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In a sector in a flash memory ar-
ray PAGE ERASE and MULTIPLE PAGE
ERASE modes of operation are provided.
In the PAGE ERASE and MULTIPLE
PAGE ERASE modes of operation, a
prefesred tunneling potential of approxi-
mately-10 Volts is applied to the gates of
the flash memory cells on the row or rows
being selected for erasure, and the bitlines
connected 1o the drains of the flash mem-
ory cells are driven to a preferred volt-
age of approximately 6.5 Volts. To reduce
the unintended erasure of memory cells in
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rows other than the selected row or rows a
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to 2 Volts is applied to the gates of all the
flash memory cells in the rows other than
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el ectrons are tunneled off of the floating gate of the flash nenory cells
in a manner well known to those of ordinary skill in the art. _
conventional flvwobyssTory arrays, it is known that either the lg%{’%%’"ﬁ%sh_

nmenory array nmay be erased at one tj K ERASE, or that a )
sector in the flash nenory array %é%ﬁéﬂ e tinme, known as SECTOR
. ERASE An exanpl e of a BULK ERASE of a flash menory array is found in the
paper "A 90ns 100K Erase-Pro ram Ie Ve ablt E! gis 1989, |EEE

I nternational Solid Stat PAGEMQ Q%D%AXM, February
1989. An exanple of a SECTOR ERASE I S found in the entitled, "A 55ns
0.35 [err]m5V Only 16M Fl ash WNP@EEM%@“’%&% 1996, | EEE

International Solid-State Circuits Conference, pages 44 and 45, February
1996. = WD 991.467 Hield Of the Invention

PCT/ US99/ 05435 Con rai ni n th E ' i Eﬂﬁﬁ §RMU BULK
ERASE is done in co %@ {%Q{b‘f\?\ﬁ%ﬁ I ndi Vi |1:lﬁ;grow Ir? nes
are selected t ﬁryaﬂeqneseﬁtﬁﬁmnnenteﬂmmoaqmga¢raseynod¢@ndmdnp1%p%s°@@sen t he
floating gate ofgefe‘lqgﬁaage cells for unselected rows will be affected
due to the occHP %W‘H'ed tunneling. Accordingly, it is an object
of the present invention to provide an erase node wherein only a single row
in a sector or multiple rows in a sector may be erased whil e reducing the

di sturb phenon®non The Prior Art

In a conventional flash memory array, the flash memory array is typically arranged
as a matrix of wordlines and bitlines to form intersections with flash memory elements
disposed at the intersections in a manner well known to those of ordinary skill in the art.
The operations that may be performed on the memory cells in the flash memory array are
READ, PROGRAM and ERASE.

The PROGRAM operation is often performed by driving selected bitlines
connected to the drain region in the flash memory cells to a first voltage and driving the
gates of the flash memory cells connected to selected wordlines to a higher voltage to
perform hot electron injecﬁon in a manner well known to those of ordinary skill in the art.

The ERASE operation is performed by driving the gate of the flash memory cellto

a voltage that is substantially less than a voltage placed on the bitline. In doing so,
electrons are tunneled off of the floating gate of the flash memory cells in a manner well
known to those of ordinary skill in the art. For conventional flash memory arrays, it is
known that either the entire flash mémory array may be erased at one time, known as
BULK ERASE, or that a sector in the flash memory array may be erased at one time,
known as SECTOR ERASE. An example of a BULK ERASE of 2 flash memory array is
.found in the paper “A 90ns 100K Erase-Program Cycle Megabit Flash Memory”, 1989,
IEEE Intemnational Solid State Circuits Coﬂférénce, pages 140 and 141, February 1989.
An example of a sECTOR ERASE is found in the paper entitled, “A 55ns 0.35 um 5V
Only 16M Flash Memory with Deep-Power-Down”’, 1996, IEEE International Solid-State
Circuits Conference, pages 44 and 45, February 1996.



for flash nmenory cells in the sector that are not selected. BRI EF

DESCRI PTI ON OF THE | NVENTI ON According to the first aspect of the present
invention, a PAGR RPs node of operation is provided for a se®cwaspawsdds .
flash nenory array. In the PAGE ERASE node of operation, a preferred
tunneling potential of approximately -10 Volts is applied to the gates of

the flash nenory cells on.th ei ng..sel e

bitlines connected FB“W%@FE%%% n?‘fé?s%‘%gan%%l‘@gl BUIR 5r|§g%&§]% a

preferred vol t g6oneideraion 60thenicethyt when ihvdividaal rdw linexhre selédtes toibe erased) gutre is .
' ref

erasure of nmenory cells in rows other than the sglected row, red
bi as vol t age oﬂhy ibilifythe xelye gtored op ﬂ\?o&[‘&% §at3B€#"1‘§&nel%°r¥ ﬁ‘*&‘sgg&p‘é“é"‘o t""‘gl I
the flash mMendiyy,cell e dffsciel Gus Rhe 8icifénck batnihkadaaheRlingl Areordiiphyoitds ay

to a second aspect of the present invention, a MILTIPLE P@gz ERASE node is
provided. In t iobiesdaf therpresentinpention SEPrR¥ide an enase medgwhetein only 4 sipgle;row ina

partitioned ino.Q/g I'%épd%vmage&myf)d&rssem Faacifig ﬂiélmidt&bgﬂéﬁﬁ&dnt 0

be erased or correspon g rows in different groups are selected to be
erased. . | n MULTorflash meaoryeRASin tho gector that arediof sgectadnnel i ng vol t age of
approximately -10 Volts to the gates of the flash nenory cells in the rows
selected for erasure, and the bitlines connected to the drains of the flash
menory cells are driven to a BRIEFDESCRIPTION GF THE INVENHI@GNt ely 6.5 Vol ts.

10 Leguce Lhe oocur \ehcs gl WU HKSRASH RRARNAS: RlulaRy PASERABE LB O |
2 Volts is applopedtibwistprevidedifera sbtot ivea flish sienroryranray. de itliesPAGE ERASE mode ofave
not been sel eCto%graIigI{, aepr Srred 1 mnnelmg potential of approximately -10 Volts is applied to the gates
of the flash memory cells on the row being selected for PAGE ERASE, and the bitlines
connected to the drains of the flash memory cells are driven to a preferred voltage of
approximately 6.5 Volts. To reduce the unintended erasure of memory cells in rows other
than the selected row, a preferred bias voltége of approximately 1 to 2 Volts is applied to

the gates of all the flash memory cells in the rows other than the selected row.

According to a second aspéct of the present invention, a MULTIPLE PAGE
ERASE mode is provided. In the MULTIPLE PAGE ERASE mode, the rows in a sector
are partitioned into groups, and more than one row in the group is selected to be erased or
corresponding rows in different groups are selected to be erased. In MULTIPLE PAGE
ERASE mode a preferred tunneling voltage of approximately -10 Volts to the gates of the
fiash memory cells in the rows selected for erasure, and the bitlines connected to the drains
of the flash memory cells are driven to a preferred voltage of approximately 6.5 Volts. To
reduée the occurrence of unintended erasure of flash memory cells on rows that are not
selected, a preferred bias voltage of approximately 1 to 2 Volts is applied to the gates of the

flash memory cells in rows that have not been selected for erasure.



{2 WD 99/46777
! PCT/ US99/ 05435 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates a bl ock
# di agram of f|ashwowwes7y? array according to the present inventi oRCTIS®/05255 -,
illustrates a schematic diagramof a portion of a sector in the in the
flash nenory array of FIG 1 according to the present invention. FIG 3
illustrates a table of signal ' W@Ctor
illustrated in FIG 2 for theﬁﬁ%%iﬁg E nodes of a flash
fmenory array according to the present invention. FIG 4 illustrates a
schemati c di agram ofgMal i refer gﬁgmg\m r Gl 1t Hilﬂ f se
according to the pr(géhiﬂ' v Tgﬁ‘f : ﬁ’é’i‘%’r&ﬁy“é g%&ep s
PCT/ US99/ 05435 invention. '

o

FIG. 2 illustrates a schematic diagiam of a portion of a sector in the in the flash
memory array of FIG. 1 according to the present invention.

FIG. 3 illustrates a table of signals applied to elements in the sector illustrated in
P FIG. 2 for the READ, PROGRAM AND PAGE ERASE modes of a flash memory array
! : according to the present invention.

; FIG. 4 illustrates a schematic diagram of variable reference generator circuit
I suitable for use according to the present invention.




DETAI LED DESCRI PTI ON OF A PREFERRED EMBCDI MENT Those of ordinary skill in
the art will realize that the follow ng description of the present
invention is il{bdofsgdshve only and not in any way limting. O eaT/Us99/0543s
enbodi nents of the invention will readily suggest thenselves to such '
skilled persons. In FIG 1, a flash nenory array 10 according to the

resent invention is i 5 r ows,
\?merel n each row has @%@M%ﬁ%{%%ﬁﬁé@w&%ﬁry array
10 is typically rEf?ﬁdseéfbﬂnﬁﬁyMﬁgﬁeﬁftwmawmtﬂaﬂthbmmangdésmmionrdmy
array 10, the Mrows are rouped |n sectors or bhl.ocks i t
known to thosemm}?’mﬂgﬂsws ey PRy AR é’t"fmar“ty‘Vﬂ]w ngaﬁ?‘g‘ﬂvﬁ
the number of pufvehiiGh WilPAalily fig &@msemgmuéﬂmmmm array 10 is

typically a matter of design choicCe, and further that the entire flash
menory array 10 may be considered as one sector. In a preferred enbodi nent

of a 4 megabyte fl aghgpeqoy r,ﬁé%rx%ngjlﬁoa&wmﬁ fotﬂ@ﬁﬁﬁmm‘veaﬁﬁ@m@@amch

are grouped into 4 sectoré cont al ni rows apl ece. di scussed above,
there are typi The ﬂysmmcmeryapaydﬂhwrpwgtwmn WW@MWM@ Baghoftbedf v

cells in a flash T EPEE Atdd O%R(m

and ERASE. 1t ¥ %e@ﬁﬁﬁ%oﬁ%xf’ a?%zqgr 0 @_e&?or mqgas gf’ggse of t he entire

flash menory adataylasi memosy, arkayd6nthe M mﬁw&gﬁﬁpﬁﬁptmomrp@ckOm WMANSE ase

"of an entire sec kno SECT RA n

i-nvention, an gqcidlgcg OWR %%%rqmﬂnieﬁrﬁ%gdﬁ%egpp secéJtr Eﬁ%;rl\%e\{n?f as

PAGE ERASE, or r&#s iﬁﬂhﬁétﬁh& ssagesf theflsshasethary akmap 10 1mp1Mllde ﬁhtErIBA@ﬁR’ASE.
choice, and further that the entire flash memory array 10 may be considered as one sector.
In a preferred embodiment of a 4 megabyte flash memory array, 2,048 rows (or pages) of
264 bytes each are grouped into 4 sectors containing 512 rows apiece.

As discussed above, there are typically three operations that can be performed on
the memory cells in a flash memory array. These three operations are READ, PROGRAM,
and ERASE. It has been known in the art to perform an erase of the entire flash memory
array at once, known as a BULK ERASE, and to. perform an erase of an entire sector,
known as SECTOR ERASE. According to the present invention, an erase may be
performed on a single row in a sector, known as PAGE ERASE, or on multiple pages ina
sector known as MULTIPLE PAGE ERASE.

Tuming now to FIG. 2, a portion 14 of a sector 12 according to the present
invention is illustrated. In the porﬁoﬁ 14 of sector 12, the rows 20 are separated into K
groups, wherein each of the K groups has J rows. In the preferred. embodiment of the 4
megabyte flash memory array described above, the 512 rows in the sector are divided into
64 groups, wherein each of the 64 groups includes 8 rows. In the portion 14 of sector 12, 2
first group of rows 20-1 through 20-J is shown as Group 1, and a last group of rows 20-1
through 20-J is shown as Group K
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| PCT/ US99/ 05435 Each of the rows.20-1 through 20-J in_the fla nor ay
110 is a wordl i meemery i@M%ﬂM&%ﬁWﬁ@W?mybﬁsW%?é Ewnﬂ?ﬂ} %{

Turning now to FIG 2, a portion 14 of a sector 12 according to the present
invention is illustrated. In the portion 14 of sector 12, the rows 20 are

separated- into K grou wherein each of the K groups has J rovg,

preferred errbodl‘ng‘f? %?7the 4 megabyte flash nenory array descrl @%3%%3%
the 512 rows in theEi@l@bﬂﬂne@di\ﬁsmttﬁﬁighmmﬁﬂeQMImompﬂﬂmbrdhﬁeashs
64 groups |ncludes th ortr 14 of s tor 2 firs r of
rows 20-1 throfsl Wébé'ﬁg%ﬁ gg %&q 'Qﬁana ‘é‘?gﬂ% f) E)11
t hrough 20-J 'Sthr%{i -3 Forte Mtdselticns withifit Wb 4 1Zally,thenumberofb1ﬂmcsmtheﬂash

art. Each of th,g‘t?y egéhl d}&s ﬂ‘fe afl , #lnd p &Pén%u%%&mknwmum%ﬁ%

with bit |ines prcal er of b|t Ines in the flash rrermry array

is equal to thmudwnbwampdbemmmwmma%mwmd%uwdye@wwdnﬁéra of

Abits in each 'iuwﬁ I fok @sh
4 menory array descrﬁ@% a ove1 thre are w‘ﬁﬁ eaﬂr‘?ﬂé W angggfl%ts ?n
{ each word. As am@mhﬂthntﬁﬁtssiemctddfbeﬂﬁslmﬁvbpurpbseaes in the flash nenory

array. In the portion 14 of sector 12, a single bit line 22 is depicted for

qillustrative purposes.

Disposed at the intersections between the word lines 20 and the bit lines 22 are
flash memory cells 24. A specific embodiment of a flash memory cell will not be
described herein to avoid overcomplicating the disclosure, and thereby obscuring the
present invention. A flash memory cell suitable for use according to the present invention
is described in United States Patent No. 4,783,766, filed May 30, 1986, assigned to the
same assignee as the present invention, and incorporated herein by reference.

Connected to one end of each wordline 20 is a pair of N~channel MOS transistors
: 26-1 and 26-2. In each pair of N-channel MOS transistors 26-1 and 26-2, the drain of the
first N-channel MOS transistor 26-1 is connected to a row selection potential, Xd, the
source of the second N-;channel MOS transistor 26-2 is connected to a gate bias potential
Vwg, and the source and drain of first N-channel MOS transistor 26-1 and second N-
channel MOS transistor 26-2, respectively, are connected to the word lines 20.

The gate of each N-channel MOS transistor 26-1 is connected to a group selection
signal, Xs, and the gate of each N-channel MOS transistor 26-2 is connected to the
compliment, Xs, of the group selection signal, Xs, provided by inverter 28. It should be
appreciated that the inverter 28 provides a voltage potential on Xs that is either higher or
lower than the voltage on Xs by a desired amount. The group select signal, Xs, and its
compliment, Xs, are provided by a decoder, the implementation of which is well within the
purview of those of ordinary skill in the art, and which will not be disclosed herein to avoid
over complicating the disclosure and thereby obscuring the present invention.



b i nvention.

Di sposed at the intersections between the word lines 20 and the bit |ines
22 are flash nenory cells 24. A specific enbodi nent of a flash nenory cell
wi Il not .be desgpihgderein to avoid overconplicating the di secossyssssnd.
t hereby obscuring the present invention. A flash nmenory cell suitable for
use according to tlparaafcﬁwnieﬂﬂummmekmmﬂspodeédtmnntmmnsfawﬂm&%nt

No. 4,783,766, file 0,. 198 ned t h
present inventdgab mngﬁm%ﬁ%%ﬂé’r'gﬁﬁmy e glrse‘%ce %%{eb??te tioz’glﬁe
end of each V\%d}cb REthe lakis memBRY ac@éntmwmedmd\mnmnsmm@vcﬂmgobgmmw
26-2. I n each pair _of N-channel nsi sto #and 't g q, ﬁh@ of
the first I\LCFF&HWSI’J“R@E"PFQP?SS"&QQ# SHa ‘P%m?féf LA B5° el on

potential , Xd 120, *r%ré%lnr&%eo&oﬂhﬁémQ@d%ﬁamslmohﬁsntpmmsmm 326- 2 |s

connected to gate biras potenti al ng, and the squrce ,and

N- channel wosmmdgn@em@emve&neamrniw %H@FM a?%§f do?%f%
respecti vel ¥ fipn 0unanhe Atﬁﬂ%&&cuﬁﬁtﬂéﬁﬁr&hmﬁﬁdamm
N- channel MOS Transi stor gle&lls co né%te to a group selection signal, Xs,
and the gate o22.cConnedted toctheportidDES ¢ach word ling 20djspos WMMe

i conplinent, of t I W’ RYpIsbLat 28.
. It should be a%ﬂ?%%q%agegﬂg#&f %?aﬁﬁme @%r uif%\i/il es Q%%ethgzzie potenttl al
on Xs that is meiﬂmecﬁoghﬂmewordumﬂOanﬂarbmﬁmeNosawg@mmnﬁf*@mwdﬂéé

| By 8 decoder - TS RpTAER RS ot Arou cyp B SRRF-4 1R, ma MoreBloy NORKILSS

t hose of ordi nﬁammﬂélphh; ilimet36e art, and which wll not be di scl osed herei n

to avoi d over conpllcatlng the disclosure and t her eby obscurlng t he present
Turning now to FIG. 3, a table indicating the signals applied to various elements in

the circuit illustrated in FIG. 2 to implement the READ, PROGRAMMING and ERASE

modes of the flash memory array eocording to the present invention are depicted.

According to the present invention, only the application of the signals made during the

ERASE operation will be described herein.

To select a particular row for PAGE ERASE, a Vcc voltage is applied on the group
select signal line, X, to the gates of the N-channel MOS transistors 26-1 in the group’
containing the row 20-1 through 20-j being selected for PAGE ERASE, and a ground
voltage (0 volts) is applied on the complement of the group select signal line, X, to the
gates of the N-channel MOS transistors 26-2 in the group containing the row 20-1 through
20-j being selected for PAGE ERASE. For the rows 20-1 through 20-j in groups other than
the group having a row 20-1 through 20-j being selected for PAGE ERASE, a ground
voltage (0 volts) is applied on the grbup select signal line, Xs, to the gates of the N-channel
MOS transistors 26-1, and Vec voltage is applied on the complement of the group select
signal line, Xs, to the gates of the N-channel MOS trans1stors 26-2.

As the voltages on the Xs and Xs group select signal lines are being applied, a
ground voltage (0 volts) will be applied to the drain of the N-channel MOS transistor 26-1
of the row 20-1 through 20-J that is being selected for PAGE ERASE, and a bias voltage
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PCT/ US99/ 05435 For each of the flash nenory el enents di sposed at the
“intersection of wooemsth?zi ne 20 and a bit line 22, the drain of tHE/USIBIHIS
menory el enment is connected to the bit line 22, the source of the flash

mermory el enent irthe range ofiahoast baok to abeuis} yelis and prefesably of ahput byols tp ahopipg, volts
source |line 30_. s L I | to
the word line ﬁ%ﬁggﬁgﬁlﬁe&\%{%@?%es 53???§§%§$5W%Pgﬁon
IIC\)/%ZS transi st oPAS?ERASBMgEWWMQKGQQﬂMEShmMTm@W}?Z%%ﬂ
t ransi st or < . 26- t ash nmenory el enent

di sposed at th%@éﬁ%ﬂ%ﬁ%@?ﬁﬁ%éwtﬁg 20 and a bit line 22.
Connected to the portion of each word |ine 20 di sposed between P-channel
"MOS i sol ati on pass ansi st or.. 32_.an h ate of .the first flas nor,y

el enent 24 di spo_sedﬂ"tﬂ“ﬁ’é Yﬂ?&&@%ﬁ?ﬁﬁﬁb&%%a%?‘gwﬁ%%ﬁ@e&’%ﬁ i ne
22 is a word | MOS fhskters 26-10T e 106 2001 trsupl 204 ivhosdtdd\i@onps thad g6rrespond

. about -15 volts to about -4 volts, and preferably -110 vplths, by rd |nle
j punp line 36. Wﬁﬁﬂ&%ﬂ“ﬁ@'#@“&w&i’mtpﬁ YRltagein %@Sﬁﬂigﬁ’é’“ﬁ Bt ed
{to various el e&?zﬂioﬁts%IHBd‘ikéf&'dbf&dfhlbdbﬂ?rlﬁggaﬂoﬂtflvﬁm@ﬂﬂ@sdmbmtﬁd“e

READ, PROGRAMM NG and ERASE npdes of the menory array according to
the present i ndeainsiaftheNwhannel MQStransistors 26-1 for the rows 20-1 through 20-j in non-

selected groups that correspond to the non-selected rows 20-1 through 20-j in the selected
group.

For example, when the row 20-1 through 20-J being selected is row 20-2 in Group
1, then a ground voltage (0 volts) will be applied to the drain of the N-channe] MOS
transistor 26-1 of row 20-2, and also to the drains of the N-channel MOS transistors 26-1
of row 20-2 in groups 2 through K. Further, the bias voltage will be applied to the drains
of the N~channel MOS transistors 26-1 of all rows 20-1, and 20-3 through 20-J in Group 1,
and also to the drains of the N-channel MOS transistors 26-1 of all rows 20-1, and 20-3
through 20- in Groups 2 through K. |

In addition to the application of signals to the drains of the N-channel MOS
transistors 26~ 1, when the voltages on the Xs and Xs, group select signal lines are being
applied, a bias voltage in the range of about 1 volt to about 5 volts and preferably of about
1 volt to about 2 volts is applied to the sources of N-channel MOS transistors 26-2 on the
signal line Vwg. '

‘When these voltages are being applied to the gates of N-channel MOS transistors
26-1 and 26-2, the drain of N-channel MOS transistor 26-1, and the source of N-channel
MOS transistor 26-2, the P-channel MOS isolation pass transistors 32-1 through 32-j are
tarned on.




According to the present invention, only the application of the signals

made during the ERASE operation will be described herein. To select a _
particul ar row {RyeRRefsr ERASE, a Vcc voltage is applied on the pgmaispo/esassect
signal line, Xs, to the gates of the N-channel MOS transistors 26-1 in the

grgup cont aijni nlg t has a@¥suRth giduhd woltage (o jvolks) will bs placs at thefgates PABE fASNSE,
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voltage applied on the Vwg signal line to the sources of the N-channel MOS transistors 26-
2.

~ Once the gfound voltage (0 volts) has been applied to the gates of the flash memory
cells 24 in the selected row 20-1 through 20-J and the bias voltage in the range of about 1
volt to about 5 volts and preferablir of about 1 volt to about 2 volts has been applied to the
gates of all other flash memory cells 24, a voltage to is applied to the gates of the P-
channel MOS isolation pass transistors 32-1 through 32-J such that the P-channel MOS
isolation pass transistor 32-1 through 32-J connected to the selected row 20-1 through 20-J
is turned off due to the gate-to-source voltage. A negative voltage in the range of about -15
volts to about -4 volts and preferably of about -10 volts is applied to the selected row 20-1
through 20-J in the selected Group 1 through K by a word line pump 34 connected to the
selected row 20-1 through 20-J. '

To avoid overcomplicating the disclosure and thereby obscuring the present.
invention, an implementation of the word line pump 34 or other means for supplying the
negative voltage to the selected row line 20-1 through 20-J well known to those of ordinary
skill in the art will not be described herein. An implementation of a word line pump 34
suitable for use according to the present invention is described in United States Patent Nos.
4,511,811, filed February 8, 1982 and 4,673,829, filed February 8, 1985, assigned to the
same assignee as the present invention, and incorporated herein by reference.

Since the P-channel MOS isolation pass transistor 32-1 through 32-J connected to
the selected row 20-1 through 20-J has been turned off, the negative voltage applied to the
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in therange of about 1 volt to about 5 volts and preferably of about 1
volt to about 2 volts wll be applied to the drains of the rows 20-1
through 20-j thedosemermot being sel ected for PAGE ERASE by t he RCOWS¥PUH .

signal, Xd, and which are in the sane as row 20-1 bei n

sel erc]t eg f or Pgam MEWWGBM’&%B%%FGWUPPBI)W“SFZ&ngﬂnﬂgéﬁgﬁﬁ eg

to the drains | r farsy h
le ¥ egm%r @B‘E@ﬁg%@@g” 96131288 282 18 feghtivé véituge. Pirtit, by firbr oug

20-j in non-se rrespond to the selected row 2

t hrough 20-j, appiymgatgmmmlwto@mmofﬂxetfhéhrn&wg@r@ﬂs&ﬁ&@efdmfllf%zo'

about 5 volts Sdediby! &d be
applied to theégﬁgﬁ%e&ﬁ%?thx ‘ﬁé‘“%anne % tran gtegif“gg% Ef or ﬁ%ﬁrvows
20-1 through 2@n pamp 84 in supplyéng thelnegativpvoltaga to tho gateseftheiflash mersory cells 24 in

non-sel ected r n the sel ected group. For exanple,
when the row Zg‘ﬁse%’ﬁﬁeéﬁ%‘ﬁ&géqgwg? Ersel ected is row 20-2 in Group 1, then

:;§ a ground voltage (0 volts) vm'II be applled to the drain of the N-channel

MOS transi stor 26-1 of row 20- nd al s he ns of.
MOS transistors 26- 1%‘F°“FI8W‘§!9 W%Bg@%“ %‘Eﬁﬁ Rperﬁﬁ?%ﬁéebl}tﬁ%gagl a5
vol tage will b%u ARNed R poRitivBYoRE ldﬂ&b(ﬁﬁStvasN-abbﬂrlmaiolth/mlprbMysbfuquG 1

of all rows 20-1, and 20-3 throug 20-J G oup 1, and_also to al_ns
of the N channs yalls Asaconsequense, tpunelip ¥ il} pocup,hetween the figatne &9 “'(%mpﬁ%’ %"5’5‘

20-J in Goups fﬁﬂﬁﬂi&dé &m%%%&a&e&&wmﬂm‘m&g&wmwim&hﬁ%ﬂ to
t he drains of t N- channel tran5|stors 6-1, when the voltace]elgﬁnthe

Xs and Xs, gr ounpdewped:by thoggel ordinagyskillin 'Q ERASE the flash memory on the
selected row 20-1 through 20-J because a potential difference of about 12 to about 20 volts,

and preferably about 16.5 volts has been placed between the drain and the floating gate the
flash memory cells 24 on the selected row 20-1 through 20-J.

According to the present invention, when the positive voltage of about 5 volts to
about 10 volts and preferably of about 6.5 volts is applied to the bit lines 22, the flash
memory cells 24 on all of the non-selected rows 20-1 through 20-J will be less susceptible
to tunneling because the bias voltage of about 1 volt to about 5 volts, and preferably about
1 volt to about 2 volts has been applied to the gates of the flash memory cells 24 on all of
the non-selected rows 20-1 through 20-J.

It should be appreciated from the above discussion that a MULTIPLE PAGE

ERASE may be performed on multiple pages in a selected Group by applying a ground
voltage (0 volts) to the drains of each of the N-channels MOS transistors 26-1 of each of
the multiple selected rows 20-1 through 20-J to place the ground voltage (0 volts) at the

_ gates the flash memory cells 24 on all of the multiple selected rows 20-1 through 20-J.
The word line pumps 34 connected to the multiple selected rows 20-1 through 26-J are
then selected to place the negative voltage of about -15 volts to about -4 volts and
preferably of about -10 volts at the gates the flash memory cells 24 on all of the multiple
selected rows 20-1 through 20-J.



applied, a bias voltage in the range of about 1 volt to about 5 volts and
preferably of about 1 volt to about 2 volts is applied to the sources of
N-channel MOS {sg9ds$i70r s 26-2 on the signal |ine Vng. Wen t Irexaisspbidayes.
are being applied to the gates of N-channel MOS transistors 26-1 and 26-2,
the drain of N-chaweh tidFosttiveveltsgemt abbut B, voitnth aboat Hovolts andpreferabhpefabouty/Os

LLanS] SLOr 26 e tophLA b e ke thk S5 whi GABSH e indach D
Tho gatos of A iRl ihe Bhdhndhal Hal Bl b e 2. 11 o oot
ash nmenory el enents In sel ecte 0- h
ZPl-J, ﬁnd.theimamnmmqblg@dwsmodbx%ﬁpf@@lwﬂiﬁ%’%%%m%& ntrguign
all other ro - r - 1 BHEC203T Bstahise@Potdieialab
di scussi on t&%ﬁ%eﬁls%r}ggge p&%&ﬁ%ﬁ?gﬁg?ﬂﬁ %g?ﬁutaéi nian%;p@qeeﬂzﬁlf:eorgd

row 20-1 t hr odifferae df abaut 13 tuzhont,2Q ¥elts, anspreferbly bepiel 6 ylts sh
Co et e or onbRiEn| i (R WBasi? Rrerh 9 o e milfiplk B8lected
sel ected Grou g@%%pﬁgéﬂgﬂm?ﬁdgﬂ%ggfgn?sl i ﬁeOMCt gd to tﬁ% drai ns of
t he N-channel rd&520-1alreught 20-8 26-1, and that for all other rows 20-1
t hrough 20-J in the non-selected Goups 1 through K
Turning now to FIG. 4, a variable reference generator circuit 40 for providing the

row select reference voltage, Xd, for the READ, PROGRAM AND ERASE modes is

illustrated. In variable reference potential generator circuit 40, a NAND gate 42 has a

plurality of inputs which decode whether a particular row 20-1 through 20-J in a group will

be selected. The output of NAND gate 42 is connected to a first input of NOR gate 44, 2

first input of NOR gate 46 through inverter 48, and a first input of NOR gate 50.

A second input of NOR gate 44 is connected to a bias enable line that goes HIGH
when the flash memory array is in an ERASE mode. The second inputs of NOR gates 46
and 50 are connected to the compliment of the bias enable signal. The output of NOR gate
44 is connected to a first input of a NOR gate 52, and a second input of NOR gate 52 is
connected to the bias enable signal. The output of NOR gate 44 is also connected to the
source of N-channel MOS pass transistor 54 and to the gate of N-channel pull-down
transistor 56.

The gate of N-channel MOS isolation pass transistor 54 is connected to an isolation
control signal, that is preferably Vcc. A variable voltage reference potential, Vmp, is
connected to the sources of P-channel MOS transistors 58, 60, and 62. The source of N-
channel MOS transistor 56 is connected to ground. The gates of P-channel MOS
transistors 58 and 62 are connected to the drain of N-channel MOS transistor 56, and the
gate of P-channel MOS transistor 60 is connected to the drain of N-channel MOS isolation
pass transistor 54 along with the drain of P-channel MOS transistor 58. The drain of P-
channel MOS transistor 60 is also connected to the drain of N-channel MOS transistor 56.
An N-channel MOS transistor 64 has its gate connected to the output of NOR gate 52, a

- 10
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the bias voltage applied to the gates of the flash nenory elenents 24 is

Ysupplied by the voltage applied on the VW signal line to the sources of

the N-channel Mgpbgissnei stors 26- 2. Once the ground vol tage (OPEDUS®)SLIES,

Y been applied to the gates of the flash nenmory cells 24 in the selected row’
i1 20-1 through 2Geukcawshnetted in gmundﬂndagkmnmonﬂeetedamgs dodin efBigharmel MIOS trapsistor

{ab I d f bl b h b
appli o 10 1 he thi e 5 Bt ok B Risredee el ARt ofealfio 5, 20,700, ¢

applied to the gates of the P- channel I\/DS i sol ation pass transistors 32-1

t hrough 32-J such that the P- nel oI atlon ss transi
t hr ough 32-J connec G°PE“ESrPéi‘Qg$ - fhe gatss ¢ 'f’é?“ﬂéc}&glsf

jdue to the gat Qrabﬂstﬁﬁld%%d‘&' %Sﬁrmfoﬁmmdn\‘.m &a@ﬁwraaimnﬁwaoafnmbout
4-15 volts to about 4 volts and prﬁferab,r% of about -10 volts is apglled to

{the selected r®pteptialjandhe
Fword |ine purrpsg&oﬁgmﬁﬁsﬁﬁlmsHW:%&?EB&%@Q%BW%&IM@S av0| d

OSdrapsision 6835 59pnortadiip STAYR

overconplicatin e disclosure and thereby obscuring the present

i nvention, an .mmmﬁ&mﬁmam@ﬂetmwwﬂ&&aﬂpmnwso f ERfermRagpotontial
suppl ying the ?ﬁggg 4epge to the selected row Iine 20-1 through 20-J
well known to ose 0 ordlnary skill in the art will not be described
herein. An inplenentation of a word I|ne punp 34 suitable for use according

| 40511 a0, 11 eo Font iikpeRiof e YR eltitdsS geod bEGreaisf hpcithe paGE,

assigned to t hERASEmadsisteins pesfonhm the bme enablesignal isthrought HIGHGO thad thetoatput

herein by refel 2Rk gates 44 and 52 will be LOW. The LOW signal passed by N-chanmel MOS
transistor 54 to the gate of P-channel MOS transistor 60 will place the variable voltage
Vmp on the gate of P-channel MQS transistor 62. The voltages of Vmp in the READ,
PROGRAM, and PAGE ERASE modes are preferably Vcc, 10 volts, and Vcc,
respectively. As such, the P-channel MOS transistor 62 will be turned off. The LOW
signal provided by the NOR gate 52 to the gate of N-channel MOS transistor 64 will also
tarn off N-channel MOS transistor 64.

In the PAGE ERASE mode when the bias enable signal is brought HIGH, the
complement of the bias enable signal connected to the NOR gates 46 and 50 is LOW. Also
connected to the NOR gates 46 and 50 is the inverted output of NAND gate 42 and the
output of NAND gate 42, respectively. A LOW output from NAND gate 42 indicates that -
this particular row 20-1 through 20-J is being selected. Accordingly, when a LOW output
of NAND gate 42 is applied to NOR gate 50, the output, Xd, will be pulled to ground by
N-channel MOS transistor 68 that is turned on by the output of NOR gate 50, and when a
HIGH output of NAND gate 42 is applied as a LOW signal to NOR gate 46 by inverter 48,
the output, Xd, will be pulled to the bias voltage by N-channel MOS transistor 66 that is
turned on by the output of NOR gate 46.

During either the READ or PROGRAM modes, the bias enable signal will be
LOW, and a LOW signal from NAND gate 42 will make the output of NOR gate 44

11



Si nce the P-channel MOS isolation pass transistor 32-1 through 32-J
connected to the selected row 20-1 through 20-J has been turned off, the

. negative vol t agggddsiad to the 8 WO 99/ 46777 PCT/US99/05435

PCT/ US99/ 05435 gates of the flash nenory cells 24 in the selected row 20- 1"

| through 20-J WHIGH)#kd £KPGHSgnaEfrbin NENID ghteMOSvill mbuke ithsd sutpud af NORSgate 441d

| Che gates of ROV R0k poiperoE NG bae w4 EHE sl Suvalngs il Do e

20-J, rather t jaiug Xa| South H-kane] MOS nafdiay62hat Hak BBeni thrned B RU8slitd Yaté e

word line punp 34 in supplying the negative voltage to the gates of the
{1 ash menory o enied t greuadbydhe i Banel MO, sansistor 58 s begu pitned g e BIGH

t he perfor mancgigh) thdde NOKFarE BASTRRGhEbutpit of NUR gité 44 i YeOW2 axeagi-é‘ungUoltage

- driven to a positive voltage of about 5 volts to about 10 volts an

' preferably of a6bbepBesl atdhe antputsXd, thronghelehaenel MO transistay 64ithat haxkegn tumed
" between the fl ' sgﬂﬂ#ﬂhﬁfﬁé the flash nenory cells 24 on the
. sel ected row 28&%&}[&%18%% -JIn a a?i?hseir wel | understood by those of

t ordinary skill in the art to ERASE the flash nenory cells 24 on the

o
i
.
¢
E]
b
¥
B
&
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E—

| T5 about 20 vol1s,  SIemea AR ARG N Befion ThERER fonhBRL, oo

- th e drain and teseribéd)itwendd beappateneto those skilled in the art that many more modifications

than mentioned above are possiblé without departing from the inventive concepts herein.
The invention, therefore, is not to be restricted except in the spirit of the appended claims.
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flash menory cells 24 on the t hrough 20-J. According to
t he present invention, when ta \%&@ “)E ge of about 5 volts to about
10 volts and prevonsisé?y? of ab - oL s 13 applied to the bi FCTPHELORS -

the flash nmenory cells 24 on all of the ngn-selected rows 20-1 through 20-J
will be | ess susceptible to tunneling bec &4<MdMSe bias vol tage of about 1
volt to about & SaididsPr ef erably about 1 volt to about 2 volts has
been applied tgwlﬂgde&glg% es S'f the flash nenory cells 24 on all of the
non-sel ected rows 20L1 t K methoed forperforming ga giage REration OB SRGTANCKIREROY e

above discussiofn_ that. A ey R}-Qﬁl d on nmultiple
pages in a sel eere f‘ghu%ghg%i ng- a grouﬁ%ﬂ ol gg?éi?%%l ts) to the |
drains of each of the N- cipplyim stubieling patential toeash 2@e of spid mempryslements in said
mul tiple selected rows 20-1 through 20-J to place the ground voltage (O
volts) at the (PREFOWIR&E S renory cells 24 on all of the nultiple

sel ected rows 20-1 througippBihgla biddwoltage © datingatpofi memard ceoventscithey than saide
mul tiple selected rows 20-1 through 26-J.are then selected to place the
negati ve vol t ag@eBPIy:Alerpents s ?YF?%F“’!’PQOI ts and preferably of

about -10 volts at the gaép?liriﬂé‘ﬂ)iﬂina?btemdaoh%idiﬁeiﬂ%aidmeﬁbﬂofaﬁidtfhsh
mul tiple selected rows 20-1_through O;d]. 9 . \ .
memory array that is greater than said tunneling potential such that tunneling from a

floating gate in said memory elements in said one row will occur.

2. A method for performing an erase operation as in claim 1, wherein said
bitline potential is greater than said tunneling potential by about 12 volts to about 20 volts.

3. A method for performing an erase operation as in claim 1, wherein said
tunneling potenﬁai is about -15 volts to about -4 volts, said bitline potential is about 5 volts
to about 10 volts, and said bias potential is about 1 volt to about 5 volts.

4. A method for performing anl erase operation as in claim 1, further including
the step of: _
applying a ground potential to each gate of said memory elements in said
one row in said sector prior to the step of applying said tunne]mg potential.

S. A method for performing an erase operation as in claim 1, wherein said bias
voltage applied to memory elements of rows in said group other than said memory
elements in said plurality of rows in said group is provided from a first reference source,
and said bias voltage applied to each gate of memory elements other than said memory

elements in said group is provided by a second reference source.

6. A method for performing an erase operation on the plurality of rows of '
memory elements in a sector of a flash memory comprising the steps of:

13
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When the positive voltage of about 5 volts to about 10 volts and preferably
of about 6.5 v olsrrpplied to the bit lines 22 so that tunneCT/mspomsdss
occur between the floating gates and the drains of the flash nenory cells
24 on the multiple sel eapplgingantnifing potential tphealld) gake pfisaid memnawteleagnts in said

under stood by those qof ordinary skill in the art to ERASE the flash nenory
cells 24 on th@“@%&ﬁ?‘@s?@@%@ﬂr’rom 20-1 through 20-J because a

- potential difference of applgitig alblastvoltageowiecad(pavndfimemary clemestsetien ianstid ut
. 16.5 volts has been placed between.the drain.and the floating gate the

! flash nenory c@mng&wwmémﬂﬁ@wgﬁ?&sé’a%@% -1 through 20-J.
Turning now to FI G 4, gpNRideaiYifliné Bbehi Grea0R bitlin i saidisécton thatddgreater than
provi ding the row sel ect "réference voltage

. [ i Xd, far the,REAeP, PRO%M éND
ERASE nodes i ssaid tungqhname@nualrsuwbethamh%frew URg EUF N S3id MEmE figren
circuit 40, a h@%ﬁlﬂ‘%ﬁ'}; Frggssw?&bwal ity of inputs which decode whether a
; particular row 20-T thr 3’5 0-J In a group will be selected. The output of
NAND gate 42 is connected to a first input of NOR gate 44, a first input of
NCR gate 46 thr oughy | NV ey fidincdor fiftbrdiinklah Sasé SRkdrioffas MERaiied, WHehlin fais econd
0 a

i nput of NOR gate 44 is connecte Ias enabl e line that goes H GH when
the flash nenobigirepotentialds greaterthiRiabitmoeling poieatialdyabeout 13;y0lts tapboni 3R Wiis.cs
46 and 50 are connected to the conplinent of the bias enable signal. The
out put of NOR gate 44 is connected to afirst input of a NOR gate 52, and a
second i nput of NORS.gat eA hizthiod foxprnfonhing ah eraséiepepition ag indlaim 6iwheedin saithe

output of NOR gal 6 it botential is shoat 1335k b abSut - Folts, said biine potential is about 5 volts
to about 10 volts, and said bias potential is about 1 volt to about 5 volts.

9. A method for performing an erase operation as in claim 6, further including
the step of:
applying a ground potential to each gate of said memory elements in said
plurality of rows in said sector prior to the step of applying said tunneling potential.

10. A method for performing an erase operaﬁon on a plurality of rows of

memory elements in a group in a sector of a flash memory array comprising the steps of:

applying a tunneling potential to each gate of said memory elements in said
plurality of rows in said group in said sector;

applying a bias voltage to each gate of memory elements other than said
memory elements in said plurality of rows in said sector; and

applying a bitline potential to said bitlines in said sector that is greater than
said tunneling potential such that tunneling from a floating gate in said memory elements
in said plurality of rows in said group will occur.

11. A method for performing an erase operation as in claim 10, wherein said
bias voltage applied to memory elements of rows in said group other than said memory

elements in said plurality of rows in said group is provided from a first reference source,

(LT
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source -of N-channel MOS pass transistor 54 and to the gate of N-channel

pul | -down transistor 56. The gate of N-channel MOS isol ati on pass
transistor 54 isyeesgeyeied to an isolation control signal, thatPECHUS/05435 .
preferably Vcc. A variable voltage reference potential, Vmp, is connected’
to the sources @i sidbimsvolhgd\dpplitd wreactsgats of ihénory @lements ofiier thahsaid suamasy of
N- channel MOS transistor, 56 is connected to.qround. The gates of P-channel
MOS transi st or selements,p sgisl gipyp is g %aatsﬁc“f'ﬁgefﬂ?enso N- channel MOS

transi stor 56, and the gate of P-channel MOS transistor 60 is connected to
the drain of N-channel MOS isol.ation pass transistor 54.alang W th the.
drain of P-channel M3 tr‘%ﬁ%"ﬁ?ﬁlgﬁ”% gagpwq}ow%@ga&%mglq\&ams&d
transistor 60 itflﬂﬁb BteAf4l16 glefiEr then §Aienilndling polentitl HyABoR!12Moks forabbey 20 vailts.

56. An N-channe transi stor 64 has its gate connected to the output of
NOR gate 52, a 10 WO 99/ 46777 -

PCT/ US99/ 05435 sour ¢ .CO%ﬁﬁhﬁﬂféppe%éhm aft BfisopbitioR af 1AM K whereiraid

drai n of P-channel transistor 62 to Tormthe output , Xd, of reference

potential genertmslingipotential isighoutrtis volis abauiof veltRsyd bitinemptantial isgbap g volts
connected to t a%@ﬁteﬁ)v%i%ghﬁgﬁa'ﬂ% %@gﬁ@%ﬁhﬁﬁ%&@ﬁoﬂﬂoﬁﬁ The drain of

N- channel MOS transi stor to a

I'S conn

14. A method for perfdrming an erase operation as in claim 10, further
including the step of:

applying a ground potential to each gate of said memory clements in said
one row in said sector prior to the step of applying said tunneling potential.

15. A sector in a flash memdry array comprising:

a plurality of rows, said plurality of rows partitioned into groups of rows;

a plurality of bitlines, said bitlines arranged to form intersections with said
plurality of rows;

flash memory elements disposed at said intersections, each of said flash
memory cells having a gate connected to one of said plurality of rows, a drain connected to
one of said bitlines, a source connected to an array source line, and a floating gate;

means for selecting one of a group of said rows;

means for providing a tunneling potential to said gates of said flash memory
cells; and

means for applying a bias potential to said gates of said flash memory cells.
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{ potential, and the source of N-channel MOS transistor 68 is connected to

- ground. The source of N-channel MOS transistor 66 is connected to the drain
.of N-channel M3polepagey Stor 68 to forma node that is connect eHCTASWNELIS
output, Xd, of the reference potential generator circuit 40. In the
operation of the variable reference g¢/@rator circuit 40, when the PAGE
ERASE node is being perforned the bias enable sigmal is brought H GH so
that the output of NOR gates 44_and 52 will be L The LOW signal passed
by N-channel MOS transiston254fto the gate of P-g£hannel MOS transistor 60
wi |l place the variable voltagg Vnp on the gat¢ of P-channel MOS transi stor
62. The voltages of Vnmp in the[READ, PROGRAM and PAGE ERASE nobdes are
preferably Vcc, 10 volts, and Vcgc, respectively. As such, the P-channel MOS
transistor 62 will be turned off. The LQNS|gn<1I provi ded by the NOR gate
52 to the gate of N-channel MOp trandM¥fbr 64 Wll also turn off N channel
MOS transi stor 64. In the PAGE|BRASE node when|the bias enable signal is
brought H GH, the conplenment off the bias enabl @& signal connected to the NOR
gates 46 and 50 is LOW AIS% comrected—to—thelilCR gates 46 and- 50 is the
inverted output of NAND gat€& %P and the output |of NAND gate 42,
respectively. A LOW output fromNAND-gat-e—42—HAdi cates that this particul ar
row 20-1 through 20-J is being sel ecEg& ccordi ngly, when a LOW out put of
NAND gate 42 is applied to NOR gate ‘the output, Xd, will be pulled to
ground by N-channel MOS transistor 68 that is turned on by the output of
NOR gate 50, and when a '
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H GH out put of NAND gate 42 is applied as a LOWsi gnal

inverter 48, the output, Xd, wll
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US 009908465 CLAI MS 1. In a flash nenory array organized in a plurality
of rows and colums having a word |ine associated with each row of the
array and. a bit pogya@spoci ated with each colum of the array, rOTAUSINSISY .
including a plurality of nenory cells, each nenory cell associated with one
row line and one colum line of the arggg and including a transistor having
a control gate coupled to the one of the rowlines wth which it is
associated, a floating gate, a source coupled to a commpbn source node for
the nenory array, a nd a drain coupled to the one of the bit lines with
which it is associated, a nethod for perform ng an erase operation on one
row of the array conprising: applying a first voltage to the row line
associated with the row to be erased; applying a second voltage nore
positive than said first voltage to the rowlines in the array associ ated
with rows other than said row to be erased; sand applying a third voltage
nore positive than said second voltage to edch bit line in the array,
wherein the difference between said first and third voltages is of a
magni t ude sufficient to cause el ectjrons to tunnel frjomsaid floating gate
and wherein the © 2
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i OD4R099, et <o df Tacond and thi - = _ US 00990848
diffe bet ween sai d‘second and third voltages is of a nagnitude such )
t hat- AFMDRU06RATHg gate is | ess susceptible to, tunneling. 3, ., The nmethod
of claim1, wherein said flash nenorysarraysfurther §nglydesia pword line
punp operatively coupled to said wordsline, sand=satg* gt of,,anptying said
first voltage is perforned by said wor¢JlA punp. 3. The nethod of
claim1, wherein said second voltage does not exceed 'Vcc. The
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and a drain, a nethod for perform ng an erase operation on at |east one
menory cel | assogiatddswith omhiidve lime andeonesiolymulineof the arey andbincluding v transaster,
said nethod conprising: applying a first voltage to the control gate of the
at least o néhamgnrcxsn&s!_ gate coupled to the one of the row lines with which it is associated, a
floating gate, a source coupled to a common source node for the memory array, a nd a
drain coupled to the one of the bit lines with which it is associated, a method for
performing an efase operation oﬁ one row of the array comprising:
applying a first voltage to the row line associated with the row to be
erased; | |
applying a second voltage more positive tl_lan said first voltage to the rdw
lines in the array associated with rows other than said row to be erased; and
applying a third voltage more positive than said second voltage to each bit
line in the array, wherein the difference between said first and third voltages is of a
magnitude sufficient to cause electrons to tunnel from said floating gate and wherein the
difference between said second and third voltages is of 2 magnitude such that said
floating gate is less susceptible to tunneling.
2. The method of claim 1, wherein said flash mem;—r;;l_'ray further includes
a word line pump operatively coupled to said word line, and said act of applying said first

voltage is performed by said word line pump.

3. o The method of claim 1, wherein said second voltage does not exceed Vcc.

1 RN R O

AMENDED SHEET



tr 20s04L2000t 0 be erased}- applying a second voltage nore positive t harH8 Q990343
ftrst voltage to.the control gates of all nenory cell transistors other

than said at |east one nenmory cell trangisteor, o heserasedr Nt applying a
third vol t agpTIR-QYRAT ve than sai ce'secong yof rgge 4,0, 8di ¢ Hraai n of said

at | east one nemyry cgll transistor to.be. erased amel tO & dray sai d
nmenory cel’l tran isto&gem?fhc’gc?fﬁ rlag'@ﬂr,e%\f‘?écﬁ{sﬁv%eﬁ#’?r}gfg’ﬁ%%&%e—?\%een
said first and third voltages is sufficient to cause electrons to tunnel
from sai d f volts ndpbgut o volisssaidisesond eliagednebont hypls e} yolts, apdsaid frirdiot to
be erased, and wherein the difference between said second and third -
vol t ages i svoltage isralgput Sudits sagbout b@véltsoat i ng gates of said nenory cell
‘transistors not to be erased are | ess susceptible to tunneling. 14 AMENDED

- SHEET 7. The netrhetnethododfaldiindl, firiier dicluding thefacost floneng syidaormyon
further includes a word |line punp operatively coupled to said word |ine,

and said acrsqx%f:eﬂ&ﬁyi ng said first voltage is perforned by said word Iine'
punp. 8. € nethod of claim®6, wherein said second voltage does not

exceed Ve 6. In a flash memory including a plurality of memory cell transistors, each

memory cell transistor having a control gate, a floating gate, a source, and a drain, a
method for performing an erase pperation on at least one memory cell transistor while not
erasing other memory cell transistors, said method comprising:

applying a first voltage to the control gate of the at least one memory cell
transistor to be erased;

applying a second voltage more positive than said first voltage to the
control gates of all membry cell transistors other than said at least one memory cell
transistor to be erased; and

applying a third voltage more positive than said second voltage to said
drain of said at least one memory cell transistor to be erased and to the drains of said
memory cell transistors not to be erased, wherein the difference between said first and
third voltages is sufficient to cause electrons to tunnel from said floating gate of said at
least one memory cell transistor not to be erased, and wherein the difference between said
second and third voltages is of a magnitude such the ﬂoaﬁng gates of said memory cell

transistors not to be erased are less susceptible to tunneling.
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9.10-048Q06et hod of cl diipt 6, wherein said first voltage i's between aHC)Su909965_435
-415:vol ts agﬂ agggt -4 volts, said second voltage is about 1 volts to 5

volts, anBT¥RRFOPREFT vol tage is aboyt .5 vl t.5%t o, 2dut 10°°vaelY%s. 10. The

met hod of claim6, further includinghe acs ofs tlodtiihg® $aicd dommon source

de.. 11. A flash . : Te . . .
node 7SN "RnHEA 5%%%?93:’2‘%@55@%2%’%3“@ irplel inenedes

menory cell transistors, eac I ng a control gate,

a floating gate,,.a source, and a drain; .geans,.for Loy I+ . age
to the conta?‘BPr%d'H}e@“ﬁp QRertvaLy © &%ﬁg %H&Oé‘zppe’tapgﬁgﬁdsafg& q%gi’h%é%arlgse ;
means for applying a second voltage nore positive than said first voltage
to the contvodteggistnesiosmed by said ligepWmp. ansi st ors other than said at

-l east one nenory cell transistor to be erased; and nmeans for applying a
third vol tage nof.e pcEhe methotllofinlaim bowhercimsaidsscondyeoltage degschai eagagddfccsai d
at | east one nenory cell transistor to be erased and to said drains of said

menory cell tranki st oThe metholl @f bRirk Gawhekeindail Bistivélinge di btweanatwubelveen
said first and third voltages is sufficient to cause electrons to tunnel

27050 AN Shtid B ST 3 bl i
voltage is about 5 volts to about 10 volts.
10. The methog‘l of claim 6, further including the act of floating said common
source node. |
11. A flash memory array apparatus comprising:
a plurality of memory cell transistors, each memory cell transistor having
a control gate, a floating gate, a source, and a drain;
means for applying a first voltage to the control gate of at least one
memory cell transistor to be erased;
means for applying a second voltage more positive than said first voltage
to the control gates of all memory cell transistors other than said at least one memory cell
transistor to be erased; and
means for applying a third voltage more positive than said second voltage
to said drain of said at least one memory cell transistor to be erased and to said drains of
said memory cell transistors not to be erased, wherein the diffe:e_n’c; -between said first

and third voltages is sufficient to cause electrons to tunnel from said floating gate of said

at least one memory cell transistor not to be erased, and wherein the difference between
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sav%losoéc%%o and-'thi lrd"-\-f -?-f-t:‘ages ‘is of a magnl tude such the {1 oati ng gate

sdi d” menor I i stor- not to be-erased is |ess susceptlble to
t unnel i ng. X?Lgsi"_oq'ﬁgegppar atus of claifmdl, .§w'then®tuafcl ude®eaword line |
punp operatively coupled to said wordJIfrife. 43 ¢ “Bhd .abpér'at.ds of claim

11, wherein Bgijt}blﬁ H;gbg SRRy Us of
claim11, m%?%%ﬁ sal | rst Sgg%al g%&&gg% a out‘Mﬁ ats/é?fasl and (ﬁ%out
-4 volts, ol qe. out 1 to volts, and said third
voltage is a‘%gllff é%%ﬁt‘saltf)ﬁf p§8 “ﬂHEFWED SHEET -

12. The apparatus of claim 11 further includes a word line pump operatively

S 9999054:’

coupled fo said word line.

13.  The apparatus of claim 11, wherein said second voltage does not exceed
Vce.

14.  The apparatus of claim 11, wherein said first voltage is between about —15
volts and about —4 volts, _sa.id second §oltage is about 1 volts to 5 volts, and said third

voltage is about 5 volts to about 10 volts.
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