Cl RCUI T | MPLEMENTATI ON TO QUENCH BI T LI NE LEAKAGE CURRENT ZIQNJEC %003

Title:
P::\’OGF\’AM\/I NG AND OVER- ERASE CORRECTI ON MODES | N FLASH EEPROM
22-10-2001 US0021005
]
CIRCUIT IMPLEMENTATION TO QUENCH BIT LINE LEAKAGE
CURRENT IN PROGRAMMING AND OVER-ERASE CORRECTION
MODES IN FLASH EEPROM
5 Technical Ficld

This invention relates geverally to the at of microelectronic inteprated
circuits. More specifically, this invention relates to programmable semiconductor
memaries, Even more specifically, this inventiop relates to a circuit implementation

10 -andmethodtoqumchbhﬁnelmkagecumtduﬁngpmgmmingandowr-msc
correction mode of 2 flash Electronically Erasable Programmable Read-Only Memory
(EEPROM).

Background Ant
15
US-A-4 897 815 discloses a non-volatile semicondnctor Memory comprising
mn array of EEPROM memory cells. ’l’hemanoryimhddﬂ)e&atmm:)fthe

preamble of accompanying claim 1.

20 A microelectronic flash or block erase Elestrically Erasable Programmsble
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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Abstract: A nethod of and a flash nenory device for quenching bjtlgEpegm
| eakage current during programm ng and over-erase correction operations.

-The 22+ HB20Qtenory cells are organized in an array of 1/0 bl ocks wi t ys@asiioos
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 hb&/i ng a programm ng node resistor
and an APDE node resistor. A data buffer switches either a programmi ng
node resistor or ADPE node resistor into the circuit when a bitline is

sel ected for either hJ)‘ra‘ggrarmi ng or, ADPE. The values of the resistors are
sel ected to raise t e G3F @meernsctad a asetpneales Bawe o frows| aod colimns, wititho | d

voltage of 't he comEniplics 6t oo bPlowdikily SR oCPIS ol ot UL 95
bR

| eakage current to the bitline during
CE

n
DEC 2003 22- 1092 pf the@elom areoluvm Bitg\isdce t3 @ redpbtive! bidlie.
CURRENT I N P - SE,CORRECTI ON , S IN FLASH EEPROM S
Techni cal . Fmﬁlwg’%mm& WP 452 NOR memary of
m cr oel ects oni -confpivgtsmnt ed

Aucnisprogmmimdbyapplyingtypimﬂyilovolmwth:comlms
volts to the drain and grounding the source, which causes hot electrons to he imjected
ﬁnmthedmiudepletionregiqninmmeﬂnatinggatc. Upon removal of the

10,  programtning voltages, the injected electrons are trapped in the floating gate and
create a negative charge therein that increases the threshold voltage of the cell to a
vahue in excess of approximately 4 volts.

The cell is read by applying typicelly S volts to the control gate, 1 volt to the
15 biﬂincwwhichﬂmdminiswmacwd,gmmdhgthesome,and.mingthehirﬁm
current. If the cell is programmed and the threshold voltage is relatively high (4 volts),
t;:ebiﬂimmmwillh:zcm or a1 Jeast velatively low. If the cell is not programmmed

or erased, the threshold voltage will be
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circuits.. Mire specifically, this invention relates to prograrrmab#

sem conductor nenories, Even nore specifically, this invention re §tﬂé%2&03>
a circuit inplenentation 10 and nethod to quench bit |ine | eakage current
during programming and over-erase correction node of a flash

El ect r oni cal I X Er asabl e Programmabl e Read-Only Menory EEP ) Backgr ound
Art 1S Us- AYQY89%7815 di scl oses a non-vol atile senicon

conprising an array of EEPROM nenory cells. The nmenory incl udes the
features of the preanble of acconpanying claiml. 20 A mcroelectronic
.flash or rditietkioe (2asks)Eheaottrol g&l volagEwdisaliphe tRrchygnarmdthd EilindRamen @il y Menory
(Fl ash EEE vertPﬁgﬂeS an array of cells that can be independently

pr ogr amme and The size of each cell and ther eby the nenmory are

made smal | elect transi stors ena e cells to
be erased d’gﬁeilr‘fﬁfé t%if‘ ey gy gnoeeeaﬁ)?n Irn%n?eP%yl yqicaﬂ ﬁ\ﬁ%ﬁ%sba bl ock.

25 A rrermrso)uraafgrttuhdl& theyqoatralresityt alé allojving ihg idrdnad fldebarasts-aCRll- déﬁgﬂlﬁﬁséﬁnduct or

(M) fsi eleﬁct%flsf tﬁ‘z@(ver% 'frl?c@é«!l Rlo@Me IR %Me &ahd p?@grﬁxﬁaﬁﬁk ©be r‘é‘s’fidxv@chb)l HGlendes a

source,” drain oat]ng gate aci a various vol t ages
are appl i é‘{f?‘df’?imﬂ’r“ﬁeﬂff‘%ﬁ?"?ﬁg oaiRg gate Qé g‘f"tr@?elf’“gerlaﬁrmghre Sef%se an of the
cel |l s as albhocHy, amﬁ#ﬁﬁﬁageoﬂh@‘é@r a1 20 vali§ to2@FentiohgalgS0021005 The

cells are, ﬁke.‘)%ﬁs(iolh@scﬁrc@%taﬁmhgtﬁé’drﬁﬁ(o%at@ztnefa@%ﬁ:e@-nd columms, with the
control ga es of the cel in a row being connected to a respective

wordiine and the dfa'tﬂaleconvmonag i Srpr Bt ALHIRE Bigagqnnect ed to a

respective bi t fPEPIeRELD DE e gy s ar together. This
ar r ang¥hre manifertuinginlerapgss. SonKCRIsrearee greremised bpfpie glieraelisgeromacesed | i s progr ammed
by apgl yi r&gfrf;lﬁlgﬁly ’ﬁrematMQéJte‘é ofltfe dvbiera&0 Bdllk @k degRice of electronOinti Sechde t he drai n and
grounding the

t t f h
drain d eplpgil?v8§%¥aé%$ O’Hns Cﬁxfses tﬁehovgr?rgseg' Oehs tg fu%g 0'1:193 ]etlcc)m ldee tﬁhsfsgogsqgat er ig\ the

progr amm regaogichk tuange off bt fpemal nqe@éngewlt@?@@rlieéWéheaw@ltfplrgaﬁsbé‘u’ iptfgdyceSe f | oati ng

gate and 1&&%@5&?5&3%@“@(@%&&@Jﬁ%@n that increases the threshold
voltage of the ce to a value in excess of approximately 4 volts, The

cel | read by, anppl d‘hﬁ%? Yol rRiohLontyMGe GQBEE Bl i9RhReted] vol't to
t he 1 bitlin % P\Aﬁmﬁ% p(f%l am?rse connect oé] erour%1 di nd thecgour ce, and
sensi ng t H@th@pqn}r«pllgges of arow of cells is held high at a time, while the othcr wordlines are grounded.

However, a positive voltage is applied to the drains of all of the cells. If the threshold voltage of an
unselected cell is very low, zero or negative, leakage current will flow through the source, channel

and drain of the cell.

20 In a typical flash EEPROM, the drains of a large number, for example 512 transistor
memory cells are connected to a bitline. If 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 VMIN 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




current. If the cell is programmed and the threshold voltage is rel qtlmglm[w
high (4 volts), the bitline current will be zero or at least relative

low. If the Cell is not programmed or erased, the threshold voltage w II
be AMENDED SHEET Z 9 DEC 2003 WD 01/13377 PCTI USOQ' 21005 rel atively |low (2
volts), theygpmks-®! gate voltage will enhance the channgrysaisedshe bitline
current wll f{)e relatively high. A cell can be erased in several ways. In
one arrangement, applying typically 12 volts to the source, grounding t he
control gate and allow n % drain to fl oat erases gehst i s causes the
5 el ect r orfSiagHEPPVA AR RMIN; %&t‘ 1§ VPR GM WECPT SR O%eéatneno uring pr ogrammi ng to
be r enovedehyallj-bwve bs AuNoradh@rbgnnmingkuhdAP?)om t he fl oati ng gate through the
thin tunnel oxide layer to the source. Alternatively, applying a negative
vol tage on t heA Feflekd APD AtAddShal re¥edied & at Buibi@ic PORhRing DRI, Erasappl yi ng 5

voltstoth e dr aj SHRE g cell. A
pr obl em wi¢ H% 1‘°’(‘,"t‘)’Ff\?é"r(:l[T ?o"'ﬁ‘ﬁwgsaéégglé@&% Flifé%?grﬁangerrgrrtt I's that due to
10 manuf aciLASHMEMOR e WARGREIMIEDAEERERASE P@&WW@E@A@&%@“B& ore ot her

cel I's becommarsasesla pit bd, @99@IEHLe¥01J%dftr@%teth&gnaﬁkﬁsnsﬁrg fdrberanar er ased

cells are depl eted of electrons ed Thi s causes
the over er§&end %Péﬁyt“§p'f’%‘a‘f"ﬂ‘ﬁ%t"1138?1tﬁ?i‘ét° g‘é‘é’r‘%%*f’d‘ﬁﬁrfﬁo‘%}é lt\é%ngﬁ%é ors that cannot
be turned wfchtatiyvaves. mal operating voltages applied to their control gates,
and introduces |eakage during subsequent program and read operations. 15
More specifi Ca|Fbl}biw1r@uﬁﬂltworpdfeﬂér@sgbﬂﬁdmﬂ&&ﬁke ettt isGiRs peataimed anecelhor dl i ne
that is conne

tine, i t@r Cf'ﬁé}aSI(s)P%}gfgs Eﬁ?l t‘tmc'g to 1St rgw n%%olur&n e@Sl{l z%tlre&gd Jn& erﬁsg vQ{%L-cfj high at a

i'nes are positive voltage
i s appl i edbstapplyitet itaio Hhs Cmfolataqe (Wdlmﬁel Yol tq the drai (btﬂﬁ'é) SIH‘F“@%E‘F &8l t age of

an unsel eglhGfngGelst artp'ﬁﬁér% yentecms bitBRcBrrédf and @GBbyi dé@rmikcabkafeshold volagt Wi | |
flow thr Oul:\;%thhe cqﬁéa%oa}(eaﬁ Vﬁ]’éle orn er;(?rgl Qtsg% Ie@equ unEieI}eerasgc? ({tl‘lresg%cgvolt{ée a typical

flash EEP transi stor
menory cel #bsvee?rvelt@,@?mbemeewemowthbﬁptfl Jnds Catef an&fasqmlf}‘t lﬁPRPi‘%! o giaider of cells
on thebitlyiNgdak GrstlecAWAS veddgkgiound | eakage current, the total |eakage
current on the bitline can exceed the cell read current This makes it

| npossi bl eto %f%pagﬁlﬁ$ﬁ§toﬂ%§1 cp e g“rld pr18'rt'o &Jﬂ@sfe&kr?] |e!a§!:ﬁ‘/eﬁf9 gpefaﬁghder s the

nmenory |nopera bits'in an array
typical |y ¢vsiermseronrsiondgrertonmed ¢ qtmt thewﬂwf H?@Ofrh%wrf‘éﬂé%tﬂl@rl%&eéf&m&%r | s having
a relati Vebd/th&lhtgﬁbs bhhesipin dequitd ayr is\dddvidyisidaey e@sndinp ene wositines, eppdyirer ased

cells have g rl"vg[H ﬁr?d%egsetge %ﬂ)%lng ggls%(%&{k M&l&p&;‘rﬁﬁ a]?h gunﬁﬁtrsgib% anegative.

The |ower PRE”{RPes vol t age

di striBati Bfﬂdeteﬁenqﬁh"@}weﬂ“stlwa@éhﬁkétéf@s‘@%f‘rqf dasells CW‘BeCF%toﬁﬂ?é’t"e'Fbsr"éerﬁesg‘i‘ rable to
prevent cehddss cfri\ﬁr@ l&aﬁzig@ gureMe makia&eflanaelerb® cér2clio ulicheappiled esivditihev ol t age

di stributi %ll

: ag
the. sane. hiON: ERrRREY 8 50 UERpApERap SoPby bl ARl RIS LT D,

i s known i tim¢fweh &r100uso r educe the threshol d vol tage distribution by
perform ng an overerase correction operation that reprograns the nost
overerased cel | gret fpReatiin@h@eé oveRiagsbedcton\pakd tRgetlinefvesified 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



operation will result in the threshold voltage distribution with aljg PEE ihe
cells having a threshold 2 2 9 DEC 2003 WO 01/13377 PCTI USOCQ' 21005 Vo

above a m ni num accept abl e val ue. An overerase correction operation of this
type is generally known as Autonmatic Programming Disturb (APD). A
preferred APD nethod that is referred to as Automatic Pro mm ng Disturb
Erase (APDEO187Yi sclosed in U.S. Patent No. 5,642, 311PCT8¥?P‘]’2P?°

" OVERERASE CORRECTI ON FOR 5 FLASH MEMORY WHI CH LI M TS OVERERASE AND
PREVENTS ERASE VERI FY ERRORS, " issued June 24, 1997 to Lee O evel and. The
met hod i netk valegedséprshabgrabamulse bigine tealeeciurrent |s reucehdiragerksy ivevdy. Blbgr ammi ng

pul ses t hsxre?ekﬁhgtup&'['ere}?é’d'c@@ fltol%%kxEtmEg bpRshidioy Slil-ra8S g plcddiet 0 acceptabl e
val ues. Following applicati on of "an erase pul se, undererase correction is

first perfor msﬂt S%h%\eA%ID!E 8d 1s¥ffect1v§ in 691 at?n %¥er&8¥!§ nghﬁ'ﬁéé in fnft he first

row and colurmp ti°on s a Se Verlt app y|ng4volts
to the coninedie sgutepandwiordihds aithe celis a&ftﬁr?unieé d‘ﬂlﬁ'é Otffe&iserfo{fﬁﬁ“t”} P‘ﬁ’&ase gr oundi ng

the souyr cegeps wﬁf@aﬂﬁb@%uﬁ’cﬂ&&@ge @ﬂﬂhﬂ vtliﬂ@fh& o%ﬁra%ﬁ&n&nhﬂls&Iafe|bb1ﬂ§ap§l&bﬂf ent and

t hereby d ermnel . t ?) aesof the cell is above a val ue
of, for e %gec‘fe\‘}df‘i“ges li’efprotvﬁgnsoéf‘ arge EONFhHRY%r ased (threshol d vol t age
above2vo|ts) the bitline current wll be low. In this case, an erase

pul se is appli D f e loFespRaragisTs §55 corgplied such Hhatioprerpse pagtectiop pylse willgpty o o
verified agatfhderbbde@tellaRlain6iat byorhichihe@aahl@vose distibsion @nde pdicaris t 0 a

subseque ntinhgrléx?lsr ﬁm\llt?edr be%a}{se%% i& rgoI ¥ Phanisid YoF rgge }%%ré’sﬁocfé Jokel & pQ)ﬁJr{yO rmed on

all of the'¢C ereraeve ormed. _On the
bitlinds @fasetgedls fpm hsing fH“‘@é‘Q‘H@PP@é’Y OVPf§Fage qogecy |a9%1ﬁ%*aerﬁ9r JABRR ng t he
wor dl i nes badkpplnd idaghge suyprit @alsb preskni\dtriny plograRARE @i rehtssirhilar gobldaist | | ne and
sensing the bitline current. If the current is above a 20 predeterm ned

value, this i n&iﬁe&aptr&%nk Q,@tgxa@éfbakesassthe S \thagta Re. lg.e&dc@ lméymtt&d to the

bitline is overerased % ]ﬁg ?rﬁ (} " b S, ?

over er ase "eHfiPRefragRE 76t %ngF%OI‘gti)pth@ S*PH VPIRESSIST 10F Tr7iEC ©© sr'ﬂ‘iS% cl“3 "% corrpl i shed
by appl yi n@acaquionats tdtoetivalbes\wOV ¢cs Thioretuhein lotelcéllnén thaghresholpveidet er mi ned | engt h
of Let.application of the overerase correction pul se
t he b| ﬁal ?1%&?%‘%38‘3“% gggaﬁnm I f bitline 25 current is still high

i ndi cating thaf an Qveri"[ ns connect ed fo Jdye bitline,

anot her over er 288V EGFPY apﬁd‘fa 95‘ ?Oéna%ce[ “gd i sagecurrerl ure I's repeated
for all ofbititedeakrige frirars Juring exescyerfy cam excedfitiee Vplp@@éem?@ng@ ap epwdtdEVes many

times as NEgESHBdiN uémeldlls Lﬁ;&eeréaedt |Th1§‘ﬁ5al&b'irt InBdsible So deREMEARE ol of hell

pr edet er mdned val ue m@ one é han .t he g eaﬂlscggb[e qlasrmgnee t he
procedur e gngﬁgfef‘iff‘ﬁéﬁ‘!rf@r fraders Redpemgry popEatyey T B e Tirst row and
f ol | owkthg wmeplved mheiptioraltlandifas sehreelChindersd thadevéiepmesivhiequctiaipbach EBROMG- er ase

verified. By perform ng the overerase correction procedure after each erase
pul se, the ext apdhek ndedrbisldeffeq @lal iBcoateCespreamefiraSeatid s lowadusetlycisnpr ovi ng t he

endurance ip{lcc Clzs%hlnli%d dllrfagtli (I;] g (V(’)rdhn% ('..;{’:l v!illﬁ ge igs\{l%{cgﬁt%?gngangeghé c%an:r)lel %f Qse% 2003

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.



WO 01/ 13377 PCT/ US00/ 21005 are corrected after each erase pul se, bb@lhﬂ?mna
| eakage current is reduced during erase verify, thus preventing
undererased cells fromexisting upon conpletion of the erase verify
procedure. Although the APDE nethod is effective in elimnating overerased

cells, it "Zﬂé}(}g}’;ed in that since the sources and worgli %zﬁhfs the cells
are ground f1'ng overerase correction, overerased 5 ce w il draw
background | eakage current while the overerase correction pulses are being
applied. The | eakage current requires the prOVISI e power

suppl y. Even if ofdpdo Sl SEgrapamemener's ”&d?‘"c‘%ﬁ‘f“ic%m ‘%53 g‘h%??u f‘ﬁSt over er ase
correcti O@reﬁbﬂﬂﬁﬁs voUs) that BOYps mGst Bagrenter thahed eita Fechusaheress fittit esmmumttheby whi ch
the threshol g a:x{)gmgrgage ngllﬂﬁxg [elal%getéug&t Qﬁlr}esgl@m a%&@%lta@?dmﬂ [ReEidie 1T mted

because ther reventi ng t hreshol d vol t ages of
proper|y I@isepcaaugaraaps gef p@ﬁ%‘%éforﬁgof’fbﬁlf"f’ H’él‘e‘li“ﬁé f"é‘é%?ec?‘ spYlapiier&as e

corr ectsi ORcRtduBRSHhARIDE Retatidier et 0. I'n addition, background | eakage current
is also present during progranm ng and creates simlar problens. These

problems are e%ﬁ&&?l@%&h@t% Ried e ﬂ§§ﬂ%¥n¥r ViQide 3R EMMRE thaSiedr@SH @R Bitind Step with
the reduction of feature sizes o hr eshol d vol tages of the

erased cell?aléag?rﬂgrfmﬂké“nﬂ@@ﬁ’é‘éﬂmgf“@A&’P@d’ﬁ%ﬁ%f?é‘c?%sqvﬁﬁer val ues of Vcc. This
results in nore cells in the threshold voltage 15 distribution draw ng

| eakage current. In a suffici dhsclogurpefthadazentiony| j cati on, so many cells will
draw | eakage current that the total bitline | eakage current during erase
vVeri fy can excaedrdinge thdjrdsent Bodnhias he fekghigs 0 oter objesedadsatdgssaeven i f the
cel ngacl%’ eevrédlgajalri?\'lée nmgl?od?J S b1tl-ﬁp¥e§<ageaclﬁ§§n dubind ORSS4LRY A4 Aepglet er mi ne

t he sta e uring er se verl read, and renders the nmenory

i noper at i vaéa flasp memesy éﬁdl%rﬁhﬁ%ﬂlf’@ﬁ%}vﬁ‘é’&e}éﬁfﬁ“f‘i‘é‘l?F’f)‘@deqsﬁrgf‘Wéd PAr8fY8rt and has
severel y hirsiasgd eatchaodlemiaaﬁgm Bdlurads amdadueeel duetebiftaje cdrseROMbitindniot her

undesi rabl £agld Sigk ANaL aggsg{z;%%sc% REE Aok PLORLEIRY LdirBlonhln vl ues. of vee
i s that ccl1s ap f rect rd be insufficient
to enhancese]tﬂf"i@1 f@?ﬁ@ﬁn'e‘lhe @fls‘%a‘s‘%ﬂa@c“f"éﬂ‘e‘j ‘é@lﬂlecg‘ih‘tfﬁepf"ﬂ&ig“&"“\)‘@i‘“f‘qfﬁ operation can
be per {or nRekhriigigerafon 8®eind@hducd & whetis @nAPEE éphaticges tpingponisted.pr ovi ded to
boost the wordline voltage to a value that is sufficiently higher than Vcc

SO that cell 2% X&fdahdeGah hﬁﬁe%ﬁlctl%?thé ﬁll/énﬁ&l fﬁe Qﬁftér%%ﬂnadg R orasyad ue of Vcc
= 3 volts, the wordline voltage is y boosted to. a | ue of

appr oxi et Efispryfor egeh I ylock. Kagh T%?jé?‘“ﬁ?%rp E{’ﬁeﬁlaﬂ’éé‘a‘f‘%mﬁl‘?‘?e TREer T“afubugh pass

t r ansi st or sPiEadde exsisthl Eadhmobigneinohing Imotdi redistan end APBE@®t4 mevistor Fhesodiaesikithound

| eakage cuysent | oads down the charge punp and increases the voltage drop

across the pass transi stors resulting in a |ower drain voltage being

appl i e?Q/t o the Celcorc?ance wit ano r3 acs) egr hQ 1n¥z=91 gne dapaeb% g‘g\%ucthé%%ﬂlepé% because of

excessive Ieakage curren op eratt on can become  unstabl e and

unr el i abl eproglangnige BECESHOIT W)ABQE TQETEFISPOFVOUS@WM@G@I%‘?H Bheder2to reliably

program a [&RmRY &1 6&hdoied lohiQespic@editki iSBIVG Blok @ teRPfro@imbdier kedlgl nmust be

greater thap 4 volt that. 1s, VDS nust be greater than 4 volts. Because

there is f?“Pt’F‘fteé“?%‘sﬁ‘sPaEe?ﬁ%%‘of‘n the bitline, any increase in bitline | eakage

current will result in a greater voltage drop across_the bitline
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




resi stance and can cause the VDS voltage to drop bel ow the requi redzg DrEC 2003
voltage. A simlar effect can 5 occur during the APDE operation. Theretore,
what is needed is a flash nenory device and net hod that decreases the
bitline Ieakage current during progranm ng and APDE of the flash nmenory
devi ce. of the Invention According to the p lopention, the
f oregoi ng- g&cﬁ)%#?ter obj ects and advantages are 10 achi ggz@%’?iogé/devi ce and
met hod to quench bitline | eakage current during programm ng and APDE of a
flash menory device. The flash nenory device_has fl as TR cells

or gani zedmedficgiensip vagiguspbvioys aspedss. g ‘6‘3‘!2%‘ depariogfram Be ieE ek PREVIHY: m col urms and
p rows. Adatiaghfefdemvingsana ansied deadiptio viil bd regasied astillustedetin Wi@rbindak. An array
of resi stosrreml .connected between a conmon array source connection and
selected 15 &1 6rs in the reS|stor array are switched into the circuit
dependi ng upon whet her a 15ByefDescupianobthgDeavarason | s bei ng conducted or
whet her an APDE operation is bei ng conduct ed. In accordance w th anot her
aspectsof t he Thawselifdamres bdined cleskisisoe ofalieriayntios arreeti Brtlujp thsfaprgndsét  of
resistorsgfar 'ﬁl@‘ﬁnbenk bt Qﬁver,%glgl é%ipreﬁiﬁecf Bk $fR¢, Snd e BREs dPr ogr anmi ng

node resistor and APDE node resi s ac a e resistor
and APDE %’t‘i‘éﬁg?sé‘é"fe% HHl e b%‘g‘gﬁﬁ?oﬂtbefffe\?ﬁ“‘feﬁ" they OQVb?P%ﬁ%tal %neﬁcﬁp“ﬁccor dance with
anot her asip@ative efbddfent wiverid iDennjubdiien ditt the dserinfperying diavinkrewhegditt: her t he
progranm ng node resistor or the APDE node resistor into the circuit

dependi ng on Whgkdeka @mplmzém&naﬁ@blkgr&m Re&tL sk atpﬂor&rt nespRMmbiydeidi t1ine in

the 1/0 bl ock bj tion.
The dddor MBGA 40 RV A -GRY IR =R bOrehea Py LRt R ARE of bl 11 i ne

| eakage cCerray eqwice c@Bectortermipatiniget gpeuodyadiagsi ng or APDE of the menory devi ce.
This provides a nore reliable programm ng and APDE operation. The present
invention is bmgdres isddersichadidfamncda sordardthe 0ah ofmdthévidethawt iad
descripti ey q_el ow, in conjunction with the acconpanying drawings. As wl|
become reaﬁlf apparent to those skilled i n the art fromthe foI I oW ng

descri ption, there i s shown and escrlﬁ1 2@%35%1 Qv Lh own

i nvention si np§reYsadsalst schymatis e & CB?m?"ho S mﬁ‘B%fé G°Earry out t he

i nventiison in Fgurew ith thecommemiriay ewijce tdneeciigncemedtaino i fxed mpsityiceasdgfowstither

enbodi menys and.i L& several details are capable of 5 2 9 DEC 2003 WO

01/ 13377 PC‘F/ USO00/ 21005 nodi fications in various obvious aspects, all

W t hout departji.n fro of t in t he

drawi ngs and d%g aellstl’g?cl‘s1 |1%%a%q?%b£°¥gn°¥khgaﬁh t?r??%hsc?fg{lé)%él ve in
nature andp ﬁgurezmh ttxe@smrioemaveourcemneqcn@esewm wltsmt%y PeeRiddgs 5 The
novel featyhas pehdi®¥@@dncharacteristic of the invention are set forth in
the appended clainms. The invention itself, however, as well as a preferred

mode of, use, and further Obifcis cafitng BlVARIAGRS t her eof, W I 1 best be

understood by reference to ow ng detalled description of an

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




illustrative enbodi ment when read in conjunction with the acconpanyihbtC 2003
drawi ngs, wherein: Figure 1 is a sinplified schematic diagram of a sector

of a prior art flash nenory device 10 having 161/0 bl ocks, 64 nenory cells
per row per 1/0 block, 512 rows (wordlines) and a cormpbn array source
connection termnating at ground voltage; Figure 2 is a detailed schematic
di agram of ¥ P8#¥7on of the flash menory device shown FFTEYNe 1; Figure
3 is a detailed schematic diagram of the portion of the flash nenory device
shown 15 in Figure 2 with the common array source connection connected to
a fixed regicatanrE. 8 rdind\wr shawn at W, PiLI, WL,.and WLan dhddrguefeac megory det ai | ed

schemati c 09{ ﬁ9§ %an; coI‘un:@texptg Htlﬂ)@ (n%f shI)\ns arfdla§§1|aulm5r¥c1ﬂ%véa&@mw in

Fi gure 2 ay source connectl on connected a resistance
array in a@@é%ﬁ&%ﬂ ‘W“tnhs ch Hempyy edle phd theppnasfydbgiipes. Z%SPW&&‘“‘F‘?) Car ing Qut
t he | nventig@) in a0 Redkey eBAE by SoglRsnth R ehe ldgia siberh ai 116,188, 2205123024, iawd enbodi nent

gfonz gﬁﬁl ;.tqg‘? r}bda %HE r},t sluc P afZS Iﬂé ll&bs }Df}af?&%)]st Qﬁthﬁﬁslgti M?B HS@%%CQS' y

inventol's for practicing the invention. Figure 1is a
sinplifi e@a0§é/ﬁ’é>haals fogic.dTha dingtion of th‘ad@@éﬁ%?ani@ebé* will bedisesedrelst vSS dlevi ce wi t h
nmenory ce |kh§vnb§!h5‘ﬂasﬁ’fn@lﬂ<5ﬂ' Zrﬁdleierz\re:k&tol/i&oda}sQﬁ)kﬁ]owﬁﬁﬁﬁuﬂ:&ﬁd tt ecls shdwi ng 64

memory Cte lﬁléc%or[' g r?,Bdar sec Pg Tﬂ) tga%s pl]e'lceld t}{vrsl the sector th ﬁgn ﬁ_ft?%tsecb({? fec pb er of 1/0

bl ocks, oW | A and t he nunber
of rows i medibrelddis@otzh iele Hative inyerip qﬂér"}}l naﬁz& figthpreliscugied. e'%heé‘ﬁléfesrﬁf)ﬁ%ﬁ‘y cel |

or gani gat Imwaelear@&me@@@daﬁn&wﬂm@cd BMeAtoh, AfkeprdBRedb@ Gihao2 40 has 16 1/0

bl ocks such as 1/0 blocks L/ O O BLK 110 106, 1/0 BLKS
108, 1/ 0 BLRE™IH2Y SO TPEFC%E‘H@’%%‘P%E \{ﬂ‘“’i’?‘b&'ﬁ?mh Py %’Ewn%i‘n“oer y cells 30
wi de and emolernalowesch githd wirdlings, indivatad as! 14 tocbe ivdivighally slested BntePPEd 0 a common
wordline, @g sp@cﬂ?c \%u@E%eZﬁQ%ufm 20dio 3§l?>2/ eP ﬁﬁlﬂgg% %Qﬁﬁﬂﬂy @ﬂhcﬁﬁioﬁ(ﬂe at 114.

Wordl i nes are sh each nmenory

{0
cell in a %®YiIcHime %Aa,{s]spet?g‘l‘i\/\é@? 8"“?8‘“ aow'f'in?nnsgurfe °°¥ne°tﬁn9\ﬁ§| W ha Soal{rsce shoul d be
appr eciat eddividgaichluigdotybw ehsourys tol bd sdldeed thtivall 6f4h€cs9¢r€mw§hec§ﬁﬂqfre‘ww5y cells and

therefore lﬁé& ¥ hihd PR a[ﬁbh@&ﬁ&ét& 'IQ)t &Q{hﬂgﬁurﬁgbmg@hﬁdng RR)APDR tRkordhdd bl ock i's
sel ected by logic, such g eﬂ%‘g ab\g% Q‘G’LG 118, 120, 122, 124, and
5 126. A cFéfPBaSOHﬁ?“f"é‘FCUO% ‘Hs%f’é‘“ Wi%‘d DB7 132, DBS 134, DB9 136,
and DB15138, drives each I/0O bl ogk | ogi ic. The function .of the data
buffers and t h&iguesgiica defafled sphemaficsliogram et n9siop oy, theectqr 400 HpviYET BOROt He £ | ash
menory ar tyo sifes M2akE113 eshen iflBig@dar & pori@iof Sl@win bnatnoguelsoural the sector
and a 2& € koqgés; 1S (sjrtown ag% éhovrv]mg' r‘x‘]Qm hc% ls iO? Zgi %83616 \M&omoﬁ'ottongcoﬁl%% r The

functi On o
i nvention ramrmellsmH@ﬂilo@elwﬁtsrs@rwnaﬁ?é’%ﬂ\gwamewce&b%weé%m@#l‘bgéh 10 Menory
cell are connmenadistRowd cERBBIBIMEIOREY gfd df HidnoBMRIN202 ind98, &s woeikesent ed by

![ Ihge f |1;1§ h hlls) F yw&mnnec&r&% cor%ro'[ gates oto I ?neor%'tcélg Qﬂé{ a%5 Qiiznﬁld th‘l%/érdliﬁa‘SW]l.,sﬁ xsk nown in

shown connecting the control gates of memory cells 206 and 214. It should be appreciated that each
25  wordline is connected to the control gates of all the memory cells in each /0 block from I/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



decoders all ow each of the wordlines, indicated at 114 to be indi vidugCI7803
selected for the application of a specific voltage, the data buffers and
|l ogic all ow each bitline to be individually selected for the application
of a specific voltage, however, the commopn source connection prevents the
sources of an 15 individual colum or row of sources to be sel ected, that
is, all of Wh&/18¥lrces in the sector always have the F&AESPFP4ge applied
thereto. For exanple, during programm ng and APDE the conmopn array source
connection 144 is connected to ground as shown at 146. Figure 2 is a

det ai | ed %MWLOGs AbRowia peferatmRiof APDE editagehgplisee ttand WiiGhedhinai2bg a porti on

of 1/0 bl ci?egte? rgljé%%mgngg:gfl‘lg ks seaecieg Omm sa é: ngeu Eet%a‘%%fmﬁQWﬂo f b&t‘l one col um of

nenory cef 21S nmenory cells
202, 204 andec@B8he secion of pigine 30 by desa wiemﬁloerfc cirqigrpr B2 resples) ip @em%y /10 Bl ock 15

115 i's shoyin gk cA8h 5 AV g KERBIRA. YASGE beSprdfited Bdcdusd ABrdBikAVL, Bagbeedror dl i ne

W.o is shown conpectin a nd 208, the
wor dl i ne SYREEY| aé’lﬂé"r‘?mg’c%ﬁ’%@g{g %flﬁg"gég‘i%a? éel Selﬁ‘g%efés(rag?pcﬁag%%g% gel s 204 and
212, and tptogranvping| Fanexanpls, kfterial of tsﬂmrmmvﬁtheﬂqm@ddeth%%mw@! begat es of

menory cel loﬁrm% (061 A @d fies) dih t1§1995‘*'4egctﬁ§a @&Bﬁrﬁ%{ﬁﬁrﬁﬁhﬁc@ &th&ﬁéﬁﬁry%alsmr diine is

connect ed to the control gate cells | d1/0 bl ock

from 1/0 BRKEe4'be PrOgRTEK: qéhere “’f’l&sefe‘f Ffelr“ée“ﬁfyecnlg%x RERFE frﬁ%f?e Y4 rowin
each 1/0 hiaek aamdnetrdoefrcellsamﬂae pBhBmby] i Gk svordtshrattaequslp. Bpgauge thage & 1024 control
gates ﬁ)omg%rnﬁgwﬁn% 1r?equ\ﬁ@5ﬂ{nbgb@the %@ﬂor?béllls bdiiz p?o%ﬁmﬂlgd Et@%ta@@ﬂrr@rm 200 is

sel ected data buffe %IC circu { ¢ é ,rs a data
buf fer an °‘é(§‘§6‘6‘1“€t‘§"cF°mF’6’g?"@y E‘i“FCE ERREGo Bt Va@'achF“ ?gd‘pﬁrf B%T%’m Hd' t he data
buf f er andreasgedisatierbrogogined o theonnird. rAs dselsed ttwve thg pecitflogin8@ abi t | i ne from

the 64 bi EAM&% b{tﬁ@hm&'ﬁbmmmw %gaﬁh&ng)curreﬂt doaﬁ.g M& M%&mrﬁeﬂ
conveni ence, 'y one columm of nenory ls in @ Bl ock 0 and UO
‘ﬁlé‘f?ﬂ‘u?v cell in 110

Bl ock 15 |b§m&wwﬁnmeﬂ§ﬂdéaﬁe%@eawﬁ%weé‘m Ca“S og 6581“1“?
Bl ock G Callﬁesbﬁd sth@C ThdeaRape tilrentwpnlcibedaese dea Odegh tgelosittes pigneaoseltsi f i ¢
wor dli ne CLB SuRd Eba\]:oﬁ% ngtfegsed ol@a@goflaﬁgéx%nafél)r Sl 4 p%{hea 18nSRIiRGH MdioR specific

bitline an ecause sourcées are al connec to a comwpn vol tage, the
sel ect i on t¥rsheld ¥ghageiof sopme QgpePemor ssiiFarputeie rpall DyEige PRVl E® s a specific
Menory celthost @il ITerd 4DatBla odo fdobles Lauged Ak Rakagescusdno Vifirsti the [Fogammen?, the 7 2

9 DEC 2003, V) 9%%%@ Ze?lf &%@Hﬁ%ﬁ%&%m@ﬁl al Qﬁhé%&a%e%ur&ﬁﬂ%ué@‘aﬁz@gea

programm ng or , i ne
sel ect &Y, hrRat 38 theiefprecaditge OBy S?I’Qlys 8o ?ﬁaus‘?&f’mt ih & finitg rsistencpBuunB M5y s e

wor dl i ne Widbnehiagicd@@fithe Sa3hed Blsigiek, at 2ﬂaahsm¢ra@ad|bnmeeﬁnemchds¢m tteze@kaeay dat a
buffer and Io ic circui 222, resul i.n C he col um
208 al so being Sere &F V%ﬁagé/dmp AL o ﬁb"?" actodFi Iat e %néggﬁg‘ee ?rdl{f ?“E]e W.o has
been 5 seloe@t:da@ theginciriaget] Nqifegeldmpe\éfohthmhet\'bi@gqtﬁ@45'{ dgerkasesQhetdrpinogligsce ¥ can be

sel ected fQi A hARRIEbiIRN &U%n%the&%ﬁ'w ammmmrmgewamald@)p pabi er all of
the nenory cells have been erased, the selr%%r can ng;c%gsr%% nmed a word (16
e

bits) &t éhetrFWﬁedo‘S?m% Gyrically 43tk nege A fonte i tPF?éfaBI“t“ﬁP menory
cel | s t halystneievhicha bBeolpumpirahayed beifdised i dres parg hhawbasilized mEmmase cel | can

be progr ar‘?sq{)dn{“ost & oMy ce?sléréle@a alRtHY Wﬂ?gc&x@gﬁ?%@éﬁn%%émﬁcapan be progr amred

in the wor neous ecause there is 10 current flowing in each of

the bitl f th I b t
1 ovi ng. L oug MRS ROIRE 4=SIEF 50t QB FERt FoH Ly AMoHEREh i ng upon

t he nunberbesfeen 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



menory cells being programmed in the word. As discussed above, the ¢ CHHEEM03
flowwng in an individual bitline is a conbination of the progranmm ng
current flow ng through the nmenory cell being programmed and t he | eakage
current fromnenory cells on the bitline that have a | ow 15 threshol d

vol tage. The Ieakage current results because even thoug@ %Q%/zmgdl i nes of
menory cel WOOVIBE grounded (0 volts) there is a voltagé U &pproxi mtely 5
volts applied to the drains and the low threshold voltage of sonme of the
menory cells can cause a small but finite | eakage current from those
cells. Thﬁbse ifanoelladf te bl lebkuge qurrarit| lBovesvar.dasied oy isdnly alsiaglk B¥fe €SP ent .

First, le er lﬁ%@zﬂym&'ﬂ&@& it prdvE AR $1h9§1@ak§§|chr§anaﬁbdﬂﬂn@fp@ﬁﬂhamr‘3d conbi ned

wth aII age current requires al fag 2'1 curr Q bgigdthereforea
I ar ge pom@imbéfLPéb‘Fsy“ ‘hSE%rSH"d“g 1’6‘&"5{{]‘?@ Fongxpplp & ogly ppa ity ¥ SPERTe RBItU C in
the bitl pdgrammdichheat icnlyye driedititha sdeed (oesif 8 p@siblato i) apdhibe ¢uretteased
bi t]i n%b %‘l{;\gn?%throﬁ%lﬁ?e%glsgy 3ol & ?ﬂﬁ%%rogﬁfﬂiﬂng@ﬁnehﬁﬁfn.%ﬂﬁ@%netbh%eﬁ(é)l tage drop

L1V = 'I'ne across e resis RB ‘{ypro bl em caused
by the i neweased apdiy igkseisupnt fom the rangining § Hanamonealsomr s 98 decr eases t he
drain vol bage MR vid cideige tdnegeidh bagehbetinesno tbhercttialyymahd cotreredour ce,

VDS. The tge stllua\(lon in ?‘vgl%h V@gg %ﬂlilbglr qb P\e l?@l!ng\% thgéor& Qgﬁ %&%‘ﬁ}orgﬁﬁllm\{@- lnge (typically

4 volts) ecessar progranm ng o he cel In a system
in which axagpledf tm@@;ﬂﬂy 1§ bifstvetgdeing prpmppd e rens floving Braveh ysEs t o be
utilizgd B wdGRass 15tk thiRRiahmiglciagahbahtkiegloet esbenld ilcededny and t he

vol tage dro nor e itic etailed

schemati c ﬁgag%wgﬁ‘ﬁifrf)nﬁﬁmm&lrnggghmenﬁ%Jceléselﬁstgy{“em %ggéé\gﬁgn%ﬁgd bet ween t he
comon ar raayecgtvdbrﬂ@ehf@@n%e’e@lﬁ WiiegE4BP aiers e tseitter SAScou e 2 ek e % or  art .

The resi stPfs o3 Rreddca8 @0V B8 difféterRé RIRDloghintning Berchi@kay el bamy t he nermory cell's
that are not belcp progr ammed or not undergoi ng APDE (overerase

correct i oR)°T*THE" ¥&Si stor 300 causes the conmon array source connection
146 to be at a voltage above g/round 0 vol ts %3‘(5 e | ue . of thg Je3|stor
300 i slsel ect eﬁ’g%“‘f"ﬁ’éfhefiﬁ%le Shemae stove ?ﬁ%&h %?Slséoétﬁl?aé’e connect i on
146 i s sufchbinedtc@bbiwtd tieabmort dn@y édtlrcm‘om&btion 146aind grednl & agjoglarcaevith hody ef f ect ™

by gener at Ie@&t ﬁhemuﬁs TMeorhstls?ogﬁTapgﬁd/\ﬁgﬁ statbﬁ’ r&gglsstrép?cg&teg W@ﬁ:’éds&ﬂwt&% and the

cell source suc e current of nost gz ts guenched. This
prevent s ghexotediiprat $¢9gad W@i?e’igwhm‘?%%“%% ﬁﬁé‘tto ri“l‘smﬁot all, of the
bitline | esdagel vatireicd V. Blédoweigreforbiebafsemthey ectochad il YO Blods ke f i xed
resist N onﬂ%e 5%%!8 g{lsto%) Qla&%§o x@&s‘(érﬁg §dé(ﬁﬁ &S wo }eﬂstﬂﬁ %){eefggis'td?g b' t | ' ne

| eakage current upon t of bit eﬁ!\o

pr ogr amedissofgpd %S@é‘r?fﬂg@mmi‘“ﬁ M9t apd ES‘ﬁ é¢°‘B’FtaSS?Ct‘f‘t°fi pah 6&)‘?‘}3)]51 ‘E"dﬁ 8‘am5? og r armed

t here wil |in @by se@0DR&e P titsi rassis eﬂﬁéﬁﬂtl&:d)rc(gﬁmtmﬂgfmoac 4008 sicdidecsis®r 498t | i nes) and
the current g %ﬂﬂﬁﬁ&&g SRR 08 LGB REOL 2 390 glr(])(?&lﬂ% pRErabiiig PT OQr ammi ng

current throu pr ogr amme age current from
the renai ringdy afslﬂecﬁwsy’f 12 fprghe F?ﬁé‘@?%@a?bdestsﬁét“ ‘heﬁ?stsﬁof M= has‘?ﬁl s woul d cause
the vobj ag@so&ﬁt@@sw&a{ Q&Sexhrh;ﬁae p;egrhrs:hxﬁg re 306 406in heistorabiadl ek ywishdildlandas conpar ed

to the si t,%é e 2 o Sm )'} et 4%@ i&gﬁ)ﬁ% %ﬂ&g%ﬁmm csffor ifdGn Wor d vere

bei ng prog Its were. being
pr ogr anmedresitdrest é%hﬁwﬁﬁ ﬂWg\PPﬁF%hﬁ‘gﬁ‘l? brs a pitsh 4300 Eacpof o9 f5EI"d be 14 or
15 tines the r@sﬁsﬂﬁseamrﬂﬂuea tuy ih@féEpe&tlhé QU aimi 161 ored®y. [Fosghnpotik d i ncl ude

any | eakage l{gu{qrre%gttor set 4(?)9] wthxc is assoc1ate Iwrlltg I/g%il'ocggq}%rcgntr%@dlﬁ Dbn& l&‘?c 14 or 15

bitlines.
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




appreciated, the difference in the voltage drop across the resistot33a0 2003
could' vary as nuch as a factor of 15 or |arger because of the difference
in the programm ng current through cells being programmed al one. 15 Figure
4 shows the detailed schematic as shown in Figures 2 & 3 with a resistor
array 400 connected between the comon array source connection 146 and
ground in ¥OMABAhce with the present invention. The PEEUSWBI0% ray 400
has 16 sets of resistors represented by the first set within the dotted
line at 402 and a second set within the dotted |ine at 404. There is a set
of resi st pogamaing MedecadsBar fot ¥hblexoh4db/iDthBticaikbearreh hh@meboray sdfurcthe fl ash
menory s eg(;[ngr tlonaIQti an% ﬁéggmB llﬂfl':k?c Lo\%grzﬁ SR VDhitk RE0R%cS I APDE, iRDBSt Or S.  Each

set of reSi"Sfors resi stors, one resistor g sociated with
a progr anfiliegic ﬁﬁ‘d?eusasrfd“?% @é@%ﬂh@s@%‘éﬁ ARDE| i APPE ppdoneipster fg For
exanpl e, plokk 0) 868 i® 1hEirchiCberwtetht Jflﬁfnan bﬁayaoﬁntel’c&ﬁledtlelsﬂﬁ wargrolifd Sirgitarly.he

pr ogr ag-m g‘?)Bg}e)&? 8%6:}9% %Iegtgg Qﬁge 1rn s 41%§der tg &&ir%&??g ﬁteﬂggﬁﬁe Simlarly,

in respst res pr.ogr ammi ng node
and a secesgted élgmstﬂ@rDBdsngnglsr22% WESBAP{BE*‘ %d‘ecmsEd‘@ﬁh plassy %C%IF en t he resistor

sets has JRsrms 5REd rathises fob 1o blekk 15500 neasamaﬁleoempmgaroammay gsicst or 406 in

resi stor set 402 res i i stor set
402 has a°@WFFEH4 gi@gﬂgf’#q Q‘f‘g/‘,io%)msele ED%mmemﬁ A%%Ap é’%?eem stor set

404 has aDBwi& bdzic22BcapsaslsWAFDIRO taeaddse pich 1411%5 d‘hs M@%ﬁochmlsmﬁab h of the
SW'dt f hﬁs b7 bld%}?-‘i:ﬁ 4188 ihs Lidkit weeh e &Qrﬂﬁdh@}riy@dlr&)éoﬁnaﬁoﬂ’ B6 peigkdur® f’di})g b\l;l\Lf eL
and logic circuitr exa in resi ic
i s associ ar®lf b\?\fﬁp@/‘if‘g ﬁﬂegfﬁr%mog Cglﬁéno?lafe}l\fé(? ﬁp’c %%at arbé%e %f%%r igne%‘? 50 218.
Simlarly, wﬂu bﬂel6§°Wgtamh®s%torsmonne@qd%twens@tcommw aff\mﬁoeﬂﬁﬁ qomnegiivg df6aad ed wWith 1/0

Bl ock 15, D%ﬂr Jnﬁﬂng bﬁer@g}&@e&n&@mpﬁn l%%%anﬂﬂ@no‘iﬂeﬂﬁd%Sb@.re cl osed by
t he reSpeCtlve ?l C Clrcul

i d by the
dat a buf f SFosEAGS GgF &a“(t,’ PR P %tlp X%Prf) # %’Pmmg moc‘e resmtors connec 2k 5&‘% %’ﬁ an APDE
nmode. PBor theaxamyl @y sohrcOBonegidndds and mgidsieﬂl@@tograalmblg{ $linﬂ§1>’| thergs@n Bt ock 0 in

order to pfd A0 618 QPMEYes&@JS I:onQ&tegget‘&&ﬁ the eénﬁ%@gayl%bﬁrdelc&ﬁectlﬁﬁlﬂﬁaﬂ) & Logic
218 causes swtch 414 to cl os wi/\h 8 8‘ g ¢ ‘%49& ‘ a?ca C 2003 WO
01/ 13377 PEoRPoes AR S PG TR LSt %‘i"%sn BT U BIOCKY 0) 406 in

t he ci r cuidjubetuyecdowh depesidngmpm tlaamnmlyer sy cel@@ﬁnmogrweinﬁméﬂwﬂgr ound. |If
DBo & Log'ﬁlﬁlgs%hﬁ% aﬁ:p@cxmsdt ht féﬁstbr@ralsé@egnﬁfékat@a fsrce O6R %txorNGEagDBO & Logic

218 causes swtch to close, whi | aces e?épmg rmlge resi stor
for 1/80 A 8lkthays S&@Ble?‘r‘PfﬁlFFéhethPE%H &hc 5%&3\)(@‘5?? {bH%V 5 %%‘F%‘gﬂ th ce
connect i 0Nyohdf RRReDh libdiratstdihdcabn hd the defl séhtcelsbcrhdiagicarrahi2df thel ects a
bitline in 1/0 Block 15 |n order to programa menory cell on the selected
bitline, t‘ﬁ%sqﬁﬁ%ce&s’ﬁ@b‘?nﬁ 922 causes switch 418 to close, which places
PGML5 (the programm ng node resistor for 1/0 block 15) 410 in the circuit
bet ween t he coffhomsiganccaplusolithe prograwningoede orsision @ndthreARNEGRPARIresiyiers PB15 & Logi ¢

222 sel eCt &epmifdatilomMR phiamdAl oﬁh@;ﬁkxcﬂl& ffa@xrmeﬁB@Eonf%ﬂﬁlon PRIR tigesh@@i ¢ 222
causes _switch 420 to reS| stor for

C
10 1/ 02%| Oml%agfg)smatf?n #‘1 fslcﬁgn Er]g}ngﬁl ulgg%twg?_l %e é’lreglold VOIBE e Jirs?n utlon
connect i onand 46 P@tﬂﬁalgﬁamndmmouléhwﬂ@nbyoammw@aﬁéﬂli mxdffurﬂ’ﬁéﬁtemwee menory

cells in eaghalhQ tk@lvg&ge 4t Batonfod akr sBBceRbRSHBINBI BeBde@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




will be 16 Programresistors connected between the common array so 5
connection 146 and ground during programm ng. Therefore, depending 3EBKW3
how many nenory cells are to be programmed there can be anywhere from1l to
16 progranm ng node resistors connected between 15 the conmon array source
connection 146 and ground during programring. Simlarly, there can be from
1 to 16 APDP #Id¥7resi stors connect ed bet ween the comuifTARPUAISour ce
connection 146 and ground during APDE. Therefore, the voltage drop across
the resistor array 400 is automatically adjusted up or down dependi ng upon
t he nunberaPDE onEmEl ifen®e) desicd @hd g sqpib@igresiviad deviceprdidesgaiteguendRiEf As shoul d
be appreciate [ nection

Vol t age. t 6p kel il B ok fhiie b ApRREHE R Bic S MIERERATEEL 001 1
via the "@wﬁyﬂ@WPE€$mmﬁwg@@ﬁ@?ﬁ?ﬁﬁﬁmh bi as voltage between the substrate
connection and the cell source such that the current of the nost |eaky

cel | s i s quenchedoreghing desepiist ofithe emhedimeaf tif invdpdondrogrumesentig forode resi stors

and the APPIE ﬂﬁlu£t1%§dnsa}la)£e§cn§ﬁo% it &b EREABEM b éx%ﬁgttvb@npﬁqmmetnwna& of t he
partlcuIaP Pa menory cont |gurat|on and the t hresh 5 vol

di stri but i*®fe Prygse f"d‘ég‘i*‘ﬂﬁ?ede ViR &edifientioes OH?éaf‘éIfoﬁ? FPRFF erﬂ‘ igfiof ttf?ra oI d
vol t age dlt&E}ﬁﬂgb.UI‘Ha embodidetl viahiehogeo trelniedceibed kogadvaig éhe best ittesrbtionoiithed exi st duri ng
progranmm %gnc‘%ﬂl'g oARRR AR aﬁd{{séﬂa{caﬁ%lﬁ&ﬁh QQhere‘g; endh@dne bEXGhar slﬂﬁl u\/ @t tage at

t he common array source connectl on | d _be raised in or guench

| eakage c L?F‘r“é‘ﬁiﬂlzeft?ed?ﬁeﬁﬁﬂ Brvatous eppofiErRyt §pd dED Y"é“’“sﬂ?f"gc%‘iilaﬁar%sém%? o

st r ai gt f arenasichie adecodratpia@n. Ainchch moedifiodtiops @k dariiidnt ¢ enltiin haicomsf hor di f f er ent
confi gurat.j eekatgd that

a1 T hoagh 1N e R Bhab s R R et he
swi t ches arhichdiepee fihi lesalprdcadablnemifitdact ured as on-chip circuitry. Such
switches are well known in the art and will not be further discussed. In
sumary, the present invention overcones the |imtations of the prior art
and fulfills the need to adequately and nore reliably quench the bitline

| eakage current during the progranm ng and 10 2 9 DEC 2003 WD 01/ 13377

PCT/ US00/ 21005 APDE of a flash nenory device. The descri bed nethod and

devi ce provides for the quenching of bitline |eakage current during the
progranmm ng or APDE of the nenory device. This provides a nore reliable
progranmm ng and APDE operation. The foregoing description of the enbodi nent
of the invention has been presented for 5 purposes of illustration and
description. It is not intended to be exhaustive or to limt the invention
to the precise formdisclosed. Cbvious nodifications or variations are
possible in light of the above teachings. The enbodi nrent was chosen and

described to provide the best illustration of the principles of the
invention and its practical application to thereby enable one of ordinary
skill inthe art to utilize the invention in various enbodi nents and with

various nodifications as are suited to 10 the particul ar use contenpl at ed.
Al'l such nodifications and variations are within the scope of the
invention as determ ned by the appended clains when interpreted in
accordance with the breadth to which they are fairly, legally, and
equitably entitled.
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11 22-10-2001 -12 CLAIMS: 2 9 DEC 2003 US0021005 Repl acenent P C?”@z
20032%~ é@im conductor nenory device, conprising; flash rrem)ry ﬁ

2040 dg 0, 212, 214) organizcd is an array of n 5 110 bl ocks (1@}5;,0021005
115), each 1/0O bl ock having mcolunms and p rows; a drain of each flash

nmenory call in each colum connected to a bitline (216, 220Replacessnt Page
gate of each clash =wy cell in each row connected to a wordll E[Wé@ 10 a
source of each flash nenory cell in the12&rray connected to a conm)n array
source connection E146); each bitline in cach of the: xi 110 bl ocks cot al
to a data buff jogic circuitry device (218, 222); and a resistor
array (400) connected between the common array source coffin 15 (146) and
ground; trisect in that the resistor array (400) conprises a set of

resistors (402)1. fum%ﬁaﬁﬂ}&.&;}w : erein the set of resistors
for each of the it 110 bl ocks conprises’ a 'powhode resi stor (406 410)
and a prograni ng ro&ashmgroery cel(202, 1204, 206)210,5210, 204) cipHni i N4 n

di sturb ergse and an automatl C: proga tg
di sturb erase rmdgoés%? &}hq Séhgagﬁygéa]h)k}m M PSWYenory devi ce as
clainmed in 25 cl ai na traift of tdeh flashOrenbyicel in @) ‘wﬂﬁfn'
burr nod | ogi caﬁ)rcwtry devi ce (218, ﬁ222) for each of ~ ﬁ% ﬁj cks

and the progra g node switch (414, 418) for the correspondl ng 1/ 0 bl ock;

and a convection ffer and. l.ogi¢c circuitry device (218,
222) for each of the n 1%&%?%5 anﬁ’%@“ﬁ&t‘%gﬁf‘%“’;ﬁ" BRFciet e A gvodilise ur b
crag switch (4@8L): 30 420) for the corresponding 1/0 bl ock, AVENDED SHEET 2
9 DEC 2001:6

aSOWOfeaChﬂashmamryceﬂmthcauzyconnectedtoaconrmnmxy
source commection (146);
each bitline in each of the » J/O bbckswmactcdwadamhﬁ'arandlogic
circuitry device (218, 222); and
areAxStornzmy(MO)wmectadhetweenﬂ:ecomxmnmysomceconnmuon
15 (146) and ground;
chamctmsadmtbatthemuwrmy(wmconmasetofmm(M)
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



©22-10-2401 US0021 bOE Repl acenent Page Z 2 DEC 2003 -13 3. A 9 DEC 2003
menory device as claimed in clam2, further conpri gi nﬂ&

ui t A Hy200T

SW t catry in each of the data buffer and logic circuitry devices
(218, 222) to close the corresponding proms node switch (414, 418) dWISouR1 00:
Programming of a menory tell in a bitline controlled by the RealaseipetPege and
logic 5 circuitry device (218, 222); and switching circuitry ZnhDEadhl of

the data buferr and logic circuitry del3 t es (218. 222) to close the
correspondi ng automatic prons disturb erase node switch (416, 420) during

as automatic pnt, di Sk eration of g nepnory cell in a bitline
controll ed by the data auféer a%% ‘??’""EP? ’}‘C&Gvﬂc&nb&tsmp . 10 4_
A netbod of quechi ngviiching mm&ﬁhﬁ.&hwwe%b&@ conduct
devi ce m whi ch % tfo %% nory deV| .ce conpri ses ?‘?ﬂg 8%"1’@1&02
204, 205 10, LA i i wsibhac o D gl
eact ock Sriinfighp 6 £ LOWS od conprising’

i a drain of each flas rremqﬂ’rgbg‘gﬁ h’zﬁéclﬂ Idém"hliﬁrambluig{cl ne

connectlngS
(216, 220); ct|°¥§“187 m@‘“@ﬁﬂbaud each flesh menory cell in each rowto a
wordlino (); conne .source of each flash iy cell |n the any to a

oomp~0 nuns, 20 sour ce c {17 & afzbs ¢ m@mm gg&dzn each
rcuitr) eV| ce (21

of the n 1/0 b28Zke tloseathel dbiedp) ﬁd;%l ,9,9,5;0 CL
and connecti ng Ag m%wo array (40 g'B&e,t Ve eh o ORI Setuch ergse
connection £ )6 limg‘mmgm W t~ ac

resistor ar aaym(gum,&ﬁm“# spuf ce comaeetl nn
ground u conpl i shed by con ethﬁ ngb'aﬂt%‘%/l craursdayics (2180222).f or each of

c
the n 1/Ola°ol ocks betweM the common array source connect on (146) and g
uvd, ,a a set gf res g&%@ br ach of the n 1/0 bl ocks betwec the comon
may source connect i on 36‘3 - ceD Pk 2gRRshdd¥or oemory

2dem06 21;1whmhthcﬂash-ntmxydev:ceﬂonpmes' flash memory cells (202, 204,
10, 212, 214) organized in an array of n I/O blocks (102, 115), each VO block
hamgmeohmmswdpmws,ﬂlemeﬂmdwmpnmg
connecting adramofaachﬂashmoxyceumeachoohmtonbitﬁoe(zls
220); ’

connecting a contro] gate ofeachﬂasbmmnmyccnhmhmwtoawozdline

15

(WL);

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

connscnngmhb:tlmemeachofthenVObbcksm
. a data buffer and lopi
circuitry device (218, 222); and o

connccting a resistor atray (400 between the commen
(146) and ground:

array source connection

25

30 accomplished by:

- AMENDED SHEET



AVENDED SHEET 2 9 DEC 2003 2210-2001 -14 Repl acenenf P a0ge210b é@ﬁﬁ
2003 connecting a Programm g node resistor (406, 410) and a pr+vgra m
de switch (414, 418) between the c a M array source connection (146) and

gr ouné,z‘m?ﬁq Tconnect i ng an autG n tic Prognmmyng di sturb case node %@%1005
(408, 412) 5 and an automatic programming disturb erase rradéepéwem% ,

420) between the con=on array source connection (146) and ng)Z)rﬂEB.ZU[H

method as clained in claim4, further-¢énprising: connecting the data
buffer and bgi~ circuitry (218, 222) for each of then UO 10 blocks to the

progranm ng node switch (414, 418) for the corresponding I/0 black; acrd
coma sting the data . and logic circuitry (218, 222) for each of the a
/0 blocks and the ggi’%gé‘%ﬁa%ﬁg'ﬁ%%ﬁéﬂ%%f?m% 410 a0d prphrasmiindmede1 4,
418). 15 6. A medwitch (423, all B)usoneétnithe Bdrabon & k Ug. . Rrovidin

y in each of the dear btZ1 ieg{égé#%o&gq"@iﬁwg

switching circuitr
devi ces (218, 22’5{ to close the correspdndi ng proganmi ng node switch (414,
t he data

418) during progranmgg |l in a.dbitlme conrol]ed b

burr a W logic circuitry _gea\g/ia\(?% E 51@% S0 e "ﬂ&tﬂﬁ)ng

circuitry if ead®d 8k atemistio peoptmining dimwb krgi modd Patich (496vizo5 Bth 222)
416,

to close the coichgsp i Egﬁgti C 0 disturb am node swtc
420) during an autong??%&g%%yg rs K’b‘%’fnggé"‘ﬂ%erati on of a gicny cell in
a bitliae controlled by the data but '"ear and logic circuitry device (218, -

222) _ 25 7. A ngthod,as .cl,ained in claim6 or claim?7, further conPrisiag
closing the nggvmﬁmg‘mmlﬂﬁﬂmmﬁﬁmsociat ed with 1/0

bl ocks its which neishgicing &€ ks bt doh BelSeilehdY G1- Gozy DENDED, SHEET
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






