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MEMORY USI NG A PRE- ERASI NG STEP TECHNI CAL FI ELD This invention rel ates
generally to flash nenory systens and to a nethod of erasing flash nenory
cells wused in flash nenory systens. In particular this invention relates
to dual bit flash nmenory systens and to a 5 nethod of e?‘?sh’-ﬂvl%ﬂ% sector of
an array of dual bit flash nenory cells used in a flash nenory system Even
nore particularly, this invention relates to dual bit flash nmenory systens
and a nethod of erasing a sector that provides erase uniformty of all
bits in the dual bit flash nenory system and that provides an increase in
speed of the WPA¥WI®buti ne. BACKGROUND ART 10 Fl ash nemd¥RUSPH1266t ype of
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flash cells PRtHE  array have Its soUres term nars —connected 1o a common
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respective  gateoverles the interpoly dielectric layer.

'The control gate is connected to a word line assaciated with a row of such cells to form sectors in 2
typical NOR configuration. In addition, the drain regions of the cells are connected together by a conductive
bit line. The channel of the cell conducts current between the source and drain controlled by an electric field

30  developed in the channel by the stacked gate structure. In the NOR configuration, each drain terminal of the
transistors within a single column is connected to the same bit line. In addition, each flash cell has its stacked
gate terminal connected to a different wordline and all the flash cells in the array have its source terminals
connected to a common source terminal. In operation, individual flash cells are addressed via the respective
bitline and wordline using peripheral decoder and control circuitry for programming (writing), reading or

35  erasing.

A single bit stacked gate flash memory cell is programmed by applying a voltage to the control gate

_ and connecting the source to ground and the drain to a predetermined potential above the source. A resuiting
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bitline and wordline using peripheral decoder and control circuitry for
programming (witing), reading or 35 erasing. A single bit stacked gate
flash nenory cell is programmed by applying a voltage to the control gate
and connecting the source to ground and the drain to a predgyegyy ned
potential above the source. Aresulting 1 21 NOV 2006 03/ 100790
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voltage instead of ground, which is used for read and verify operations. A problem with dual bit operation is
30 that since an entire sector of memory cells of the array is block erased a typical flash memory array device
cannot support the erase current generated by the relatively large number of cells being simultaneously erased

during the double or dual bit erase routing,
Therefore, what is needed is a method of erasing the flash memory cells rapidly and in a way that the
charge pump of the memory array device can support the erase current.
35 DISCLOSURE OF THE INVENTION
According to the present invention, the foregoing and other objects and advantages are achieved by a

method of uniformly erasing an entire sector of a dual bit flash memory device having a plurality of sector

arrays without exceeding the current available from a standard current supply of the flash memory device.
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vol tage instead of ground, which is used for read and verify operations. A
problemw th dual bit operation is 30 that since an entire sector of nenory
cells of the array is block erased a typical flash nmenory array device
cannot support the erase current generated by the rel atiZveN)y Agr ge nunber
of cells being simultaneously erased during the double or dual bit erase
routing. Therefore, what is needed is a nethod of erasing the flash nenory
cells rapidly and in a way that the charge punp of the nenory array device
can support the erase current. 35 DI SCLOSURE OF THE | NVENTI ON According to
the present inwepyiogge, the foregoing and other objects ar@i/Eop/Iaes6 ages are
achieved by a nethaod of upifor .erasi an.entire sec dual bit
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application of the at |east one. se Le-erase voltages and if all the cells
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and wi t hout exoRedbwig déskiptiamiaie satoeanddgscrited v erfibpdimentzef the invention simply by way

of illustration of the best mode to carry out the invention. As will be realized, the invention is capable of other

embodiments and its several details are capable of modifications in various obvious aspects, all without
departing from the scope of the invention. Accordingly, the drawings and detailed description will be

30  regarded as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF DRAWINGS

The novel features believed characteristic of the invention are set forth in the appended claims. The
invention itself, however, as well as a preferred mode of use, and further objects and advantages thereof, will
best be understood by reference to the following detailed description of an illustrative embodiment when read

35  inconjunction with the accompanying drawings, wherein:



standard charge punp. The present invention is better understood upon
consideration of the detail ed description below and 25 in conjunction with
the acconpanying drawings. As will beconme readily apparent to those skilled
inthe art fromthe follow ng description, there is shadnN Wdlidescri bed an
enbodi mrent of the invention sinply by way of illustration of the best node
to carry out the invention. As will be realized, the invention is capable
of other enbodinents and its several details are capabl e of nodifications
in various obvious aspects, all without departing fromthe scope of the
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regarded as illustrative in nature and not as restric
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03/ 100790 P SOS‘/ 12636 Figure 1 is a side cross-sectional view of an
exenpl ary dua[ﬁgimeﬁlllmmwocbfeﬂeinaumﬂwt“hmmlsléhﬂ%déﬂtqdﬁlﬁ@y%t’éﬁé%i"él’mc?f % he present

i nvention maye«e adpl emented; Figure 2A s a schemati ¢ show ng the
interconnections of a portion of an arr i)‘/l g”[ 2B llustrates the
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adapt ed o ¢al MR PRS nythe invention; and Figure 4 is a
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vol t ages i n accotdane R nowialelh ddigo @peeseambodtmmenmerlfnmmboi@enm@ls})%m FOR CARRYI NG
OUT THE | NVENELNRREGE BOGE mbdS or D938 JBEE chitmpl@dddy the ikventod i@ pegdingibe enbodi ment
or specific, er‘rpodl ments of the present invention that illustrate the best
node or nodés: pr esently contenpl ated by the inventors for practicing the
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transistor. The boron core implants are more heavily doped than the P-type substrate 9 and assist in control of.

the VT of the memory cell 10. The cell 10 resides on a P-type substrate 9 with the conductive portion 24 of

the bitlines 32 and 34 formed from an N* arsenic implant, such that a channel 8 is formed across the P-type
25  substrate 9. The memory cell 10 is a single transistor having interchangeable source and drain components
formed from the N* arsenic implant portions 24 residing on the P-type substrate region 9 with a gate formed as

part of a polysilicon wordline 12.

The silicon nitride layer 16 forms a charge trapping layer. Programming a cell is accomplished by
applying appropriate voltages to the bitline acting as the drain terminal, to the gate and grounding the source
30  bitline acting as the source terminal. The voltages generate electrical fields along the channel cansing
electrons to accelerate and jump from the substrate layer 9 into the layer 16 of pitride, which is known as hot
electron injection. Since the electrons gain the most energy at the drain, these electrons become trapped and
remain stored in the layer 16 of nitride near the drain. The cell 10 is generally uniform and the drain and
source are interchangeable. Since the layer 16 of silicon nitride is non-conducting, 2 first charge 26 can be
35  injected into the nitride 16 near a first end of the central region 5 and 2 second charge 28 can be injected into
the layer 16 of silicon nitride near a second end of the central region 5. Therefore, if the charge does not move

there can be two usable bits per cell instead of one bit per cell.
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20 bitlines 32 and 34 are fornmed of a conductive material 24. Boron core

i nplants 20 are provided on both ends of each bitline 32 and 34 where the
bitlines neet the bottomsilicon dioxide |layer 18 or along the entire
transi stor. The boron core inplants are nore heavily dopefm@ﬁmﬂﬁ he P-type
substrate 9 and assist in control of. the VT of the nenory 10. The
cell 10 resides on a P-type substrate 9 with the conductive portion 24 of
the bitlines 32 and 34 forned froman N arsenic inplant, such that a
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formedfromtheL\I rse tag | ant porbtlons 24 residing on the P-t

substrate region @”evm“ﬂ‘ls 100 G P ohetsr HeH Paitoed BAF fveplp ol g ‘?afﬁf’(’:‘beﬁd%rdl i ne
12. The si | iTE6ATHPEP S end the sgepad chags 2§ oy hyored e qiheyend plith pasirabvgeiqn & spelythat pr ogr ammi ng
a cell is acdeodikdreiden: dypory gl - ihevgeal Bippmopeel Htisynwehitagegndtie dtilnad bi t | | ne
acting as t itesdiceb B idte@haigeit@l Thud, @e A BeliEpD @ay3dMd osGHe OiR G k¥R sebALr ce 30

bitline act ivige A% tsera@né%rngem&%mnmlg the Jmcmlkmg% sg&ﬁexﬁ@ets@mglsmt rical
fields al ong, tkquggem%napancl Lhec%lrs 1tlmegz ige soxfrce?ea xxPna{fca' érogr%nméhxe rlgstbg fi junp fromthe

substrate |ayer ayer nown as hot
el ectron inject IMrrmﬁoﬂfbﬂ?‘lgﬁﬂaEA @bdedh 610 RGor gRkiR 200 R €noWD The s@REE YYradt t he drai n,

these el ect aBevilRGQEE LIRRREL ﬁfa&ﬁs 10 rsh%m&umes%&b%@ﬁgum trﬁa%orlloﬁyf% scdd Of
nitride near of c%lﬂ%ﬂﬂq{cﬁ‘&epa b -l;ze gonc%ﬁer &02 angﬁworilhg %ol% szky t?alfjge'cofeqyom durm Ioth drain and

source are interchan i'con rrde is

non- condtict PRI 1 p§‘?°"&°ﬁ8‘r“§é"°§’62°%(&ﬁ OFFE ‘?5‘”‘? fipeErede Aty "frﬁ-‘é“gm tride 16
near a fi rstregh Tebitinpeentoleni0p s werdigs corrolsr Atversize addrestprdnfehgipgem 28 can be

i nj ect ed i ntwem tohelldr grytairowd) 6r tigflikes Dhal Wtdimh méntoryicdl@suthearil S0 gefomainends of t he
central regiafihciumnd PE6RER WS i arhdi@ tcﬁlﬁ@fte@)@ea@i@@l% A6, subY Roraih B BT ® can be two

Usabl € bl ts r StC n me C < 1L O 1 C § 11 S
03/ 100790 P(E%{ U§%§}xi§i‘p 3 g%sgo gﬁle\c}%&%hk agﬁitt fe:?:l n%élu%‘lrug%cﬁg%oe 26 can be

stored in the” a er 16 of silicon nitride at a first end of the central

region 5 and th@x@ﬂ@@ﬁ@n@hmaﬁala&a@%ﬂe p@aoﬁtapsree& vaﬂ‘cag& pealiiefor end of the
central regi IIr115 such. that two bits can resid penory cell 10. The

dual bit nedBPmEETAATs W@r@?ﬁ%ﬁnﬂls’(‘?éllsmﬁffdle&ﬁﬁsr? thFﬂ‘éaIB’f@F Xféﬁﬁll % he source
t o be i nt er chdanghabisebit Ghins thebdrendbirGit bitline 32 may serve as the drain
termnal and the second 5 bitline 34 as the source term nal when

programmi ng the TABEEbit CO Likew se, the second bitline 34 may serve as
the drain termnal and the first hitline 32 as the HLPP tprni | for

programmi ng fhe.right,bit C 1. ef erin now 0. Fi gulr “a portfion of a
sector of cé# ratmﬁoo |spshown Gf e Se%{%?ol s a%&ﬁ?lr'ay & éoubl;-e*blit f1 ash
menory cel l|s, such ds the cel{ls 10 shown and descriQed in Figureil. The
portion of |N¥ sectdr®® of celll*dV200 |PHcl udes| 8bi t | i femdBrtacitl er 202 and a
wor dl i ne cqntr ol I'ér [204 That [decode [I7Cs dur{ng varipus 10 operati ons that
are perfor nfé«sladon the dector 200v(e.glpvoperafdon suc|Noasiysr ogr amp ng,

readi ng, vertfytng—erastag—The 'ﬁit.‘i fre—cofit+oter—202—and—wot dl | ne
controller &Q,gm,ﬁ ecel addresstpus ilRkormat i o, from fager s¥skem control | er
(not shown).or the llike Duall bit fllash menmnry cells! such as celll s 10 are

formed in ijn, rows ,arg n col uqps. Ajcommon wopdline \&)ggcttrached tto the gate
of each cel]l Oigrn a_ragw_ such ds for dlji'nes W.O Wi, d Wm| A commobn
bitline is |attached [to each bit of a cell inja colunn, such as bijtlines
BLO. Two—sidg‘erase Ci,Co -3 to —-Gv 5to 6v Sto 6v Hot hole injection
Onc= side-erase | CO -3to-6v | Sto6v Float Hot hole injection
One side-erase | Cl -3to—6v | Float 5to 6v Hot hole injection
20

Figure 2B shows sector 210 of a memory device that has been divided into logical portions 212-218
for reasons that will be discussed below. The boundaries of the portions 212-218 are indicated by lines 220,
222, 224, 226 & 228, which also represent bitlines that are shared by adjacent cells. The memory device has
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15 BLI, and BLn. Figure 2A and Table 1 illustrate one particular set of

vol tage paraneters for perform ng reading, progranm ng and single sided
erases of the dual bit nenory cell 10 having the first bit CO and the
second bit C, TABLE 1 Operation Cell Gate. Bitline 0 Bitl iZrieN(y.20fforment
Read CO4.7v O v 1.2v Conplinentary bit Read O 4.7v 1.2v O v Normal bit
Program CO Vpp 5-6v O v Hot electron Programd Vpp Ov 5-6 v Hot
electron Two-side erase C, CO-3 to -6v 5to 6v 5 to 6v Hot hole
injection One: side-erase CO-3 to -6v 5to 6 v Float Hot hole injection
One si de-erasew€bsn@ei 0 -6v Float 5 to 6v Hot hol e inj eatdrasesn2ds Fi gure 2B
shows sector 210 of a nenory device that has been divided into | ogical
portions 212endiided intghe otions 2218 begapse if thejeptirgsestors e ¢ 0! B LW FHE "pboundar i es
of the port ity desicviiPex@dighe gurrent vrilefilegathaddvidy ffork thefypisal gepigy chargp pupip at phogandagin g g 228,
whi ch al so represeMiguli2h is kni@sratoh sftoncafeohasi@d tbyighadica hewich igadclksf The menory
devi ce has &émgrﬂorymglé 3@@@:{%@&@%&0@&9@zﬂwsuﬁ@&c&&ﬁ&@m@b&e&rﬁd{m ded into

the porti Ln %m ]Z‘I%tho\}\x};lh%rasmg &2 lp"o%t%n of 31 Eerr ated tlm% ({ reaés% mg'[ent L nhe glgn%ﬁr%gdce &uhr% total

erase current ({u{ ent avai | able to
the device fP&AYCHES %‘1‘ %f%ﬂemaw E"ésp{?ﬂ?;{? ‘Q@“fﬁ? ﬁ?ﬁ B FHETY eraﬁfg?'d erase

vol tage. Fi glirditspmivegdedprsed Fgsqymaehcel ngifaedi &0 teedits gligTergtrdrady ig>Phe hi gh
current in with gdroluhwef gbdidicated gR32 atdnie coimmroi csils dldispiedae23f shargdithg bitfeed i n t o t he

| ogi cal por trdpRRfeddlide 24 iR it bf AR GliOfd BAMTErsHaSREhHIRRMcen at a 5

time. Al{ough, G359 280608 Lel Q04 @Iaust», hews6at @ﬁagal;ou@betabpﬂa tod@%a&@ ases the
current in t g g%ﬁ wordﬁlnes aree\é(%_lm%{%n t0 lﬁi{tflerc]:glts mtth}gI sect%{L? colemn 0? Hc bltglgs ang{l'll am eFasepr obl em

exists. This cells d while
other bits é(Pl@gethbgﬁpa‘@awéwwé‘&% inpREon2H "eﬂ?ﬁ“géﬂ@ bl&‘é‘i f?P?SeP‘??d’V E‘E%Et“%%} at 230
shared t he bithdughnie inemipd bssepierasdd 4rpyin the opfls in@oxon 21&jinelpding Precelisdi caler 8% theel | s

i ndi cat ed atbiZdRaancsdRalsabet By, Beblhm of fdhitCad vewold Bterai@Bvhestheppes t he
bitline 15 epifs&Rliethebite thd iEin BLAndM dr Biid 288 AR R4 LRk bidle hdreliicdd ed 236.

Therefore, er?rr%mbgééoﬁnsg: Qed grase%nAsz %]glodln%n t?erag‘%ggon- fo Q}eof &ijac%%cs()f the bits

238 woul d al so er ase ecause erase Vo % WRE applied to
the gates JFVEBPP & pf W&S‘%‘?’amdf‘“ﬁ‘é‘%" Sg?d EDHITDHC F‘BS 19 °p K& ﬁ"l’emmi’ n the

sector) in deotiarm of the bits 238 and the drain erase voltage would be

fgg'r iegceint 0 da{)' t Eg.{a itd 'ffogﬁ%mlan anrg{]sao%mz%g& e;m@qicy,% z@amm%m Jmlhz,ungr rcod are
I’(F wy g ﬁtolr %Hle T?ry a?laé rnt &iglﬁ pqtﬁns ass§ olwrx in li]'xgure %:E ﬁn& w1thou§e§(6§hn% he bits

in the c&ll <
i ndi cat ed at‘heZBBm'afrféﬂea‘Iaﬁ‘t‘ﬁb’éF‘&"s‘@dﬂem‘SY ﬁ‘ﬁ“l’%f’r“‘?%%l’"m& Wé’“ﬁ%‘ldﬂ?ﬁﬁes BFEEHEHI s 240
woul d be er aseldchwiv@rmotelses ofxerikd reraiedolRdedisfrsappiedis ebnticntor ethomenoylaeaybi t s i n

t he col um of suetlwaBha?iBeotRiitenZihg Sk1Eof BEGe & it @t BpRSEwd varpkdigesi du@tbdi tS I n t he

‘maximum amount of current available from the memory sector charge pump. As should be appreciated, the

25 sets of stepped pre-erase voltages serve to decrease the VT of the cells in steps, which serves to decrease the
band-to-band current thus decreasing the current required from the charge pump. As is known, a charge pump

can supply more current at lower output voltages. .

TABLE 2 lists some of the stepped erase voltages that can be applied to the cells during a pre-erase
routine. The number of different sets of per-erase voltages and the order of application of the sets of pre-erase
30  voltages to be applied to a specific memory device are preset by a mask applied during the manufacture of the
memory device or by the programmed CAMs. The number of different sets and the order application of the
pre-erase voltages, as well as the number of erase pulses per set of pre-erase voltages is determined during a
preproduction characterization routine, either by computer modeling, empirical testing or testing of
preproduction samples. For example, the application of only one set of pre-erase pulses may be sufficient for
35  the specific device. Another example is that set 1 (from TABLE 2 below) of pre-erase pulses would be
applied to the device followed either by set 2 or by set 3 or by all three sets. Another example would be that
only set 3 would be applied. In addition, the number of pre-erase pulses can vary as preset in the mask. For

example, the number of pre-erase pulses could be 1 or more than 1 in each of the sets in TABLE 2.



remai ni ng colums are two-sided erased. As is known in the art, the

non-uni formty of characteristics between bits that are one-sided erased
and two-sided erased cause problens in the operation of the nmenory device.
Figure 3 is a flow diagram of a nethod of erasing the entz'fmvs&ﬁ,éor of the
menory array without 20 dividing the sector of the nmenory arr into

| ogi cal portions as shown in Figure 2B and w t hout exceeding the nmaxinum
current available fromthe nenory sector charge punp. The nethod utilizes a
pre-erase routine in which one or nore sets of stepped pre-erase voltages
i s/are appliedvOo08780 entire sector of the nenory array PGWUSe¥edi6 a way t hat
the total C%%%t during each of the one or nore sets of pre-erase voltages
is less than lhe maxi num anount of current available fromthe nmenory

sect or char §¢1perperykes sNoulfpiistie appr e¥édardy, t he 25dwisr§Yof st gpped
pre-erase V&iteprgesse pies/ € Nof pidser ease | VmteWT.58f t he |¥éfains 5B st eps, which
serves to degBpasesepives [andpdse- band Cudateermv t hus d&eéndassng t hg current
required fGmdaldcra&Nar g€ I puisesS 1S Kng@ibR 6va char J&dfamEey can Supply nore
current at Tower—output—vottages — TABLE 2 tTstssSone of the Stepped erase
vol tages that can be applied to the cells during a pre-erase routine. The
nunber of different sets of per-erase vol ta:gs§ alng trﬁe, glrd(%rt f application
of the sets of pPYETUPREL FBE 45 crspade f e ?S)p“llf’ O R EFEE T i ¢ nenory
devi ce arfe preseropiad HEZKAGRPICY. BeProRrsTvEe (e orfARTs TIHbPTIR NP he nenory
devi ce or byestobred tprspeficrpmdl bedddbbed fHbmjuripnigrFizgof 4 thofvf svigindted @didsfitgnd t he
order appli edbipRRiotk catt € of PR cRiseOb1RH EtiuitR thé [BGHRSe roudlfes AV bicpdB4 b BeorvaitYDEr  of
erase pU| S?%test%Jérfoﬁi%E anQIf _thp!cﬁérg;{és@s%ﬁ cherJsé%ﬁ%_%taﬁdzﬁd Qagérgﬁimatrms t%&&éd@&l a

pr epr .OdUCtI ?hg ogtblg roc?s%i&eet{ It Ztt?etscl)ftopo rEm? ellétmldiga?e&a ?llot l?aenr ofgxergsqggggtegatg?gﬁe i ng,

enpi rical t SEEPAGES T et TNy PoF ™ Brepr-otitct | oh Sanpl es’  For- exanpl e, the
app! i cat 10n @4 theriieye Terier Prestase fs offpeesragsoliages spigfuled de 1 PR 8RR F98198Ht for 35

t he speci fi cradevinga308 fuutelte bandiedawpéugen hes bpeh miuced gfter ¢ foft g aPABEE 2310 e| ow) of
pre-erase pudcanSedMdae Bline iapipilidred Onidna adifieadensice fol |l oned either by set 2
or by set 3 or &y all three sets. Another exanple would be tha,lt only set 3
woul d be appl i edieered isaday $4eBm of fepRlicaiane B ProtesyPinest BPEsH R ke ¥an vary as
preset in tive-enmokine Eers at 480 9P eset of tecrapriypiast is whlicip Ge eroadellhif ses coul d be 1
or nore thanestibédaboaaetich &f pré-di@e vele@tes frdm TABNBE jEprédet byG: nidsk Huri nénZO@E of WO 03/ 100790

PCT/ US03/ 12638 menbABWE: 2 bysﬁggragamigi BRI SiBe RMeSBSorddf apflearipitt &G oMgat € = -8V

Vdrain = 5V __Set re-er I =i DV Vdrain =
5 3V Set 3 616?_6 églta Fs,azis%eev%ﬁeg th%gdtﬁ%g a§a§$e n%l%f;r g%glse%& gat%lgs%t :oy[?e‘;e%?ge \;/)(Ej!?_esa aifen. - 5 BY
St andar d er SEE™RE SriE PEFEEE g BPEIL 26y e\fa?eg?“f’i"c%‘lyé’\’/tesuf-‘é’é’feé’f"r“lmr?n again to

Fi gure 3, t Henplstabyesonnyermofrlingugnegtrametrelepngd froaober flggh pemgy dpiig 28 €PPS i n t he

sect or t20 bepd theingsed redycdon pitegmanred catent3B2 applidd predraqyolBerd could kedhe pr e- er ase
routine in agHek danses W 1 dhsd ks, bt Bsuplisel, RvRftpafs. Areg Rpicant e specific
steps Wi Il Bg: 0836k dR8otkls £ RB)a VPG clQ Ruth § Bndidid Wby, Fubelb Ot | Ndi cated at
306, after LhS.2RPLLGEk OR.Ol SRS Dad Rl ABLEEL A8 YRlLAIER w1 NG the
pre-erase routines o sfep S04 AN erase verlf‘

standard erase routine and goes directly to the soft programming routine at 406. If the sector does not pass the

25 verify erase at step 404, it is determined at 408 if the number of erase pulses applied to the sector has
exceeded a preset number of erase pulses preset during the manufacture of the memory device. If the number
of erase pulses has not exceeded the number of preset erase pulses, the routine returns to step 402 where
additional pre-erase pulses at the initial voltages are applied to the sector. If the number of erase pulses has
exceeded the number of preset erase pulses, it is determined at 410 whether another set of pre-crase voltages is

30  to be applied to the sector. As described above, the next set of pre-erase pulses that have been preset are listed
in TABLE 2 and if the initial set of pre-erase pulses are the ones listed as set 1 erase pulse in TABLE 2 the
next set of pre-erase pulses could be the set listed as the set 2, set 3 or all other pulses in TABLE 2. If the
initial set of pre-erase pulses was preset as the set listed as set 2, then the next set could be chosen from the
ones listed as set 3 erase pulse or all other erase pulses in TABLE 3. If it is determined at 410 that no further

35  pre-erase set of voltages is to be applied, the routine goes to the standard erase routine at 411, If itis

determined at 410 that further erase pulses are to be applied, the next set of voltages is applied at 412. A
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step is perforned and if the sector passes (all cells erased) the standard
erase routine at 308 is bypassed and the routine goes directly to the soft
program as indicated at 310. If any of the erase/verify steps at 306 fail
10 (and there are no further pre-erase sets of pre-erase vzot Mﬁpﬁ]ﬁ

schedul ed) the routine then goes to the standard erase routline 5( 308
because the band-to-band current has been reduced. After the soft program
routine at 310 is conpleted, the erase routine is considered finished as
indicated at 312. Figure 4 is a flow diagram of the application of the
pre-erase routwaes@ded he present invention. The pre-er asays@ubdshe begi ns
at 400. At 402 a set of pre-erase voltages is ap Iieq to the sector of

cel I's. As 15ufjeseriipdtronprisg & 41 ihetes ppsesie iy rag B’“‘%‘f ¢ AY L F F8m TABLE 3 is
preset by aromaskre domsseng trasafiescliagrdo of progrraming 4s dttedisfibr Khagei &8 or by
progr amm Ng ke vei\butine b4 itiblae@inculs Diheledset ofnbeaqd phsk plitsioflyie nf setohe set  of
pre- erase Vo(ﬂiggs@(gge%n ex&eth@d. Y@le'ﬂn@s@t n@rﬁberto%se\{aﬁgcg 1BORDeen BGedeR a8 uEhRke Of pul ses of

each set _of pre-erase_pul ses are determ i SGberi zation
procedur & aﬁeg‘m%t&?ﬁepg%‘ %gﬁ%ﬁsg%?e’rr PEar f“ﬁs,e ° th)}aEL ? %%e%{l%ﬂgtrh%? ﬁg@gﬁ%{; %(% sanpl es
or by conmputtere pdaEpine § agds et PEPERITEr S R &P effrf%ﬁ’”rhltg'teﬁésr" f"ash nenmory
devi ces and s«id perdsvoR@es enplis ot eecter o toptine st - 1oiHs et BUREF = t o- band
current. Theoapgkd &greplisevoigasche wolel @gegnegesib depldtl apdi standesd Fegegeredtescri bed as
set 1 erase pilip@ssxiet 2 erase pulses, set 3 erase pulses. After the
application of the initial set of pre-erase voltages at 402, a verify
erase roitine i gnwonaythedeyitad ineign povifles ¢ RRhodof erpsigp angiFesgeopa R MRYh 5 e 7 t hat
is, if the sectaforfASiHasdecrtakie e guddiofte ey ag githout groepdifaithe piailsble gseatiigp gse

vol tage appliygatd eRspapd the standard erase routine and goes directly to
the soft programm ng routine at 406. If the sector does not pass the 25
verify erase at Htfeeomgdpscriripn of o eReedEerpiihs fpvegion OB PR RIAMSEY of erase
pul ses appl iieratopant feerigiec It & rot asied e ct@diechr & lipi tedrventipnirirerecisfoer ase pul ses
preset d i nguadseoviBi ubdGhidkser vadatidnd e prRBRIIE NohidhErkeiatoee teabtingd i@ emodiber  of er ase

pul ses has ngt ., exceadet tNevRHIRE! 1Qfaxid bER Snciflés 3SR iRthtiGRSL its frdd@all OUt | Ne
returns to ste '402\ﬁ1ye\¢] %x'iaﬁ oneaggrld't allryos%ﬁln P rrﬁa Sifiz%rﬁ;gin@liuo i Saribhh er&bt!ﬁehtpl tial

vol t ages aré“ﬁ%ﬁ?”é VSRR ST ' t'he nunber . o erase pul ses has
exceeded thémhﬂﬁﬁﬁwmEwmﬁﬁg%ﬁﬁm§¥?§@”HﬁP§%§?c??m*ﬁddgf%rﬁ%ng@mﬁf 410 whet her
anot her set \afaiqpye-rhintecopod thaigesio) s degminedpy B apist flaues Wep HepEedBet or . As
descri begy abe¥@ancetiiendvaxdh tSwtich @y apialy Sizalgendpuidisniiddat have been preset are
listed in TABLE 2 and if the initial set of pre-erase pulses are the ones
listed as set 1 erase pulse in TABLE 2 the next set of pre-erase pul ses
could be the set listed as the set 2, set 3 or all other pulses in TABLE 2.
If the initial set of pre-erase pul ses was preset as the set |isted as set
2, then the next set could be chosen fromthe ones listed as set 3 erase
pul se or all other erase pulses in TABLE 3. If it is determi ned at 410 t hat
no further 35 pre-erase set of voltages is to be applied, the routine goes
to the standard erase routine at 411. If it is determned at 410 that
further erase pulses are to be applied, the next set of voltages is applied
at 412. A 7 2 1 NOV 2006 WO 03/100790 PCT/US03/ 12636 verify erase routine
is conducted at 414. If the sector passes the verify erase routine 414, any
further erase routines are bypasses and the sector is subjected to soft
programmi ng as indicated at 416. If the sector fails the erase verify
routine at 414 it is determned at 418 if the preset nunber of erase pul ses
of the next set of




vol t ages has been exceeded. If the preset nunber of erase pul ses has not
been exceeded at 418 the routine 5 returns to step 412. |If the preset
nunber of erase pul ses has been exceeded at 418 the routine goes to step
420 where it is determined if another set of pre-erase voll aggsis to be
applied to he sector. If there is to be another set of pre-erase voltages
applied to the sector the routine returns to step 412. If it is determ ned
at 420 there is no further set of pre-erase voltages to be applied the
routine goes to step 411 and the standard erase routine is applied to the
sector. ‘18™% summary, the described invention provides a nethod of erasing
an entire sector of a flash nenory device uniformy w thout decreasing the
speed of the erasure and w thout exceeding the available current from a

st andar d. chardymethadmf eTasing vsestpsiof g fldgsmemory devies, thetmethodentiprising: of t he

i nvention has_been a?qr{gseng%% fort gur oses of illustration and description.
It is not int ag" We @ Hﬁgltihée >to limt the invention to the

preci se for mbppridisdins &l celldan kikecioRdi fi cations or variations are possible
in light of the above teachings. The enbodi nrent was chosen and descri bed
to provide tHe ¢asa varifyingaHsellvin the sackas; principl es of the invention and its
practical a {Gat | Y. f._prdi ill §n the art
P uti 11 ze ¢ A 1A bels ORI e RO R ol B soR pEU R il and

modi fi cati ongepif alirof thelcdlBdotrot varefy R letdsed bagin useandardt eease radité@, whkteirsuch
nodi fications,and variations are within the scope of the invention as

det er ni rigkP (§) istaceomplidhisddd: cl ai ms when interpreted in 20 accordance with
the breadth t i.ch: 2l s i ly entitled. 8 21
Nov 2006 O a(l?) f?ﬁxlér]@?ﬁ%&o‘&%{‘%@%&é%ﬂﬂggﬁgﬁ&g? Fg&*a%g%h menory devi ce,
t he nmet hod cdgprvesifpng efady qff dgr sentdomgndlilf thel destarnvdrkfeess ec teoased (dmift
pre-erasing all, cells in the sector; c%gerase verifying all cells in the
sector; KF raF‘Fmﬁgﬁ"eoﬁecﬁoﬁé)ﬂ&%WSSg\?é???%( 3 erased performing a soft program

routine; and gMetekmlihg 9f theNfmAsk lof egz%egﬁ_tlse‘é%@lgfié’d frifg %E;*/f)b?%eéﬂsaa

standard erase routine, wherein step (b) is acconplished
pr e- er agiresgt nhmbse of erasevptlsesaforithé initial presetoet of ealtages and f the autrdgesf (g)

verifying erase of the sector and if the sector .verifies as.erased, soft

or ogr At RS oot xS BP aREE: ambel L aare rhiSes () MEarERAPIRACS! PLt he
nunber  ofol@EES Burbhér 2BPlyARPAddREbrAHEia RIpES&D ofhbtwBX A8RHRinthg PaRSM@Er stdober of
erase pul ses for the Initial preset set of voltages and if the nunber of

erase puireesasgyohiages ékiodwdpphied.pr eset nunber of erase pulses for the
initial preset set of voltages, further applying additional erase pul ses,
otherwi se determining if another set of pre-erase voltages is to be
applied.2. The method of Claim 1 wherein:

the initial preset set of voltages is preset by a mask layer applied during the

manufacture of the flash memory device.

3. The method of Claim 2 wherein step (b) is further accomplished by:

(i) pre-erasing the sector with a next preset set of voltages if it is determined that
another set of voltages is to be applied to the sector;

(§) verifying erase of the sector if the next set of voltages have been applied to the
sector and if the sector verifies as erased, soft programming the sector otherwise go to step
&;

(k) determining if the number of erase pulses applied during step (i) exceeds a

preset number of erase pulses for the next preset set of voltages and if the number of erase



2. The nethod of Caim1l wherein: the initial preset set of voltages is
preset by a mask |ayer applied during the manufacture of the flash nenory
device. 3. The nmethod of Claim2 wherein step (b) is further acconplished
by: (i) pre-erasing the sector with a next preset set of Vbl N¥o#g§if it is
determ ned that another set of voltages is to be applied to the sector;
(j) verifying erase of the sector if the next set of voltages have been
applied to the sector and if the sector verifies as erased, soft

pr ogr amy t:h t otherwi se.qgo to ste (K)n (k). determining i f the
nunber | o SBoREHEEd o prEteatinf ot Softilios 6L e b PR LA ekt o
erase puugke dpplyitd@ddigaral Rf6 §llses btheFwiv® Uedarinid g ahbthehet BPpRedragef erase
9 21 NOV 2006 pulses do not exceed the preset nunber of erase pul ses for

t he nextsehpleioliagesds tahe appliedges further appl yi ng additional erase pul ses
otherwi se determning if another set of pre-erase set of voltages is to be
applied. 4. The nethod of Caim3 further conprising: (1) repeating steps

(i) through (Fe method of Claim 3dufthendonfdisingat anot her set of pre-erase set
of voltages i ied wherein; (nm) a standard erase routine is

is not to be I N :
appl i ed. 5. Thaeprating sicps a@ﬁapwhl(,k) WAk & s fedamined thatangtiien set ob R5r$18%s  usi ng
a pul se M&ﬂcﬁta%&%ﬁotvﬁlbte%g QPSR- - 6V and -8V. 6. The nethod of Caiml,
pr

wherein said -erasing c rises using a pulse with a drain voltage

bet ween 5V ar(th)@\standardkrasemrettiveds appliddai m 1, wherein sai d pre-erasing
conprises using pre-erase voltages determ ned during a preproduction
characterization routine. 8 The nethod of Claiml1, wherein said

pre-erasjng CrHEMEHBBE of Tlkith & WhtreR safd Bfe-&ﬁﬁﬁg cefﬁ}éﬁ@&e@si@eé ngagéwi&rﬁm a
nunber of sets of pre-erase voltages. 9. The thod of daim1, wherein

sai d f| aaake yadiage hetthgon céViapda8¥ual bit flash nmenory device. 10. The net hod
of Caiml1, wherein said flash nenory device conprises a virtual ground
architecture. 10

6. The method of Claim 1, wherein said pre-erasing comprises using a pulse with a

drain voltage between 5V and 6V.

7. The method of Claim 1, wherein said pre-erasing comprises using pre-erase

voltages determined during a preproduction characterization routine.

8. The method of Claim 1, wherein said pre-erasing comprises using a set of pre-

erase voltages selected from a number of sets of pre-erase voltages.

9. The method of Claim 1, wherein said flash memory device is a dual bit flash

memory device.

10.  The method of Claim 1, wherein said flash memory device comprises a virtual

ground architecture.

10



