfr@matrle@Cmpbeyegpqlr@s\gegs aBd fegrgebe dletailedeshol d

vol tages Vt as qekenpessland ‘é’ﬂd@é c[ﬁﬂﬁecﬁapfollérv@b@lowrrents lp, or as
ranges of charge $oLed Q ol atile menory cells such as
DRAM nenory celB5EL f D r2>tapacitor and may simlarly
be expressed as rangés pn‘esehahgenn@mﬁsr thsSrateﬂi bvotvatxagiaexarﬁpkeoantbhatr | e
menory cell that I b si stor
having a thr esﬁo QQ&O 4 thtflgﬂ?%sg@ ?‘r?c?ge}g’}éﬁﬁ 2 Iz;flrvgie%i 5 a%‘gcc]‘ ogt he
floating gate. ¥ eﬂ%ﬂ’r’-olwh@éir sirgilan elemanteand IIDV(/E’ehI current) decreases as
the threshold vol tag‘egh’te arstioweIﬂashrtatlg@lﬂageehstrnbuneas:e a firetiorradrv; foel |

t hreshol d voIta | tedtothe menory cell drain current 1D by the
expr essi on: % o*%>VG vt where Gmis the transconductance of
‘the nenory ceII VGh'lgutthéSheweraypnet brtgsan@ amptiige, Vp is the nenory cell
drain vol tage, and \g; ufe SRROMRPLK: ot ealialidu MOt dsAAR s G (eRurkdon

5 *é rgﬁu fiod
rel ati onship, there a eI\ a nunber o g@ ys to sense the anount of
charge stored off tHeskq Ba‘{qlﬁﬁedé(tt)ef%foﬁ% ﬁﬁr"?mce i ncl udi ng sensing the
cell current of a nefiguye eghbwehesingledinfhsintelvahd ag:erﬂeSp@rpthg&dnieO t he
sel ect gate of £$§llﬁm5yogglelmb§£g§énqg t he anobunt of voltage required at
the sel ect gate xpected cell current for the memory
cell; sensing a vol t&@erdpe@a@é@@s@agramaéovm ajbanary e ead methodefadr ai n of
the menory cel | dueemiRnEORs tseith Tl hesrair &0l KAGRg nforaRBhh @ddt Sodshite sel ect
gate of the nenory cell) wherein the cell current “determ nes the anount of
the vol tage drof)t ross the | oad; and sensing the anmount of voltage
requi red at the sel eEigugatéeshpbevsgs WELC iflseh nmeraoryesglewithch vadresppadingp acr oss
a load that is Qé}ﬁgltﬂgcll eort&e Plrna,rogug[m{ he menory cell. To determine the
anal og state of the nenory however, it is not necessary to quantify
t he preci se anount ofl&lﬁaﬂgﬂ‘%ﬂf%ﬂtﬁﬁ%ﬁeﬂﬁé}’ffll%"acffr?f@?@‘ﬁ?@ iment s sufficient
to conpare a charact ergtﬁblacsk@fwihemme Q@bbnsteoofaa lovowain at@iendstivine

type of refereners are eren rammed to have a known
t hreshol d vol tageﬂvt Waets §55¢ B?%ggokx%}egv@e‘g Fined states. Sensi ng
circuitry for the nefigyrecetiiowmy stgnat ephingatiegraiofortthe theseeatzing of tiearor y

cell and the ouypud Snahi g,gteutslg@_ng circuitry and 6 t ~~ ~ ~~2 W
99114758 PCT/ U898114797 reference sensing circuitry may be conpared using a '

differenti al

addai



. I enn
conparator. Because sensing the cell charge level of a nenory ceII 23 FLl v
typically. requi §3 the conparison of either voltages or cupgemkssisbive

. referenceVfh “62 provi ded by using voltage supplies or current sources to
supply voltages or currents that correspond to reference nenory cells

having a cell charge | evel between defined anal og states. For this reason

the references REF1, REF2, and REF3 are not specified as being threshold

vol tages, cell currents, or |levels of charge stored on a floating gate.
Instead, it is to be understood that these references correspond to the
characteristics of the nenory cell as defined by the relationship between

cell charge level, cell current Ip and threshold voltage Vt. \Wen sensing
the amount of OELAJAED BESERIRTION| oating gat e of a menory cell by sensing

a vol tage drop acr OAE%easé Qﬁ@lﬁf{éﬁﬁ:oh@rgﬂﬁfh@@wt eﬁh liflepfa the nenory
cell when a conﬁi}&ant alta IS a%\/’o o the se ate of the nmenory
cell, the |oad® 6%“tta\rlllénPH o123 h ‘géewet%ft t@ Qbtsghdh) 18 er i nput
vol tage or t héiffeoéntial inplit &geh 1sA$essubhd for hiaytidivilg dcdadratated fitiener cel |
current which e i ol

Ther ef or e, theée@\%fg"‘kf%&ﬁagé %ﬁscglnﬂ lel wéﬁ%aebpg? ngée}h{ ngﬁe gﬁeaerpﬁe

vol tage, or se’h@@l ﬁplﬂrpv&eslmsutate/émsage mb’?“ﬁhbﬂ’f@i aefl KMG)MV%NIFhe

X-axis to "col Wimeaslk trd@fory Uter\ALe:nﬂiztsrmdﬁt@nwr thﬁteddé@tasi%ﬁfh eheitle W | |
unt of cha on a floating

primarily be directed t C; e_store

gate of a memoiy ceriP ())Efs‘éaﬁ‘sl%g‘ e?/é’f 580%’%%‘ Ct'a%s%m&e %Fd8Pthat is
coupled to t heopl¢rahngdbngh,ethnm5lympebh of fesgupawer, shredsced systefhatibit f1 ash
cell and a 00r5ﬁ§a09%ms SA5iRg MWL dabb L latEREin) @nd TRAdLEAbise The function
of the sense anplifier 40 or corrparat or, is to nmake a conparison of the
cel | being sen$&¥HBYt o a reference cell 404. This conparison is

acconpl i shed by pashi agetehe:ddeﬂrﬂencufaentcuﬂrrsthugbmr @ach dlayh cell 40@nwhi ch

converts the SHEESN: d2n3Hold adeniThenlaad iIRMLES ég.gg i i gyl ce i

one enbodi nent or exa evice 406 nmay
be a p- channel adelpgstatasandgths s@teaﬁ&wﬂgﬁé\telbﬁ indicated dryotwo rinarsbitevi ce i s

a hi gh transcompgiigleansifows fahﬁahmuttohamh&tmeaehﬂtasﬂ SelsPLCh dihdtigioped to

provide a . threshol | t ag S than the,threshol d vol tage of a
Standard n- chati hhe%oéﬁ Rl HEpe By Simeh nBaca bR AN e doped
to 7 t 5  ~. separated-by\®s8PArkdiph rROH¢, dBAShi e/ Sifereaves, REFh RERYlachdvol t age
of appr oxi nat el & ht?r;;S or, then
conpares the th%tel:(sghg Bt%\ﬁ?%ge &gggof?ﬂ?émtﬁarhgé ﬁelaggﬂgrg ce%zp?{)k?et he vol t age
of the flash céeﬁermsanepmm?@é@ daghingishubetvegn ihe analos statesr eg ds of

t he conpari son.endéraphssed tde\tmwestzkﬂtﬁgebft\/heforlhagew ehide foel btatdsandoise

enbodi nent, is the S f dev d 406 he fl ash
cell. As previ 6u% ?tegr%'céé bem% EPC ?ﬁ b&ﬁl éra?ﬁe E%\/?L%Ef“f };{‘Clncat?grl ay is
capabl e of bei ngh&rnttmwlelgbforﬁeubltéﬁalldgs ategied, anaintdtetlhvespaiee baf (BihPXkisf | ash

cell is indicatgd RYO t%té% QQEﬁtéatédSb)FBgl{rtfél %hf'rog'tcb'a(ﬁ‘ak&@b%gﬁ%”a ng a
bi nary search rretesﬁ L{ %:{T% % %ig e, st at g( rrg\ cel | g nor e
than two possi Bl et@esd &sin fcﬁ‘t  PBEY b1t} h%msé%*f@h" pgth p F“‘er

sel ected cell imimbasedfpodsibtnparesds hot Hrfitexsto foat elFeﬂeeat‘thslﬂheCel I havi ng
its Vt equal t e t I-tiral rison,
the sensed cel %‘Bﬁg% t[?tBFeQ‘%'apt ettﬁrég@?;e &l {Eﬁ :’rgjr%:k{c])en‘pg‘% ‘Hgﬁgﬁl‘% 6sfel ected
one of a seconcblfletr}’ebléﬁtﬁeamillaghtaé%q mahé?\?ﬂﬁ’glth Fopexampag. the lqvEt ranga third
ref erence flastbfc\édtolt@esmgnbbsnd/tcaequw bdth H‘m‘EFb&m fogih@ssensed cel | charge
| evel of the selecteg

| ess t han t ference flash
cell, the sensed cel'l° %%Fglae PRI evé%ﬁ‘?’p%r%gﬁ Bﬁ%h ?E?Mﬁ?é"f‘ rence
flash cell at staptilz, mrrcbryhée\eeﬂsemcechsleashrrmeRbndemeAcMs Memstias e 1 or

state 2. if the(me&@gdare%éa@ﬂa%e?o& atreefortnh@resaeta%-geqtefsl FalitHes, @ecat er

than that of the first re t he sensed cel | charge | evel '
i s conpared to 3HdOg Riates Pﬁef‘%‘ﬁ\éﬁé@ leg %’é?ﬁsc@"lmét” floabis g gRte MAYIbE he sel ect ed
flash cell is eétdgressedninsteatms Bher thenathe thresBelsivolgagef Vi.h&or ekamplear ge

| evel may be done according to any of the nethods previously discussed.
Sensing of the cell charge level in an M.C f3ash array using the binary
search nethod is perforned in one enbodi nent using a sense bl ock. Figure 6
shows a MLC flash nmenory cell 610 with a correspondi ng sense bl ock 600 in
one enbodi nent. The sense bl ock 600 is conprised of three sense anplifiers
602, 604, and 606 that are each coupled to the flash cell 610 and to
reference cells 2, 3, and 1 (not shown), respectively. The sense bl ock 600
outputs two bits of data 620 and 622 indicative of one of the four voltage
| evel s stored by the flash cell. Wth reference to Figure 3, the two-bit
output of the sense block 600 corresponds to one of four voltage | evel s
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Wen the flash cell 610 voltage is bel ow the voltage of REF2, then & feFi8B2M

of the output will be a "1", and the nultiplexes 608 sel ect $ctrigsoniHut of

. sense anpl iY9&¥1%68% to determine the LSB because the flash cell 610 voltage
is either at state 1 or state 2. Wen the flash cell 610 voltage is above
the REF1 voltage a "0" is output as the LSB which corresponds to a state 2
voltage ("10"'); when the flash cell 610 voltage is below the REF1 ~ vol tage
a "1" is output as the LSB which corresponds to a state 1 voltage ("11").
Figure 7 shows the sense anplifier 800 of one enbodi nent. The sense

anplifier 800 conpris a_preanplifier 802 |.ed r ive.signhal s Vpos
a% Vneg from aaﬁ%%ﬁtggeél rpg)( ﬁ?)tr(’gE Eﬁe&sﬁé asag%\ égggft Iéﬁ,egé]@g ‘gogﬁlgef rY(SStags hown) p a
fji ffergnti al i gm@mdtai)csh@@n a@feupg?do dTathL;Ipﬂlefaﬁm, iolf iaewalwi)z,ofauhﬁrg;éTD %ﬁt e
ogi ¢ devi ces n . n | : e
sense anplifi erscegr(?gl %I g@?&égtwa%%ghef gﬁéﬂgbeghfe%ﬁc{rﬁl-é&;@sﬁgsggI%%f?fc\:fdevi ce 806.
The sense anpl iemoragelis arectyppiailly c@mprissdirineapacitanand mwyssigirrlgbe, 860,

862, 864, 872, ahfledtéd Andnpecdradagge, lchAlehtsSbokoltEes. 856, 858, 866, 868,
and 870. The preanplfier ﬁ% a, buf fer between

in one quchgl ment geryves as
the flash cell and refAreREdie BmeryLtREthat §ap ReflontinggaifitiehAVEnpue | at ch
804. Instead offigldiaftech trappistarthayiag acthresbald ¥phage Vit st increases eanpl i fi er
802 uses the gr@imged gaded w&ﬁminm%étal TaXirdems BNt APAFHIA Rk reMES)
current load of transistors 850 and 852. Thi.s qrounded Og;ée configuration

i ncreases the cGRNEHTIRGGdecumRpES 3F theghrgshold wpltage Vi and gel/chprge/ lpvelsg
PCTI US9811479? wensseariilel miesrorg@@)l threshnkd vahgge ot i$ ngatedviol thageermirpes
over which the : ifi i ional. The conventional current
mrror of the p?e?f(;?&é??mr'ﬂg%c §§9ﬁ8 %Pg#ﬁfb&bl tage (Vvd) of one of the
preamplifier inputs.IUg@m xiYEuiYv) deaVpst ¥ae¥hni ques known in the art,

Ej he re?uced dr aw(mxsié@urﬁgﬁttrﬁ@n_ah@coﬁla?mnke o{fQﬁéJh]Eethryacém'\Iégg £l 9’£7b5nf16 | tthe

rain to source s) O e i npu ransi s of. approximafely 1. volts.

Because the conFﬁﬂhgﬁe?d‘éOIFBr&Suf/m ’éhtLFéT}%‘POIYscq{ Flfatladp"?@géf Véf} ?é ‘%é’tﬁ’st antially

equal to Vcc nm figsndgscdll HeestiEdoledget he i nput pair, the Vds of 1.75 volts

results in the limtation,of the conmo e | nput,-hi gh,.Level voltage to a

val ue of approxi mat eﬁﬁlvei‘ g‘d? {%Iaﬁ%nsgu& {r?](?g%) reué?lﬁén%eqﬁv%kfgrﬂ%cwa%g&

grounded gate psetsarthelamiavitod dergs storesyon thmdiosting gags0f Hredmesmoryfcell

preanplifier 80Z,dgdR¢SsdnlBfhcl thaldelORBEA JTG MR AYeelywRbh B faistdid the

t hreshol d vol tage Vt drop b tvvetg_‘g Vece andrﬂr}oge 880, thereby rai él ng the

vol tage at nodev8HB8e & RIS toy tségeét geteridae gaymary SaNHNGR_E i nput

vol tage on the ¥nr@ntpwblthge tdrguiprdeatnghleiskleer gadeitbezisd rike thkerpkpacted

transi stor 854 rat Tran I in ] rati

because transi s'? %ﬁ %ggﬁgg%r t%?rﬁé%h?}r 8%?3;&5?%8%&?‘6%%{?%%’ %c{%%%?én&f? - th?’gh

vol tage. The gr dueritriedde shpdenarmiche desmew el pihearfprarstast @b Battier ef ore

has a much smal heltayelss bplaPitienRlick yakd & thel hembep dbll,| WHer®i@ tisOBIDN NDde

i nput - high | evel of g%%xi.rmt |y 5.25 vgétsvilﬁa&a ircuit utz\lqu % 5 golt

Voo, Thus, the CHRSBRCREIE PEnGE BROURUEC THeSTeRATPT B o fa

adequate for M Gefidinghhapplouratil oitageoequisadnar e seteot gate adyianrigdotan t he

grounded-gate | qg e%ﬂtﬁd%‘f’t&aé Ar %c:%@ftagéa %t@t&%lé@h@?ﬁé Hf‘aiI?%F@Hée of the
ich V¢ e bstanti al |l I

bal anced design | C IS coup su y 1dentically through
transistor 8S0 AneMm8nycelh Agdenpipedtg 28808 stake of beraemogxcellp- channel
device of pr _eannIdﬁ_é\%Q&, 802 nat ﬁ@ce@@ﬁyh]b?qfqalﬁtiay s%egpi'éciﬁadﬁd)tyn%@fchha@ge bi as
current requirenent .for..t ense I S~ (o) ne | nent.. I ng
circuit anal ysi s cfrggh‘?ﬂ 81?2@0%“@\%“?% ’ﬁesugfﬁctl?%tﬁ?ecf i%asregz&% ?ﬁr{gré?mté{lsl
current into traheimemergsdl s adetaynirpletence. have a nomi nal val ue of

gpproxi mat elty1(1)00 T%@&@%% m@f@fegwis@fef%@ha@/rmm&?%tw foRRsms et | tt]pe
ias curren ~~\ o~ . r irement for
sense amplifier }3?35 i }smgwé‘ntihﬁég\aéﬁl §lt%%%§/§t ﬂgﬁgtth@gcg.& br?] I g?narrgés{n%cl?as :
current requiredtates.pbensingrircsigns torahplmémeryscell may be replicated for the

reference memory cell and the outputs of the sensing circuitry and
6
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The preanpl i fier 802 of sense anplifier 800 anplifies the inputs fromthe
flash cel I g e reference cell. CGrcuit analysis techni gggadssesr in the

_art show tH@%4Hdtht of gain provided by the preanplifier 802 in the

differential node to be approximately three. This low gain is an intended

advant age of the sense anplifier 800 because it significantly decreases the
response tinme of the sense anplifier without the use of the shorters of the

prior art sense-anplifier. Figure 8 shows the slew rate response 902 of a

low gain circuit relative to the slew rate response 904 of a high gain

circuit. The i.fie te vol t age
differenti al ﬁgf%g?%g%lna& Exﬁﬁi%ﬁeﬂbg%ﬁ%%réd]u& % dv\d?ecefg ?ol this state
change by trarfompasatosg Besausesrnsingriie gel 1Pférﬁ‘©‘ﬁ‘@%t¢@lﬂe to

anot her Statety?:ctaflﬁﬁ&qi\ir@@tﬁeeéb’fh aﬁg:@ophmélfa%@s%euy@n&@gﬁel evel to
anot her . Thetl%g difféerential . ween Se@ﬁ@gw ate change and

transitioni ng FHEERTHBAY BFPOYHLeq BY &Finge 152 05 SHFFeRhSPWILEWS at e of
the sense anplsupipdy voltagesbrourrats that cerespondet feferehee oemuopeetls of each

circui t, and ii5assUiell 4rDe\LJaesAlRal dbel .o 2tk 6 6 :Qza%é]r( cui ts

so that the sl ope curves equi v

gain of the | dfedaferengesdthfil, Réddr ard REFS asawmof épe@fae@esemgoﬁhrw ges
over which thevcs%g@e @lphirkéras, wﬁbelbro&llﬁﬁhﬁie@%ofe@ﬂ@{ h\Ratidgtdie.r ange 912 of

vol tage of th ai ircu ssum val ent slew
rate of both gmftw tg t‘hé I“B‘weéﬁtoﬂg% urt T“ien? 5?‘”&%5138% tgﬁthl on at
the output in thagactetishicsasithetraamohe celi nedefarzeqi @quheedla@bnshle beityleeyai n
circuit. As pre¥i eushky leliecaetis@trerstitey, bﬁﬂ&h@éﬁxoﬂ&ﬂdltégéjwn prior art sense
anplifiers because t he high gain of these sense anplfiers. The shorters
bi as the sense anpl fhieﬁrseﬁﬁm% %\%laﬁ?oﬁ"‘ﬁ qf rfg‘aéﬁﬁ’rﬁtﬁﬁeqwﬁﬂe“ QRS BR8LOMA ni i zes
t he out put vol inegeoriyrcalidiyt sepBirtg am@oltinenegr acrbdea sdaal thak $s &mq:maw&&

[ nor ease the T S8A003%d 0L, LIPABNSCATRI o3 8% M8bie 25, WY L9HC! na

noi se into sensing Circ $T%Lr Wi t hout

shorters respogtts afuhe I{eq':mpoy icelbutheioad mppschar E€§h0h3ah01a§agﬁ htgthen sense

amplifier wit hse?ﬁ@"atrﬁﬁﬁflé’}‘ h@ﬂtvdlﬁgéo&uﬁk%l&ﬂ% @&FHgfe' 0RakuAYi SKRi ﬁfvg he
ée['

shorters into the sensing cirguitry. 11 t.5 ~~~ ~~~

PCTI US98/ 1- | 79"P4F%Y BuP Y& ﬁeﬁfcufwét&]*aawaﬁ?fsﬁ 2gBNeH setr}%éag%rﬁ anpl i fier
‘800 is al so adimgnttagdags. ilineréfate,ithe pbtued dFiguiee3 sembe mmqbé id represeint set
(SAQ . The SAOtHéc&Hmﬁi]géfs%}Eﬁéf)torls&h%/éa leQ? iNPht fGEaded ech%fnéﬁxé;f frash cell

| evel resulti n? L at acconpani ase program
operations in fabgSRf ¢ke P‘sax‘fcﬁfhs‘eﬁﬁ’é‘r‘i‘t‘f‘?/“a&ehe SAO resul ts in some variation
of the vol tage del t Ihbetmaeitdrhs thefdis@isiondedrkinv @il pgRfadydbd bee&aages of
Vt vol tage for eachlret:a?e of Llzra“fla hr ceslt$ dAbSn a { Hlt ?é Qenurg Eeeﬁ nty
in the |ocatiof® df tNe elamh)cellf S I e AD) H dfount

of additional Vylsengiegruseltage dwp aspse joadtthat imcndpwdbw@etdrem waeecommn

nmode i nput ranggeRbr Eélprl:l%'htreies'?\%%/saifmh%fe'lﬁf?a%ﬁ’céﬂ hﬁ&"af&{rrés BnPM@ between
each reference volt I%PHglﬁf eac 0 acgommodat e

tage.set
the SAO is tooSEh@ ¢ é%P@eegw%meﬂhrﬁﬁeﬁﬁgﬁteowf t %swse&ma el |
into the Vt of 488ofhempalator, éstd inakg aldmm;immome)“flthppelrh@enf Minsed KOA e
ranges and a ¢ d S f t. re
Consitive to SAGERERALLNDILITR coliaritbR i€ Bccdplied AP Dabfily e E
t he common rmdéuvf@lntfé@@”rgé‘n@éo%ﬁr @Wlﬁeé% miHge conYerththef qursentdtela . The

| arger the SAOVUDﬂgetfl¢1e|lalé@&fevﬁ&e640601bta@®dtehﬁé ifevk debslimens, Bl k0

accommpdat e SAQ s{ ates e in.,a M(C flash
Ser e SAST S0 e R At i f o BhRe VA M b sl {1 o7 g0z
of one enbodi metevicsf haing segroaindeglgate er agedistoThd hsAale¢wce edabigh because it

i s divided by the,g hcﬁ‘u@cfanéé"ﬁ c‘?ﬁ'ﬂﬁ@l ﬁ‘ﬁrtpéxétt)l‘ Bhat 11@ §clalti %io%@gac rbf/ a 802
of one enbodi nent él’ e sense a rier ?W re%ﬁlg\'%cz ctor of
approxi mat el y tRFgsgolangltage that g %WFb\Waé‘a'i yoyage opad | oad
i's enabl ed by tmehmeel(ﬁMQEﬁdEfneéeert@helemhﬁddr&hehh&%deﬂibelsddé @t ent i al

i nput latch 804 in one enbodi nent conprises a pair of cross-coupled
inverters whose outputs are each tied to th& inputs of the other inverter.
Each inverter has it's power supply switched through transistors 860 and
870. While not drawing static current, this differential input |atch 804
reduces sense anplifier offset by having a differential input versus the

si ngl e-ended i nput of the prior art sense anplifiers. The differenti al

input latch 804 is an anal og-to-digital conversion stage which converts the
preanplifier 802 output signal, which is non 12 25 F ~ z~~2 WD 99114758
PCTI US98114797 conpl enent ary net al - oxi de sem conductor (CMOS), to a

CMOS- IeveI 5| gnal . The d| fferenti aI input Iatch 804 uses three operat| ng

.. o R .. o, .. N 1 ..



_ The float state follows the sanple state in one enmbodi ment. In thé 5 Ifédt 2072
state, transistors S72 and 874 are turned off when the LATq:ﬁjs,i_J l47d7S
. asserted. Wr"’l"ﬂé)h?his state, which is of short duration, LATI and LATO
float at their respective voltages, voltages stored during the sanple
state. The latch state follows the float state in one enbodinent. In the
| atch state, transistors 860 and 870 are turned on which switches the power
supplies of each inverter to the inverter thereby causing any differenti al
bet ween LATI and LATO to be anplified. In order to illustrate the operation
of the differential jnput |atch 804, an exanple will be used in i.ch the
Vol tage at  nodbaysthiangkd B Eres Rarp e A s belino i Baee STRLR <
situation, thed@fator conhpagor( ¥en aimpamsshs timesBGIE vatagecdt 404 frbanat he gate
vol t age Vg of i i r it : nor e
current than t %%%?E?g?rl égg& %!ltgé%ggﬁge%%%ﬁ Cf’elm\s/[iediz’f %degg(gvﬁhgsf ?‘ggtqp@atcause
the drain of t#ihBasedoen Supresults of Hee eeaPrpseme Thateadodevica Al ot B1e 8hs. As
both LAT1 and i:eﬁ&@n’ﬁ:é@@ﬁjlerQ)Iﬂtete@nlﬁbdiﬁWnV,Qbttﬁg@amteh?pé-gf delice asthe ldad 2
~'4' 0 99/ 1. 175§e\'?i%” §g9SrVﬁ~?l'5 lgo ilti ve feedback effect causes the
transi stor having fta'ﬁ1 r?g} ® % & ‘vol tage, 866, to have its drain voltage
Vd go | ower faster Plsgrevicaslyrdiscussedtengb flaghakelltihentvidsilsthoarrimaid ng t he

| ower gate vol : t 1 i oes
ow facrer, it “adble 8P Bengaptietorliof: dhalop il Mt Bl sHA@ Rt TasHRITDS

| e gﬁr ggﬁ,ra e o 0 , _
of f transi st or SgEEIQteARY tWRAINIY A S1iBRresBE 3 Qlogk i diagraty HOAVIBBR. Thi s
causes the vol bageydiehfcty giettical fdradggenminahg aite staced 6RS imM@mbat eelbhaainge t he
differential | hatfay AUbARSIHS LIS WUAIs0TIS LPMER ILRIBARST
switching time, even in the presencé of a‘very small "I ni i'al sl erenti al
vol tage. One ef®6eteresl! iswpneeand permpatqsuto dairstaeferenas flagh celldiavangs in
approxi mat el y oneVemnedac®BEE2. Theperfdiag sswihectesniy otfitheirtia‘dm@ﬁrmic&e
sensitivity of the sense.anplifier, becaus h nparison,resu is |atched
Thto the df f 1 erAntTrd Sl TR ERe Lo B SE BRI BT ES BRFISG ol ae. can
f eed back i nt oonR&fSespsoRg referenfetflashmoed kamipgttsoft eqval se REE Lo thitder i s

provided by a IéRNRGR! adhO@iiChARNE ¢18 B0 tO REFSMIPtHeRiked tAE MNP gat e )
is used instead of the inverter o theﬁ-ﬁrl or art sense anps becaus€_as an

inverter switchieliof the selsaigedtash iayerarnen sbafarli thadizat referesce Haserelhnce

a:c | O\r/]vs an offselmle bendegl ¢em1t¢=r?\dglﬁwel m@brhﬁereaeugsﬂh_age@drrcp%gféretnhé ﬂ_uﬂhCQBD:JD' ing

of the output volfage sigha o0& back .ta.the. | t.. e, detrimenta

ef fects of offggf%ﬁeanﬁi?@ i58%§f%’;/a %l’sglc i‘s‘é(‘i?&‘%‘%%&éalt ?rom)atetdﬁeffl{g{@ gate

806 receives t lsengst prit clufrge tevediof the eeledted flanhus gteatartth8o4hatftthe firhe

output state i sefl@tRIMAGAAY tEJ‘?er{s%BCJ&llﬁ@\ﬁr§@Yev@pg%n%eﬂaca‘?ﬁ@%?&’ after -

swtching in response (o a differe al jinput voltage in one enpodi nent,
the NAND gate relediiaem iAo P s @f@ﬁ%ﬁct%@aﬁréﬁs@ﬁét@eamt?fq or
out put is swt cretateA. dimsing\pNDegatlehd8ff leselmad bealgnet ahotdisg gahey of

capaci tances o hAJ an offset in the latch. Al though
the detailed dglél%’r%%[%thl%gg Ss%ﬁ%@eg{sgﬁ%%gi nments usi ngl a flash EPROM the

i nvention may be uségn@ingofathe wlrrhares lavel inr an dbF dlagh msray. usng tlee t he

p;gsg_nt i tnven_t imﬁarl‘}?%ab@ﬁ@néiﬁéfﬁ% I@@fkown@b ihedrer ﬁrﬂ?_@din?gr&pﬁs%é ig%eﬁé@@' ary
enpodl nents, | W e evil aden 41 ous nodi 1 onNs ana cnanges nay
b made Lo 1 hetdotim B A TSN HOC dBRARRER sobs B M St PERRE and
scope of the i rean¢ borrkalsietorfeprrnhodidnentz The senase biock 60 i9@bhp7iSed of
PCTIi 13598/ 1. 179pfed &&s@%éxgﬂél?ﬂiéﬁ 60&?@( dhagby 1th£th£'e%l3?k?'tc%ggl@g'tBQh@'PLQSh.

drawings are to li)e regar in an illustrative rather , restrictive
sense. cell 610 and to reference cells 2, 3, and 1 (not shown), respectively. The

sense block 600 outputs two bits of data 620 and 622 indicative of one of
the four voltage levels stored by the flash cell.

With reference to Figure 3, the two-bit output of the sense block
600 corresponds to one of four voltage levels stored by the flash cell 610.

8



1~ ~ 5 ~~~ E~~2 ~t EPLACEMENT SHEE ~ -16 What is claimed is: 1. A seAséch 2%
anplifier { Foo4 in a nonvolatile nenory, the sense anplifperussnardrsi ng:

.a preanplitier coupled to receive a first signal froma nenory cell of the
nonvol atil e nmenory and a second signal fromat |east one reference voltage,
the preanplifier being configured to output a pair of signals indicative of
a difference between the first signal and the second signal; and a
differential input latch coupled to receive the pair of signals output from
the preanplifier and to generate a signal indicative of at | east one state

of the nenor i .2 i Lndi . pPAatgky Of
signals. 2. ¥he%%|§ﬂéﬁ§§ﬁgé§gls{§}lé%r%;% ?@g?éﬁﬁ’ﬁ%@%ﬁ?ﬁggﬂﬁg}é@u ?%?% er is
used i n a nul t 98P &2Btbarithes|d "On@rvioilat Sreseamplifier 602 Hrouplassto BAPRi fi er of
g! ﬂm 1,tfu|rtheahdtcmpc{dt iuﬂ@a @énéteezf}ﬁplifi@ﬁé(bplgé&;ﬂﬂ\fs%&\qg@|d¥dhé @eri\s%e et
1 erenti al | nput,.Jd.at c ea on 1 C,.devl C requcli n e .orrse
in the sense arﬁ%‘i‘?ll”%merro W&E'pﬁﬁs‘?rbiﬁhegﬁ?ﬂbcegu aﬂ(glvo‘t?ﬁﬁ Ea%‘\ygqgf Vtoﬂtégﬁt‘)f | east
one state of tHEReibey theM3B af theheutpanh selldrpa ', endche chultipldxer W8r ei n

the at |east onggidfie &apar bg@éns%tarlﬁﬁér Ceo/ Qb Al el tﬂxq}sﬁ%&h& PO y

cell. 5. The sense anpl.if f clai 1erein the signa I cative of
at | east one stfgqf‘g ‘i?ﬂp §10evatiags iy eithey atcspisrd Qedtatg 4| 8@'&“ Wsdlashicells The
sense anplifi ervaifageligiaboie tREEB voltge proaipbifpuelas cherpSBseRicht | east one
grounded- gat e |.OX] ' d I AMS) apsi Il .Sense
%&%sgéhgﬁ (tac;f‘g%actg Qp‘#ﬁ?:%ei(t fwiEx AR BIR cell v?ltaﬁ% i3 By

anplifier of clali y e sense arnplit™ers -are
coupl ed to a plthediihdyvelitage a "1" is output as the LSB which corresponds to a state 3

voltage ("01").

When the flash cell 610 voltage is below the voltage of REF2, then
the MSB of the output will be a "1", and the multiplexer 608 selects the
output of sense amplifier 606 to determine the LSB because the flash cell
610 vbltage is either at state 1 or state 2. When the flash cell 610 voltage is
above the REF1 voltage a "0" is output as the LSB which corresponds to a ‘
state 2 voltage ("10"); when the flash cell 610 voltage is below the REF1
voltage a "1" is output as the LSB which corresponds to a state 1 voltage
("117).

- Figure 7 shows the sense amplifier 800 of one embodiment. The
sense amplifier 800 comprises a preamplifier 802 coupled to receive
signals Vpos and Vneg from a flash cell (not shown) and a reference cell
(not shown), a differential input latch 804 coupled to the preamplifier 802,
and NAND gate logic devices 806 and 808 coupled to the differential
input latch 804. The sense amplifier 800 provides an output 899 from
NAND gate logic device 806. The sense amplifier 800 is comprised of p-
channel transistors 850, 852, 860, 862, 864, 8§72, and 874 and n-channel
transistors 854, 856, 858, 866, 868, and 870.

" The preamplifier 802 in one embodiment serves as a buffer
between the flash cell and reference cell inputs and the differential input
latch 804. Instead of using a conventional current mirror load, the
preamplifier 802 uses the groundéd gate p-channel metal-oxide
semiconductor (MQOS) current load of transistors 850 and 852. This

grounded gate configuration increases the common mode range of the

9
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nonvol atile nmenory cells and a plurality of reference voltages.

~~EPLACE ~~% -17 8. The sense anplifier of claim1l, ypbefngbsmsrire at
99/14758
. least one erence voltage is provided by at |east one reference cell. 9.
The sense amplifier of claim8, wherein the at | east one reference voltage
I's selected in response to the voltage | evel of the nmenory cell. 10. The

sense anplifier of claiml, wherein the differential input |atch operates
in at | east one state. 11. The sense anplifier of claim1, wherein the
differential input latch converts the pair of signals output fromthe

preanplifier tq f_ef%le S 1‘1”er %b@”é‘x‘ wf}gr’réhgg of & te{?&rt‘éggelr Val@foklggk\ﬁu!:}’?\(ﬁé S

The sense anpliftier n th I rst gnal froma nenory ceI I
of the nonvol atSF'& mwrééﬁmu%%t@a&m tage. 13. The sense anplifier of

claim1, wherein tha"rpr@ﬁm@hhbh@lr crrevi Magoabf El@@pho@ﬁh@t Qéthméh thé @hain

anpllfled by a f ctor tant i to. three & anpllfler
of claimi1, wher 1°g° (Vcsgl)lc??fopgr ef%hgérea h{mﬁ g}p&!ﬁs cyrﬂ:ﬂg glé%mé aBﬁf
cross-coupl ed itaderigees knewohini theairt, éhe m@antrg drasn yoltpge cmprS&aerotOt he
other inverter..od@ ik aSEI SRR ffrbx?lrthEeraHtSﬁ) ddlirfe WH&)‘ & ﬁeslh?h? cell

nonvol atil e nenD . the sense a > conprisin prea | er coupl ed
to receive a fitf 5‘%%%@1’”%@%&0&”@@“ ?a”(s%é ﬁ&ﬁ%ﬁﬁf‘lm%d%‘ﬂﬁi’rty and
a second si gnalhlghdmratxsllﬁﬁﬁéd ane \Rﬁlfl@ﬁl@b‘ﬂ!ﬁ\t‘vlﬂl}t esgﬁxl toecpmeanpVidsipgis bei ng

configured to Orwe otathlrﬁal' u?%aﬁj s o@qg‘é‘a\t’%ﬁ/sf Fesit L8 ifll tfu]; ?xrrﬁxt%ct?c‘fnbgg neen

the first signal "and g entia
coupl ed to recehgeontmopanedsfingiy wfs legak poltage mmméucppéapprwm@rteland to

generate a si gnaloitddh gatjcve @nagjeﬁswc@ne state of the nmenory cell of

the nonvol atil'e memofy, acear gt il LLSLe e d b Al tdtg Pai v of

and 852 of preamplifier 802 raises the input operating voltage by
eliminating the threshold voltage Vt drop between Vcc and node 880,
thereby raising the voltage at node 880. A higher voltage at node 880
allows a higher input voltage on the Vneg input to the preamplifier
while still keeping transistor 854 saturated. Transistor 854 should remain
in saturation because transistor 854 dropping out of saturation limits the
input-high voltage. The grounded gate p-channel device of preamplifier
802 therefore has a much smaller Vds of approximately 0.5 volts resulting
in a common mode input-high level of approximately 5.25 volts in a
circuit using a 5 volt Vcc. Thus, the common mode range provided by
the preamplifier 802 is adequate for MLC flash applications.

Furthermore, another advantage to the grounded-gate load is that is has
better Vcc noise rejection because of the balanced design in which Vecc is
coupled substantially identically through transistor 850 and 852 to nodes
880 and 882.

The grounded gate p-channel device of preamplifier 802 also
results in a significantly reduced bias current requirement for the sense
amplifier 800 of one embodiment. Using circuit analysis techniques
known in the art, the bias current or tail current into transistor 858 is
determuned to have a nominal value of approximately 100 microamps

and a maximum value of 150 microamps Thus, the bias current

10
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"~ Z 5 ~;~ ~ 1~~~ REP~AEEMENT SHEET -18 16. The sense anplifier of claim15

wherei n atwé?@f}ﬁfpne | ogic device is coupled to the differeatriwdesismput
| at ch, the east one | ogic device reducing the offset of the sense

anplifier and providing the signal indicative of the at |east one state of
the menory cell. 17. The sense anplifier of claim 15, wherein the
preanplifier conprises at |east one grounded-gate netal oxi de sem conduct or
(MOS) transistor. 18. The sense anplifier of claim15, wherein a plurality
of the sense anplifiers are coupled to the nenory cell of the nonvolatile

menory. 19. The sense | Lfier of.. bR rejn, th reanplifier
perforns |evel regﬁfrgﬁeﬁg?gﬁ%fm%haég %léﬁérgédgﬁélélignﬁg?anol‘y gls%li??n? %}engﬂer ein the
sense anplifi emiliamps Lesworrenbaequirgsue! prayertaedsaamylifiass. t hat supports a
nonvol atile nmenory 1w pRchhSlifieddd 6f Qe iRl sdovRhp RGES the2hpuldie sense
anplifier of cé[al m,19 \?gerlgl n ihe é)frean?“ﬁlﬁ' g rovi des at Ieagt one

out put signal AP e Rephhiplhand dhe Fereranse Seii “icg”t YSi§ LeqhRiqHes 22 The
sense anpli fi ekno¥ndhahmatbshaweheiamdure of grasie paopkdedl ibgr tHeasreamypdifienal bi as
current subst agd4 ' : S ﬁggl' ier of

cl aim 15, V\/nergq"nmt Lhé %? ilé?éenatg? %ﬁ% Ee?ée?gﬁgiﬁwgﬁl%ﬁg%&qg?%\lﬂ d _3‘ ls at

| east one ref efietended adventageid the serseampPliieei0lbecarss i pgnifigariiyi n t he

at | east one rgé&easteaheabifgreuane opyhd benseanssliftarpivithbat thesustebetid ned by
t he vol tage | eyvel cel | ﬁl’he sense anplifier of claiml5,

f ) .
wherein the di ?kf%rlt%ﬁtc{fralﬁe Eﬁ%{%f 3?%%-%%%% k.

ses a pair of cross-coupled
i nverters, each i nvEiguee Srehowsgthetstevomatouespomsp 982 of e law gaiputreoft t he ot her

inverter, each dgyed t8ind@¥lGied tSpBRUESOSHPP hY s phihchirgdil Mbighsat | east

one transistor. . : : -
amplifier senses a change in state when a voltage differential is detected,

and the sense amplifier responds to this state change by transitioning the
sense amplifier output from one state to another state, a transition
requiring a change from one voltage level to another. The time
differential between sensing a state change and transitioning the output
voltage level depends on the gain and slew rate of the sense amplifier.
The slew rate is determined by the components of each circuit, and is
assumed to be the same in both low and high gain circuits so that the
slope of curves 902 and 904 are equivalent. However, the lower gain of
the low gain circuit results in a smaller range 910 of voltages over which
the sense amplifier must transition relative to the range 912 of voltage of
the high gain circuit. Therefore, assuming an equivalent slew rate of
both circuits, the low gain circuit will provide a transition at the output
in less time 920 than the time 922 required of the high gain circuit.

As previously discussed, shorters are required in prior art sense
amplifiers because of the high gain of these sense amplifiers. The
shorters bias the sense amplifier at a point in the common mode range
that minimizes the output voltage transition time. However, the
shorters themselves increase the response time of the sense amplifier as
well as introducing noise into sensing circuitry. Therefore, a low gain
sense amplifier without shorters responds quicker to input voltage
changes than a high gain sense amplifier with shorters without
introducing the additional noise of the shorters into the sensing circuitry.

11
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: 25 Fi3 1
t 50 ~i, ~~~Z REPLACEMENT SHEET -19 26. The sense anplifier of claim15,
wher ei n th\g g'g“,/g% ential input latch operates in at |east opersiriiersd?.
PrE3 claim15, wherein the differential input latch converts
the pair of signals output fromthe preanplifier each having a first pair
of logic levels to an output signal having a second pair of logic |evel
28. The sense anplifier of claim27, wherein the second pair of logic

The

S.

29. The sense anplifier of claim

15, wherein the signal indicative of at |east one state of the nenory cell

conprises at |east

bi
oV

. .30.. Th . | fi f claim,/l5, [
the first signal f rglrfﬁ(%al c‘{aﬁmocff ?ﬁgrﬁgﬁg’ﬁflgﬁb%oh@#ogi?sgg?ﬁﬁq}féeéssoy}ggﬂ

31. The sense ansl advantagfous|iaitimel §, redhbeeseihe sehee Rinpiifies ioffsed (SAOm Bheel |

of the nonvol alsA@ i(RATIKeP BFBRIEBRPR G1idgR Tangddt MARNRA 1BLAGKSRGUS

a nultiple state ce

I e menor ense conpri si ng

| nonvol ati | .. .
plurality of sdff¥8 tgﬁﬁﬁl?é]?{’ér\g,tﬁ"ééé%%P%/rH%S BTASE ANick Brogras RREEANMR 1 i er

conprising: a fdrashmellsf i@mnsequgm

elrn

Il of th ' '
b et o MBI M RO ks Lty ek v

ref erence voltage,

e pr apar o

n
age.

ein

S

ted the Sel eestedtsainf $omaé vartighiah of tikm a menory

f

si gnal s i ndi catvolageffoneailt stateeplca flogh arlén Ane resulbef diegimgertaidytindheecond
si tgnalt ; f a di IL Qb@zmdrabf tk][hpilllisﬂ @egp*tat %@@mise%tfttae B?K?,'éé@ermﬁtaﬁﬁ?dnt%f S: gﬂal S
output fromthe preanplifier and to generate a | atched qutput signal ha
a state accordiar‘ﬁg{lPB’r‘T%)Ih‘éO1hﬁ%f’ﬁf‘%ﬂ&%“ﬁrﬁf%a‘f‘eﬁ‘eb‘y”i‘f‘?év gaggefg I'fegnal's; a
at |east one | opmmdevinode ¢oppi Ehgecofr ie o sehse haipdifieds tualbew for ginal
the di fferenti &abiuttebAlelh rdiBferh JoRB3E BR%LAYC IHBY (ORI Aci

set of the s t

configured to re

e
uce the o _ nse anplifier an provi Se a
to accommodate the SAQO is too small then there can be encroachment by

the Vt of one cell into the Vt of another cell resulting in the overlapping
of Vt voltage ranges and a corresponding loss of MLC states. A MLC flash
cell is more sensitive to SAO because of the multiple states that are
accommodated in the common mode voltage range or window budget of
the flash cell. The larger the SAQ then the larger the voltage that must be
set aside to accommodate SAO and the fewer number of states available
in a MLC flash cell.

- The SAO is reduced as a result of the gain of the preamplifier 802 of
one embodiment of the sense amplifier 800. The SAO is reduced because
it is divided by the gain of the sense amplifier. Thus, the preamplifier 802
of one embodiment of the sense amplifier 800 reduces the SAO by a factor
of approximately three.

The use of the low gain grounded gate p-channel load is enabled by
the use of a differential input latch 804. The differential input latch 804 in
one embodiment comprises a pair of cross-coupled inverters whose
outputs are each tied to the inputs of the other inverter. Each inverter
has it's power supply switched through transistors 860 and 870. While
not drawing static current, this differential input latch 804 reduces sense
amplifier offset by having a differential input versus the single-ended
input of the prior art sense amplifiers.

The differential input latch 804 is an analog-to-digital conversion
stage which converts the preamplifier 802 output signal, which is non-

12
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signal indicative of at |east one state of the menory cell accordi ng to the

state of th &lgﬁg Aﬁed out put si gnal . 5 ~ i~~ ~"V~2 REPLACEMCNESHEET - 20
33. The Sé% &Ntk of cl ai m 32, wherein N-1 sense anplifiers decode N

states of the nonvolatile nmenory, wherein Nis an integer equal to or
greater than 2. 34. The sense bl ock of claim 32, wherein the preanplifier
conprises at | east one grounded-gate MOS transistor; and wherein the
differential input latch conprises at |east a pair of cross-coupled

i nverters. 35. The sense block of claim 32, further conpri si ng a first

reference corr 3RONdldaalPaddids eg&a&%'aah@m%qmg%ﬁvel Vs iBGelTeror Y

cell, the first cou fiLrst sense a or conparlng
the threshol d %8NtlagEns é*f@fe’f“@ltlﬂﬁuf latch 894 peeseiivee operatingstyas pamMplag a

first result; &atg¢oadstaes aﬁensteh@wéeipcgadmg the d@fféx%ﬁﬁﬁﬂmtphﬂt ¢sdan| 84

vol t age | evel nenDr he,.sec nce, co 0. a second
sense anplifie p?rape% b(y a[P %‘ﬁ% "{l ‘rltgs %grmgttge arpglegr uﬁbelﬁﬁ%‘ Yecond
ref erence, andtheorerabiesliand rﬁbe quspdoadet éQ;lﬂ tor ‘3" mpﬁddv!gfwmdee
correspondi ng HHf@eﬁﬂlrsQngéH Emeﬂ elthade h?é’eﬁacq’\f oft JP@ tﬁ?é@éﬁ/erﬁﬁh

third reference cou f rd sense a§p i fier rrparlngtlﬁ
t hreshol d vol t & ées|c§\;g dt”gerteﬁféa]l[ ’IﬁHPl"‘Eﬁartélf‘éY‘ = bg,ﬂfsgarétpe utputting a third
result; a sel ect or I tteldampsieoypdtedht autpesdromngddi8sdianslt 882asfthe, t he

sel ector oi rcubl-3eLeAL) 08 S0, ol RpRRCANALdBstAT 30 (g gl Tesul ¢

output in sense b cl ai m 35,
wherein the fi dsfferr:@@@h nnpahépt@mé%éﬁaaqc(%relynéomomhenmomulremhovemd t he

third result i B%hg}ﬁilexrhh\% ¥ iaaﬂeoﬁ fheethred stabe dreteraifférintial input latch.
A ALY ARA AyDA‘r}/ng fheFiamp ing sta €, '?}QQILA'I%I-'%%lgArYaI is dyasserted which turns
on transistors 872 and 874 and turns off transistor 870, resulting in the
preamplifier signals being passed from nodes 880 and 882 to nodes LAT1
and LATO, respectively. As transistors 860 and 870 are off during the
sampling state there is no path between Vcc and ground so that the
signals from nodes 880 and 882 are passed to nodes LAT1 and LATO,
respectively, without contention. Therefore, the voltages at nodes LAT1
and LATO will be equal to Vneg and Vpos, respectively.

. The float state follows the sample state in one embodiment. In the
float state, transistors 872 and 874 are turned off when the LATCH signal
is asserted. During this state, which is of short duration, LAT1 and LATO
float at their respective voltages, voltages stored during the sample state.

The latch state follows the float state in one embodiment. In the
latch state, transistors 860 and 870 are turned on which switches the
power supplies of each inverter to the inverter thereby causing any
differential between LAT1 and LATO to be amplified. In order to
illustrate the operation of the differential input latch 804, an example will
be used in which the voltage at node LAT1 is greater than the voltage at
node LATO. In this situation, the gate voltage (Vg) of transistor 866 is
greater than the gate voltage Vg of transistor 868 which causes transistor
866 to conduct more current than transistor 868. This has a positive
feedback effect because the drain of transistor 866 is connected to the gate
of transistor 868. As both LAT1 and LATO transition to a low voltage, the

13
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+N| wr mhc” ga] ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] cZateafssalea] ca] ca
. ] ca] cna] C;ﬂygﬁ.}; }} cha] c’\a] cTa]jcaV]c"a UWV]c"a 8Qxzy

D" AR, &N, [, ), vV, , ] X @ESS5_5n5>>| ww mhc”Y] ca] ca] ca] ca] c"a] ca] ca]ca]c
ajcaJcalc

a] ca] ca] ca] c™a] ca] cal] cal] ca] caU] ca] c"a] ca] ca] ca] ca] ca] c*a] ca] c”a]ca
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aUl c aJca]ca]calcalcalcalc"a]ca]calcalcalc"a]ca]lcalcalcalcalcalc aUvc a]c

aUl ¢ a] ca] ca] calealve®dbEback effect the t tor having the hig
alccjlI11s] Va@:l)VVVQZCZdbaC eDXe{CS(Ca?(sser?l leagglsc%r c%‘”é‘a] ca %ﬁeraﬁ ca] ca] ca] ca]

c" a] ca] ca] ca] caPags c%ﬁ%ée BaYe ¥F GIpEaY aaaec\éfcgﬂ @é{‘]eéaff%falj ghan the drain
a] ca] ca] ca] ca! (@B&Eﬁ Vd of the transistor having the lower gate voltage, 868. Because

saac Oke) el sl calals alkeaelcalsalealoabial sskinlce) gl oo oo ol oo
d=K( D! 6} xsni d Z]lmiﬂ]a}'gea}ata]ocfaﬂosia]b‘ﬂ@al}ftral]’}ca‘]lmal]lg@Ifciailmmﬁtoaﬁé&}ba\]&ra]\@a] calc
a] ca] ca] ca] ca] aalah6ABER]CH iR ]tﬁﬁ']e@a&f‘?a]rﬁ?s' SHides RO odhapes chPff%?éM]tSa] Jcac
o col o) oo col ool el el L Al e el e ol sakeetos oo ol
IlO‘Vf\C)ﬁ!;L I() 1];) (}/gy?ﬁh@)easnﬁng%ﬁhé yequlB%B8a (3st Bwitching time, even in the presence of a
oo 157 S| PRl 0 o R e
output between the rail voltages in approximately one nanosecond. This
fast switching time reduces noise sensitivity of the sense amplifier
because the comparison result is latched into the differential input latch
804 before downstream switching noise can feed back into the sensing
circuits.
The output of the sense amplifier 1s provided by a NAND gate
logic device 806 in one embodiment. The NAND gate is used instead of
the inverter of the prior art sense amps because as an inverter switches it
produces a dynamic capacitance. This capacitance allows an offset to be
introduced into the sensing circuit through coupling of the output
voltage signal change back to the input. The detrimental effects of offset
were previously discussed.
In operation, the NAND gate 806 receives the output of the
differential input latch 804. After the output state is determined by the
latch 804, or about one nanosecond after switching in response to a
differential input voltage in one embodiment, the NAND gate is enabled
with the LATCH?2 signal and the sense amplifier output is switched. A
dummy NAND gate 808 is used to match the gate capacitances on LATO
and LAT1 to prevent an offset in the latch.
) Although the detailed description describes embodiments using a
flash EPROM, the invention may be used with any nonvolatile writeable
memory. While the present invention has been described with reference
to specific exemplary embodiments, 1t will be evident that various
modifications and changes may be made to these embodiments without
departing from the broader spirit and scope of the invention as set forth
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What is claimed is:
1. A sense amplifier for use in a nonvolatile memory, the sense amplifier comprising:

a preamplifier coupled to receive a first signal from a memory cell of the nonvolatile memory and a
second signal from at least one reference voltage, the preamplifier being configured to output a pair of

signals indicative of a difference between the first signal and the second signal; and

a differential input latch coupled to receive the pair of signals output from the preamplifier and to
generate a signal indicative of at least one state of the memory cell according to the difference indicated

by the pair of signals.

2. The sense amplifier of claim 1, wherein the sense amplifier is used in a multiple state cell nonvolatile

memory.

3. The sense amplifier of claim 1, further comprising at least one logic device coupled to the differential
input latch, the at least one logic device reducing the offset in the sense amplifier and providing the signal

indicative of the at least one state of the memory cell.

4. The sense amplifier of claim 1, wherein the at least one state comprises at least one voltage level of the

memory cell.

5. The sense amplifier of claim 1, wherein the signal indicative of at least one state of the memory cell

comprises at least one bit.

6 The sense amplifier of claim 1, wherein the preamplifier comprises at least one grounded-gate metal-
oxide semiconductor (MOS) transistor.

7. The sense amplifier of claim 2, wherein a plurality -o-fthe sense amplifiers are coupled to a plurality of

nonvolatile memory cells and a plurality of reference voltages.
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9. The sense amplifier of claim 8, wherein the at least one reference voltage is selected in response to the

voltage level of the memory cell.
10. The sense amplifier of claim 1, wherein the differential input latch operates in at least one state.

11. The sense amplifier of claim 1, wherein the differential input latch converts the pair of signals output

from the preamplifier to an output signal having complementary MOS logic levels.

12, The sense amplifier of claim 1, wherein the first signal from a memory cell of the nonvolatile memory

comprises a voltage.

13. The sense amplifier of claim 1, wherein the preamplifier provides at least one output signal amplified

by a factor substantially equal to three.

14. The sense amplifier of claim 1, wherein the differential input latch comprises a pair of cross-coupled

inverters, each inverter having its output coupled to the other inverter.
15. A sense amplifier for use in a multiple state cell nonvolatile memory, the sense amplifier comprising:

a preamplifier coupled to receive a first signal from a memory cell of the nonvolatile memory and a
second signal from at least one reference voltage, the preamplifier being configured to output a pair of
signals indicative of a difference between the first signal and the second signal; and

a differential input latch coupled to receive the pair of signals output from the preamplifier and to
generate a signal indicative of at least one state of the memory cell of the nonvolatile memory according

to the difference indicated by the pair of signals.
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17. The sense amplifier of claim 15, wherein the preamplifier comprises at least one grounded-gate metal-
oxide semiconductor (MOS) transistor.

18. The sense amplifier of claim 15, wherein a plurality of the sense amplifiers are coupled to the memory

cell of the nonvolatile memory.
19. The sense amplifier of claim 15, wherein the preamplifier performs level shifting.

20. The sense amplifier of claim 15, wherein the sense amplifier has a common mode input range and an

offset that supports a nonvolatile memory having four different threshold voltages.

21. The sense amplifier of claim 19, wherein the preamplifier provides at least one output signal amplified

by a factor substantially equal to three.

22. The sense amplifier of claim 15, wherein the sense amplifier has a nominal bias current substantially

equal to 100 microamps.

23, The sense amplifier of claim 15, wherein the at least one reference voltage is provided by at least one

reference cell.

24. The sense amplifier of claim 23, wherein the at least one reference voltage used by the sense amplifier

is determined by the voltage level of the memory cell.

25. The sense amplifier of claim 15, wherein the differential input latch comprises a pair of cross~coupled
inverters, each inverter having its output coupled to an input of the other inverter, each inverter having its

power supply switched through at least one transistor.
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27. The sense amplifier of claim 15, wherein the differential input latch converts the pair of signals output
from the preamplifier each having a first pair of logic levels to an output signal having a second pair of

logic levels.

28. The sense amplifier of claim 27, wherein the second pair of logic levels are complementary MOS

logic levels.

29. The sense amplifier of claim 15, wherein the signal indicative of at least one state of the memory cell

comprises at least one bit.

30. The sense amplifier of claim 15, wherein the first signal from a cell of the nonvolatile memory

comprises a voltage.

31. The sense amplifier of claim 15, wherein the first signal from a cell of the nonvolatile memory

comprises a current.

32. A sense block for use in a multiple state cell nonvolatile memory, the sense block comprising a

plurality of sense amplifiers, each of the plurality of sense amplifiers comprising:

a preamplifier coupled to receive a first signal from a memory cell of the nonvolatile memory and a
second signal from at least one reference voltage, the preamplifier being configured to output a pair of

signals indicative of a difference between the first signal and the second signal,

a differential input latch coupled to receive the pair of signals output from the preamplifier and to
generate a latched output signal having a state according to the difference indicated by the pair of signals;

and

at least one logic device coupled to receive the latched output signal from the differential input latch, the
at least one logic device being configured to reduce the offset of the sense amplifier and to provide a

signal indicative of at least one state of the memory cell according to the state of the latched output signal.
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memory, wherein N is an integer equal to or greater than 2.

34. The sense block of claim 32, wherein the preamplifier comprises

at least one grounded-gate MOS transistor; and

wherein the differential input latch comprises at least a pair of cross-coupled inverters.
35. The sense block of claim 32, further comprising:

a first reference corresponding to a first threshold voltage level of the memory cell, the first reference
coupled to a first sense amplifier for comparing the threshold voltage level to the first reference, and for

outputting a first result; P

a second reference corresponding to a second threshold voltage level of the memory cell, the second
reference coupled to a second sense amplifier for comparing the threshold voltage level to the second

reference, and for outputting a second result;

a third reference corresponding to a third threshold voltage level of the memory cell, the third reference
coupled to a third sense amplifier for comparing the threshold voltage level to the third reference, and for

outputting a third result;

a selector circuit coupled for receiving the first result, the selector circuit selecting one of the second

result and the third result for output in response to the first result.

36 The sense block of claim 35, wherein the first result and the selected one of the second result and the

third result indicate the voltage level of the memory cell.



