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Abstract: A nethod of and a flash nmenory device for quenching bitline

| eakage current during programing and over-erase correction oper aty Bis2003
The flash nenory cells are organized in an array of 1/0 bl ocks with each
bl ock having colums and rows. An array of resistors is connected between
the common array source connection and ground. The array of resistors is
made up of sets of resistors, each set having a progranmm ng node resistor
and an APDE ode T esi stor Wi Gya370 art swi (MBI REAN BB ng
node reststor or ADPE NMDJE Tesistor Tnto tne circuit when a bitithe is
Sel ect o0 oL, SLIISL o PLAALATTN810h, £OPE. The val ues of the resistors are
sel ect edundeords BHCELs ahdABorViQbL BGEriRl ile Bn-SOUr ce above a sel ected threshold
vol t age ok oedieavemor y meBlITIGeerg0 t hat over-erased cells will not provide

| eakage current to the bitline during either programm ng or APDE. 29
DEC 2003




22-10-2001 | CIRCU T | MPLEMENTATI ON TO QUENCH BI T LI NE LEAKAGE %ﬂﬁfﬁl\fﬁ I N
PROGRAMM NG AND OVER- ERASE CORRECTI ON  MODES | N FLASH EEPROM S Techni Ca[J

-Fi el22-1BBOP1005 This invention relates genera r to the at of US0021005
mcroelectronic integrated circuits.. Mre specifically, this invention

rel ates to programabl e sem conduct or . menor| es, Even nore specifically,
this invention relates to a circuit inpledentation 10 and nethod to quench
bit line | eakage current during programm ng and over-erase correction node
of a flash Electronically Erasable Programabl e Read-Only Menory (EEPROV).

Background Art 1S %ﬁ? 815 discl oses a_non-vol atil e sem conduct or
i si ON RO QUENCE BIT EINEEXAKAGEC| udes t he

menory conpri sing

features of the m? %ﬁb { Mronic
flash or bl ock erase EI ectrica rasabl e %‘?gé"gz - y Menory

-(FI ash EEPROM) =bi des an array MODBSIKWEEBRDM i ndependent | y
programmed and read. The size of each cell and thereby the nmenmory are
made small by onuitxing select transistors that re-ould enable the cells to

be erased 5 i ndgpchmidglPidld). Al | of the ceps are erased Loge the as a bl ock.
25 A menory of this type nthtdes individual Metal-Oxide-Sem conductor

(MXS) field effect transistor rrem)ry cells, each of which includes a

source, drain, fl ogiid ReslHne &%ﬂﬂ!ﬁv iC ar,i aus vol.t ages
are applledto programthe cel l \ng bltty M t he
cel s as a bl cawuitsANdsgEpechedly, mwamaaolﬂoﬁe&hbmw The

cells are conr}m f\'eg %t% &Mf rowstand c‘?llumirs with the
0 a circuit implementation
10 -andmeﬂaodtoqumchbnhnelmkagecunmtdumgpmgmmmgandom-msc
correction rmode of a flash Electronically Erasable Programmable Read-Only Memory
(EEPROM).

Backeground Art
15
US-A-4 897 815 discloses a non-volatile semicondnctor enory comprising
an array of EEPROM memory cells. The memory inchides the features of the
preamble of accompanying claim 1.

20 A microelectronic flash or block erase Electrically Erasable hugmmmab]e
ead-Only Memory (Flash EEPROM) includes an array of cells that can be
independently programmed and read. The size of each cell and thereby the memory
are made small by omitting select wansistors that would enable the cells 1o be erased
independently. All of the cells arc erased together as a block.
25
A memory of this type includes individual Metal-Oxide-Scmiconductor
(MOS) field effect transistor memory cells, each of which includes a source, drain,
floating gate and control gate to which various voltages are applied 10 prograrn the
cell with a binary 1 or 0, or ezase all of the cells as a block.
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control gates of the cells in a row being connected to a respectiy§Er 703
wordline and the drains of the cells in a colum being connected to a

-1 es[@2et0-2@01bi tl i e. The sources of the cells are connected toget her ysbBb$og
arrangenment is known as a NOR nenory + 5 configuration. A cell is progranme
by applying tot* 9-10 volts To the control gate, 5 volts to the drain and
groundi ng the source, which causes hot el trons to be injected fromthe
drain depletion region into the floating gate. Upon renoval of the 10
programm ng voltages, the injected elections are trapped in the floating
gate and create a E%gte‘tyisve charge therein that increases the threshold

vol tage of the cell els apponpedlad 1aciectengylar appr efdomstaptl polimms) [vith the he

cell is read byomiil M‘filﬂé@e%'ayxoﬁvb’&ég &t%iihﬁ Rg”ﬁ volt to
the 15 bitline to \;\‘%ich the drainis c nﬁoé%te , garco |Jﬁcg‘q€‘h‘gms%°3r %, and
sensi ng the bi grRinyef teraelinin a eolunmhbeing¢onnictedito agesportive bitte. Thesdurieeshol d
vol tage is rel gti i 4, yol 1,S) ,~.the bitline current wwll be zero or
at |east rel atzla%/zeﬁé@‘l %%gﬂéfﬂﬁ Thes AGTOZEPE 5 knewn 45,3 NOR agmonhe

t hr eshol d Svol t-egufgietidn. be AVENDED SHEET Z 9 DEC 2003 WO 01/13377

PCTI USOQO 21005 rel atively low (2 volts), the control gate voltage wll
enhance the channel, and the bitline current will be relatively high. A

cell can be erased g Q{mﬁg@g . I nent plying typically

12 volts to thehasogfclg%\%éoun .%"?@"@%W&gﬁe‘@w %I 99‘E°né drain

to float erase®hsteteldraid Mdgromdngstht smr, ehich CieashdtREEYRNS b HiRklied | nto

the floating gﬂﬁ 'ﬂ%rﬁ gr raméiﬁg lo %{eehrenpved by Fow er-wNordhei m

tunneling fromthe ftloati ??’gﬁ?e“ R A8 then Bostme neate:n Hippen gyanenal | ofythe t o t he

source. 18l t erprograntming, volagdsy thtUinRcted GRIhYR 38! tﬁgﬂ%%agg%'ﬁo%ﬁmow?\g
u Wi

10 volts to the control, gate, appl%;ng 5 volts
the drain to f a pegaquivy chage thetsia) thatingrease thethwestinld velago nf thetcelday f | ash

EEPROM cel | angRe st of _pi'clﬂ'ﬁa gvb) 10 manufacturing tol erances, sone
cell s becone overerased b? ore ﬁer %él | s becone erased sufficiently. The

floating gates of the overerased cells are depleted of electrons and becone
positively charged QinSe ver gras cells to, functign as
depl etion node tra?lgst orga?%gtapﬂggﬁ%f“@egt i) W%r‘rﬁk@ﬁh ating
vol t ages1appl ibislihetto whichi the deairt B@MS@W@&W%%@%Wl ng
subsequent prg&%&;n d rlgad oper atj ons &5 My e specifically, during
program and réa o‘pggg’ﬁtcf R Voltege isgeleibmlydughdd volts), t he
control gat es thefbitiiner cuvend willte|z6rol i b St rBb@RlyAbwAFhd Bl i\l pfogrllindf NET
wor dl i nes ar ed!gggugdtggﬂrmm

> Voltagewi!lbe
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However, a positive voltage is applied to the drains of all of the 5%“?
If the threshold voltage of an unselected cell is very |ow, zero %) 003
negative, |eakage current will flow through the source, channel and drain
of the cell. 20 In a typical flash EEPROM the drains of a |arge nunber,
for exanple 512 transistor nenory cells are connected to a bitline. If a
subst ant i alVAMBEY of cells on the bitline are draw ng "PAERYH8ENd | eakage
current, the total |eakage current on the bitline can exceed the cell read
current. This nmakes it inpossible to read the state of a cell on the
bitline amndhtiveynice2svolthahavenoi gate volrgp eillznliaye the Thaandl ik hlafliok cpednt sidles of t he
bits in ap @faﬂ\%xh”pi cally forma voltage distribution with 25 the | east
erased cells havi r%g a relatively high threshold voltage VIMAX whereas the
nost overerased cells have a m ninum accept abl e val ue t can be
zero or negat i V& FHE o r}’sevef%ga%sﬂlr%eo%o arég%\?%lgtaﬁpléngat%c a{YTiélv\?l\\ints Q@Et he

t hr eshol d ssundes gagpedinfi tht qonttaligateomd allewing ihg dwain to frat draseplesgle Thigervessthe |t i s

t her ef ar e .(daghd @ lere tifciRd BUARERL ke Ak PrOLInBEnQY 8 BhasEs) RRE:r-t 0 reduce
the threshol d volt bution l.ow a range as possible, with

age. distri to as. .
i deal |y aMNordgam “e}]fggﬁ“ﬁ‘bth? QUREEHE UHTUGh ﬁ‘ SR CH TS GE af ter erase on
t he order AdEm@ivelplapyingatnegagvekualttagr ori the ¢réipe ofgmitust! ® valte thulesesontiebgatehr eshol d
vol tage diaﬁﬁl{%ﬂg@%itﬁ@th@l’oul:?:@ﬁrqur]mi nARaiPNEbREASRse £BML.F €Cti on operation that
reprograns the nost overerased cells to a higher threshold voltage. This
operation will result.in the thr t i St.ri | with all of the
cgl |'s having a’*f f??lé%]%t"g‘ eﬁogeéoﬁg%&&%e@%%ﬁ% ISII-J’%%'{?J%%O’ 21005 vol t age
above ¥ nimmnyfectnriagiolepncgh banesellsipecomppyersiaand befas etherspllsderomesiassher at i on of this
type is gefeEmy] TheKioMR gs oA S8Blaice cdilk 8RR ilcBh gt ahd becoAPD) . A

preferred APD ho hat is referred,.to.as. Aut ti rogr ] Disturb
Erase ( vaeggﬁaﬁeg'c*hbss%‘&esl the Qe h IR RS ,eg%f? %ﬂé “%%Fft thqagg

" OVERERASE2QORRECTE O RORNS offeafisg o ERARRNI S| I corv] 27Ss: EERIERISSE  AND
PREVENTS VRN 5 ¥ queEPRIR and fe8bdperdiodtine 24, 1997 to Lee Cevel and. The
met hod i ncl udes sensing for overerased cells and applying progranmm ng

pul ses 15t heret o I\%Q%gesgﬁuillg%u.{ﬂ%ﬁkdé‘f&n%@§%g%ﬁﬁéﬁ% Jngy%ﬁéw&a% s dofneci@ C€ pt abl e

val ues.” Fol | owm Of an eras | se, undererase correction is

first per fteﬁxmtr‘gﬁa%ﬁ of @rop-of qeffs s yeldugh at pytirag, whifsthe qffiggwordhnes arqundefy ¢ pe fi r st

row and cOlidwVer,a@sditive GdltageSs dpplickd sBeailaidnalief &s eellv.€lf ihf ihesshobiywolegepdfyn ng 4 vol ts
to the control r.dl i \V: j i tli-ne). -groundi ng
t he sour cgl,nge%gﬁ%gﬁgiv%)g%s“;éj%egg&é%ﬁefl%égg E‘?Toegtgg%gge% ‘ééhg?etsﬂr%’e%gna?r ent and
t her eby demefiipaEhi®llt he t hreshol d voltage of the cell is above a val ue
of, for exanple, 2 volts. If the cell is undererased (threshold voltage

above 20vol ts) nathcabilash EFRROM the dmains ofialldreelpembep fipr exampie§il Zrapaes, an er ase
pul se is appldedidaR Bhdect@fto § Bifine. I a substantial number of cells on the bitline are drawing

background leakage current, the total leakage current on the bitline can exceed the cell read current.

This makes it impossible to read the state of a cell on the bitline and renders the memory
inoperative. The threshold voltages of the bits in an array typically form a voltage distribution with
25  the least erased cells having a relatively high threshold voltage ViMAX whereas the most
overerased cells have a minimum acceptable value ViMIN that can be zero or negative. The lower
the threshold voltage and the wider the threshold voltage distribution the higher the leakage current.
It is therefore desirable to prevent cells from being overerased and to reduce the threshold voltage
distribution to as low a range as possible, with ideally all cells having the same high threshold

30  voltage after erase on the order of 2 volts.

It is known in the art to reduce the threshold voltage distribution by performing an overerase
correction operation that reprograms the most overerased cells to a higher threshold voltage. This

operation will result in the threshold voltage distribution with all of the cells having a threshold




15 cells and the first cell is erase verified again. After applicatiygnpgfi;
each erase pulse and prior to a subsequent erase verify operation,
overerase correction is perfornmed on all of the cells of the nenory.
Overerase verify is performed on the bitlines of the array in sequence.
This is ac | ?ﬁped by grounding the wordlines, applyigeushofbial [y 1 volt
to address Irst bitline and sensing the b|t| ine current. If the
current is above a 20 predeterm ned value, this |nd| cates that at |east one
of the cells connected to ta{;% bitline is overera r}gl IS edr awi ng | eakage
current. [YAitAEHFbeveaipmumy gecgRiARleplNE ANOYY rFrés(‘?f?rf?ﬁmBu?eéagono ipplied to the
bitline. glkrdly kewaecaonaiisPreglanoyingpisthnpi(APlappr oxi mat el y 5 volts to the
bitline for a predetermned length of time such as 100 s. After

appl i Cat' on of Athe QY EFIShas® 160k Fdeki GRs Mﬂ)iﬁdﬁc blograhining DR@biEasver i fi ed

agai n. rent h d
soatn. 11 bl et ShAlL gt ol gl o asec
pul se is MHMM%YWIbbW@VE@W@NT&ERAﬁVEWbl tlines in

sequence. prRRsPLOGEAHE 84, 1557 EARE BlGGn@STHIRRMod ihdTRSs Bsind &G GRkfedsad UNtil the
bitline current is reduced to.th |s | ower than

the read cGIsBhiPPlyipgRRErapRHEs B‘\ls&tgﬁﬂgg‘at é‘n%té‘?‘ft% Sﬁ%év?lta‘?cs aﬁ{( fest of the

cell s in thephbbleslues.o0w and following rows until all of the cells in the
menory have been 30 erase verified. By perform ng the overerase correction
procedure aft er a3 aflidsitn Ik &&e pllftcundecérasd torfe@ionRifieshperforled en Al over er ased

i's red ro ce of ce overerased
cells d@ cﬂg%ﬁi é’b@%@tﬂﬁ iﬁ %#qﬁwnﬂééM&)‘B‘E’qggrdggcs%dra?g%% g ?j&g]g c%/er each
erase puI sley, apiying 4 vouss to hakentyel geta fresdine)j kvop éfbredsdn Giiehgowriag Be YuPf y, t hus
pr EV](? nti NQand ﬂﬁl&r s@rfs@-@iﬂﬂiﬁ&?t’o kesef theli@XhuSdnt aﬁhg th!daﬁ@ﬂife?@rm&] iethd thlsholll véltage er ase
verify pro t IS¢ & 88 s nati ng

of élglcFlgm aboi(e vgfj??f ftoE exz(ilmpleDIZ:'v rfte 9 ecell 1S undef_rle & %A %? thd \%5 (gén

over er ased since rces and wordl i nes of
the cells @re @pmmlué)dht@mrrenfgmtbbﬁslp@ﬂaélés @ netay nylse ISGRPé?dé? gsdfes cells will

draw bagkgraund ok BRKATR calve@Rl 23 | € the overerase correction pul ses are
being applied. The Ieakage current requires the provisions of a |arge

power supply. E\ ?Ln aghl cat P%f e%h%?algfp%lsp Q{d%ggrtt@é[ s%bs@tsugnt ngﬂztv'ér(%' L)[%gltlghu ch that

over erase correc reate undererased cells, the anpunt
by whi ch th‘éfetaﬁﬁcéEWE‘P"ds Rﬁépw@@ adfiokths ?eﬂb‘tflﬂtﬁﬁ‘e&'%’ﬁ B\é"“ﬁ“’éﬁﬁ’&‘@ds I?CEme'F‘hher ently
limted beepus®tihdd 6f the dnSy i Geqided) ahis Satdodplispai®y edotridng the herdtifes, egidded vol t ages

of proper | Ypited %&&%‘éqd%%s | ihenrlc bR Rl Dol ME LRI, cuhaﬁ;§@§ Bl B Cr ase

correction round | eakage current
is al s@%pr ers@mnnensirvrdw@ thisyinglipRias i pideas e of e sl eonaseisd 1"e§'i‘e biStinS i ¥R T hes e
probl ens aﬁrﬁ lﬁ%zﬂﬁ@f 10@ice curdf. Infigls SkEPH oyertitde t@@aioVpdselisappied wakditine. step with

t h € r ed uc S is acc?m;beaég Blr iteﬁ)glzilagz aep%ro%matglglgmd Ihﬁ-r Qt?mé[ fQJa%%Jaaqu}lngg ieﬁgﬂ% S Of t h e

erased cel I's” mus F &4
time such as 100 ps.

After application of the overerase correction pulse the bitline is verified again. If bitline
25  current is still high indicating that an overerased cell still remains connected to the bitline, another
overerase correction pulse is applied. This procedure is repeated for all of the bitlines in sequence.
The procedure is repeated as many times as necessary until the bitline current is reduced to the
predetermined value which is lower than the read current. Then, the procedure is performed for the
rest of the cells in the first row and following rows until all of the cells in the memory have been

30  erase verified.

By performing the overerase correction procedure after each erase pulse, the extent to which

cells are overerased is reduced, improving the endurance of cells. Further, because overerased cells



to accommpdate the |ower values of Vcc. This results in nore cells jqpthg;
threshol d voltage 15 distribution drawi ng | eakage current. In a
sufficiently Il ow Vcc application, so many cells will draw | eakage current
that the total bitline |eakage current during erase verify can exceed the
val ue correiPondlng to an erased cell, even if the cell being verified is
under er ased"O %#AP¥7 makes it inpossible to determnine the PﬁTéHS&“’ﬂ? Sa cel |
during erase verify and read, and renders the nenory inoperative. This
probl em has remai ned 20 unsol ved in the prior art and has severely hindered
t he devel eprenttedftercedisoecbulse bitling éealBERROMS is rodpesd frsing errrd exsify. 8Bt e ef f ect t hat

becones e§1@€eﬁﬂlréluhéére%&t%lalﬁmﬁt'e(/?xstﬁi% uﬁcﬂ%rﬂ;ﬁéu@ﬁ& tRferadCerify probdaae. 1f Vec is
applied directl y to a wordline, It WI be insufficient to enhance the

channel of a s g%-n?hd APB%lmetho %foé[c ve m chmm?ltrl foyeré%zggc{ c%ﬁsl. g@ Eglatper for med
during erase. hicé§~reason, n}% é‘ oost the
wor dl i ne meﬁlag@queé)ald wppilipes Oﬁthfmenﬁi age %@]#‘4‘#1 éﬁlf@ﬁ?YOWW “Qﬁ'éﬁ‘lo’t ﬁ‘éﬁ’m%‘c S0 t hat

c e: I 2 5 v @5113 tvlll(‘d?f;w‘ &Ekg?o@ﬁﬂ 1DRade @hrteddii e @1@E\feﬁfaE&QHecE&lrpchs‘dﬁbbieg abliewcc = 3
volts, %

vota al | bootedtoavalue of
appr oxi nat B%A@akﬁgecye\?dﬂuges ’Q?cﬂrotvé?ﬁgyd? f °3 Qyt o bitlines through pass
transi stors that enabl e individual bitl | ne sel ection. The backgr ound
| eakage cur r erfEveR B4 SrOBRERIATIETs @15 4P HTRIH S AT RHCTT IR FEEEISY PRSPy age drop

across th Qre&aﬁtﬁerﬁlﬁs’éﬂl &A1 R fafiount BSAHidhithe ghrésholdvolitapamistribhitian ¢an boledges bei ng

appl i ed torfhterg%lg{% tedsoccause tl%erel r%QnegtFa.ﬁllsrg fof e\tk’ﬂt t@%&ﬁ% voﬁthQs éf‘B Qﬁcause of

excessi ve e current, ope at1on can cone uns able and

unr el i Bl erased Cﬁz“s oGy IWWPISGIF’PSWWQEW thefetey AT el i ably
program a pHeREBinY 1aRigd curbl @ a6 predantldGring PtoEGRMIAG bidagaeimitan@otdeadsl nust be
greater than 4 volts, that is, VDS nust be greater than 4 volts. Because

there is fini t'?hegeq:%b?\ern@%@xabé?ba&eb &s thckyuﬁﬂlﬂ \réﬁage Vs kDLEBRASS Witk tﬂ@' t l'ine | eakage

t will t t
e ot anc e UM RIS OPERRR DR ALl BERL S Pl ed

vol tage. Ao &bdinhodlte @ fogetvalb@nf BccoTitmesutivin imag ctlh é thRDEshdpeslaed on. Theref ore,
what i & negded: | Sra@ink ldSh. ARGRrY device and nethod that decreases the

bitli nrzs I egﬁbage r(Ezlulrn%eent Qeduriggrplg programm ng and APDE of the flash nenory
device. Disclo ure of t nvent i.on Accor t ention, the
f or egoi ng and aﬁ%fpmf)’ﬁ]f'zoévt o 23R8 aéd‘v Oﬁ‘f"%eg‘s%‘r era?fbeapag%&meng] thetg)eyldew ce and
met hod t o bifliedekegburintdering cratcagdly eanrexcesitthedialng ¢ogepordige Rt iagd @ﬂHoPV?XPDE of a

fllash memgfye ééﬁuél@evenﬂéh@s Lﬁ)bc?e?@ednﬁm@hﬂceﬂﬁﬂﬂpﬁﬁxbia aSdelelnasd Ind BRKERE Ycepiel | s
or gani zed J each ﬁlsprcg%k havi n gm col ums and

p rows. A Hﬁ‘fgimﬁ‘?ﬁﬁf‘%rm 1gad ?:?ﬂ ﬁeggefs téﬁ 'Peglogl PPPRE REAEUS B 0ck. An array
of resk&t omhesindwpriactte lbeievmwnaimc@ﬁrmelwayf @@mdo@t%g@)ﬁﬁﬁ%wson and

Another undesirable effect that becomes especially problematic at low values of V¢ is that
if Vc is applied directly to a wordline, it will be insufficient to enhance the channel of a selected
cell such that a verify operation can be performed during erase. For this reason, a charge pump is
provided to boost the wordline voltage to a value that is sufficiently higher than V¢ so that cell

25  verification can be reliably performed. For a value of V¢ =3 volts, the wordline voltage is

typically boosted to a value of approximately 4 -5 volts.

Voltages are applied to bitlines through pass transistors that enable individual bitline
selection. The background leakage current loads down the charge pump and increases the voltage
drop across the pass transistors, resulting in a lower drain voltage being applied to the cells. If the

30  drain voltage becomes too low because of excessive leakage current, the cell operation can become

unstable and unreliable.



selected resistors in the resistor array are switched into the ci rggli@CZUUEl
dependi ng upon whether a 15 progranm ng operation is being conduct ﬁ'
whet her an APDE operation is being conducted. In accordance with anot her
aspect of the invention, the resistor array is nade up of a set of
resistors f 1/0 bl ock. Each set of resistors in MAKSo/ rogranm ng
node resi st"gérol(]:irg;tﬁt’1 APDE nmpde resistor. Each progr amcrl% ng rr% %dgr esi st or
and APDE node resistor is associated with a switch. 20 In accordance with
anot her aspect of the invention, the data buffer s F er t he
programmi ng mod&dergaTelablyprogramae Rt s JE R K ¥ ta%"r‘i g ?e CI cuit
dependi ng gﬁﬁteﬂmmtlhﬁt’s, that is/NBILY be@taer hamhedt. Rtcaue tigrerieSiyite chistynse bithel i ne i n

the 1/0 bl o of £ t
The desor Pty herRG uahORbARTRHELIRELR sUPLBREEE %ﬁe"ﬁﬁ%ﬁ“ﬁg\foﬁ’ B 11 ne

| eakage cmsxs@wf— andZan cguse i gy quﬁagﬁ,w&gqpa?ﬁlﬁw@rfawwﬂ\meof* sl Hertsty  devi ce.
Thi s prsovicg@sdund ey £redpe@ihe  progranmi ng and APDE operation. The present
invention is better understood upon consideration of the detailed

description b%é?é’f’ore'&M&&Q&d&ﬁ'fgfa'ﬂ%rx\a&n&fyaéma%ﬁ&mm&&sedﬂamms As will
becone readily apparent to those skil art fromthe follow ng

descri pti dikest HEEY dF‘§‘g§W§‘\%ﬂ‘“§ﬁ€f‘dd°é)§)(§'°lfB‘&gasaﬁ‘e’g?fbgdicﬁent of this 30

invention sinply by way of illustration of the best node to carry out the
invention. As will be realizddsclopireof thedapentioh | s capabl e of ot her

enbodi ments and its several details are capable of 5 2 9 DEC 2003 WO
0 ;/ 13377 PCT/ U&Qﬁ{d&;ﬁﬂﬂﬁe @t foveddn, i Sordghiny @ bhersbjedpandaisanaegpect s, al |
wi t hout, de@hagvgae@ G AR EL @nc%m Fﬁe L DNVE R Qo Rfing oA ERLSH AGhYDE t he

dr awi ngs and escrlpt on w e regarded as illustrative in

nat ur e andfaBtsh mamory deyice.j e flgah meBPWé?"“’E)@%‘“’é\"ﬁ"‘ﬁf"i“ﬁ‘ﬁ ol OO IR 5 The
novel featwcetso&aekacﬁzvedloamﬁag:mecnmstslam pobwd Aeath buffenit topmecad © baigesifiorth i n
the appended, yFhal "Ry sk ddWRN doilobd Rkl o BANGY Sy coBite WihdASn pref erred
node of use, ??1 | ects andt vant ages t er eof, wll best be
under st oodewdﬁ@fS@FSe‘h‘é@feil%Ofﬁw e GE ‘ﬁ@ the P MepandigLBPWBEPSA of an

i 11 ust 1at i prerRindipsmidh iswhigfcohd®@ed érivhead p APDE dperatidntisbeinfeondcednpanyi ng
drawi ngs, wherein: Figure 1 is a sinplified schematic diagramof a sector

of a prior art Irub &WYRE%th@&Yﬂe&%ﬁh&ﬁleﬁﬁw llﬂgre;l@(;r/a&)aybg %Kﬁp ofﬁgetmem)r y cells

per row per 1/0 r OWs gwor S rray source
connect i orfestlsé‘?‘%fP‘rF&‘fhin“%{‘ Fgardb?i’h‘(f ‘??B‘Iofsé&j@ esrzlpﬁﬁrf“@m’?g i“g eéesti@f‘g'l f%d schemati c
di agr am of ARDHxeddt resistoro Eadhip@gfanmaily modanresisyor ake\WPDE nbonewistar ks asspgiagrdrvdth 1 ;

a switch.

20 In accordance with another aspect of the invention, the data buffer switches either the
programming mode resistor or the APDE mode resistor into the circuit depending on whether a
memory cell connected to a respective bitline in the I/O block is being programmed or being

subjected to an APDE operation.

The described method and device thus provides for the quenching of bitline leakage current
25  during the programming or APDE of the memory device. This provides a more reliable

programming and APDE operation.

The present invention is better understood upon consideration of the detailed description
below, in conjunction with the accompanying drawings. As will become readily apparent to those
skilled in the art from the following description, there is shown and described an embodiment of this

30  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




Figure 3 is a detailed schematic diagram of the portion of the flas@grmggm
device shown 15 in Figure 2 with the common array source connection
connected to a fixed resistance as known in the prior art; and Figure 4 is
a detailed schematic diagramof the portion of the flash nenory device
shown in Ejgur wi th the comon array source connect cted to a
resi stance@I r%lrﬂ/ésg?/mizn accordance wth the present inven%lbg'g.S&g({)wsﬁ/bdes for
Car ing Qut the Invention -vi Reference is now nmade in detail to a

speci fic enbodi ment of the present invention_that iIIL‘!lstrat,es t he best
mode pr esBMificHoBg R FaER chrie 2i5cs HEVITAYSrRBPS B e PR R T " Phe i nventi on.
Fi gure 1 A&omdingi,mMRldiakvingelans ahaw@dddsaiptinagl Bnegfdedasslistadve id @urofnd gotf | ash
menory dea\éin%g,1 W.th nenory cells being organized in 16 1/0 bl ocks, each 1/0
bl ock having 64 menory cells per row and 25 512 rows. It is noted that the
nunber of 1/0 bl ocks, the nimsiBesceptionobibe Pravamass per row in the 1/0 bl ock
and the nunber of rows in the 1/0 block are arbitrary and ot her sizes and
menoryscel |  ahganilZatuies badiead chacopptiedfevdedntioy art ket forth imyieapicadsd The sect or
100 has 1éaiﬂq§.0rhpln9&m iRHE RovFer bk QelPlsQpleRrrkd RABLKAL B furfQ} dBlebidand 04, 110
BLK2i 106, 1/0 BLK8 108, 1/0 BLK9 110, and 1/9 BLKl‘%B{JK?]aﬁr Eafch fJ?.IIO bl ock is
64 menor yadaraees tsgpofyiidess hefndereiepd hpfefsrepoeta e foflping SE"RCOAtrol gate
connect edillufirative embodbRnivdEtheadie conmsctién RithOEG@NROGBe WOvDdy, YBEY

PCT/ USCQO 21005 i ndicated at 114. Wrdlines are showmn at W.o, W1, W2, and

W511. The dr ghgnwof is € a&Puf¥E fRéatic &rdm 413 s@tof 6l alpiitt att Slash @R OEet 0 @ bitline

(not shown)  an houl d be reci at UO, bl ock hen have 64
col uni? of?Vi¥é Y@gléf‘g‘?’l%"ﬁ’ﬂﬂy faﬂggeéfogrpéﬂggmﬁcliﬁ ?ﬁoévé.(wé &geps)em fg‘lcrggogl um (or
bitline) homyamrctt@nistigokmingtingel ganeéeblthge: | ogi ¢, such as the | ogic shown at
116, 118, 120, 122, 124, and 5 126. A data buffer, such as DBo 128, DBl
130, DB7 132, HiBsPe 1134 detddBOsclshaic dspehnlIBA pdrB@,of tie flask Beme@pddvict fhdvibinock | ogi c.
The funct %pgre.l_of the data buffers and the logic will be discussed bel ow. As
is known Ief the flash menory art, there are sector decoders (not shown)
that surround the sector and a qu_ect or decoderf sgchi on 1ﬂQx'ELL%$v is placed
within the secfi#e3PRACHIEHEPTHHS Grerahd T BRPH O HR EBALF™ L &L1T 81140 i s not
an i sside iinFigune 3 witniesotnimomargm sbumk bdnngetidn chmedtadrte Hitved ghisengsssdaewnThe sour ces
of each 19,6%%%%11 ell are connected to a common array source connection,
as represented by line 142 and conmon array source connection term nal
144, As is kn in. the flash [ r.t r dl.i ow each of
the wordl i nes?ﬁ}‘?‘ﬁaf‘%:séi{aeet(a]‘fegfms’ﬁg?%}%?%ne&ithﬁg?%?n Staﬁep%héngﬁg@?gﬁ?@%t he

appl i cat i donFigust 2 yitistheeomiriop argay Fqugrg eonnechen cernededtioit ETancATay PALPE24t | ow each
bitline tqiheebRdhMhvdsahl y sel ected for the

20 Modes for Carrying Qut the Invention

Reference is now made in detail to a specific embodiment of the present invention that

illustrates the best mode presently contemplated by the inventors for practicing the invention.

Figure 1 is a simplified schematic diagram of a sector 100 of a flash memory device with
memory cells being organized in 16 /O blocks, each IO block having 64 memory cells per row and
25 512 rows. It is noted that the number of I/O blocks, the number of memory cells per row in the /O
block and the number of rows in the /O block are arbitrary and other sizes and memory cell

organizations are comprehended by this invention.

The sector 100 has 16 IO blocks such as /O blocks I/0 BLK, 102, YO BLK; 104, I/O
BLK,, 106, /O BLK; 108, /O BLK, 110, and VO BLK,s 112. Each I/O block is 64 memory cells

30  wide and each memory cell in a row has a control gate connected to a common wordline, as




application of a specific voltage, however, the common source conndc Didn2003
prevents the sources of an 15 individual colum or row of sources to be
selected, that is, all of the sources in the sector always have the sane
vol tage applied thereto. For exanple, during programm ng and APDE t he
commobn array source connection 144 is connected to ground as _shown at 146.
Figure 2 i 3Q04&¥%i | ed schematic diagram of a portion JCTHHRE2R®t or 100
showing a portion of 1/0 blocks 102 and 112 as shown in Figure 1. A
portion of one colum of nenory cells in UO 20 Block 0 102 is shown at 200
show ng nedamig « el4l Vorilides 234haundt WOSWLAWIGrabd Wnsnofl‘hm:én debcimamgy  nenory
cells 11 10y BLAGHK il o o, Abwf QR o O Ao HEARIYeallld $0cR10, 212 and

214. The hown connect 1 ng con ro gat es of menory

cel | s 202 wapd thopigve @41%1“\7%?‘8 Fewery calig and; t@re&ﬁm"%ﬁ n”é@f"i‘fffgwlf‘ﬁ% %ontrol gates
of menory vekk) is ar2l@FHbiadRGs s2ibded b3 Mict daeh avak thigic BiewWALE14, 118 1205120)y#24,ehnect i ng

the COI}'[ r qg%qxaéa%%rlger sxrlrc-% ﬁ§| Bség(pr?ﬁg ]?31434 bfig 1§9%I§B bBS %H{;)JSGCI at ed

t hat each TS co nec g contro tes of all the menory
cells in eebiOblogk legipcRhefynetion of the dafapbpffersnand the b’ngI“’Pé“BdIS@iS%%@k’%é’Fég are 64
menory celh ynliRthafidse Weddty Q@,—Qﬁreﬂe@ecbir G&Bdeﬁgd)t ﬂlb\eﬁ)ﬂxa&ﬁﬁouﬁﬁﬂlé Scthladcks there
are 64 x 16 =.1024 co npect e Ihe bitline
216 of the® &by rse?t%tl{og}]aég et%chﬁllgBletw‘r%mr (}Ih ?ﬁﬁ%%?? %Edrge%meogl ccircuitry
218. Ther eedtign 10 ghabieen fperfefitcthis aweimals@éwiﬂaloev f“ﬂ“@g‘iséusﬁfﬂr%ls?ufcﬁsq‘f &heach 1/0

bl ock ﬁﬂd rﬁehﬁry@étﬁe&ﬂlfle&@c[ toAREAHSAS s@ﬁr&d:oﬂn@@ioﬁi a§ie§r€ddlltéd’ by llﬁd&ﬂ&ﬁﬁds a specific
30 bitline fromthe bi ttl in (ing Lkm%ownlgﬁfnpa ol § v)on?h he 1/0 bl ock.
For converﬁ‘"@ﬂ?:“ema%'fﬂlve %oﬁ'éec ’oéléﬁl'llﬂlhg% HEOr Y Cef s in eac Bl ock 0 and
UO Bl ock Idcodgs alwwsh ofXke wﬁmb?emétmmde@ﬂ&w@dmd’e(lduélpéf‘éqcﬁi for thespBlicptidel | in 110
Bl ock 0 cap, tb%mﬁﬁdo%% ek day b&fh:% ambgé iRG e 6AMET s Qhﬁﬁtlzﬂl@ Glespeat fi c

wordl i ne and the ﬁbUflf S Q:I G G ';n(l:ruelctor'; ctl n reventsg)(e:golurrc]: SpeCI fic
bitline arfdPi5&ER p"t° V°?§%P°W§§eré e o4 REAeeTed" £'6"a"° common var1 tage, the

sel ect ion iofividvalsplemh birew wizpdfes wéveaqmteé,[ﬂ@tlﬁ fall of tBGoYses lnlthfée%%lfﬂé'é)tss a specific

menory cely,dde stfnl;]@voit%g? @h@d:tkergo HoPéxafpid B F ro@rﬁmﬁiﬂgm APDERHeQbton2, the 7 2
9 DEC 2003 WO 01/ 133 gT/ USOO’%lOOS word In 0ois shown with a

progr anmi rgRbieuAgsIseregin AhECconpsse! B E XY & ARy Wt h the bitline 216

sel ected, the nenory cell 202 is selected. At the sanme time, because
wordl i ne W.o hiigutsdara desiedaehemetic diagramebst Rogiop efihesretasildd hopanerngripy ofdat a
buf f er andvdagikmtmaﬁd:mwsyoﬁaamasul Z\@orhoﬁhmmymﬂlrﬁemo&]:ﬂlshﬂld he col um

208 al E(? bl?l k%c}ﬁf is gl-g)gv{? %ZOﬁowg‘grél%ﬁor}a %H{ ﬁEIZ% zglg ? E,‘ZV%H%E ot‘rl]mé (glu &r Wo has

been 5°sel ¢t I'n 4g 15 can be
sel ect ed fosmogrcebyinlaBiogihlSshis s soyn aﬁ%gmwagow%ﬂl@»@&%ﬂdél dter all of

the nenor yw&alnk wﬂa ﬁ\éﬂmﬁ@&me@hgatae@nmn Bfes SE6dn0Fy SR20ODEd 208, ogvediied a word (16
bits) at

cells t thihlgql8W¥ 8onBectlri§rtfle cgnt?%l%a\%g %Fﬁ:?neongacgg 264{1 and erz ind 91% %vir(a ine VplFesg} I;Eererflr yC an
be progr antiewh Gopnetting thaoengrolptes of Srermers gella 306 pal %énbf*hy“lééq 4%’“‘6%‘?4 thseeagly ogr ammed

i Nt he 20r go@inBllchRDLQ USthy/cont 6add SLalitik@keBodySells in each VO block from /O Blk, to
I/O Blkys. Since there are 64 memory cells in a row in each I/0 block and there are 16 I/O blocks
there are 64 x 16 = 1024 control gates connected to each wordline. The bitline 216 of the column
200 is selected by the data buffer DB, & Logic circuitry 218. There is a data buffer and associated
logic circuitry for each I/O block and the data buffer and associated logic circuitry selects a specific

30  bitline from the 64 bitlines (columns of memory cells) in the I/O block. For convenience, only one
column of memory cells in each of VO Block 0 and /O Block 15 is shown. As can be appreciated, 2
specific memory cell in I/0 Block 0 can be selected by the wordline decoder selecting a specific
wordline and the data buffer and logic circuitry 218 selecting a specific bitline and because the
sources are all connected to a common voltage, the selection of a specific wordline and specific

35  bitline selects a specific memory cell in the /O Block 0. For example, as shown in Figure 2, the



10 current flowing in each of the bitlines of the nmenory cells bei ng DEC 2003
programmed, the total current flow ng through the comobn array source
connection can vary dependi ng upon the nunber of nenory cells being
programmed in the word. As discussed above, the current flowng in an

i ndividual bitline is a conbination of the progranm ng current flow ng

t hrough t h&VQ®A®YY cell being programmed and the | eakd&EUEWA®AL from
menory cells on the bitline that have a | ow 15 threshold voltage. The

| eakage current results because even though the wordlines of nenory cells
are gr Oundz&dm(eﬁwoqi sIth)m VilIpeogtafming\b0 A PIHY el ieide aplipd 10 X aawielthe blinedkd s appl i ed

to the dr al ns?lrg}ln meB‘luliy C?IP%YZ s& A %ﬁ ot e s\ér(r)nL b xgecjﬁec@se \%?HERWLO b& %Teﬁem)r y cells

can cause éctg 1 ni eaka e 0ose ce There are
at | east tekoteprisistletion o hitise RUby d!th@fﬂewkbzglécwm epptresutsiip ggmory 8l pr ogr ammi ng
current f&m&@@&ﬁn&z@kh@ﬂaﬁg Bcted. %rcmgpr&efmlw@@ke%mmmtom;be&he | eakage

cur rent uires a t._an ef ore.a lar suppl y.
Second, bé‘g?iﬁgé‘bfﬂﬁ’&”eea?’s"fg’ ey ﬁﬁ’ ofkérarﬂg%qggf t%LPr@l o%c%f ?1"%8\?% line,
i ndi cat ed plygratiniag.dEs h:edlplﬁescrstloﬁthmen@MdlStHa@ begnceragsdstbasediorictribge curr ent

caused by Fogﬁmhm@(m Gitdf 4@ Akne %@fe&ﬁ§§§/orﬁiﬂﬁ aNdthd BAG:s Qﬂ’tm)nehﬂéM cEllstl tlinex
IBitline across the resistanc The |]'ob m cause he\yor&

i ncr eased t%‘lef’datﬁge RIPSPRY T*Efef%"aﬁs & \erenge! GP THECeXSEE The drain
vol t age Vs amg ai usnblyeclisoirt te geglnedie the o sukmamnnoualmqucwee thoeisce, VDS. The

drain ypol tc?rgtﬁt ﬁé@m%%peag{ 2 Bhe BRIOWE 1 Rethb}§ cé’ll@géxﬂgrpﬁgramwﬁle (Y@l |y 4 volts)
necessary he reliabl e progranm n cel |ls. m%ée/m;em in which a

3-volt supirips W“@lh‘@f‘ecof"g’o‘bﬂaﬁéf’uﬁfg é‘ﬂmecg %Yaﬁ'ede%?ff)g ‘H’&Ist £ty utilized to
i ncrease richeryselppéiyg ragrdnaige inttie idnk Asesessdrbpvd, v elrerifidwinhie ayol t age drop AV
IS even m?&d?vlcﬁlgl bEtflrfé‘?Jacoﬁtn%gﬁof%le%ggﬁﬁﬁn&nggurgﬁttfﬁbv n@glroﬁgmmm&y @ shown in

Fi gure 2 a resistor connected “between t(i mon array Ssource

connect i oﬁee&eoeﬁﬁnegﬁeﬂ}hede%egmmwwe Bsioghe B‘Iﬂl“e javidd st or 30 300
servesis o dpestye ndltadei The leukage eakeagaulfsiberaust ben hewbithe wogllites of eatorygels not  bei ng

progranme qre%oug&h (0 \Hﬂsq %Ielg 95' ar!/gltdg‘f %pyfr&‘{rﬁzﬁfﬁ}r s 4p 'ieﬁ %:tﬁé £Ms-andliEiok €51 st or 300

causes the co ay source onnection 146 be at a vo| tage above
ground (O "%‘1"?‘% )(Qhagﬂ?és%l"f}ée ‘B‘Tm"fyffénsrcé’s?assteﬁlsm%*%‘ f?"ste CUPEAEI VS "t hat the
vol t age atthdsh @1l aneroste andaawos;mbteﬁecau@ﬂmemb leaiagelodfent. SFirstihd programting 0 r ai se

the Vt of c@llrént I{S&?thosg géllls §e gltal:}nﬁled %&g%gﬁb Ledﬁrof thepl¥akgg@ @lﬂ{eﬁttrédﬂgesal l.as vol tage

bet ween the substrate con e cel sour ce such hat the
cur r en?0 ofcurppangigteloeadige Pé‘e?flsgi’l’lys SEr R barRieE ‘heﬁfﬁ afiniie sRsigapeg R 8“"2‘“ §°DEC 2003
WO 01/ 13370'&111’{8(}{&&&@@} 24 03 d psistbr, at 2204, thoihcrénkdd bumfe ciirleet chistd uylche ldaizgk age

. I | d th
?g; r g? or 3;:6166 %mcréases?he v&?a(gae c}r%peg\?— hli’mf’f %f’% atgros%& igmH; I ﬁ e :"ﬁg %18{ e

Yi Nng-SucCcess Vent i ng ea age current
dependi ng capedbytthedncraassrbetgeaifopdivtisthit thetvpltagavbiordh odspreagesyiiresiepinetiatiagel Vo For

exanpl e, ifq QN de Witge Bittvech mcaﬁgaﬂmgedsoﬁr& Dal g drd REsBNVPeM arobB&e Wi Il only
be one bitline selectedéy[ 03|blel1§6 b|t|lnefs d.the current 5
f1ow ng t HPOEGHL e faie 4"r°“§0?56 ﬁ%r%ﬁiebab é’“‘?ﬁ@mﬁﬁ%g‘%“‘a‘i’?ﬂﬁ ﬁ’b current

t hr ough t hegstomie wich a Bedlrsgpply voltage is being used, a charge pump has to be utilized to increase

the supply voltage to the necessary level and the voltage drop AV is even more critical.

Figure 3 shows the detailed schematic as shown in Figure 2 with a resistor 300 connected
between the common array source connection 146 and ground as shown in the prior art. The resistor
30 300 serves to prevent bitline leakage from the memory cells that are not being programmed or not
undergoing APDE (overerase correction). The resistor 300 causes the common array source
connection 146 to be at a voltage above ground (0 volts). The value of the resistor 300 is selected so
that the voltage at the common array source connection 146 is sufficient to raise the V; of all the
cells via the “body effect” by generating a bias voltage between the substrate connection

35 and the cell source such that the current of the most leaky cells is quenched. This prevents



programred and any | eakage current fromthe remaining 511 nenory cef EC 2003
connected to that bitline. This would cause the voltage drop across t
resistor 300 to be relatively snall as conpared to the situation in which
a large nunber of the 16 bits of the word were being programed. For
exanple, if 14 or 15 of the 16 bits were being progra urrent

fl ow ng t h"O0Y3The resistor 10 300 woul d be 14 or 15%ﬁg§&°gﬁg§pr ogr anmi ng
current through a single cell and would include any |eakage current from
the remaining 511 menory cells in the 14 or 15 bitlines. As can be

appr eci at moky, itnhealldif ftfe ditipm drekagacutréne Notevagecaphe dpreacanygsinglp Bxef &858t or 300

coul &' var i, A5 f46dhSarfind AEER I prbuid e b GeUnchCLAHSR Won hie diff erence
in the programmi ng current throug :1{1 Eb‘g% 91%,%?“9 15 Figure
4 shows t ABNOEEY Bifsiage g@ﬁéﬁ%&ﬂf%gfweéﬁma?ﬂe SUI" I ERWR ™ resi stor
array 400prog‘rﬁxﬂn&1cmedwme:hmemeuahlmesam\mmu!axfapgss@otfrtcténe@hnh@@:wre‘rﬁ 146 and
groundi n{l(?‘v(}rg%)thggéﬁ(ﬁ% WMstoP3do R o) b%zlﬁrﬂ[;)g}a}ﬂﬁ&@ur@ﬂt -thrd 38 the gl%bﬁtb@ﬁg array 400

has 16 i'stors represent first set with in the dotted
line at 40@samuedanday dakpesarrerifrpm s fec“ﬁ%““éé’clt%e&“’{ylcﬂés qreHL P¥here is a set
of resi st giife. ﬂﬁs&ﬂﬁldahedthuwdtbgeeaﬁ herdst Ole Bhigald0@ade tehtvebfsprlbasichmpateé f | ash
menory se t etsmua%on in wh1c a&r&g(ﬁ\lﬁ?oe}o@ it %6 ﬁQ oMék!de D& gl%lg%?o%ﬁnﬁgd rgsi stors. Each

set of redi two resistors, one resistor associated with
a progr amanglenf)&e)féﬁm‘ theHe @é@@ﬁ@“&@%ﬁ“@?é@ HirEhTlynSABBIED M5 FES O or

exanmpl @, 30(nm{ueme $4 @115 SRks thplogtaiiirg chrfenthrbigh kingleadl atdovouliGBluiomy t he
programin econd [€si.s A de. Simlarly,

in resistd a§%?m5f6§' %éarreemammga lfrflerms?%y relless}rls)tg o?}ls%h Rpﬁngp ogranmi ng node
and a secepmkciatedjthptdifferezicein @@YOltﬁﬂﬁémAF’DES%%St"réﬁ'b‘ﬁ’ulrdég?’ %&rw 157 71°KE resi stor
sets has ap1siplaAssREualcelle Sifbkichin te@fog@nmiig berenfilirogh anwbdarg resi stor 406 in
resi stor set 402 as a switch 414 and APDE resistor 408 in resistor set
402 has a PSRPPER Simlarly, programm ng resistor 410 in resistor set
404 has a switch 418 and APDE resistor 412 has % % of the
switchBs in eBigpredsinsihgfetailed schegnalichs shogp (rddeusss t%%nwvl?a%rﬁsésé‘ir ata buffer
and | ogi C cGink@&ddibktivyen the@bmaoreaipy ®yrcd doenect®wil46Ghé ground xrraecwrmcemtsée 402, which

s ass00| S Wdhonl Al £ a redistorsYepre¥en e £:QQL:GiBA 218.
i m 1 ar |y ptichiles ol Se e solaf Pl Rl e asociated with 1/0

Bl ock 15 therdetted dipg ‘?‘6‘?4 aé‘éla seprpd poY ihirgthg dpjpdling 3 404. ﬂtf%re ’s?\ﬁn“tt(? &% e cl osed by
t he respedckiotifedBm e&hl]logill@k aidrigesfdre if theh@hmemdsy sebibried 33/GBbdsthed by t he

dat a b@ f eonuf%%QS% Q4 of:r §aide € Wadnf ol OF (%stcﬁ“i it Rede uﬁoﬂ&@gglﬁmﬂﬁcme or an APDE
node. For ~ex it 0 &L I

% Logi C selects a bit in gEOCkOIn
order to progiehyih ar?é’ﬁﬁf“?“’tgé}qje aaﬁ‘hSS%‘E“ﬂéSS%"éalteéé"ftEﬂ‘ /bl']'[%ﬁ ‘P"rﬁ‘% ¥HE™DBo & Logic
218 causesin &¥bthGk 4ddliflert B a GilsOsestor Wi fahhept@emingGvBe {ntl heec@d ZsBolBE 2003 WO
0L/ 13377 RGHISH & gossmﬂirgm%m@a aBHS £ ERSERor b¥or MO RARKIG) 406 T

the circuit array sourc
mode and a second resistor 412 for the APDE mode. Each resistor in the resistor sets has an

25  associated switch. For example, programming resistor 406 in resistor set 402 has a switch 414 and
APDE resistor 408 in resistor set 402 has a switch 416. Similarly, programming resistor 410 in
resistor set 404 has a switch 418 and APDE resistor 412 has a switch 420. Each of the switches in
each resistor set is controlled by the respective data buffer and logic circuitry. For example, the
switches in resistor set 402, which is associated with I/O Block 0, are controlled by DB, & Logic

30  218. Similarly, the switches in resistor set 404, which is associated with I/0 Block 15, are controlled

by DB15 & LOgiC 222.

The switches are closed by the respective DB, & Logic circuitry when a bitline is selected
by the data buffer and logic circuitry for either a programming mode or an APDE mode. For
example, if DB, & Logic 218 selects a bitline in /O Block 0 in order to program a memory cell on

35  the selected bitline, the DB, & Logic 218 causes switch 414 to close, which places PGM, (the




connection 146 and ground. |If DBo & Logic 218 selects a bitline in8/DEC 2003
Block O for APDE, the DBo & Logic 218 causes switch 416 to close, which

pl aces APDEO (the APDE node resistor for 1/0 block 0) 408 in the circuit
between the common array source connection 146 and ground. Simlarly, 5 if
DB 15 & Logic 222 selects a bitline in I/OBlock 15 in order to programa
menory cel WOOW1fie selected bitline, the DB15 & Logi c PEFFSWARINEs switch
418 to close, which places PGVL5 (the programm ng node resistor for 1/0

bl ock 15) 410 in the circuit between the common array source connection
146 and gpogttming hodokbrodfol DQYbIckDR A6seihectesit etvzed the eeembmartel uBE ock 15 f or
APDE, the L thepgaces APDELS
(the APDEHbde }Onrlggfng O%ndfz%é:gﬁfso%%zﬁ% ﬁtpa Qe &90% O%@Fé)r )gft?%bu t get ween t he
conmon ar Bepeis Blirewessitiel ioslese Wil Ghe Aﬁgﬁ MOATETLPT B8 éppr eci at ed,

i f ther e Blo JYBEBIA de EiRkik Setiebn BacImbh rdlsatde chradionrds atdgrdied. Sirsigrianmed t her e
wi || am.,. 0 y source
connec #@45689%?%&22&6‘06%%& B‘H“E’%%p?"gg? g’%‘n&éﬁggmgr}g?g‘ or e&uggglgndi ng upon
how many RS Wlmelth@Basr&eng@ 28%caugsp w@‘aﬂ%‘%ﬁé‘fh@h plagss BMafifwher e from 1 to
16 progra ﬁﬂmﬁ@%dér@s‘ﬁs’to‘i?&f/@ bﬁ@ﬂmﬁma&hb@&waeme&ﬁhadam&mmmray sour ce

connect i on %‘hﬂgfl’g‘r o 'Q%g%&% qec abghne 1@8!11@& lgforkpﬁéec‘h can be from

1 to 16 APPES Yors  cofinet conmpn array source
connect i 0MBLAGL@r¢22 groustdcii?P aripspPhEh pl’ﬂﬁéﬁ@?ﬁ)ﬁ(@e APPRmods|resisigEHr op acr oss
the regi stRypdk 'isi})uz“iﬁ’@xe bl&uﬂb&@éwﬁlb Erhoft arrBApuictcetleddpn ™46 ai@vandependi ng upon
the number, of, eno 1y tte[g §|ﬁ§3{e@fe§{’e%[y%8}%q eam(sj Bl(c))ck tH gree{ogglgr@ amxﬁg qﬂ% As shoul d

be appr eci*¥EEFe 2RPFES é conmonh ar £e "connect i on
vol t age t ovilPB: & Pwgtamaeststvastcorningctespftiveanitierppmmen array sparcg ‘WE“CW“ &%28¢| the cells

via the " Md d%t'lfléeﬁ$ granii¥ingd GR&EEE, d @[%mﬂnéllp@;show\fﬁh} ﬂ@ﬁbr}b&ﬂé/wﬂbé he substrate
connection and the ceII sou st | eaky

cells is q’&@ﬁﬁﬁ’éﬁlmerﬁf’é bp %‘g?”éel’eafﬁé‘él \‘?é% preg T g ‘Hoc{e resmtors corrrlTnﬁcagbertm e resistors
and t hts ARREomDoearmesust ongcimd46 aid gropmddneng Pfqg@mmnﬁeslméﬁbmbﬁtf?%ée of the

part i _CU| arfro];rj a8 e RESPhYe ?é?i&gﬂs gdhh@tel BfwaR the E@ﬂn&%@%&@dedor&&umﬂiﬁa@fl
distribution. The desi ermne fr eshol d

vol t age di%t Py Byps oFPE- grﬁﬁfeff"%é epv(?[tae;gmﬁ’i‘)ﬁ?cr‘?%%?rﬁﬁsém@ﬁafyr 86[1? automabﬁ'ﬁ%xi st during
progr ammi ngjusteichpARDER depending updnelre ndwbee pirhanery calfs beihgutrodramyestl ot undergpdlst age at

the comon, gy ay @&U%&é’pp&amﬁﬁ& }egﬂoéﬂgwhgccp@noﬁ @r’ra%@&ilrde @onﬁécd&f vottz%e guench
I eakage current Fr om under er ased

st rai gl f or'lee Batdegiigienitq it then\g of %‘J}F Be@lvé"lﬂéF @PW%&"@M@Y %?F‘iﬁ‘%%ga\‘%?s di ff erent
confi gur atyoRRg vefwebh A8 BuRRADENnGabd &nd kel Sousdtaudthh encapperect taé ed t hat

al t hough the switches are shown in Figure 4 as nechanical swtches, the
swi t ches Pt EpEERRARnetidt ches manufactured as on-chip circuitry. Such
switches are well known in the art and will not be further discussed. In
summary, the plesestantavakestol Gnprogrammingrpederdsistors japf thephHDEMedOFSIFMRADr | or art
and ful fillegrdibl@ froa%q,aﬁﬁetﬁcd%ﬁu@gaﬁicmaxm rﬁéﬁf)@ cbiohr@ldh Yndgpeaideshold he bitline

| eak ag e ¢ u\'/’o'itsggtd1stcr11g£tllorr1] gI‘hte esi engglge?' %lcrl] getemune tl rom the threshold voltage distribution

and the potential leakage current would exist during programming and APDE and further determine
at what level the voltage at the common array source connection should be raised in order to quench
leakage current from undererased memory cells. This would be a straightforward calculation and

would yield different values for different configurations of flash memory cells.

30 It should be appreciated that although the switches are shown in Figure 4 as mechanical
switches, the switches are electronic switches manufactured as on-chip circuitry. Such switches are

well known in the art and will not be further discussed.

In summary, the present invention overcomes the limitations of the prior art and fulfills the

need to adequately and more reliably quench the bitline leakage current during the programming and

10




2 9 DEC 2003 WD 01/13377 PCT/ US00/ 21005 APDE of a flash nenory dev'?ﬁiI g@ﬁ
descri bed nethod and device provides for the quenching of bitline gﬁ
current during the progranm ng or APDE of the menory device. This provides
a nore reliable progranm ng and APDE operation. The foregoing description
of the enbodi nent of the invention has been presented for 56&rposes of
illustratiovoeid@’description. It is not intended to be BESIHENY!%e or to
limt the invention to the precise formdisclosed. Oovious nodifications
or variations are possible in light of the above teachings. The enbodi nent
was chosenpPpRr dRsOhdnedetic:. Mhodekdibed ritehold @sitdevidelptosidesdtritiprmuapfhingvé
principles.of the %nfe i ereby enabl e
one of or gfﬂhng}eak ?CHJFTI}%H’? ﬁ g0 %a#ﬁuﬁ%Bf |0§(Zl!3 ;tnﬁﬂ% %egig%]tl:ag rlljpo?lﬁgs\?arl ous
enbodi rrent‘@rf‘aﬁtﬂblwft’ﬁaww@GS“‘PHBGE’GFQ“@M| ons as are suited to 10 the

particul ar use contenplated. Al such nodifications and variations are

Wi t hi n the scope faégoinp descriprianeithe enbogsneckef te mvantdeh hoybethmesentdénded cl ai ns
when ‘i nterp @S“sreseoq itfufea ﬁ&%&& ?tﬁ)n\/\ﬁttis?lozlnt@nd@cf t@@géxhaugtge ong'hlﬁ#f'thE hesigre fairly,

| egal 'y equita entit g& E/%%%DECZOOB
usooz 1005 “R@?)Pr%*éf?é‘ﬁfhsqi’é@de Obyious msgificaigRsor 13“‘“1&“%%30&5 b UFEROFy devi ce,
conpri si ngeacl'ﬁﬂganhe BRRFRImEntGab teseq 2 escAtk4 @ ROGe 12 b itk Rion 4 or gani zcd i s

an array %amét_}les 3 t#néligvepthog;\a{ﬁis I(gljagtg:al ai]q;légtmn ﬁ)%lﬂebif éng)lpémg %kor«!ﬂ@a\’)' R imeol ums and

p rows; nenory In each columm connected to a
bi t1ine (21 utilizegi)inventiop Bryericyp erﬂ“&?‘é‘e‘ﬁ?a"ééi’&hva@f"éfé‘??d‘ﬁﬁﬁ“ﬁnsé%‘?“f S Bach row
connecteed th@aﬁcﬂmnﬂhbﬂ&&np(a\éﬂ.) All $6h @odifirdtican0 vareaabart Walshtherwnmproftheel | in t he

array con ne%}n%g as c%&grgr(lr\ég HEBQ%%&'& clalﬁs%{eﬁ: ﬁtaﬁ)%a%éo%n& WP e veRBNo DI tline in

cach of the: X a data buffer and logic circuitry
devi ce (218ichgippyre faghydesglly. ang CE‘PB‘?W%‘WF‘%/ (400) connected between the comon
array source coffin

11




15 (146) and ground; trisect in that the resistor array (400) cgg’p@&s&@fa
set %% p‘ stors (402) fur each of the n 110 bl ocks, wherein t t

resi Stors Por each of the it 110 bl ocks conprises: a pow node resisUSpo21005
(406, 410) and a program ng node switch 20 (414, 418); and act automatic
prong disturb erase node resistor (408, 412) and an aut omat ReplagnmesgaRaga g
di sturb erase node switch (416, 420). 2. A semiconductor menory ﬁe[y @? as
clainmed in 25 claim1, further conprisildg: a connction between 2t (% a
burr nod logic circuitry device (218, 222) for each of the n 1/0 bl ocks
and the progranChAIM8de switch (414, 418) for the corresponding 1/0 bl ock;
and a convection between the data buffer and logic circuitry device (218,
222) for each of the n 1/0 bl ocks and the automati c progranm ng disturb

crag switch (416, HNseriédhdbc@s, %"ﬂ% 1/0 bl ock, AMENDED SHEET 2

9 DEC 2003 "22-10-2401 US0021 bOE pI ace age Z 2 DEC 2003 -13 3. A

sem conduct or nenor fatcveroery aslis(202,20d, 206, 216,212, Zi4)rd Q,g
%ﬁ?’ evi ces

switching £irc buffer and I oglc circui
(218, 222)" to g’l%@é%ﬁe@%r%&ﬁ%ﬂ@% X8 mhesdremns ipd BROws 14,  418) duri ng

Programmi ng of a neaurain btdchiffsombrnsiyiceR i Oh g er and
logic 5 ci rcu%&éy device (218, 222); ryand SW ?c t"iﬁ’g%& rcu ?? %?!ﬁ“eéggé
the data bufer hd 1 ogic ci rcurtry devites (218. 222) to close the

correspondi ng autorr@u, digigub erase gode switch (416, 420) during
as automatic pnt distu rase opera i unet (he gu r’?“’c"ewﬁoamdlhcne

control | ed by €M) data buffer and logic circuitry device (218, 222). 10 4_
A net bod @f quechi tline .l a current in a sem conductor nenor
@ a Waddirde fneachﬁashu%xm auzyconnectedtoaconrnonamzyy
source commection (146);
each bithne i each of the n VO bbckscomactcdwadambuﬁ'arandlogic
circuitry device (218, 222); and
areAxStornzmy(MO)wmectadhetwemﬂ:ecomxmnmysomceconnmuon
15 (146) and ground;
chatxtauadmtbatthemuwrmny(wmconmasuofmmaom
for each of the n I/O bIocEs,WhemmtbcsctOfreszstors for each of the n I/O blocks
comprises:
8 programming mode resistor (406, 410) and a programming mode switch
20 (414, 418); and
an auwtomatic programming disturb erase mode resistor (408, 412) and an
aurormatic programing disturb erase mode switch (416, 420),

2. A semiconduttor memory device as claimed in claim ] » further comprising:

25 aconmcnonbethnd)cdmbuﬂ'exmdngccumnrydcvxce(le 222) for
cach of the n /O blocks and the programmiing mode switch (414, 418) for the
carzespording 1/0 block; and

a connection between the data buffer and logic circuitry device (218, 222) for
cach of the n J/O blocks and the anromatic Programming disturb erase switch (416,
30 420) for the corresponding /O block,

AMENDED SHEET



devi ce m which the flash nenory device conprises flash nenory celzlgiﬂf(é)%%,

204, ‘%')?9 5&8 212, 214) ozganized in array of a |/O blocks (102,
each B k having in colums and p rows, the nethod conprising: 15

connecting a drain of each flash menory cell in each colum to a bit|USGD2100:
(216, 220); ctiag a control gate of each flesh nenory cell ik¢pgementdageo a
wordlino (); connecting a source of each flash iy cell in thdZabil 18] a

oomo~0 nuns, ' 20 source connection (414%); connecting each bitlitee in each
of the n 1/O blocks to a data but and logic circuitry device (218.222);

and connecting 3, r esySWRi-g44; 400 et ween .t he commma away source
connection (146) and ‘g,rpuné’;g%éé’egﬁ’br ﬁé}%ﬁ‘fﬁm&&ahdcom@wt~ ac
resistor araay (400)sWihinggircditrg in édch dF HRYdaBOMEE eetinn (146) and
ground u accom 'zgt}gdc%%(ﬁ ﬁ@nnecti ng.a set of resfﬁ%&%%é@% of
the n 1/0 bl ocks bel we EORTPADdRE Pyogsumming maden BREdh o4 k18 4 g
uvd, ,a a set Ofro, ﬁ,l,g&ggg t n_ 1/0 bl ocks betwec ‘t he ¢onmon
may source_.connectjon (146) sa 8%%0?%%‘“’33 thyivlath uffer AddENRED
SHEET 2 9 DEC XHGQIrydaice308, 222) ambpl acenenf P' a0ge210Q6 2 2 DEC 2003

406, 410) and a pr+vgranrp m de

connecting a Prograpgi node. r esi st or

switch (414, 418) betwee W%%%f&@%@&mmm @And
ground; and cé2¥etot clog meayisgoﬁfh&é %@@Wéwg case node m’stor
(408, 412) 5 ﬁgg % %ut_omati ¢’ progranmm ng di Feng emedei switoh ( 416,
420) between t he™ A_wwmrmmwﬁmgoﬁi%@

10
4. A method of quenching bitlne keakage current in a2 semiconductor memory
devwemwhmhthcﬂashntmxydeviceconmﬂashmmbzycens(zoz,zm,

206., 210, 212, 214) organized in an arrzy of n 1/O blocks (102, 115), each VO block
baving m cohmps nndpmws,ﬂ:emethodwmpﬁsing:

1 ; i :
5 comactmgadramofaachﬂashmoxyceuineachoohmtonbitﬁoe(m
220); ’

connecting a control gate of each flash memory cell in
cach row 1o 2 wordline
(WL): 2 W

connectingasomceofeachﬂaahnmoxyceninthe unon array
arayto a
20 Souroe conncction (146); ” "

- connscﬁngeachbitlineheach}ofthenVObbcksmadatabuﬂkrandlo ic
circuiery device (218, 222); and | :
comcctingamismrmy(wO)betwéentheeommo
n arra; ?
N, . y source connection

25 i i X 1
| characterised in that said conmecting a resistor array (400) between the
30 accomplished by:

. AMENDED SHEET



5. Anmethod as clained in claim4, further conprising: connecti ngkztssﬁﬁ Edfﬂhi
buffer and bgi~ circuitry (218, 222) for each of then UO 10 bl oc %

progr’armi ng node switch (414, 418) for the corresponding I1/0 bl ack; acrd

coma €E1IAEPhe data buffer and logic circuitry (218, 222) for each
/O blocks and the automatic Programring disturb eras mddlmmmegg&%iﬁﬁii

418). 15 6. A method as clauaned in claim5, further coiug: Pf?dMBERIZY
switching circuitry in each of the dean4btl1lffiear and logic circuitry
devices (218, 222) to close the correspondi ng progammi ng node switch (414,
418) during progranm ng of a w=ary cell in a bitlne conrol]ed by the data

burr a W logic circuyj -devi 218, 222); and 20 providing swtching
circuitry in each of %@ﬁ?@%ﬁ#@%ﬁ?ﬁl%@@%é“ﬁ and| & piagesmnticlifode2 22)
to close the corsvash@nl H@Mtwmﬁﬂ{w&w&gﬁﬁodggﬁ%tch 416,

0 ell in

420) during an automatic PXo g disturb erase”operation
a bitliae contrdli'ted by the data but 'edr and logic circuitry device (218,

222) 25 7. A net hodcﬁﬁ,,,&i,,giaggq (S i .or..claim7, further conPrisiag
closing the_ ProgyMJki PZ nbde swi tcﬁ@%%%%%‘%ﬂ% #12p

bl ocks i ts Whi cHBf AR FHeRptic prigrasmaing disiueb B@sPHBAE switdh, (48/ENOFR-rSHE
comimon array source conmection (146) and ground.

:5. Amethodasclainndinchim4,ﬁzrthzwmpxising: v
connecring the data buffer and logic circuitry (218, 222) for cach of the n IO
10 blocks to the programming mode switch (414, 418) for the corresponding I/O block:
and
connecting the data buffer and logic circuitry (218, 222) for each of the o IO
blocks and the automatic programming distarb exase mode switch (414, 413).

15 6. Ameﬂmdaschﬁmdinch&nS,ﬁlrthercornpﬁsing:
providing switching circnitryineachofﬂtdmbuﬂh'andbgiccitcuiny

devices (218, 222) to close the corresponding programming mode switch (414, 418)
during programming ofamcmyccllinabidhecomml]edbythedmhlﬂ'ﬂmd
logic circuitry device (218, 222); and '

20 o pt?ﬁdigswiwhing&cuhgyincachof&cdatabuﬁ'amdbgjcchwiuy
devices (218, 222) to close the carresponding automatic programming disturb erase
mode switch (416, 420) during an automaric programning disturb erase operation of a
roemory cell in a bitline controlled by the data buffer and logic circuitry device (218,
222).

25
7 Amethndasclaimdinchhnﬁorchiu;?,ﬁmbereomprisingclosiugtbc
Pprogamming mode switches (414, 418) associated with 1/0 blocks in which memory
cells are being programmed,

AMENDED SHEET




