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The cells are connected in a rectangular array of rows and columns, with the control gates of

the cells in a row being connected to a respective wordline and the drains of the cells in a column
being connected fo a respective bitline. The sources of the cells are connected together. This
amrangement is known as a NOR memory configuration.

25 A cell is programmed by applying typically 9-10 volts to the control gate, 5 volts to the
drain and grounding the source, which causes hot electrons to be injected from the drain depletion
region into the floating gate. Upon removal of the programming 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 value in excess of approximately 4 volts.

30 The cell is read by applying typically 5 volts to the control gate, 1 volt to the bitline to
which the drain is connected, grounding the source, and sensing the bitline current. I the cell is
programmed and the threshold voltage is relatively high (4 volts), the bitline current will be zero or
at least relatively low. If the cell is not programmed or erased, the threshold voltage will be
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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 lngh threshold voltage VTMA'_X whereas the most
overerased cells have a minimum acceptable value V;MIN that can be zéro 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
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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
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25  verification can be reliably performed. For a value of Ve =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.



unstabl e and unreliable. 4 WO 01/ 13377 PCTNS00/ 21005 In order to reIiany
program a nei@pssA | . the drain to source voltage of the peg, ﬁ%

greater than 4 volts, that is;  nust be greater than 4 voIts % S there
is finite resistance in the bitline, any increase in bitline | eakage
current will result in a greater voltage drop across the bitline

resi stance and WarerERliably proggma mpEpey£eib thedrain 18 soums vekinee ¢idbecelmnst by
vol t age. Agghsf thaa4 veld, m&tls,%ﬁx ferdururtm tﬁm&t&eenﬁr@%ﬁmw itler ef ore,

what is ne drsafl C netho hat, decregses..t he
bi t1i ne Y e A "F‘f%gv B ST RSB PR PR o ror
devi ce. Dr ssisasas s @k cdukecthd Vi @sltagono ddspbeloel thia geqhipedivhieagar & simildr effaveant | on, t he

f oregoi Rg an t.he cts .and advantages are 10 achieved by a device and
met hod tgo quﬁfﬁtﬁ“‘%ﬁ‘%?‘?‘lﬁg eaﬁgge current during progranm ng and APDE of a

flash nenory device. The flash nmenory device has flash menory cells

organi zed in an 'lé?fﬁfav WUSM‘?(’OSbﬂ@bk@mowéewelaﬂ@ﬂ@é!@tm@ﬁﬁhw@m ums and
p rows. A Gakde Bitfeh 6d #d APDERE ik 148 reibry d8@&h |/ O bl ock. An array
of resistors is connect ed etween a comon array Source connection and
selected resistors in the resisfor array are swtched into the circuit
dependi ng upon whether a 15 progFai Ay OPeratton i s bei ng conducted or
whet her an APDE operation is being conduct ed. In accordance w th anot her

aspect of the i Acondingdnthe prssntinsshtionghe faregeing 4nd ofhercpbiecipand pdvantagss arg f

resi stops fagfie aulQe Jah REdod @@G&ﬂcﬁﬁﬁn&%ﬂ%&&hﬁ&@&ﬁn}; PofHRMg fnd{rR@ amm ng
node resi stor _an DE _nmode resi st or pro% amm ng, npde resistor
and APDE n@fef! ?SEE?'@?QS rie‘rcg Thedlash memany dvice has flashpremo celi‘(?‘&‘ﬁ“’&d%’r"d’%‘éfe W t h
anot her aspaadblaks, edek VOmloekhaving m dofeemslaidap riowsl A dita Buffet 8 b@mecssd tdidlinds e

programm ng, mlﬁgsﬁgr&#gf’{w&& is ctF’IRE:tJRg&eé c'oﬁﬁngx'iaxragts&mt canm brﬁ“ne in

dependi ng on whe
the 110 bl @elkctqucsb@rsngmpmgpmmeue @?ﬂtcmlmgtheslemjté@m@stmmawm oper ati on.

The desp | bRduiRd)0feaiil ilRith abdiddr ikt SEAPIEpeblifh 1IARCRIRGEO" DI Ll i ne

| eakage current 5 duri ng t e programm ng or of the nmenory devi ce.
This provides a_nore reI| rogr APDE oper at The present
venti on i's: boltBroTaIS e BRGRora R e oAt GHS AP E e OB P AT of

descri pt i onesistved fonwach O ihankj Bawchsét ofresistériintlives aprogmmming modp relistonamigs.  As Wi | |
becone rea gggﬁ: t ng
description, t ere?erglgt&tsr%vrﬁy eé%ﬁebg %&aﬁd&ngEgr Je{l&épféagﬁmhg%%ﬂm

i nvention §|SPY1§‘F by way of illustration of the best node to carry out the
i nvention. As will be realized, the invention is capable of other
enbodi n@nt s and ki decordutieavithlandtiet Apécsofaliednvengun/thedatfbuffer 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
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Figure 2 wit n‘ig&ﬁﬁ?ﬁrgﬁf’éﬂf“’go ngpoggﬁﬁﬂgﬁpgwo oe re5| st ance
ar r aj0 i nhaxing &6 Y@ hloeks, %mdmmllmmnervabm ﬁlﬂTowQ@omu@Saﬁd@mo@aon yi ng Qut
the | nvem;ak,g&@g{,ﬁg&g{;%ﬁaﬂgwg{@q@v&&éﬂet ail to a specific enbodi ment of

the present invention that Tllustrates the best node presentl y

cont enpl at ed rs fo tici the inventi ure 1 is a
sinplified sc‘ﬁéﬁﬁ? %ﬂaﬁeaﬁgtm%‘f cdipetint ot 4 ‘1‘8‘8 &e@sﬁfr‘%‘%‘w%ﬂ?ﬁ? "’gé‘bu ce with
menory cBighe1bei ng organi zed in 16 I/ 0O bl ocks, each 1/0 bl ock havi ng 64

menory cells per row and 25 512 rows. It is noted that the nunber of 1/0

bl ocks, the niiRes iQf delfidiRERbmbt dispranfof e %woﬁmahﬁ&m&ya%emt he number

of rows inthe |I/O block are arbitrar er sizes and nenory cell
orgaﬁ? z ain¥igyze W@%Wéﬁ%ﬂ“ﬁ%%“ﬁ%@ﬁﬂ@ﬁﬁx%s‘%ﬁﬁﬂ‘"%mhas 161/ 0
bl ocks sthefpri@ar;abd bl ocks UO BLK0102, .1/ O BLK, 104, 1/ O BLK2, 106, 1/0
BLK8108, 1/0 BLK9 110, and 1/0 BLK,S 112. Each I/O block is 64 nmenory cells

30 wide and &g dto a
comon wor dl i n%%%%l/%?%@#m% %gﬂgﬂéﬂs};ﬂ@rﬁ&ﬁ%&m

in Figure 2 with the common array source connection connected to a resistance array in accordance

with the present invention.

20 Modes for Ca . ing Out 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 I/O blocks, each 1/0 block having 64 memory cells per row and
25 512rows. Itis noted that the number of J/O blocks, the number of memory cells per row in the YO
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 I/O blocks such as I/O blocks I/0 BLK, 102, YO BLK, 104, /O
BLK;, 106, IO BLK; 108, O BLK, 110, and I/O BLK,s 112. Each I’O block is 64 memory cells
30  wide and each memory cellina row has a control gate connected to a common wordline, as



indicated at 114. Wrdlines are shown at Wee, W.1, W..i, and W.511. The
drain of each nenory <cell in a colum is conneci |16 a bitline (not shown)
and as shouMP#y833ppreci ated, each 1/0 block woul d t henPREYENEM0E o umms
of menory cells and therefore 64 bitlines. A specific colum (or bitline)
in an 1/0 block is selected by logic, such as the | ogic shown at

116, 118, 12Qyal22q A 3f4. VeHlises &L howhaRLAWRY WIS and WIGH s difRQf dadBmerilidy 1130,
DB7 132, DB8 134, DBy 136, :and DB 15138, dr vq]%uigggch 1/ O bI g@%ﬁgl The
I

functi on oFeﬂlﬂécﬁlﬁP‘hEBW@%Wﬁm?W@ S &n BRPIEEAEL &3 As is
known i n- t Reui iRk Raveesesldmm bof meridigetls ﬁfdﬂlcﬁbﬁﬁé Mbmiﬁesodepeslﬁ(: panseown) t hat
surround the secto egto dec wi t hin
t he sector? ﬁgg{z’glﬁ‘s(%‘?] feﬁb@“ wsneac%:?& h@,jﬁ%&ﬁ%ﬁ%ﬁfﬁn i ssue
in thissi nmmwatamk mhhsmmm@mmnsfm;mmmslsﬁmwﬁmlé%énm each 10
menory cel lfa%lﬁb(iocﬂ @ﬁ)cﬁnmbﬁff&sa%dﬁlg gfc‘%wﬁ%&%éﬁﬁbwa%sxs

represente commbn array sourc connection term nal 144.
As is knovmownmmﬂmwmamwwmesecwmcenersﬁ@tslwelf&ﬁﬁ'gwalﬂtbﬁ/@e%%f@w‘*bf t he

wor dl i nes, Wmﬁgm@t;nllﬁﬂmﬁﬁ)pl@&d\vﬂﬁh%gééﬂ' | Bhe fiikc@tloBale §eotor debsderappl i cati on
of a speC|f|c vol tage, the data buffers anq Ioglc al | ow S'E%Ch bi I| e to be

i ndi vi dual |s9cng@¥@ewamwe s myentien apd pillpot erdisnsst IO BPPEFEMonever |

t he CONMUON pSepieFyCRI 6@ BHREdtddANa n@NoR Airsy sbilree comsctivesas edpresented By hmdfﬂ/mdu al

colum or row of sour ces to be .ces in the
sector al weySmOhHTRE 5 “ﬁcgcgné'ﬁ%m ﬁﬁgsﬁ%s %"'}#ﬁ%‘e‘@ﬂmﬁ% exa &, during
progr ammi nglecoders MBEMMWMWS laﬁm a‘s‘dﬁk’d’é n@wm»e‘btsplmﬁedfmhq agplicitect ed

to ground ag g&l e%@daﬁtﬁféfsﬁndaoénéalﬁw@%%hﬁ&% SGhEvishilseliteionde of a
portion of tﬁ sector 100 show ng a portion of 1/0, bl ocks ’% 2 and 112 as

shown in Fiagelication of 2sperifia YolaeedfOWEYRE tHEGPTMIPR SRICHMRSUONPEVEILS (e SoUPRs o5 By ock
0102 ISISShQMw&ial&ﬁQm%thlgoummrbysd&ieﬂ @aﬁ&&ﬂﬂﬁ&emﬂesﬁﬂ&ese@topﬂﬂyson of one

Col I's' 210, 0 B s foabened gl Loy b fropiifeihe €650 DU TETDTY

gat es of nmmy;oumebdnaecﬁaﬂlﬁmomdtpwuméhomeﬂml i s shown connecting
the control gates of nenory cells 204 and 212, and the wordline W,,31 | is

shown connecti nw&ﬁﬁﬁ&&ﬁhs&%ﬂﬁdﬁﬁmﬁﬁf@oﬁoﬁﬁth&se&@ﬁﬂﬂﬂdw%épmhbndfhoul d
be appreciated that each 25 cqonnected. t o f e Q(E({)nhrolﬂ?gat es of

o1 D Pe rerl ok H4snd L. hove OIS i R PR o s e of S noc
there ape OBlodkHNMOR % shcwn a82003hawinigameniony @Hc292, 200 aridl 206.kA portiontdf eregsolamuofl 61/ 0

bl ock th h dl
The bt 1 1 neleue) S5 EirD BT HS g o8 ulGhg e 0RE t’%‘ﬁ%‘éo“ﬁﬁ?‘?e?“%éo e
Logi ¢ ci r cuierdline Wil is shbrer eonhesting thpeporirobgates of meneay ¢els 2iapd 208 ha wydlee circuitry
for each I/ grbis QEJ%%&%&HF&Q 8dnfrolPafed @meRioR ca&aounatmj ahdBH Wordling wn,,t, :sy

sel ects a specific 30 bitline fromthe 64 l.u so
cel I's) in tHev}goonqstingthe °°¢m18%ﬁ§m%&°§“‘g ‘é/i hi‘ lgé‘@l eﬁ/ cells
i n eachapf %ﬂumahe&emdaelobx@o&mkfan!ﬂzelmemiywﬁsmmhlt@hlotiefrmim&koat ed, a

speci fic mepDEy §mce{ %ra E%ﬂgrﬁa&tsﬁfaﬂa@@aéﬁmﬁlﬁ&aQ&’m&QS‘reW@hba& decoder

sel ecting a speci ffer and 9IC circuitry 218
sel ecti ng athsrpe!cﬂxéﬁblﬁmmom@sﬁmﬁé@woﬂmr@é@ﬂﬂ‘% enf fhe e ct ed to

a conmon v %do%@m&dﬁ A bl DB & Lgi6 BRGir 18, WBES isialita Bilffr S asbdidral

logic circuitry for each /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 IO block. For convenience, only one
column of memory cells in each of FO Block 0 and IO Block 15 is shown. As can be appreciated, 2
specific memory cell in 10 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




35 bitline selects a specific nenory cell in the 1/0 Block 0. For exanple,,
as shown | | e 2, the 7 WO 01/13377 PGI/US00/ 21005 lhe W.o is
shown wi twaaﬁ}dégggramﬁ ng or APDE voltage applied to it §W+ e bitline
216 selected, the nenory cell 202 is selected. At the same tine, because
wordl ine W.a has been selected, the selection of bitline 220 by data

buf f er awaidline §¥k icshowu ivith yprogi@mming of ABDE mltawappl;edm and vith@hei buﬂm&ﬁiﬁcol um

208 al SQ N %g‘gﬂﬂﬁﬁ ne WLO has
been 5 seF&& G‘(ﬁ%hg@tcg?%%?le%@%%c of tﬁﬁﬁ%‘ ﬁm}%ﬂn‘ﬁr ough 15 can be
sel ect eceleged, the selesaipmefibisline220 by data bufferagd Jogicicirgpitryr222 r@%ﬁmm@mmmﬂer all of
th ;Tew?zmlmééaumfta@?amg%@md&mﬁ d&{teﬁnc&gm?fworaﬁ&f fta VB HBeker WOrd (16
ITS a selecltin I ne_an e | I nes Q e nenory
ool 125 slapih Bt i s s lorbind g 1§ 3 e ot BRI Y co | can
be pLong&@ﬁﬁnd mglrdiexmtephfﬁfauamemwmnﬂﬁm&memddssﬁrm%e prograhrrrre]g
in the wor S| ta au I.rent oW n n eac (0]
the bit!¥M &ﬁ%orgﬁgg%l)&u%% %ecn rdg‘?amg'a t'%etnéﬁm Pg‘i;pent

fl ow ng Mmmghmmmmwpmmd@mmﬂpmmqpmmmdwmmdn ng upon
the nuMbglm,Rf as 1EHERoW i dar? bd)tbghmmeda frid WaREk: eGﬁ‘leegauséAﬁe jsscussed

above, the current flow n% LN an i1ndividual bitline is I nation of
the B ogfesrRHElawingif qachaf ti H\Meﬁ@ftbmﬁmcﬁuﬁéﬂmmﬂhe%%mpr ogr amred
aﬂd tﬂeI daakglagﬁu h@rﬁﬂﬁnloﬁﬁ@@saﬁmoln&ﬁddcinﬂilﬂydeb&dﬁghbdnﬁﬁaﬂuhﬁ&rr:iﬂavﬁ ahl ow 15
t hresho vol t e le current. resylts hecause even though the
wor dl i ne‘gc%(fryf@fgﬁﬁ? éﬁé‘?@ 8%0%%@%‘” ﬂ%‘?g W&ai}ol tage of
appr oxi n'mdieidyalﬁltlme@ﬂla@mmpapioneﬂh@mogrhemugaﬁmtm.gtthreughohemmwﬂol d vol tage
Of SO ng!pRrd iR i ElediAgd e Rt nchofy Bahd on ol ok swge cur rent

3 on i aye

from those cells. There are at least t r obl ems caused t he | eakage
cur r &ht . thyeshold voltass o The legkaag cRsrengresults becayse evep Hiopghbrwordlines of %owgwlgﬁ ogr ammed
ccﬁnbi ?edaru\gm @J{Oﬁfts)ﬂi&ﬁiizﬁ&kﬁ@l @g@pmgiméymwa@ﬁ%ﬁohaﬂmsaﬁhmwent and

t her ef or RpVer . Qn ec ere.is a ite

resi st an@teea]ﬁa‘fl‘f"ﬁi s°"f°ﬁgt&{g§'e'¥?qn§ﬁ d&“%ﬁf‘@%%‘*’f‘ﬁé“&%%&ﬁ‘é‘&“@é‘? stor at
224, t hethpsecellsa Thae tw at|l¢astawe problems Calmd bethe bykagmrrblﬁaﬁia@éhe pLogranemitg i ncr eases

the volt 4gRuHRRndY céfis Béing proghdiimed aﬁsﬁmmﬁ ofﬁéieﬁia@é’%ﬁe@rﬁuﬂ%‘i 142 Obl em
caused by the I ncreased vol tage .drop I's that the voltage drop

decr 8%se§’f{°ﬁé“‘aﬁh9ﬁ‘?’°\?d¥‘$°aﬂj’é’wp &W?W%]sﬁgﬁ@mwémir ain and
t he Soul’Baﬂme\iid&:atca'hﬁthdﬂﬂhdﬂrésﬁtoi&ge«l‘ﬁ[&ms&lrbnmebﬁlrﬁwaﬁﬁdbhmelwI’ed val ue

(typicall 4 .volts) n relia I of the cells. In
a syste )‘hﬁ gl&% Bﬁﬁﬁgss??'eﬁg{aﬁ% l%@‘@d PR ge punp has
t 0 be ut cduseddd thie increased eclage drmhﬁv isutppﬁxyvdmgdchqew dectelaes lhedﬁhsvaltqge vgvel and
the volt | ail ed
schemat i %ﬂgglgs omgfhé\!&xur %ﬁd%s&d&&vswbﬁ &Jésb%g% ween t he
comid athe mgmyduﬂé@(tmmwwme@wdmh@rﬁmmm thewelishblqoru or art.

The resi §fs@hin 3&c§9§v&%bﬁﬁvd&eﬁ£&ﬁ@%§e¢bi dbhigP PunARK RIE ufiliefMoliftfeadtE MOr Y

cells that are not being rammed or_ not undergoi ng APDE (overerase

correcti B‘ﬁ)‘“PP}TP(BRﬂg%EWtE"c’GFeS%U eveland the voltage drop Ay is aArtEe eisale o

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 ndt 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 sufﬁqlgnt 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




connection 146 to be at a voltage above ground (0 volts). The val ue of the
resi stor 30Q,n ected so that the voltage at the com"rpeT ource
connection ?ﬁ%ﬁﬁgﬁzufficient to raise the Vt of all the «cells v#géthe
"body effect” by generating a bias voltage between the substrate connection
35 and the cell source such that the current of the nost |eaky cells is
quenched. ﬂibat,sfq@tﬂl{mblﬂlse a1t @ AHowedr(Jodanselips: is prly ¢ singls fixed resigfpn. | of

the bitling, | SakAH6 ni ﬁ&t émé’ﬁﬁiﬂé‘ﬁﬁcaﬁék%ﬁﬁtﬂe%c&m :ﬁe ngl e fixed
resi stor, resisto rylrrﬁ ftess In preventrn |.i ne | eakage
Vent depenl!nﬂﬂ’gr Qf&@ﬁnﬁmémfﬂﬁ?ﬁ‘él’mé‘imﬁﬂ sraple. iRstypnp it V‘ d. For

exanpl e, if, @ﬂﬁmwoﬂ%&dﬂemmesudcﬁdtwtdieposﬁmegsmme#mdmﬁaem Il only
be one b|t i ne edéﬁoof ?‘]XAQ’(F) |bIe 16 bit tBreE%ha nd h current 5
f1 owi ng’th 6‘&% ‘i‘%@f R0 Wilke ©BIEpmpLe t° S\ b ent

t hrough t hpm@ﬁﬂmbd&dla@leagagbm@nmﬂemﬂinmgml reakongeliceonneetad tofthabm t he

remai ni ng | | ed l,d use the
vol tage dr g%’“ﬁ Xt}lﬁcgausipghse I'S '@bﬁm{sg'h%e relﬁ?%\?gpe?auv;rggﬁm\é&;wggmn%gr ed to
the situat mlnsntnahmmmczhaﬂazegmmhunf)@c lﬁ)bitspﬁéew@b’ﬁ@éelwpf?ﬁ@mr Hoier e bei ng
Pr 01 amTed el ir SGTRbAne Idid e beiddn6ianill, dénbi BoWBE Brdigh BErigar ammed.

t he current ovmn rou e resistor 10 ’300 woul d b& 5 tines the
progr artfi nd0wguidhst 4%1'56%“‘59"@8%@1“@%‘5@‘ tireehAsiels osliap Wﬂ'ﬁdﬁ‘ﬁlﬁ cPbakage
current frmbanxeﬁmmﬂenﬁﬂ;&gmmmyry@alslwmmarhsbmﬂe@msbﬁxumt| ines. As

can be ap re01 he defer i esi stor
300 could g?éqgﬁﬂ# ’3ﬁf°a 31-0%% &fg eg%’ar?’ggr qlE)ec %gfang Lﬁa& t
differ ence ofwwhtzepbwgmfmemgfm¢meﬁPmeﬂmmng¢whﬂ@M|cﬁl§ beigg ogr ammed

al one. E Sfaows the detailed schematic as shown in Figures 2 & 3
with a res stor array 400 connected between the common array source

connection 146 and ground in accqQrdance wth inventi . The
resistd® array W@B’e%a?%h?@?’écdé?h%Pébe%‘ﬂéW?pe%s&&nﬁ 'ﬂrea'??'?@t set
Wi thin theomieddddawieenthe @méd 2rayBRchra carmeciion 146aind gvodnd imactdrdanckowithesb | i ne at
404. There | s

therefore |pfe§etn %ﬁasﬁh%%@&iﬁg%ﬁﬁgﬁ%#g% %‘géatb%ggeﬁ%%g d be 32
sets of remdélmB&WQeﬁewsﬂé’sﬂ@twqdédeM J@e‘éisat%fﬁé’é@’@tors one

resistor %M%&Qamﬂdmacmm&mmﬂmﬁﬁe:adﬁdse&bﬂ,aaszpoqkmm ated with
| resistor set. 402 there is a f.irst resistor

an APDE node._ For_exa
406 f or20 havopidbeP2seitio E%ﬁmeﬁ%ﬁ‘ of eSistopitmade op StRp Tesigers: PRSI, APDE node.
Simlarly, absocidteiwithapiogfamiminidod: el the secondiaskactatet] with s APIE mdde) Forexantpiee

programin de Hﬁh&@u

resi stor gm{cggorrs%tm e %‘F’?sg'e sgﬁatg'sdgﬁ}oggj g&grg%ﬁggﬁergﬁsw tQI;‘hc or e?(gd:rpl e,

pr ogr anmi ngommmmmuowmw inggsistopset 4M therp(ipa firstaesistos 410 fentheprogrammeiog APDE
resistor 4%&&d%§§do§&r@§1st§rﬁizfﬂﬂ3em&o&%fﬂesﬂﬁaﬁnth%'réﬁistoﬁﬁétswmsm ogr anmmi ng

resistor 410 in resistor set 404 has a svvr4t 418 agﬁ ﬁ i‘ﬁ ﬁr 412
has a <t t @sodissed switch. Fopgxapple, PW?*‘TSF?‘ 0, Ws"?“érﬁ’t 2 fas §é‘f‘“°$§ Btrol I ed
by t he respRDE st a9%in Rsibtbiset 402 bhas la ogitch 416, rSimilarly,\progatimingxesisdrdl0 inhe

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 DB;s & Logic 222.

The switches are closed by the respective DB, & Logic circuitry when a bitline is selected
by the data buffer and logic circuitcy for either a programming mode or an APDE mode. For
example, if DB, & Logic 218 selects a bitline in T/O Block 0 in order to program 2 memory cell on

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



switches in resistor set 402, which is associated with 1/0 Block 0, are

control | egolynd3®p & Logic 30 218. Similarly, the sw tchegriysodAsdsst or set
404, which is associated with U0 Bl ock 15, are controlled by DBjs & Logic

l:2)_22|. ~The sw tf:hes gre cl osed by the respective DBO & Logic circuitry when a
itline is selecte by th ata buffer and.logic circuitry for either a
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connegt i 1 bitlide PO kCorder ﬁ@éﬁp holiil o inl/O
Bl ockgo ?(@P"}%@dﬁ’%g&%%%mfigemgl ﬁbfifgggauseg SW t c%ﬁi%ép%égogpgse, whi ch
pl aces ArBEe bitine el &dagic 2xqausepswitch 418 tp closcpwhighplasss BBEs (B¢ t he circuit
ggt \glegn L{,Jagmﬁﬂ_ Zfﬁgﬂfaz d@:&ﬁtﬁ&f&% ?eqkqgmmq.? !'h%&rclﬁﬂﬁitm A tigcOwmMn ardly Bdue@ |y, 5 i f
: ogl C . se| ec hi ne .ack. n er rogram a
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APDE, t hehouldisp Bppgeciatsdyiif ther are awmarysellsiip eash V@ Bipck hatqrejo be pipgraemiediieit es  APDELS
f: g Eq?mﬁPgrﬁrnm% Prd3finmbtort Snnebfd %étgedmtlg!ﬂémﬂ:ﬁﬁ gﬁyigm cﬁ:hﬁctigh g«udna bet ween t he
. ay. squrce connectio a round. sho e.appreci at ed,
i f t her e B JERERTGSLRTRE h?“g%ﬁeﬂer%‘%ﬂ’&ﬁ%wg{y r”tcgﬁsoaéc'ﬁ%granned t here
wi || be pfoghnogd tefe cartieahywheredonrido i € propretuming motitiesisosranected betyweasour ce
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how ny%1 SHors” ceyfog&g?g&te%dé%ma?ggramm}éééﬂ re-jE:] in Ee gﬁgﬁhgé@gggro%l to
16 prog_rdwmilrtglﬁmme@mwmb#%#nmﬂn_%yfwe%ﬁ%ﬁ“h‘?“ra&Q/ source
connect | %ﬁ%ﬁ?ﬁﬁ.%ﬁ@ﬁe%@é%ﬁ%&%mﬁ%ﬁ%s adrdikicaigan be from
| to 16 APDE node. res st%égs copﬁect ed between.the . common array squrce
connect | SAUF#FPAR RFEfT0E TRoP ﬂ%ﬁ’.mem°é¥%'f‘8’°é'}gw&“"\ﬂ§?%‘a‘é“ﬁ?% acr oss
tEe re?r{)m%memudﬁeﬁpﬂr@mlmsiit@ahisymeadpm ot asdy sepreo contiestion wolipgeneli ng upon
t he er .0 nmoLy. cel | s hei B9 LAV ihe dRESOh shoul d
be a%r e@ivg‘f’eéﬁg%%w@éf'eg@?s%?gv;gflésifetﬂ?he corrrrgrr;bdgpgay sﬁ%;ﬂg co%ngi??i on
vol t aﬁe tvglti?gébetweahﬂwsumteicsnmﬁm anddhe ceflsounge sushithpbtheicument gf thet he cel | s
via the "bo effect" by.generating a bias voltage between the substrate
connec_tid?PSE?%ﬁk)f‘W@s&un'ycg Urce such that the current of the nost |eaky
cells is quenched. The resistance val ues of the programm ng node resistors
and the APDE helesistacé valugs of the peograterning mpdegesistortand the APDE modesfesipters arst ¢ he

par E 'r _Cg| tadewﬁh'ﬁeﬁThbmﬁwd fa¥anfefiad éf@ﬁéfpa&ii:ﬂ&lfﬁﬂdnéd f By SoRfi SO £hd 2R thredhblage

'S I putl on. e desli gn ngl neer

vol t a%]se cﬁ°§‘lgP PE‘HP\"B’H Tl()ge deggngengmeer w\é\ﬁy detenmen% Mtt?eethr];srhglgl v&EEe &Qﬁb%%gno' d
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 mémofy cells.

30 1t 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 preselit 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
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and the.potential |eakage current would exist during progranm ng and APDE
and further determ ne at what |evel the voltage at the conmobn array source
connection SH@MB3We raised in order to quench |eakage cFCrANPAPSH
undererased nmenory cells. This would be a straightforward cal cul ati on and
woul d yield different values for different configurations of flash nenory

cells. 30 Mpnﬁfaf)alhﬂh Remép REvice ] ﬁ@i@sch’h@tmﬁ{ohaﬁ&ﬁcéﬂi&n&w&mhq&n&ﬁ@oﬁ hown in

Figure 4 a ni cal hes, the s electr tches
nanufacturgﬂmﬁgmgﬁ %ﬁéﬁ% %Qgﬁﬁgk dﬁW@rl “i®n the art
and wil | nmtordlaxabhlptobﬂmnﬁiigamusmmlopefaﬁomummr y, the present i nventi on
overcones the limtations of the prior art and fulfills the need to

adequately and during the
pr ogranmmi ng andmrgr é/%glod@%h%mg %ggyu SOO’ %g@eduggﬁg%n%%@ggoﬁ menory

devi ce. STheupestfilbertisnend descrption.olt isnetantpided fode exhawsive o bo lgehiRTREC O f
bitline | e%mg&e&wf&ﬁ.r&scﬂua Ob\hods ﬁo&ﬁ%&&mﬁﬁuﬁﬁ aré Pskibie in Hgheof the abbSE Y

device. This provides a_ nore relia APDE eration. The
f or egoi ng d@%@ﬂ?pT?ﬁﬂmﬁ¥m?ﬁﬂ“%ﬂﬁ%ﬂ?ﬂﬂﬁpgﬁﬁ nﬁ*ﬁ%ﬁﬁ?i@ﬂ“ﬁﬁ% ﬁﬁen pr esent ed
for 5 purpqmmﬁmﬂmﬁﬁﬁhmehm&mnﬂmpﬂnﬂmdnﬂwmh@kummmybmmESmnﬁbnmnqahﬂédm¢o be

exhaustive (fﬁ to U &t?%e thd m%enfitnxein ba@l\éﬁs']:trdh%mer&é)ank U:i‘m lﬁ‘%rfI QtF] T"s"cslﬂ & a‘ﬁ ove

Cbvi ous no I ons 0SS b e |
t eachi ni§s. tﬂamm@eh mtnnplmls Admm@eg@wmwsm “pﬂlmecfeupp pEthpest

i [T ustrati Qfyeffonbd\RterRhdd Wyl affen@b clald® wWhHBY RRipkdd iRateoriidnSe WittARd tirkadth to

application to thereby enable one of ordinary skill in the art to utilize
t he i nvent b |‘4?Y9‘§f4‘§hl§gaé1ﬁt?6€i pgpisshisendied wi t h vari ous nodifications as are
suited to 10 the particul ar use contenplated. Al 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. 11 WO 01/13377

PCT/ US00/ 21005 dains Wat is clainmed is: 1. A sem conductor nenory
device, conprising: flash nmenory cells organized in an array of n 1/0

bl ocks, each I/0O block having mcolums 5 and p rows; a drain of each

flash nenory cell in each colunmm connected to a bitline; a control gate of
each flash nmenory cell in each row connected to a wordline; a source of
each flash nmenory cell in the array connected to a commobn array source

connecti on;

11



10 each bitline in each of then 1/0 bl ocks connected to a data buffer and .
| ogi ¢ ci rwoisim3s7tevi ce; and a resistor array connect ed Poruse®2108she conmon
array source connection and ground. 2. The sem conductor nenory device of
Claim1 wherein the resistor array conprises a set 15 of resistors for
each of the n I/O blocks. 3. The segjgonductor nenory device of Caim?2
wherein the set of resistors for ea the n 1/0 blocks conprises: a

pr ogr anmWWhat indaimed issi st or and a progranmi ng node switch; and 20 an APDE
node resi st on, ANE@mRBnddRbEmdmAFdevitt, c6Rpristhg: The seni conduct or menory devi ce

of Caim3 further conprising.,,k a connectjo et he. data byffer and
| ogi ¢ circui tﬂaynaféwxglm%waammw wa’ﬁ%_@%éﬁghﬁ%%?"gﬂ?ﬁmﬁ ng
nmode swidn@prdwdt t he corresponding 1/0 bl ock; and:25 a connection between

t he data buffey .a lLQai.c _circuitr eyice for ch.of then YO bl ocks and
the APDE swi t%‘%""f%?ea ‘B?W°é%%°§d%¥‘ﬁ€°ﬂ“?‘8“6’%%ﬁ%&%§ 2 seni conduct or
menory devi ce cofitroaCiasé ofiedchiflasht themory celfjim ¢ash roy. comerctedfoiapwgrdling;cui t ry in each of
the data buffer, B chdGiath duniory el in/inéidy Coishedsl 6 b Eotiindniray siirc€ OF I €SPONdi Ng
progranmm ng node switch during progranm ng of a nmenory ce’fl in a bitline
control | eEmeso, he data buffer and logic circuitry device; and switching
circyptry in dQardutnd nleid ofié 8 VOBidcRY comittted QOGidata Guffes bild16gic Ghevitrg B&videp Cl 0se
the corresponding APDE node switch during an APDE operation of a nenory

cell in®ditiine controlled by the data buffer -and logic circuitry
devi ce. 35 Thiesiiragty ddaneciedbatwia tiezomuior artay sdutce cprinectiop andgrqund.’ | | || | ~' 1
[ 111 12 S 11111112121222 ¢ 11 L MWD 01/13377 PCT/ USt 10121005 6. A

met hod of quenching bitline | eakage current in a senm conductor nenory

devi ce i n whi% Hlhesemieqnductor mempRy Jevaes of Clairg 1 wherpip the arsistor apeap comRiseSR stle| | s

Or gans Z egf redistadsfordacif thd n WO Bloéksbl ocks, each 1/ 0O bl ock having m col uims and
p rows, the nethod conprising: connecting a drain of each flash nenory cell
in each colum to a bitline; 5 connecting a control gate of each flash
menory cel |l i% Becémicaxodte memerydeticerné Claimg @ wherein thegetaf wastors for edch offbh f | ash
menory c?!ﬂbﬂl&kst&ﬁ,pggegzay to a conmon array source connection; connecting

each bitline in each of the n 1/0O blocks, to a data bduffer and | ogi c
circuitry a programming mode resistor and a programming mode switch; an

20 an APDE mode resistor and an APDE mode switch.

4. The semiconductor memory device of Claim 3 further comprising:
a connection between the data buffer and logic circuitry device for each of the n O blocks
and the programming mode switch for the corresponding IO block; and
25 a connection between the data buffer and logic circuitry device for each of the n /O blocks
and the APDE switch for the corresponding I/O block.

5. The semiconductor memory device of Claim 4 further comprising:
switching circuitry in each of the data buffer and logic c:rcmtry devices to close the
30  corresponding programming mode switch during programming of a inemory cell in a bitline
controlled by the data buffer and logic circuitry device; and :
switching circuitry in each of the data buffer and logic circuitry devices to close the
corresponding APDE mode switch during an APDE operation of a memory cell in a bitline
controlled by the data buffer and logic circuitry device. '
35

_—
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devi ce; -and 10 connecting a resistor array between the common array source
connection and ground. 7. The nmethod of C aim 6 wherein connecting a

resi stor ar MR9A&Neen the common array source connecti oRCHES0I®EN | s
acconpl i shed by connecting a set of resistors for each of the n 1/O blocks
bet ween the common array source connection and ground. 8. The net hod of

A ai m 7 wher ei n6,cometied of q@endhifeBitlind ledk@gel cir@it B afs@hic@agotor tbmbrip@eviceld O bl ocks

15 between_th cq n_array. source connection and.ground is _a i shed
by: connectw?‘ﬁgthg ﬁ%&%ﬁ&%@%@@?%?’y OTgANg &‘Qﬁﬁyﬁn&g’g’@% i tch
Rgé\eeendt h each §Orbivokhaying aycobmums grel porows) the tiethnd angrigiigound; and connecting an

node resis @%q : t nﬁ‘fﬁ mMmon array source
connecti on and %org%eﬁr_l : %@%@%ﬁyfﬁg%&aﬁ mﬁﬁt#ur egr conpri si ng:
connect Png t he emnesting sfchrtrol gasiofieayiflashaiempny el in eadrrowe togtwagdling:he n 1/ O bl ocks
to the progranmnﬂammciemée%ftemﬂ&ﬁrm&%&@{nrmyelagg{.:fh&aﬁag roe AN

connecting the data buffer and logic circuitry for en |/ 0O bl ocks
and the APCEMeSYe switch. 25 10. The nethod of Claim9 further conprising:
provi di ng swi t céunfigtin eachibidifie/in e4th 68Edn PO bloble tkdat: vakidr bt lo@biérchigi C
circuitry deviceg to close the correspondi ng progranm ng node switch
during pro F g of a nenory cell in a bitline controlled by the data
buf f er 18nd | ogi eonusctinga resisjor derayi betweerethcopmpu antiysgurawiotnedtion gndgirouedii try i n

each of the datq 'ﬁ{éf.ﬂeg&d Mai]n%;lﬁreﬁxirf@ﬁx‘é&ﬁn Igbe%ﬁg}ggx?gb&\%eﬁ lh?%:gmnndzx% e

correspondi ng APDE node swtch ri an tron o nory cell in
a bitline SEEWCPEPqtigpandgrqupdis a%eeraplbm%fbé FORBPRINE BYg of resistopdpricach ofithop . 11,
The met hod bikksGhtivedintHdofthbk Sy sGRdERbAnS¢OH arftl gasuhdlg t he progr ammi ng node
orogramred. 12, S HE PR R IR i riie et OMpY LR e Fe apoE
node s\idt c hetweenlis commoriray ewirosicormedtiodand|gombdbis aasomplisiid bpenory cells are in
an APDE mode.  ThjnfechleGrogintniffinbhe ReRloPHRY progrhhimnk ol dwhich etweerk the ~! | =
common array source connection and ground; and
connecting an APDE mode resistor and an APDE mode switch between the common array
source connection and ground.
20 9. The method of Claim 8 further comprising:
connecting the data buffer and logic circuitry for each of the n /O blocks to the
programming mode switch for the corresponding IO block; and
connecting the data buffer and logic circuitry for each of the n I/O blocks and the APDE
mode switch.
25 10. The method of Claim 9 further comprising:
providing switching circuitry in each of the data buffer and logic circuitry devices to close
the corresponding programming mode switch during programming of a memory cell in a bitline
controlled by the data buffer and logic circuitry device; and
providing switching circuitry in each of the data buffer and logic circuitry devices to close
30  the corresponding APDE mode switch during an APDE operation of a memory cell in a bitline
controlled by the data buffer and logic circuitry device.
11. The method of Claim 10 further comprising closing the programming mode switches
associated with I/0 blocks in which memory cells are being programmed.
12. The method of Claim 10 further comprising closing the APDE mode switches
35  associated with /O blocks in which memory cells are in an APDE mode.
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