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TECHNI CAL FI ELD This invention relates generally to the art of

m cr oel ecMOIH{16968| ectronic circuits. Mire specifically, pChiusoa23v8snt i on
relates to the architecture of flash nmenory devices. Even nore 5 ¢
specifically, this invention relates to the architecture of flash nmenory
devices that utiliz 5L ow the erasure of a
bit or byte or mrdﬁmgﬁm mcro?ﬁ\}x k’({)@{'gﬁﬂ ash or bl ock erase
El ectrically Erasabl e Progranmmabl e Read-Only Mermry (Fl ash EEPROM

includes an array of cells thatTENKAL FE&Sendent|y programed and 10
read. The size of each cell and thereby the nenory are made smal |l by

onmitting trarrsﬂssﬂveﬁtamka@wgeae‘sanywlhea& otmmle&;oefc%ze&tfb’atc R0Ab! Rotehe cells to

be erased 1 nden all_ of the cells are erased together
oS o bi SRR BRIk g e o e e dpers, Even mors ’

|v]§t alhs OspabificBénthisimeutdnatiated\oB)e afdhﬁéod:z@?flffﬁﬂi mexﬁdr;ammsmié uﬂmftx‘ﬁnﬁsi@iﬂ s, each
0] ic ourc I a oatin ate and a contro ate 15
to which va?é%ﬂ§&§olﬁwﬂl a§$@“§§%€¥gge?rw aogrgn?the cell with a bi%ary I

or O, or to erase all of the <cells as a block. The cells are connected in
an array of rows and col ums, WAUKGRUNDHARD| gates of the cells in a row
bei ng connected to a respective wordline and the drains of the cells in a

col um bei ngAﬁzafwes&da@ﬁa&@broe@a&,eteeéemmytémageprxgmwéﬁ&adai the cells
are connect ed]r__t1 gggﬁ% This arrangenent 20 is known as a NOR nenory
conf i gur arTeh e %‘“ﬁl‘%@?’éﬁ‘ﬁ?@@fﬁysﬁ‘ﬁmmde&e’\%‘{yé’wﬂws%l ly 9
vol t ¥ t aeddh&hesinmtof edch gell @d mmpy ik A@mdry amiﬂda@aam:fy OB ONANSEbE kiYoud: ayol ts to

the draijy hot e 0

i nj ected Fagrrgﬁ’sgg gsﬁg%n IetF %@?‘%ﬁ dfl??f' ﬁrf)séf é’?tb}‘ feglsarﬁpon r emoval
of the m@gﬂamhenqa\b@ictcages the i njected el ectrons are trapped in the
floating gate and create a negative 25 change therein which increases the

threshol d volg ageorpsftmgepggkiudés@n@v.a@i M&al'ékz@é(s&ﬁﬁ%mﬂxfctor )?Péidréﬁéﬁ?' y 4
volts. Acell is rea typlca y 5 volts to the 'control gate,

appl yi nd s gIeesy ﬁeﬂseefffpf’{)?"?i@’ ingleflep e el dioping gate aircerted gl r oundi ng

t he Eiourto&hicﬁmloﬁmg&gm’éb@hbd folpkdgfanCtié EcliRith albinafyN@or 08 ko drde alPér@gr ammed and

the threcgp gbyoktage is relatively high (4 volts), the bitline current ’
be Z6ro or--30 at |east rel atively low If the cell is not programred

or er ased, the threshold voltage wll be
The cells are connected in an array of rows and columns, with the control gates of the cells

in a row being connected 1o a respective wordline and the drains of the cells in a column being
connected to a respective bitline. The sources of the cells are connected together. This arrangement
20 is known as a NOR memory configuration.

A cell is programmed by applying a voltage, typically 9 volts to the control gate, applying a
voltage of approximately 5 volts to the drain and grounding the source, which causes hot electrons
to be injected from a 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

25  change therein which increases the threshold voltage of the cell to a value in excess of
approximately 4 volts.

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, grounding the source, and sensing the bitline current. If the cell is
programimed and the threshold voltage is relatively high (4 volts), the bitline current will be zero or

30 atleast relatively low. If the cell is not programmed or erased, the threshold voltage will be
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relatively low (2 volts), the control gate voltage wll enhance the
channel , ansvghasdsot!|i ne current will be relatively high. PeY/usiol2318an be
erased in several ways. In one arrangenent, a cell is erased by applying a

relatively high voltage, typically 12 volts, to the source, grounding the

control gate.a al.l ow the. 5 drain to float. .This c es. the el ectrons

Chat " ver o i Ebiefla S e coMFr ade iBeCud Gota b raPt R R SFefiuel o

Fow er - Norighedatively bighel i ng fromthe floating gate through the thin tunne

oxi de layer to the source. A cell can also be erased by applying a

negat ive vol t a0l Rar %@l et vy HBhd Srah SrfiCh cefl W] oyABfiGmg ADP! YT NG 5
d all the d to fl thod of

volts to the source an 1'owi ng rain l'oat. Anotheér netf
erasi ng i seB{velydighypliagesxpicaly {heoltptoue pougagraynding the canfial sats3nd glovgattle whil e

al | owi g td@in BAGRC Thid baisdd theldbcléhs tlaP@dre inftbRd ﬁxfo&_ﬁ@ﬂdﬁfi&ﬁg@fé%ﬂn ggectron
trapping to occur_in the tunnel_ oxide. In addition under erase and

the

over er ase 'PrBEEfPuler-Nordleim gimacling GAm thedlopting gate Hregh the thimupeboxidsMieT ooxi de.
Al t hough mﬁ@mar@?ﬂmﬂ%&my@yﬂﬁ@g 2eHIaive RN gPorhiPdrlter Bﬂﬂﬂa@blt.ﬂf) el ectron
trappi ng, the . .cumul at.iv ectron trapping increasgs as eac
o ogr i rFPEV SRE HREreS Y b les SRR L of i fiee KnsBRrBrtiotal g y
degr ades témmingistyepplyingsV BabaRivell prdi-00V @ithe dohtad baterwhilsrajlowiey ihe esiragidsiin be
er ased,qs hlock, it is necessary to erase the entire nenory device if

1#S @ fdar!
only one nmenory cell nust be changed froma programred state to an
unprogramed state. Each tinme the nenory device is erased, the cumulative
el ect ron tr appi i crafepEqcaiiscrgussselecyomtrappiag i 95w i thhnashoxidee neaddision diep| et ed

and, as di &ﬁbt@x%ﬁfin@&@iéﬁs?rb@d&@ﬁ!a@s& elefiroR krappiid 16 HRur B findt 8kilie. | Mind@Mr aded.
Therefore, a\é\(g?r%;%' S neede

re,_nmenor evices_nmade up of | transistor menory
cell's that® W@e‘ﬁﬁ’r%‘ﬁ?/ad&éwqg%émﬂﬁuﬁﬁﬂéfﬂ%cé’ﬂ" 'ﬁ%@’“%i“ﬁe QPN e one
byte at a d¢lecren @appihg ioretbesds eachiprogiammind/enist EoldRcoipleivhich\ichifd, ON Accor di ng
to the re%grggsini lnvgngdesotrﬂeergsh%lgeor egoi ng and ot her objects and advant ages
are 25 obtal neéygygrrrermry a&Wces havi ng 1-transistor flash nenory cells.
I n accordance with one aspect of the invention, a nenory device having
| -transi stor rReA®PSProat dash mawony idevdces st bperased gs adiogk.dt ipRecessanp ttessde nenor y

cel | s havent BRid Ry dcoRé ronig oheXRGRRY dell musibe 3hdngod fRn & PV Bandid sGR!bIANS W th

the control gates connected tQ a wordline, the drains_connected.to
unpfogrammed state. Each time the memory device is erased, the cumulative electron trapping

increases as each erase/programming cycle is completed and, as discussed above, the operation of

20  the memory cell is degraded.

Therefore, what is needed are memory devices made up of 1 transistor memory cells that

allow the memory devices to be erased one bit at a time, one byte at a time or 1 word at a time.
DISCLOSURE OF THE INVENTION

According to the present invention, the foregoing and other objects and advantages are

25  obtained by memory devices having 1-transistor flash memory cells.

In accordance with one aspect of the invention, a memory device haviag 1-transistor
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.



a bitline and the sources of nmenory cells in a colum connected to a
respective source bitline. 2 WO 01/ 16%® PCTI USOO' 23785 | n accordance with
anot her @ prP600f t he i nvention, a bitline driver cont rRETUSRIMEt| i nes and
the source bitlines and a wordline driver controls the wordlines. A supply
power supplies power to the bitline driver and the wordline driver. A

control | er cQRtdofiaticelwith aRdthe? Bpe@ bf b MVERVR 2 bRl iVer cbﬁteols tReiiliHds .88 T he
bitli ne driver and the output of the wordljne driver. I n_accordance with

anot her thg 8qyEe ditiifes adea ‘Y‘fﬁ‘?}@ﬁ firivsr contpols thesyopdliges, |‘%:%’PP|‘&W‘¥FQ suppligs PAWETR or

menory e bhl&eﬁh@draﬂith@%lﬂﬁrﬁb‘dﬁv@f AzoftlIeCdoREbINMHE bitpu? of th¥\Poviér Lpye, theie menory
cells arrangtetg % a?' ar rd<'a]¥F é%@@ﬂ aFunns wth the control gates
connect 8P 8° 18 B PR AR and L utppLY CEA¥i n  col ums connected to
bitlines and the sources of the nmulti-bit words connected to respective
sourge conna@tcordancesvitiadothdr esped of the inyentinm @tmeimoneds vieakaving 1tpnsistarol urm  of
multi-b TN K W th

anot her }"E'“%Q B ﬂ?a%lﬁe | ngg{rﬁ%ﬁ%ﬁeﬂulg%&ﬂ“&gﬂeﬁg‘% théalg{ré e rrcllelgo Qﬁ{,ﬁgl tlines and
t he souRwEy osrqws pkeoluzmmg with the centiohgates conpeqtedce nvatsilhse, mqéramspﬂwlms A supply

POVET S Bihthks@BnreQUEK bitkhes &xﬁ‘%hé%b&:’césré?tkﬂ Eﬂuuﬁsna&dséohﬁec&@mkgpe&veudmeer A
controller controls the output of the power gﬁl}t\,@}the ut of the

bi t | i ne RPEsy lipes 2t he $purce eqng ‘“EFP“P] ﬁﬂlqnﬁ’epf w°"ﬂ§3°°P %% dance with
ot hap asqeebitide. t he i nvention, the nmulti-bit word can have 8 bits, 16 bits,
32 bits or 64 bits. The described devices thus provide flash menmory devices
that in one f f ce and in
ot her enbodi ﬁ’en% q%)’%/\h/s%létﬁaséﬁa { hthEXw%lnrongebﬂg? Qn%frt$&qg$ Mm %}{& 20 The

pr esent thesquseettitiines |ae;d Puerdiine driveg conirols the wasdiness dsvipple paweir@trppb«fs ppmr telet ai | ed

descri pme@,mmelmba%a thE woRthe Tl AboltrdiRr dohFolAhE BRPR BY thOSovidf iphIPARe AS Wi I

becone readil e(la parent to those skilled in the art fromthe oIIovmng
descri pPysyof ﬁBﬁ‘lé‘eidgveéﬁMF%‘ %fé’éec‘f‘?“b‘@& dg¥fBodi ments of this invention
sinply by way of illustration of the best node to carry out the invention.

As w5l | be Memédrdapck withivher aspantf tinveption e iplubi-oif wat beavhaendigdi ¥6bits,s and its
several ;detal kpy@re capable of 25 nodifications in various obvious aspects,
al | without éepartl ng fromthe scope of the invention. Accordingly, the

drawi ngs and detai| ed description will be regarded as illustrative in
nature and ndbe desggibpddeyicesthyspeovidg fipshmemerydeyipes thatingpe qmpodiment AR

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



The novel features believed characteristic of the invention are set forth
in the appended 30 clains. The invention itself, however, as well as a
preferred madepiadsesise, and further objects and 3 WO 01/ 169800S00/23785

PCTf USOQ' 23785 advant ages thereof, will best be understood by reference to
the follow ng detail ed description of illustrative enbodi nents when read

in conjunction with the acco nyi dr.aw ngs, erein:. . Figure |Ais a

sinplifi ed*d@nﬁéﬁsrﬂre@a%' “@b‘??é‘ﬁfﬁgﬁ@f%@ggﬁf e “Brf‘}’lyg’?”‘%dfm‘f‘?“é"g?‘i“%‘éﬁﬁ&w

Fi gur e | B iingtraiveebddirhedts ihgriesd ik Aorpuibtionl withshe aatoapasyingrdrawinga/ whefdimsh EEPROM

having cells 5 arranged in tw pages or banks; Figure 2 shows six nenory

cells and the i Qi . ins of the
r £3 QHEGRS PROME

six nmenory cel %?sé%ggféﬁgglr?‘g§lgﬁe%§mg¥?%%ﬁ%t§%&§1°s%gvér a %on of a nmenory

devi ce showi ng the connections to the control gates sources and drai ns of

menory cel |'s i FigumelBissimilario Bisureid breitlgstiptegapiicrart flash FEPRONHINNBE 6l h t he 10

presents | @Rl BNwibStShrRatil tipl e sources of nenory cells in a roware
connected to a source bitline; Figure 4 shows a portion of a nmenory device

simlar to Figyre 3, showi.ng the nnections., to the cantrol gates, sources
20 dr ai ns of rAREF 3 IORT HE RO ARl B OT S HOT R DOERGT PHR SRR B

accor danc adriihd df the R tnieeoryeaized intbangriopért;t he present invention wherein each
source of a nenory cell 15 in a rowis connected to a separate source
bitline;, Figuregun.| j, g 1 fd [ SiteSBbwis e MRhd-Gord i AGE 8 Sfoads T | @Sh
EEPROM si m | ar %‘%"?%’ﬁﬁgwﬁ%"b&ﬁ?q’éﬁ%@q’%d % ﬁéémséc:)ur ce _o?o eéch rrermrg; cell in
a row conrfewresdnd gaips fapsaericellsin the eertipn of theromonyrieyige ig aerordgncsivithitigr t o
Figureid Dubsesthavhdds whithin fRMDEESurRS of rdrPleBs XBIRN Yre 6@bdedithla ouf@W
connected to a source bitline; 20 Figure 7 shows the |ayout of a portion of
a prior ar‘?‘ﬂ’ﬂ%rmry devi ce showi ng the sources of the nmenory cells
connected to a conmopn source line; Figure 8 shows the |ayout of a portion
of a nenory deigre 4 kiows agortdief 8 oumoysiedée shalmo\Figure3 pwing tie comwctponnect ed
to a separ (| oad QL t I portion
of & monor U SomL i olkds AR R Bl sty B0 R e O achLo T
connect ed acgordansrovithoaaothirembodémentof\ND 1esent SERioPEIEISEsh sarg 5f 2 memory cell

15  inarow is connected to a separate source bitline;

Figure 5 is a simplified electrical schematic diagram of a flash EEPROM similar to Figore

1A but showing the source of each memory cell in a row connected to a separate source bitline;

Figure 6 is similar to Fignre 5 but showing the sources of multiple memory cells in a row

corinected to a source bitline;

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 3 separate source bitlines; and

Figure 9 shows the layout of 2 portion of a memory device showing the sources of memory

25  cells in a row connected to a source bitline.



MODES FOR CARRYI NG OQUT THE | NVENTI ON Reference is now nade in detail to

speci fic enbodi nents of the present invention that illustrate the best
node pr avent/degsocont enpl at ed by the inventors for pract iRITASDRITS nvent i on.
Figure 1A illustrates a basic configuration of a prior art NOR type flash

El ectrically 5 Erasabl e Programmbl e Read-Only Menory (EEPROV) 100. The
flash nenory 100 congy ﬁﬁF@R(BiRﬁﬁNébU‘i‘f IevEeS ry cells, which are
arranged in a rectangu matrix or array of rows an colums. Each row is
associ at ed W|th a wordl | ne ereas each colum is associated with a

bitline (BL)RefEREHNY pagin *Héf%spa?@?ﬁ"be@r'ﬁmgf thepresentIyRationthat it | i nes

ar e desilpiateahe kSt nde plesenfB} contehiplated By tHa envemod Fdr pRStickigahiadngat ed as Wo to
Wm Bitline driver 102 applies appropri ate voltages to the bitlines,

whereas a wo ' 4 VO t he

wor dl i nes. Tﬁ%“e\r}il ﬁeashétgs aal;agf &%%%‘Ja&f%h&gﬁ?mver S @@5@6 %%@E%%ﬂgaﬂye gener at ed
by as poﬁ@ﬁabmqlgranm@& M@nlytl\mnquﬁFPBDM)dﬂo alhe Glashmuniosy 100@8mprisks <h i s
typi cal r | s the
a ver s P o AL GhE S ek OB mbrdrdPor O

col | ect colamgs. Zachfpy is apwecigled with pwgrdling (B\@P)O‘WCTBAS ?Péh@ﬂl‘ymt'éfiﬁsoqlaéedl vo&m ed at
each j upgide@BLPf a wordline and a bitline. Each cell includes a

Met al - Oxi de- Sem conductor (MOS) Field Effect Transistor (FET) having a

S eontr ol gateBins el e DR ity bl st RuEad b BEY o Sas ™™
shoubd lasd thpwordiines tre designired aséWLeto L.a BIithmsdmv&HBRMmld dppmwpridte witageotwvent | onal
20 FETS pebiiatwiete LB 161 bbARSHDAARN AR e | Ve
t he sounelagesagplisd By He grivers 192 ﬁwmmemtwymlppwmspm@w jupderthggentroll A ar e

desi gnatoﬁglcda&bmmdﬁemaois %tpicﬁllfy mp wg@&?cumyl ?héd%ﬁtr&lléy\los(a% EdbiR@k Number
and n is the colum I'i ne) nunbe The control gates _of the cells are

connect dgVerdpt qzé%%t*ﬁ? ‘éﬁé%l‘"d‘l“?’ﬁ% ce"amwe%“ymra?lﬁgnvafy 3 pll '?Pé!e?cgbegr e
connact adlotvo respective bitlines as 25 illustrated. The sources of all of
the cells are connected to the power source 106. Figure 1B illustrates

anot her 1 st dRRr AT ofchth AR of St bt a bifind. e TBAHONes 0O _excop!

that the cells are divid I nto nown as pages or sectors),
two of WWel{OxideSemicardptos MQS) FisldEftees Transistor @ﬁ%vwaawe@eg d

er ased, 1??33ﬁ&ﬂdhctoﬁﬁﬁﬂﬁ§d£ﬂ?ahﬁ gaTd;Qld AR Yatd skParhtBCirathlhe ﬂaatfng E4id b | | b?Rk
or page an S ce (6] S in e
P A bﬁﬂ?rgaafFfﬂ theigells il nﬁﬁ%?wa@ffﬁ SRHUEEOR.  wher eas a

pri m® 5ETs 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.

The cells illustrated in Figure 1A are designated using the notation T, 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 EEPROM 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



WD 01116960 PCT/ USOQx 23785 synbol is added to the designations of the
cells in the second bank 114. The wordlines of the banks 112 and 114 are
connect ed twosrpessat e wordline drivers 116 and 118, respecidivgiosniisd
addition to the nenory cells, each bank 112 and 114 includes a sel ect
transistor for each bitline. The select transistors for the banks 112 and
114 are design tgﬁ s So to S, and S 0o to S o, 5 respectively. The drains
of the sel @’8&"&? 5‘?@?‘&@“%"%"“@8&%%@3‘%3‘ thepsepand bank d ik Chlie ordlipesiof fhe dankaher eas
the sour ctE and 114 @atert tostmitd Bdrdling dives HERRETBAGpkaivipe drains of the
transistors for the wordlines W.oo toW,,,andW' otoW.' m The sel ect

transistors dif . y | | nskLst.ors.in that they ar
conventi onal Nﬁfgédé%}qgﬁé QFW@S' g?l %feggqe%ag{%ai‘fagg? ?‘fnl clagiey %iﬁ?em'l"ﬁés‘ %‘%%rc??g’

transi st or 8itligg.cThespless Frnsigtoes forthetianksr 142 hrek 114 28 desimatedrasSo toyS, @hdSTERISS, The
gates 0f t Repes@lfC | . d to a_.bank
sel ect BS1 of a ?eg?%érﬁgsz%f?%gglgcitzr%{sg{r?%%{%gﬂlgeg%ééto r%pﬁc%@%@ﬁ%% w{‘err%aﬁ&est ors
for the baffiercesiof theselect Hasisosasronnsotad t9dbrdrajes of e trausistos fo3Bowartllies $86t Or
decoder 12awilhgasou;easrQf the cells in bank 112 are connected to a common
source supply voltage V,, 124 and the sources of the cells in the bank 114

are connect ed t,ﬂlea lcc? DN SO cg supply voltage 15 V,,2126. The bank 112
is selected by appf¥i %f’sﬁmfsgéfeé P’P@BW IYSEY HAISSIOF 1§ 1hat theygie comveatianal] | ne BS,
that tur nMOSFETdvad themfisd intkdloatiff@atn 18e sARtrSOROR aleSwidhthglickeatdRmmeBLO t O
BL, to;she | ..he .ban 12 | esel ected b ppl yi ng
a | ogi LA " %{;&J‘C“l“s’ 5’%’%‘?”%?‘% %aééﬁgﬁésegegﬁ ‘éaé‘f‘g?ﬂs E"é %‘Bé?“kts‘ﬂg?“’f‘e{wréed tof Ferk e
t ransi st or 1B 6f Sxctarrscatiesi2B awibe mites htherefror yangedrs Kr fhe daktiiarbi t | i nes.
The bank 1ddhncteddds ik RfckEfRel, AP LhECIEGel 2220 essential ly sinilar manner
usi ng the bank sel ect signal BSZ and sel ect transistors To to S ,,. The
operation of t mem)rgqlllo Is. essentially simlar to that of the nenory
100 (Figure I|A):CSREEspt %ﬁls?ﬁgﬁ‘&%@?&?ﬂm@d&%c%ﬁ@“ﬁ% SHPRYY ¥ltAgsSa can’ be
performed 24 andthe bardesof tHek2lstn tht Bank 1 depe BslaekddYo a Bn%bh@m@ceiﬁpé;?/ wahgi | ed
schemaic quﬁﬁportion 200 of a nmenory device show ng six 1 transi stor
flash menor{ ' cells 202, 204, 206, 208, 210, and 212 and the el ectrical
connections to the control gates, sources and drains of the six nenory
cells as in thelisbresrl13 jsiselecriddy spplyivaatogically bigh signaP©2he tatisele®0iGe BRGBat 210,
and 212 ar an'@l’oﬁ%ﬂﬁ@isﬁo&&MnMn&@@ttébﬁﬁ}lcymstoﬁﬂ%o%uﬁ&ﬁ ng@xB%%&isat ed

h 7o gat es of

there are er no cel|s that are not shown. e cont

menory cel ?éﬂ {,Egtﬁsé{e ted byRpPYg 2 LogieAbiclow gizpa tathy tank selechine Bariliattuses cont r ol
gates of meffite yasistolss, RS adtildscamect2h@manhery s GONMRGitREEs.! Thewafidiiine W, . As
di SCUS§§d ?e%\égaﬂd%es%%&lﬂ% Esger}lti\mytsﬂrﬁ a{’ urngr ulség Ehré%mx\cﬂjs&gclt Isign%?ngLagd select

transistors §'¢ to §°;. The operation of the memory 110 is essentially similar to that of the memory

100 (Figure 1A), except that the program, erase and read operations can be performed on the banks
112 & 114 independently.

Figure 2 is a detailed schematic of a portion 200 of a memory device showing six 1-

25  transistor flash memory cells 202, 204, 206, 208, 210, and 212 and the electrical connections to the
control gates, sources and drains of the six memory cells as in the prior art. The six memory cells
202, 204, 206, 208, 210, and 212 are arranged in two rows and 3 columns and as can be appreciated
there are other memory cells that are not shown. The control gates of memory cells 202, 204 and
206 are connected to wordline WL and the control gates of memory cells 208, 216 and 212 are

30 connected to wordline WL,. As discussed above in conjunction with Figare 1A the wordlines WL,
and WL, are connected to wordline driver 104 (Figure 1A). The drains of memory cells 202 and

208 are connected to drain bitline 214, the drains of memory cells 204 and 210 are connected to
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S det aile C.

cel I's ?Bj’e’%%"%?ﬂ&r%’ﬁg‘"%\ﬁ”? ﬁ°“frﬂlgﬁafe apd,alfomne tb%ﬂ"@% todfloata e PERr 20 W., and
menory qpeﬁgugmaiﬂ;owﬂ inXigirt 2 presenth tBel drasoeondiviidalinemébyzelld.t shoul d be
appreciated that the nenory cells 302,304, 306 and 308 20 represent a
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25 304, 306, and 308 are connected to the common source line 326. It should be appreciated that the

sources of any memory cells between memory cell 306 and 308 would also be connected to the
common source line 326. Similarly, the sources of memory cells 310, 312, 314 and 316 are
connected to the common source line 328. The sources of any memory cells between memory cell
314 and 316 would also be connected to the common source line 328. The common source line 326
30  and 328 are connected to the source bitline 330. The source bitline is connected to the bitline driver
102 (Figure 1A) that would be modified to drive the source bitlines in accordance with the present

invention. The modified bitline driver will be discussed below in conjunction with Figure 5.

As can be appreciated, the memory cells 302, 304, 306 and 308 can be erased independently
of other memory cells in the array such as memory cells 310, 312, 314 and 316 because a high
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conpri ses ity of c QL e, oL memor cells, which are arranged in a
rect angul (f? rﬂgyf %’ core SF %%%g}e 8fth E} d in a rectangular matrix or array of rows and

columns. Each row is associated with a wordline (WL), whereas each column is associated with a

bitline (BL). In addition, each columm is also associated with a source bitline {SBL).

25 Assuming that there are n columns and m rows, the bitlines are designated as BLg to BL,,
the source bitlines are designated as SBLg to SBL, and the wordlines are designated as WLy to WL,
Bitline driver 502 applies appropriate voltages to both the bitlines and the source bitlines, whereas a
wordline driver 504 applies appropriate voltages to the wordlines. The voltages applied by the
drivers 502 and 504 are generated by a power source 506 under the control of a controller 508,

30 which is typically on-chip logic circuitry. The controller 508 also controls the drivers 502 and 504

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



colums. Each rowis associated with a wordline (W), whereas each col umm
Is associated with a bitline (BL). In addition, each colum is also

associ atwadowmiesée a source bitline (SBL). 25 Assuni ng thaecibssoesmse n
colums and mrows, the bitlines are designated as BLo to BL,,, the source
bitlines are designated as SBLO to SBL and the wordlines are designated as
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appr opré0sitie contrdlattjedriven 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



both the bitlines and the source bitlines, whereas a wordline driver 604
applies appropriate voltages 20 to the wordlines. The vol tages applied by
the driverswQdnaile 604 are generated by a power source GRfruspdasrss he
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
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at the intersections the wordlines and bitlines there are forned
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can be formed by any method known in the semiconductor manufacturing art, including an SAS

I

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.

H
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W2 t hr@h@ﬁrmncham Yittipedriverq02 (Figwe 6hwhich gasirols Bervpltages appliadtotigh Bitl i ne

4. As dﬂtﬁﬂds laﬂﬁdém@@&ﬁﬁe Réholild®e hprciated @at MES a:@fshd“mnwreé m@ﬁscuam bitlines
t here tran5|§tors The transi stors are ?tlfjed y the

et i Qfresplond O tne Rt i A BT TS o b B amagt 1 K or B col L
(bi tI i g wasrdlma(havmg-'sourcesxamabteq todlie sburee domicetrlinesc920 amd 920 w&anscaméd Bitline 2

e T LA

-

con act s‘”é’o‘gg“
for med Wast a3 sl word:on nycathsr nunshey ofmmr%e Begavee hobitline drivegtanaprplvay | s f or ned

for theapblro?fh?é voltie td £sefected Lirct Biline @3d @sellkcaiit Atk shrie Ame thd wérdlidét- 2 T2, 3,
T3, 3, an are 10 connected to _source connect. |ine 920 and the sources

of tr arf@"%‘t@f‘ é““ﬂ“fe §) apghies 41 appyoprale Yoitage to ¢ aclagted wopfligg the multple EBHHNEt ed t o

sour ce aadheeithd dppepitelourddiniictiling SsuctoaRatde cohrdatdingN20 amiP294dn By € connect ed
to

25  erased without having to erase the entire memory device as in prior art devices.
In summary, the results and advantages of the memory devices can now be more fully
realized. The described devices 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.

30 The foregoing description of the embodiments of the invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to limit the invention
to the precise form disclosed. Obvious modifications or variations are possible in light of the above
teachings. The embodiments were 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 in the
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source bitline 1 via source connects 924 and 926. The nethods of form ng
the source connect lines 920 and 922 are di scussed above in conjunction
W th Fi gurewB.ouf®st s known in the sem conductor manufact Wdyagseasirgs t he
source connects 924 and 926 are structures, such as vias, that connect 15
structures in one netal layer with structures in a different netal |ayer.
The bitlines and the source bitline are connected to bitline driver 602
(Fi gure 6§ offiizeihedpyspicy i variges spmbpdimguisand syithi varpus modifieationsi as kiemeited emd  sour ce
bi tline. inepatici dscloonépiiarialach hdiicalidd bl AFiRiANRNRAR Y sdoBE ﬁfethe
0

intersect;on§ %hereéﬁ%glpnl %Qree transistors) in wordline, wever,
there may " BE S CRGTHYF by fhe @pagaded slappsavhgh mterprgted s aepordarse ath thepresdihi ic es
connect edwhich thiears faitlyclegatiprne eduitiblynatid20 and 922. As di scussed 20 above,

t he nunber of transistors on the wordline having a comobn source can be a
byte, a 16 bit word, a 32 bit word or any other nunber of transistors.
Because the bitline driver can apply an appropriate voltage to a sel ected
source bitline and to selected bitlines at the same tinme the wordline
driver 604 (Figure 6) applies an appropriate voltage to a sel ected
wordline, the nultiple transistors attached to the appropriate source
connect |ine, such as source connect |lines 920 and 922, can be 25 erased

wi t hout having to erase the entire nenory device as in prior art devices.
In summary, the results and advantages of the nenory devices can now be
nore fully realized. The described devices provide flash nenory devices
that in one enbodi nent allows bit- by-bit erase of the nenory device and in
ot her enmbodi nents all ows erase of the device of nulti-bit words. 30 The

f oregoi ng description of the enbodi nents of the invention has been
presented for purposes of illustration and description. It is not intended
to be exhaustive or tolimt the invention to the precise formdisclosed.
OQobvi ous nodifications or variations are possible in |light of the above
teachi ngs. The enbodi nents were 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 in the 11 WO 01/ 16960
PCT1USCO 23785 art to utilize the invention in various enbodi nents and
with various nodifications as are suited to the particul ar use

contenpl ated. 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. 12 This Sheet Has Been Repl aced
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WO 01/16960 1111111111111 11hld dnbek tils!geds! eﬁg%lé USOQO 23785 CLAIMS Wat is

claimed is: 1. A nenory devi ransi stor nenory cells that all ow
bi t - by- Iwo orvégese of sel ect eéum}ﬁlﬂ”ﬂﬂ lws conpri si ng:PCT/US0R3INBS €
l-transistor nenory cells e rain, source, floating gate and
control gate connected in an array of rows and colums with the control
gates of the nenory ceHs in a roghﬁﬁggﬂected to a respective wordline and
the drains of the cells in a col nected to a respective bitline; and
t he sOMhatdsclained 83 nenory cells in a columm connected to a respective
source bitli T r. Vi f i further [jsing: a
bitline dr i‘vgﬁ’,’e“’\ﬂ}?g‘?eé}"ﬁ h%ﬁrgmg@f%ﬂ%gergoﬁgc@gﬁhgc@oﬁ}bﬁ Tbr'ﬁggpqgﬁ%ﬁégﬁ?}dect ed to

t he bimdnorecells. comagrisingand a wordl i ne driver, wherein the wordlines are
connect ed iplhe) il Hemdty L1 bach hdvings drfiR SoFETRbing G £ cBfero a1 M 2
further conprising a power source to supply power to e bitline driver
and t H8tegeRngtedia agjaray ©f rows andrgpdumas it the gartiol gatesrof the giemery ceilfriB REXW conpri si ng
a contdofetted tolaQesp@le Wbrdfift@n@tht Biains 6f the edfls In ¥ oRAMRENnE BN ¥ respdtfvéo Ut put  of

t he blt%lﬂe driver and the output of the wordline driver. 5. A nmenory
devi c ™85y 1-transistor menory cells that allow erase of a sel ected

mul ti- bit thsbskces@Pthp hiembiyGelishh tolithiecohnéctedtsd Répattiveestidelbitisd. | S each havi ng
a grain, source, floating gate and control 25 gate connected in an array
of "Tows and colums with the control gates of the nenory cells in a row
connect ed t2o The mewpry deviceo! Winird 1 fvrtherzpouhptisie: dr ai ns of cells in a col um
connect ed t py;ink BNRE Sk e YidiihdsAfid sl bififes £f cdHRIERYo hiEbitife bifver.OWS MBKi g
up nulti-bit words connected to a source connect I nes; and 30 source
connecd®d| i nes making up a colum of nulti-bit words connected to a source

bitline. & wolifie BBV WheffMhE RordlineChrd bonserddus B Vordi@veSi Ng: a bitline
dr# er, wherein the bitlines and source bitlines are connected to the
bi i ne driver;

3. The memory device of Claim 2 further comprising a power source to supply power to the

bitline driver and the wordline driver.

4. The memory device of Claim 3 further comprising a controller to control the output of

20  the power supply, the output of the bitline driver and the output of the wordline driver.

5. A memory device having 1-transistor memory cells that allow erase of a selected multi-
bit word, comprising:

multiple I-transistor memory cells each having a drain, source, floating gate and control

25  gate connected in an array of rows and columns with the control gates of the memory cells in a row

connected to a respective wordline and the drains of cells in a column connected to a respective
bitline;

sources of memory cells in rows making up multi-bit words connected to a source connect
lines; and

30 source connect lines making up a column of multi-bit words connected to a source bitline.

6. The memory device of Claim § further comprising:
a bitline driver, wherein the bitlines and source bitlines are connected to the bitline driver;

and

35 a wordline driver, wherein the wordlines are connected to the wordline driver.

)N A 1
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and 35 a wordline driver, wherein the wordlines are connected to the
wordline driver. LLLLLLL Lot e il . 11111111 C L M S 13 Wc)

01/ 15960 PGlo\dpe¥ds@ 3785 7. The nenory device of Claim6 f ﬁﬁgprising
a power source to supply power to the bitline driver and the wordlI ne
driver. 5 8. The nenory device of Claim?7 further conprising a controller
to control the output of the power supply, the output of the bitline
driver and the output of the wordline driver. 9. The nmenory device of Caim

8 wherein the Mitteimehioty m&&bfmzﬁsmh&daayhm Boolert sBurce thQupb: pokBio FRNOT Y
devi ce Ofb&jednwmm%ﬁhrEI e multi-bit word is a word having 16 bits. 11.
The menor " devi ce %ﬁ@i fherein the nulti-bit word is a word having 32
bits. 12. The nmenory device of Claim8 mhereln the mul ti-bit word |s a

wor d h Vi ng 64 bf'h%:?n %7%]6 F PS tﬁ_}d-ias Been ed 111 11111
L1/ I LU efp \T e|o§ a&nﬁ & coTHnsmg A tro?ler to contro t% e output of
the power supply, the output of the bitline driver and the output of the wordline driver.
9. The memory device of Claim 8 wherein the multi-bit word is a word having 8 bits.
10 10. The memory device of Claim 8 wherein the multi-bit word is a word having 16 bits.

11. The memory device of Claim 8 wherein the multi-bit word is a word having 32 bits.

12. The memory device of Claim 8 wherein the multi-bit word is a word having 64 bits.
- 15
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