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'"836. %%+ v-.6P. T.Tg.V 1 -UO-GW | ] 1- TRANSI STOR MEMORY CELL FOR EEPRERPO23785
APPLI CATI ON TECHNI CAL FIELD 5 10 r BACKGROUND ART US-A-S 671 177 di Sﬁn@i@‘f

a non-vol atile seniconductor nenory device conpri jll'mwmmmm\uwml ty of 4004
cell transistors arranged in rows and col'ums, ea tor

conprising source, drain, floating gate and control gat@sword |ines
connected to the control gates of a plurality of nmenory cells arranged in
the row directio ' der for selecting the word |line; and
source |ines conﬂ'@#@@gi%rbwﬁ?ﬁ%g@LEF@B@HBMMELMHO&ranged

in colums, and a source line decoder for selecting the source line. 20
US-A-5 748 538 simlarly discloses a flash EEPROM nenory cell array

including a plurality of transist BECENIGAL¥FEIgRd in rows and col umms, the

arrangenment having first and second word lines, first and second source
control lines, first and second drain control lines, first, second and

third min sourcerhii nasetidd Fisis! RREaRy SEUN AT eilhotbld P-A-0 704
851 discloses a byte erasabl e EEPI%%I e tr%y"zlgz)“'nél arfpggérhgl\?#tefgﬁfhge‘f%oé’f%res
recited in tareuity ddatsl speoffically; dhipanwentign ceélaiesntd thd@rchitettareoef Aash Meindry | ash
or block er . trically Erasable.Programmabl e Read- Only, Menory (Fl ash
EEPROV) inclacﬁg‘é’g' Sﬁvea» Qe 8?"%@‘?33%’ f}H%u‘ aHon, delajos NOEthesichiteatiysoof 2 8
JAN 2004 ThirfierhéryQidticetHaLglhRS -HeRg: , ect roni c

el ectronic ci rcdt;}?t S. cI\/bré1 speci fi cal Ié’lﬁ){\éﬁbﬁl %Jrl}\glé%titagﬁarte g{aglg}etoﬁtatwe%r

ar chi t ect ur dytforwersh nenory devi ces. Even nore specifically, this

inventid)n relates to the architecture of flash nmenory devices that utilize
l-transistor nenory cells that allow the erasure of a bit or byte or word.

Ul-Ui-~UU 1 US0023785 28 JAN2GACKGROUND ART

US-A-5 671 177 discloses a non-volatile ser;ﬁconductor fﬁéinory device
comprising a plurality of memory cell transistors arranged in rows and columns, each
15 transistor comprising source, drain, floating gate and control gate; word lines
connected to the control gates of a plurality of memory cells arranged in the row
direction, a word line decoder for selecting the word line; and source lines connected
to the sources of a group of memory cells arranged in columns, and a source line
decoder for selecting the source line.
20
US-A-5 748 538 similarly discloses a flash EEPROM memory cell array
including a plurality of transistor cells arranged in rows and columns, the arrangement
having first and second word lines, first and second source control lines, first and

second drain control lines, first, second and third main source lines and first and
25 second main bit lines.

EP-A-0 704 851 discloses a byte erasable EEPROM memory cell array having
the features recited in the preamble of accompanying claim 1.

30 A microelectronic flash or block erase Electrically Erasable Programmable
Read-Only Memory (Flash EEPROM) includes an array of cells that can be
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qua'ééﬂdently programed and read. The size of each cell and therebyUSR€23785
mepory are made small by omtting transistors known as select transistors
that enable the cells to be erased independently. As a result, all &8 JANSO0k
cells are erased together as a block. 5 Aarenory of this type includes
i ndi vi dual Met al - Oxi de- Sem conductor (MOXS) field effect transistor nenory
cells, each of which includes a source, a drain, a floating gate and a

control gate, to \/ggi ch various voltages are applied to programthe cell wth
a binary 1 oidgpengentiyoproggammed ang ready dheetizesofieach deflouid. the@bithe aedmaryar e

ted i z ith th trol t ft
el s in a 1o Eale Aty B Bend b R e bt GRETS et AEDIS 6 plsor
the cells i ntesbecerhsedrindependendonaes radlt! 41 6f the SARGkE ¥@sd fobbihEr asdBlosRYT CES
of the cells are connected together. Thi s arrangenent is Known as a

menory configuration. 15 A cell is programmed by applying a voltage,
typicalky 9 voltsat énklﬁjrc t €. ARp| Vi a.valt f roxi mately
5 volts to the dré gnan _g?’gu%bg;l ng" hﬂewlgg%r &?%Pc&gagé@fﬁﬁ@%BF%ns
to be inj ect @dOS) fisideefficairanstited wemory deflg)i €aph ohwhich'ifclilddd édu9ed) Al dainURON
renoval of tEe ro raan"iangpvolta es, the injected el ectrons are trapped in
the floating %ﬁ’@éﬁj agpurol ta Mhichcvasioye veltagesiare applied to peogramethe 20
the threshol ghimpdit I [ D excess of approxinmately 4
volts. A celfla IS réelggmﬁ'{/l gggﬂ‘gﬁh&r%sgﬁ?gme;b%gé5%?5@"’?-0 the control gate,
applying 1 volt to the bitline to which the drain is connected, grounding

. the soyprce, and ngsi ni?sst he bitline current. If the cell is.programed and
the thréshol d vol {3 &eSsatecgonnected yn @ngaraysof ows ped colunns, withi theecantmol ent

w1 be zer ogfss &f th i [ Y, i i r anared .or
orased, the ThrsOhib SR il €1h e eonfthied fo-t Papftive Wl B G o6 %)
011 16960 PCThesely iy sslumal being ednnettedvid A respective bitlhie. The koakedat theValls age
wi | | enhance_t he cggelancel an&,g“t he bitline current Wmll be relatively high.
A cel | can bEe&PREEHFd;iRaethere this afpapgement isjnows 3s ARy ORememory cosfigurationr ased
by applying a relatively high voltage, typically 12 volts) to the source,
grounding the control gate and allowng the 5 drain to float. This causes
the el d8trons thaft ¢lris nrogrammed byapplying af vatagentypiratly Sdvslisng theagsnensti Ng
to undergo FQuker- e| n ing .fr the floatin ate through the
thi.n tunnel xfdépdﬂgﬁyg:& %’%e%%@f@@a%ﬁél yol&sa?p élli'%gr”g'é agd greunging the
appl yi ng a neyate, wehicotaisgehoneledicomsridetic @fected FOMQ Bid Qeﬁléiﬁrpféglcfnotxtcgat €,
applying 5 Vthl tfff’ .0 the urce ang afjtgovm ng the drain to float. Another

met hod of er 2Si 1P BALF- S%BPJFWQ" \Pltde programiping voltages, 1the injected elestrans ol
gate whil e aireGydpped il theSABhting/ datcdil t - : L [
causes el ectron tp?a ing to ogcgﬁf In %r%tetaﬁﬂ%gﬁa%gp%g.g tﬁéﬁagf}vl ?%ﬁ?gﬂ{sﬁ%
under ePfse atha the veltageof thevnell ¢ avalue én excess oftapptoxipatelyot valtspccur in the
tunnel oxide. Al though each programm ng/erase cycle adds only a snall
nunber of electron trapping, the cunulative

A cell is read by applying typically 5 volts to the control gate, applying 1 volt
to the bitline to which the drain is connected, gﬁunding the source, and sensing the

bitline current. If the cell is programmed and the threshold voltage is relatively high
25 (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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electron trapping increases as each progranmm ng/ erase cycle is conﬁlﬂeiﬂe\ldzagl, o
which, in turn, 15 increasingly degrades the erase tine. Be ri art
flash memoMP B869®es nust be erased as a block, it is neces??@/8§@d@?é§se B
the entire nenory device if only one nenory cell nust be changed froma
programmed state to an unprogranmed state. Each time the nenory device is
erased, tdgivelyTol & dof ,ﬂle%ﬁtfcﬁ% & rvé‘l%@b ng ihahEARE a4 the bitline current will
erase/ program n%éggyc e 1s co ?ete an as di scussed above) the operation
of 20 théemiaviyely highl | is degraded. Therefore, what is needed are menory
devices made up of 1 transistor nmenory cells that allow the nmenory devices
to be erased ongubd kil HeralOifs Pibldie Hrarheh AP Qi id elathydbpRirgldTe-

DI SCLOSURE OF THE I NVENTI ON Accordi'ng to the "present invention) fhe

f or egoi ndelativglydiigheroltags; bpicalliakiavolisite He spisee. arounding GscantrRl gap an¢eliigyyipe the
devi ces lypah Ridat. TR talRE e eleb@GH B WBe Mnj&tdd ifito thdNIGHRAL BALR Bﬁﬁné%rbé\‘aﬁl‘?xﬁn% .

aspect of the invention, a nenory device having l-transistor nmenory cel
that al | downsiergoffipwisr-Nogdhginetugnelipg fromtheifloating gae thequeh thedhin el prddglayerde| | s

arranged tﬁd’soﬁf&e.aﬁ‘%@iYcéﬂfalJo%’%m@éﬁ%ty%gﬁl?ﬁE§ n¥atile VE1RE ONnE Rtdep8f £1D VoS Bt €d
to a wordline, the drains connecte 0 a bitlirne and the sources of nenory

cel | s i n canted igeerapplying Scrksitotthe spuice sxkallowing thexdrpindo Bpat] Amethepmethod of j A N
2004 WO Q1) ' i -
st 00, depiytg SR e PR fd 67 % GBRGRrol bl wBEIRin R S bl

inventio 1t river controls the

and dOworteflpate driver controls the wordlines. A supply power supplies power
to the bitline driver and the wordline driver. A controller controls the
out put of the REWEKe S calsBEeloR thpfy thdEcuPid tht RAndoxiR! IfRMitdaSHeUt put
of the wordline driver. 5 In accordance w th another aspect of_ the

i nvent i oriindeferaiaand gverergseqREocedures Rguse-elecEoNrapping toeqent ip thetunacl pride. Althenigh
erase of @ciPfrbfamRihgfBiisk cydlk ddd¥\Oiif a SAMEniniiRr RN &8P, Be'caRtiRdve N an
array of rows and colums with the control gates connected to a wordline,
the drai redectpn branping ingieasesi as A3 PeogrAvRrBing/graseryBleds sompieted whichdn B8Ry ces of the
mul ti1soi tinWedsihplycRpassiRterd® if@Spect i ve source connect lines and the source
connect lines making up a colum of nufti-bit words connected to a 10
source bitline. In accordance with another aspect of the invention) a

bi t1ine driverBeayepaparfipsh pemprydedicesiapst breerassd pcablptle KiihResessiy QSR dl i ne
driver Coﬁi&éxﬁﬁmuﬂﬁ?"ﬁ@ﬁ@éKBﬂ?on&n&H&?leﬂQMEcM@ﬂﬁ&ﬁa FOMRImrhe€l dt&t€ tdodnt | | ne

driver and the wordline driver. A controller controls the output of the
power supiPyasramiged state, Jach time fig memory gexice is epased. Shrrumylatiye elgcHondrappigg

wor dli ne @iEred@s as ehéh drabeERRANTRAL Syl it EorlA&T andSBRIdcudatd 4biRe,ithe/gpstdtion of t he
rrufti%(git word can _hayve S‘HPHS’ 16 bits, 32 bits or 64 bits. The descri bed
devi c& ¢ WG ZepPrBselis degded nenory devices that in one enbodi nent al | ows
bit-by-bit erase of the nmenory device and in other enbodi nents allows erase
of the devi ce Uheréforef whabistnevdat de. medtbryl fevicps madenip of 1\t@nsistonmefiony etlsthat

under stoog Wn consi deration of thetgdet ail ed descri gti on belécgw) in
conj unct | BIPWINE empry dgwees e becrased ong bit4t A Gime. one bieaf 2 g QR d WOELat &S, hhar ent
to those skilled in the art fromthe foll ow ng description, there is shown
and descri bed enbodi nents oDISOLOSURBODE THE INVENTION way of illustration
of the best node to carry out the invention. As will be realized) the

invention is cgpabl.e of. other .enbodi ts and i.ts sever al i e
capabl o of 25 PRrTE SeREeh TR, FE Rstar et st S A iE gk, #

depar 25 ngobtaioed byreensury pevices havire J-tansistor flash méoooy @llsgl y, the draw ngs and
detailed description will be regarded as illustrative in nature and not as

restri ot ve. "B EE RESCR PN CE ol PR, MR i e S hE MR R0P | evec

characteristic e rnvention are se
memory cells that allow bit-by-bit erase of selected memory cells have the memory cells arranged in

an array of rows and columns with the control gates connected to a wordline, the drains connected to

a bitline and the sources of memory cells in a column connected to a respective source bitline.




30 clainms. The invention itself) however, as well as a preferred nodg 0N 2004
use) and further objects and 3 2 8 JAN 2004 WO 01116960 PCTI USOOI T, 3785
advant agasorrilgsgoeof , Wi Il best be understood by reference @b%n&%s' oW ng
detail ed description of illustrative enbodi nents when read 1 n conjunction
wi th the acconpanyi ng draw ngs) wherein: Figure |Ais a sinplified

el ectrical schematic diagramof a prior art flash EEPROM Figure 1B is
simlar to BRgisPeiancs wilkanetherasnectafdhe inveptipwm bitline dias borEERREMbitimes g cel | s

5 arr angeuicdbitlies BRIGAFor@ine RAVE TontdIOME Q/o?dli%gs(? Yﬁ gv.?p:qié lggwr{‘.? %%Jp@%@loﬁzgﬁtg?yt he

connectéeons_ to the control gates, sources an
cel | s 4Re bitling grivepandghe werdlinerdriyen: eA @nimbsrsontraloth oomuindf the prenso EypplyethiC e
show nguiph€of e badiad 8rHaSardind sources and drains of nmenory
cells intp?he portion of the Jnhgpnu‘grgf/ﬁ]%g’bfdggél&?lveé’ccor dance with the 10 present
i nvegntion wherein nultiple sources of nenory cells in a row are connected
to & source f"tcP‘i’dﬁ@F “Pfh@mtbcrgswmeanmmm@mmomdmmyingeumasm mlar to
F1.Qur © rien@RDoM 10 that dIRWCRRLG SoRASY bl fiEw GRNa VO HREER chRUERS, AG dr al ns

t y d &%@@W th

of rrermrg cells in the portion of e nmenor evice 1'n acc

- anot he JaVhndcolymng With fhe santrol satesconndctsd toasoullinedbedrainsuf alls f  a menory
cel | 1%oluMmnocdnR¥tddSio SRMBERIITRE dobrcBs FRRARALiS L4 Besspbligure 5 is a
sinplified qj ectrical schemat]c r agram @#lq}é #ggﬁon%r%%"?%?wf% Fi gure

| A but SSHSHRES 27 dhessgpre eonpgct lings makingip ¢ celaimn of multi-bid woodsrcosretieditt a
sepndr atseursenitlige bitline; Figure 6 is simlar to Figure 5 but show ng the
sources of nultiple nenory cells in a row connected to a source bitline; 20

Figure 7 sh(i%/s tHe | ayout of a portion of a g'ri'or art menory device show ng
t he sour ces “bfcCPiancheih agothes pspectof e drveatipm, 8 bislineairivemcontrals the bidinss:andi gur e 8

shows - triessobi@y BitlineOdnda wkdlfnk Qv t i ge - o 9
menor y t‘%ﬁlﬁf#*gey%ﬁ 5 10w connect 6 ?’g'%mgggfpgﬁég g‘oﬁ“?@g\ﬁ%?tgﬁ #ﬁ@gﬂ?%ﬁ?ﬁii oure 9

shows r 3 the wordlineieivesy Aconiselisy gonteols theouspuswf th poler ssipply,ahis of
memor y odfpuiefkiedbitlifie EriveOand aR/vugRt Sdhd WodlifdHveg bi t!ine.

15 In accordance with other aspect of the invention, the multi-bit word can have 8 bits, 16 bits,
32 bits or 64 bits.

The described devices thus provide flash memory devices that in one embodiment allows

bit-by-bit erase of the memory device and in other embodiments allows erase of the device of multi-
bit words.

20 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 embodiments of this
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

25  modifications in various obvious aspects, all without departing from the scope of the invention.

Accordingly, the drawings and detailed description will be regarded as illustrative in nature and not
as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention are set forth in the appended

30  claims. The invention itself, however, as well as a preferred mode of use, and further objects and



4 Z B JAN 2004 WD 01/16960 PGI/ US00/Zz3785 MODES FOR CARRYI NG QUT THE JAN 2004
| NVENTI ON Reference is now nade in detail to specific enbodi nents of the
present | WOI16969 t hat illustrate the best node presently cBRTASHEE by
the inventors for practicing the invention. Figure 1A illustrates a basic
configuration of a prior art NOR type flash Electrically 5 Erasable

Programmbl e Read- (nl y Menor EEP 100. The flash ner 100. coppri ses
a plur gIT‘T‘EYa?‘aé‘FS ‘S‘Ef?‘g]‘ffﬁl '?f‘é‘:%r d%’étpf’%?rﬁ'ﬁeé? E’eg?li”&'h“gge u?arﬁg& %es?@g{ogr?gul ar

mat ri X Glusith@nbbdifens whenl read iniconfuncEacwith e/ atconpayiny drawinigsymwherem: wor dl i ne
(W), whereas each colum is associated with a bitline (BL). Assum ng that

there are n | u .and, m.r.o t.h itlj.nes are.designate .0 to BLn
10°and t he e 1a3s S RIEEY Serich] e SR gy A5 FREREROM, | O,
applies appropriate voltages to the bitlines, whereas a wordline driver 104
appl i es appr EiguretlB iy sintilage Figure t1iAcbuniludtratesespriof e flashl EERROM hayping eolls by t he
driv%rs 102 gnd 104 arebgﬁ(r;erat ed by a power source 106 under the control
of a“corfPuer & PS8 H St s typically on-chip logic circuitry. The
controller 108 also controls the drivers 102 and 104 to address the nenory
cel | s indivi diighde showssik meatoryeelly andtheicorinettons ectbe ¢dnedl ghfeslselimwes and nenor y
cell is ocat% at _each junct.iqn of wordline and a bitline. Each cell

i ncl udes r%{“ﬁ\fgt § PIerey LRATHSF 'MOS) Field Effect Transistor (FET)
havi ng a source and drain formed in a sem conductor substrate, a floating
gate, and a cRigured shgws & pertipmofa membryalevice showingthé copneraions to ghezcontagl@ntes f

oxi de. oul i . Sh. l from
convent | SHSF S 3 ot RRHEFL A b BErapf e RemB deBtirebirbdMeClyinh B

oxi di¥ | apresentdnepticrewhdrein wedtiple sources nf metony£elds inadow e comnerted v rOLLSE
substrattgﬂj whi ch the source and drain are fornmed. The cells illustrated
in Figure Y& are desi gnated using the notation Tn,"" where mis the row
(wordline) nunber and n is the colum (bitline) nunber. The control gates
of the cel|s Eigurecbshawe & portipn of &mpmery dexicosimilar oddgure 3 ghqwing the sprHsctions t he
cells ar t | Lokl i isour ces
of ai 1 " op FERARES aaks, sk &3RE kB o Vs B pocin S ity doh

i || ust r atcgerdance with andthersmbpdiprRuefthepresentiinveniinn whergia eadhrspurse oftagnemasy athor y
100 cept qutaﬁ! A .nto a banks, {al so known as pages or
sectﬁ(s)?atré\‘g%cﬁ&l%fcgﬁ&g?e S os\%“\éikﬁﬁg?ééure 1B) each of which can be
programmed, erased, and read independently. The rrermrei/ﬁ?llo i ncludes a first

cel | bank or Bigyee Sis2 simplified sleeteinel sekematip diagragyof g flash HEPROM isimilae todfigure o

cell's injAlg siuw_ﬁ%éme&cé%aan &eﬁ’l@é‘ QN £bw Lonhbfed I T BpIRRBErc&Bitling; Fi gur e
1A, whereas a pri S 2 B JAN 2004 WO 01/16960 PG'TI LTSOOn378S synbol is

added to the designations of the cells in the secgond bank 114. The
wor dl i nes of FigargSisisunilar o KigyreS but showipg,the seuress o E‘“’é‘@%&’i‘eﬂ%" o gt 3 ey

drivers ddeciétttodlSircd GiaMEC i Vel Y.

20 Figure 7 shows the layout of a portion of a prior art memory device showing the sources of

the memory cells connected to a common source line;

Figure 8 shows the layout of a portion of a memory device showing the sources of memory

cells in a row connected to a separate source bitlines; and

Figure 9 shows the layout of a portion of a memory device showing the sources of memory

25 cells in a row connected to a source bitline.



In addition to the nenory cells, each bank 112 and 114 includes a selgen 2004
transistor for each bitline. The select transistors for the banks 112 and
114 areVe8l/tg¥8@ ed as So to S" and S o to S'", 5 respectiperysoossr ai ns
of the select transistors are connected to the respective bitlines) whereas
the sources of the select transistors are connected to the drains of the
transistors for the | a nd W.'o to W.,'"m The sel ect
transistors differ fWQEMSMQﬁM!%WNthM they are
conventional MOSFETs and therefore lack floating gates. The sel ect

transi stors Beferenes is obw mupde inedeesilt t speaifio@mbddimbRNads hE PRt MVQBAIG: The
gates o ransistors for the bank 112 are connected to a bank
sel ect g%tggﬁ‘[ﬁgi)gsg}(’:’? é)cr qet %I‘é?"%cf@gat W‘P%'é‘vﬂﬁ?rég’r Bractiqing the fventiony ansi st or s
for the bank 114 are connected to a bank sel ect output BSZ of a sector
decoder 122.Flzneeb@ummmbasheonf@umcmwwaammpcmnm&@mj0 a conmon

- sourge nd s of the cells in the bank 114
e Sornaploprguhadic Keit ORE @R RG] F15 a%e gespiuctions Toogpmopims 112 1 s
sel ect epluslityof porgiongemotyaglls, athich dné gyfangadgina kectabgdiftGnaamnks aSﬂ%' 8fiowk bite BS,
“that t UlfSnidn . ' .S0 t0,S0 d connects the bitlines BL.a to
BLo to {E:.rl]e uhger|?M8&§n%§r%t?§/&g§ﬁwgdl%@ﬁgé erppsrachc s aspeigedyyitha | vi ng
a | ogi cbitlingBlaw si gnal to the bank select line BS, that turns off the
transistors So to Sp and di sconnects the nenory cells fromthe bitlines.

L85 ng the banknmEfe B s &8 YR RERE] BN e Bl R REREaBa Y BLo B The |
opett | Y ths werdlinesarpsiesignatel 4sSWhbsto k.. Bitlipe diiver 102 applics dppiopedte tdlQgeRHOT ¥
por f or na el nefe fRordRe by JoP SR roR S VoIiRS f B8 rordines s o
schemat YQktags applisg by itherfirivers 102 and Hidragy genctated bypa pdveasisougeesios uide? thetcompgi St or

flash ngmoNt 2. .204. . . 210, 212 _an he el ectri cal
connect i ons tﬂgﬁt} %?5@%? r‘%‘%‘é&'t e‘%“ﬁgﬁﬁ%é‘%&é‘ﬁg Fart °ﬁ8$l°§ﬁ§°§?'§roifé‘€’fbry

cel | s adrivers 10R angs}04dp address thetyaemdry cettsimtividwably bscaBediveld @d wilPilesc?Bed 210,
andiR12pedee arranged in two rows and 3 colums and as can be appreciated
there are other nmenory cells that are not shown. The control gates of
menory cells 202, 204 and 206 are connected to wordline W, ~ and the
control gat 8 MEmaTEeRblis located at eaggjuncrion ofmlordlice and @ bBlnec Bacteeetlduthtdes avor dl i ne
W.~.  AsMeiaBOKigs-8emabriiRtol Fidiace | aTR| Y lines o and
W., are, connected to V\Dtroglﬂ\ldﬁ)‘gﬁgfré] ver&%%s%ﬁrgﬁh?%‘&%n%e%%%’gr}%@eﬁ\émry
cel | s 212 seiRigondygton substeates adloating gats, and=4 qontnolighte sepagated, fromtbe floaing gato by aenor y

cel I's 2fgeranekidsl Oa¢h6uld 88 Bt &Mled, theGells of 2 Ras PRI o0 Rdh 2628 Drional

PCT, US 3785 . .
50 %,125 n ﬁxat they include the floating gate and tunnel oxide layer disposed between the control gate

and the semiconductor substrate in which the source and drain are formed.

The cells illustrated in Figure 1A are designated using the notation Tym Where m is the row
(wordline) number and n is the column (bitline) number. The control gates of the cells are
connected to respective wordlines, and the drains of the cells are connected to respective bitlines as

25  illustrated. The sources of all of the cells are connected to the power source 106.

Figure 1B illustrates another flash EEPRQM memory 110 which is similar to the memory
100 except that the cells are divided into a banks, (also known as pages or sectors), two of which are
shown in Figure 1B, each of which can be programmed, erased, and read independently. The
memory 110 includes a first cell bank or page 112 and a second cell bank or page 114. The memory

30  cells in the first bank 112 are designated in the same manner as in Figure 1A, whereas a prime



drai'n bitline 216 and the drains of nenory cells 206 and 208 are copgegheg,
to drain bitline 218. The sources of nenory cells 202 and 208 are connected
to sourceWQOE166D, the sources of nenory cells 204 and 210PETAS8¢2I88t ed
to source line 222 and the sources of nmenory cells 206 and 212 are
connected to source |ine 224. The source |ines 220, 222, and 224 are al

connected to.Vss, which i.s 5 connected. to the no rce 106 igure | A).
e D Foied 1 e dey Bnpliofs 1 e el inaie e aRE g T Yerdings bf hd kst o
208, 2101124 A%Zreabfinedled td\@parawtvordling dfiveral16md a8, irédpedivelny i nst ant of

time. As also can be appreciated) a specific nmenory cell can be sel ected by

| ecti dl J. d bitli o] | | I ti f
PELoCt1 19, SR U B A5k 5 FETA bl B bbb 0 °
pot ent i abilisarThageleyp phnsésthbri for the ®aiari2 mid Tldtace designited 4s'83 tal$ pdnd SOf totShg

selected nmenory. 10 cell that differ, fromthe electrical po tials th are
o eccht  HPBT o M Bping B selftfriistoram qonested  erepash S iitsswieatatdhe °©
However, shgcaus thetstlect sansistesare tormletted foahadiaims yf thetrhsisarefoe thervatdlags Wilea
common t?rahg%% n elecirical potential cannot be applied to the source of
a speci fi't Pyﬁt%$’ at differs fromthe electrical potential that is
present at the sources of the other nenory cells. In addition, because

cell s are typiTielstlyct enmsiseds diffechpqrh yhemienory edllatansistbs imihgihtheyoare agrevehtioriahe

21 owi ng MR SHHOE Bk ot e o3 Bakign i b B AeE 70

pr evdft s thanememag elemermn$. Thedgates o thé seleenpangisoed fosthe barki i@ afe doanarteded abhrdd

schemati ¢ _,of pertion,30 a nor vi ce _showi. n r | s 302,

S04 306 Seit P MerRP pore 120 BT Blch o st BB T Wl B a8y e 1
310, 312 cofibétednala Bhhk selem owpitdd$S, bba Skbtor ddcbdes 12211 d be appreci ated that the
menory cells 302, 304, 306 and 308 20 represent a "word" and that a word
can be of arbi r t f. e d e [ LIg, 16
bi1s) 32 bits T Pins R s buif bardk R tonoltice SRnGoliel ek 0Bl Vo 36,
and 310 &d24 andthesairesd of the delziimthb ibardk ¥Y1d akk8hnected tala camrsoncsource supp)y vilaps 304
and q32 elggnnected to drain bitline 320 and the drains of nenory cells
306 and 31#"are connected to drain bitline 322 and the drains of nenory

cells 308 and 316 are connected to drain bitline 324. The sources of menory
cel l's 302, 25 BpbanikRR is saletted O applping o lngisellhizh sigedh to thobankiseleerding Sy that

326. It i at L a . en
monory. c ol ofl dRSnAREAES) & o nd hodsite HECEE, [BBL MR Ying FiehBnAEINCS
326. Si mi Thertlapk 112 desclgetedlby @plyhv_:gmjpgicadle li¢vs sigriad to the bank 3alectding BS 1 thattnens
connect edyg ﬂxeftﬁﬁsiﬁ}é‘%fllg S5 i ohrleBS u%%%momgel@ A mGhebif es?(r;bhte%ﬁ‘ipim iells

bet ween nenory ce and 316 woul' d al so be connecte ) common
sour ¢ | i setecedgnd dusdlectasrinemessentialiesimilraneg ugins tedagolet denabRiztndseleeto t he

source bitld Th kil i . . 0. i Ld 4 iver
105 (Fi quiribRRe o STo e QHirfifon e eRoh PG INASEERY Sl Bl o heRelibey

accor dancH0/Figure hd), pxceptdhat the pragmn, grase andacadpppmiiens cl be pepformnd apdhe banks pe
di scussed ?e&qgl Ao ‘Jggngg.cti on with Figure 5. As can be appreciated) the
menory ce}'s 3 %, 04, 6 and 308 can be erased independently of other
menory cells in the array such as nmenory cells 310, 312, 314 and 316
because a hi ghFigure 2isg dgiafled sglematipo{a poram90 pEr memon deuvgshoydes @yt can be
appl i ed t Qadstigor SR heétorP Eells 262, BBATROY, 208,218, 230212 e KBicaPetrinctdiBnAB the! he
vol tages applied to the control gates and ‘'drains of the nenory cells 302,
304, 306 eanrobgmesgsopesand dminsiof the jixi mempaycelip ps indle prior aheTheciit Memog£els and
drains of a¢1) Qo@,%@,rmﬁf‘?m][aﬁd %gi drSartdnB&d i BFStoRS tdﬁdi:?] BEEHRAYand B &a?.)bse %gaaggae,

during the application of t erasure pul se to the nenory cel

306, and themgme otheranesnosy eells that ar¢yeot shaver: The aendiobgatesf memapiroplle 202, 3043nd
unaffecte i l il j i ! nory
device s hgovg %g%ﬁ%@; b?gﬁl@@%ﬁ%@iﬁ%ﬁ%ﬁﬁ%ﬁ@gﬁ%? ﬂ{ghel r gfgrll??%r gat es
conned® edcenpegigd togyoudlime Wiy As dispussefliabovedn conjupgtion withiFiguw M4 tha wordlings Wit r ol
gates con d t | i t from
302 To 400 i ek oo oo de A0 RAERE AR). e it SRR 20746

drai ns of 20&amsconnegiedto|drain Bigine 314 the Kgninsrof memanicetie04and LGara conneptehte 418,
the drains of menory cells 404 and 412 are connected to drain bitline 420,
the drains of menory cells 406 and 414 are connected to drain bitline 422
and the drains of menory cells 408 and 416 are connected to drain bitline
424. The sources of nenory cells 402 and 410 are connected to source
bitline 426, the sources of nmenory cells 404 and 412 are connected to
source bitline 428, the sources of nennr@ cells 406 and 414 are connected
to 15 source bitline 430 and the sources of nenory cells 408 and 416 are
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.25 Assuming that there are n colums and mrows) the bitlines are 79 _JAN 2004
designated as BL,o to BL", the source bitlines are designated as SBL, 0

SBL" anowolne/168spdl i nes are designated as W.o to W.",. Bit lpciashosmis 502
appl i es appropriate voltages to both the bitlines and the source bitiines,
whereas a wordline driver 504 applies appropriate voltages to the

wor dl i nes. The voltages applied by the drivers 502 and 504 are generated by
a powefraEdhitipe2¥6med the deaing of enceert dells 205 and 208 areconniested BoBRindGlinh 2t The

t ypi cakdutce? b [ [ |5t he
drivers 5006 and &BEQE 262% Zéisﬂgwaégne-#gﬁg?&m& l}nL 2?0 g% QJ ﬁocff%)aﬁ&?cals
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2 87 JARPIER o dheppIeERBGe W&Bmas e rerseciated] alt ofithe fourcaeof the a

sem COoRfdholyQellsSaRS1040365, 268, bl afbd ed from
the floati %'gégate by a aeyher "(;?Holelg fhe sgﬂgelgcdpqueﬁ)g%%?agg%ag] %%?&tli e cells
of a fHEEHAEEPREMbY mreqnawdr emr&ﬁwmnmalcarmlchdtbmlmmw viardlinggad t he
floati ggigit Fhelnid Y te and
the sem gonc?ﬁc(l:taigr su%’;ct% pai'? glk ﬂm &F}h&hﬁ&é’%ﬁ&g@ﬁé%@%glf gp(ﬁblgﬁr?‘gtlé §éllecﬂ: 5 The
cel | s iand eleptricak patentigls Fandhgrapplisd tor the cntrobgase and terthierdgpin hﬁhmr-tlquamrfforym wher e
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control gates eof ?‘ﬁg@%éea I's ar%u@gﬂﬁte%?gﬁ&%&@s&gg{’ é?%g\)%d: gggﬂgand t he
dr ai ns upfelegp@memprysells: dHawsnerchesanse the sousens of all the ntmory cells amonndcugua ated.
The souphfsn eﬁn&heax&@écl&anaﬂof‘enﬁa RAHAGE 6 ?aﬁg drtst%l%%sﬁﬂcélgf assgyy 1ﬁng+an S as

illustrated. Figure 6 | ustrates ano basi ¢ con atron o type
flash thagdiffers frgmthe @Fcérscabp%emlal timt iscpresantabihe seuseas omwﬂwememyry(@im@lvp
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have 8 cbiffgaatidiPshBlvh $n Figered fréveRt th%@)'asﬁ}% Beindfy Qélfs , higher or |ower.
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hnd m PEGELR SPieSt i Whe o Siobid e apngrrttedhal shespestar ool 02 104 06 208 e
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appl i ectomctem dektin bieling 368) ZheattdinsGd Mediofy @REOB04INE 31D )re RomHR¥IEY toSdRhih GRTIRO 6
under t a contr i S tygl cal I% on-chip lagic

er. 6 ch
circuit Ega"dfﬁ%‘gr@Bﬁ?{‘B FREY c%'ﬁgbéﬂngélgbrﬁtq’%c%‘e‘ﬂ fergjp @94 e dragspft o
addr es anenfoey ¢etlB08/and 816 sre coithbatéddt dlainbidine S24. |'ﬂﬁtsbﬁt@ésy>f nﬁﬁlolafbcllﬁ'l%ﬂr ior art)

nor ocat ed ach unction o r I| ne and a_bitline. Each
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(FET) hontts3@f myzﬁemywene baweendﬁmday EWr306dnd F0SwSRMAISOBBoRhRIedIsBt rat e, a

floatin at e otro ate separated fraomthe floating gate by a
| ayer &g""u“’i‘ fceﬁgl S'Hic) Li"gf)b‘?"&?? Bemory rells 3Py H2314.and BLoare FEPROV

differ cbnmmmnwmmabuiﬁmm THRRburedsQ) ahyibm6lg cticbetwea niehdrpadtie and
tunnel I\M‘?/ {Qﬂ? Zgosed %e \ﬁgen t he contr ol ﬁga_},e and the sem conduct or
substr Rl afsg ke cmecied 10 i comumon sotres 1ing 3% qThepgopimon squree uge326h o

| ?ymjht anﬂ 328 qnmdnnmedwme eburee Hiline330a The SGRFRMtliAEN lb@xﬁie&bd)w thbiiline dﬁ&brg 8ur fces
of the ecte copmon S ce.line., The portion 7 o}
Che: ol ket 1Ryt YU R & furerti orse PHlnes macoiiante Rith A PrORE.  hot

i Nt er seotentidn: @he otifiedBifine Biver Will Baldistusibdibel A\ irafuhitimavithKigere 5t t he
"intersections of the wordlines and bitlines there are forned 9 Z 8 JAN

2004 WO 01/ 169 PG T/ U 3785 tr i [ Th ran istors are identified
by the not at]ﬁ O%QIF BRI CCRITEY " Yy fﬂgib%\tﬂ%’\sl@ﬁa? é‘) aﬂﬁ?‘rﬁré?ed quprgg'

col um doflothed mensry alistrethe arfrayrsuehxd meh@ry dlls 3100312) BBt @316 becatde aWigh and BL2
there is formed a transistor designated T2,2. There are shown drain
contacts 702 through 712. A source region Sis fornmed for each transistor,
for exanple, the source region 714 is forned for the transistor 5 T2,2. The
source connect line 716 connects the source regions of the transistors
T2,2, 13,2, Ta.2 ~ T2.s, T3,3 and T4,2. Simlarly) the source connect |ine
718 connects the source regions of tHE transistors T2,a, '1'3,a, T4, 4,

T2,s, Ts.s, and T4.s. The source connect |ines 716 and 718 have a common
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‘that is connected to the power source 106 (Figure | A). As should be 28 JAN 2004
appreciated all of the sources in the prior art nenory device of which the
portion 7P PK16860art are connected to the common 10 term nECTUH23785
connected to the power source 106. Figure 8 shows the |ayout of a portion
800 of a menory device showi ng the source of each nenory cell in a colum
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transistor, for exanple) the sowce regl on 810 is formed for the transistor
T2,2. In addll't'lglmﬂls ndeatailed schepiationf & portice 40l Qﬂamsorszdm sBowfﬁgmesmqrcmﬁs
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et uai rig e ARG P AR of Tkl ST P 1 e RIRACHEG AL

by the f422mand thedrais 0f wenmbryi qetlemﬁomdddG are cohectzfl t¢ Hromdithint 424d The sarase bf

G Sous s ey SR PR o de SRRAG) Uil 478 e lces iR 40 B o

sour ce cHAarconnested Wesoume bishineed28, the sourcrstofi memiory cell§ #06sind did ark cbrmpeied wth a

strugd urgd i I N i nes
are g%nnsgg'ltcg il ‘%6 F‘F‘ﬁﬂée Jﬁeggplng%g{y C\A}r-l;pﬁsbcon? g’?scgri"%%twﬁgls?%ﬁe gﬁ # ‘ed to
the 30 letelspwe@bltimds 42642843} 41di432 sre dBencmted¢o tHe ditimudriver lﬂZt(Fign&slA)almtbe

i ndi vi du\%&]l&' bél%&ﬁ%ﬁg)dnaéthgg&r&hﬁﬂﬂk d'L‘ zﬁ@waEhglpke@ﬁ% invét&nonSTﬂé)SSI blle to
sel ect an rogra read or erase In or- exanpl e) by
appl yi ngmwgerblpﬂm@émreawdl beodiscusped bclowmgonjltncnbm wish E;guemii source bitline 2,
the transistor T2,2 can be programed) read or erased. 10 2 8 JAN 2004 V\D
01/ 16960 PG Tt.y.ﬂ@@ RS FLaE SnfgSURSQNOR LN Tuln Bla okl 000 Of @

devi ce show ng the sources € ‘menor In a row
con n%‘{t ekrogramgnable BPQCEOBID’ Memery BERRQOM) wrxfmuwg ovwasowh@blﬂ@mfpyeagb wiegens hows
four WO"éﬂl'oﬂ%%)wé?&l&etlﬁ‘ﬁ&klﬂgnéél‘ﬁtﬂth@émkém ﬁﬁf@tﬁﬁh ThE 50 Blepb wmcoﬁhﬁgek ge 2
through Bitline 4. As describ at the intersect f
wor di | neRluslgy obeare pripemenysells, whish pesranaazed mamg‘elarrrsatnxmor@rr@y afvomsent s are
| dent | 11 Qflurkit. Eh BRIl OWith X‘@Sfdﬁnm),%@mﬁp ch Y8R s BRbcilidiRRR 9200

is the colum (bitline) nber. For exa e Intersection
Bi tline bithnggRle. J'saqdamwchcqlwam %WFSOG@mdg’ﬂﬁ’twurF@blchﬂ*Mk axe shovvn

drain contacts 902, 904, 906, 908, 910, 912, 914, 916, and 918. A source

regign Sis fnﬁsnmgftmft ﬂﬁ?&ﬂeh&&ﬂ&hﬂrﬂﬁh réw, HRORTRYs Gre de§iEnafda QE%E@EIL on 914
is forrre f or the transi st or he sources of transistors

T4, ~ T2, the sopscebi laqu%w%?%ﬁ%&%% thegwarglines are designated 25 mt@!fé«nand

the sour BEl&eQifnv&rr%D %p;ﬁfe@iﬁxﬂme vo-[%eé to bofth the bikBneS hndthe souréé Bt Swidréas a
connect ed tgﬁes urce connect |ine he source connect |ines 920 and 922

are conn¥erdlipe qryesdapplies PPH’PPF@‘%VWES%W&PT@B\% etheyolazas appliedipethe The
met hods  @rivefsB0XLAD504MR: SeAbrakcd b9 q 'ﬁ@@&t sohicB 866 @(ﬁﬁr ﬁ\Q HorfroFof grcgntﬁilﬁpm ed above

in conjunction with Flgure 8. is known in sem conduct or

manuP@ct HRichY tepisally ops @é‘iﬁ*‘b‘é%‘ﬁﬂn dbe §°'9@lllefa$ﬂ§ @QGOW the driyersip02 80d HMch as
vias, thpfadeRARCherdty SbilsUndiViaealyion cORevEy.al layer with structures in a
different netal | ayer. The bitlines and the source bitline are connected to
bitline driver 6(@5 ure 6)) which controls the valtages IMEal(IedtOthe
bitlines and &8HteePIn ‘h‘@cm?rﬂ’CE%HJM“’S@%P&B&‘@@F%@G“PWAWP Ritligee shown
only thr Bechicell fkcragsstd Masl-Otibes&heéRiuerdt wbbrﬁadtﬂfﬁasrrﬁkefo?m hiVgl | ne,
however, there may be any nunber of transistors on the wordline having
sources connected to the source connect lines 920 and 922. As di scussed




.20 above, the nunmber of transistors on the wordline having a comon 3Qunge(0L
can be a byte, a 16 bit word, a 32 bit word or any other nunber of

transi swoanel@cause the bitline driver can apply an apprpgfidbdasys t age to
a selected source bitline and to selected bitlines at the sane tine the
wordline driver 604 (Figure 6) applies an appropriate voltage to a selected
wordline, the nultiple transistors attached to the appropriate source

c onne&9urge and drain fopmegkin a semicendugion sehstrate racfioagnggate @@Q@zntrobgatdmpzﬁﬁeda rased

Wt holon B f1648 tebRS Bivi NG 1 A8 SHRIPS ' Vi ces.
In sulﬂn%ar ) thggrgaesu tg‘ygnd og vaﬁsgges oe%/apgﬁgia&ﬁgﬁoﬂ%/éugg@{g%é%‘r}og/gw be

mor e {iffer fromeanveptienal FIREs in it Hieh intlude edlosting gatd atd tirinelsixidedayer disgbeed ces
that  ipBwesfihe BhRdi fdUnddhd @ ' - LASE: t g@np A %gi'an i n
ot her bg[rrbf)}gti ments all ows er ‘ggceo“g‘%g%lrﬁgb e%inzz,ﬁgﬁ f[hr%fplt?rlc- | tc{r%?)g%\sfb The

f oregoi ng q, scription of the enbodi ments of the invention has been
_présented f g? cellsiytaaed @fFlg¥qel§s¥? dasigpated neingide Bothtinn Tos. whare inds thorow nt ended

t 0 be (RyddRAL) hinvBer @lis the cbibfth (biliie) x'ld?l‘{lﬁﬂt'rlﬁ?:rbohf?ol}gg@s & tF&éeEl?a%?Bt ekl 0sed.

Qobvi ous nodifications or variations are possible inlig f "t he above

t eachiigectiverfyerdings oand the firaing,af the eolls aearonnreted dastesneptine bithngsras illugteatedae best

i |1 ustyhgkdupces of thé Bats el Ok j 0 2 stk PF acti cal

appl i ?Q?i%n 'Ego thergb; enadgfegi%%épégp%oiog*ﬁg%&gﬁﬁmmi{a&?ﬁt he 11 2 8 JAN
2004 WD 011.1696Q PCT/LTSOO z3785 art to utilize the invention in various
enbodi nent 1A SustateATPRIgEbass FPnfigution RE NER typecflash Blegwically Brissblpar t i cul ar
usie CPiégeiableReaddrly Méaid PROMY doffigur@l ity @utcdl bAR6AE ﬁle}é\\m,'ryeﬁ's the

scope of the inventjon as determ ned by the appended clai ns ]
i nt gr ﬁP@F&'&g forf sQueee Pitfing d asprdanger aith the Brgsant inyenkian-c Fhe myperof he multiply )

| egal Inyemonyeblle Gidtintcidd 06 aQBiircd bifithe isl?“worlLth@Gar Rk 8hoas QeidB2 YrOGZmy 8> 2 8
JAN 2004 1%@5@%;% devi ce (300; 600) having l-transistor nenory cells

that £MHH gher erlowgr. phheflashymemogy 689 corapsispsa riprality ofcoreipt i pl e

1- t r anfdnrpéellsBMctyar€ dnged RQ%edtihgdlaP mathixBt a®A/ ST réVAVdnA GoldmHY, ddh oy ! CE,
flqQati n%cig%agvétgnd contr ate conpected in an array of rows and colums

with i = "6’5@@5 M{HETSHE AR FolEIn issassqsiated with Ritinmdly etn additign,
I espeahd sobreedsf Ghultide m¥¥hony celldintah6w AfePdoRfecl (€ £idufte bittig. COl UMM connected to
a respective bitline (BL"); and sources of a selected nunber of nenory

cells inr %Vgummag thaCthére atrtr:urlc éollﬁrrl?rllstand m rows, the bitlines are designated as BL; to BL,

and the source bitlines are designated at SBL. Bitline driver 602 applies appropriate voltages to
both the bitlines and the source bitlines, whereas a wordline driver 604 applies appropriate voltages
20  tothe wordlines. The voltages applied by the drivers 602 and 604 are generated by a power source
606 under the control of a controller 608, which is typically on-chip logic circuitry. The controller
608 also controls the drivers 602 and 604 to address the memory cells individually or collectively.

As in the prior art, a memory cell is located at each junction of a wordline and a bitline.
Each cell includes a Metal-Oxide-Semiconductor (MOS) Field Effect Transistor (FET) having a
25  source and drain formed in a semiconductor substrate, a floating gate, and a control gate separated
from the floating gate by a layer of oxide. As should be appreciated, the cells of a flash EEPROM
differ from conventional FETs in that they include the floating gate and tunnel oxide layer disposed

between the control gate and the semiconductor substrate in which the source and drain are formed.

Figure 7 shows the layout of a portion 700 of a prior art memory device showing the
30  sources of the memory cells connected to a common source line. The portion 700 of the memory
device illustrated shows four wordlines, WL, through WL, that intersect three bitlines, BL, through

BL,. As described above, at the intersections of the wordlines and bitlines there are formed



10 words connected to source connect lines (326, 328); characteri 3&dAby00L
source bitlines (330; SBL") connected to the source connect |ines (326,

328) nmaki YO/ 16¥O0ums of nufti-bit words having the sel ect RETAISAIRB785
bits. 2. A nmenory device as clainmed in claiml1, further conprising: 15 a
bitline driver (502; 602), V\,herei n the bitlines (BLS and source bitlines

SBL" t the. bit d 602
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rther rlSln ower ou to su to the | i ne
dlrJi ver ( g‘&rndc? %@rzdffﬁ?{%&aﬁg‘é}@} é@gnta% %ﬁt&?gw ]rr%erﬁ)?oy "fevi ce as
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Figure 8 shows the layout of a portion 800 of a memory device showing the source of each
memory cell in a column connected to a source bitline. The portion 800 of the memory device

shows four wordlines, WL, through WL that intersect two bitlines, BL, and BL,. As described

above, at the intersections of the wordlines and bitlines there are formed transistors. The transistors

15  are identified by the notation T, ,, where m is the row (wordline) number and n is the column
(bitline) number. For example, at the intersection of WL, and Bitline 2 there is formed a transistor
designated T,;. There are shown drain contacts 802, 804, 806, and 808. A source region S is
formed for each transistor, for example, the source region 810 is formed for the transistor T;. In
addition, there are shown source bitlines 2 and 3. The source connect line 812 connects the source

20  region 810 of transistor Tz,z to source bitline 2. The source connect line 814 connects the source
region 816 of transistor T;, to source bitline 3. The source connect line 818 connects the source
region 820 of transistor T, 4 to source bitline 2. The source connect line 822 connects the source
region 824 of transistor T 4 to the source bitline 3. The source connect lines 812, 814, 818, and 822
can be formed by any method known in the semiconductor manufacturing art, including an SAS

25  (self-aligned source), diffusion, metal connects, and by the formation of local interconnects. All of
these methods are well known in the semiconductor manufacturing art and will not be further
discussed. There are shown source contacts 826, 828, 830 and 832. The source contacts serve to
connect a structure in a first metal layer with a structure in a different metal layer. The bitlines and
the source bitlines are connected to bitline driver 602, which controls the voltages applied to the

30 bitlines and source bitlines. Because the source bitlines can be individually selected, as can the
bitlines and wordlines, it is possible to select and program, read or erase individual memory cells.
For example, by applying the appropriate voltages to WL, bitline 2, and source bitline 2, the
transistor T, can be programmed, read or erased.
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(WLy) and the drains of cells in a column connected to a respective bitline (BL,,); and
sources of a selected number of memory cells in rows making up multi-bit
10 words connected to source connect lines (326, 328); characterised by:
source bitlines (330; SBL;) connected to the source connect lines (326, 328)
making up columns of multi-bit words having the selected number of bits.
2. A memory device as claimed in claim 1, further comprising:
15 a bitline driver (502; 602), wherein the bitlines (BLy) and source bitlines
(SBLy) are connected to the bitline driver (502; 602); and
a wordline driver (504; 604), wherein the wordlines (WL,) are connected to
the wordline driver (504; 604).

20 3. A memory device as claimed in claim 2, further comprising a power source
(506; 606) to supply power to the bitline driver (502; 602) and the wordline driver
(504; 604).

4, A memory device as claimed in claim 3, further comprising a controller to

25 control the output of the power supply, the output of the bitline driver (502; 602) and
the output of the wordline driver (504; 604).

5. A memory device as claimed in any one of claims 1 to 4, wherein the multi-bit
word is a word having 4 bits.
30
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