2235999 Bl ock erasing in an electrically rtergsable, :and :
electrically programabl e nenory BACKGROUND OF THE | NVENTI ON 1.- Field of

the I nvention. The i nvention rel ates to the field of electr Q%thcﬁ
pr ogr ammabl e read-only menories, particularly those eﬁbl Eé
floating gate nenory devices. 2. Prior Art. Metal-oxide- sen1conductor

(MOS) electrically prgrammable read-only nenories (EPROVs) frequently

use nenory cells that have .electrically isolated gates (floating gates).

These floating gates are typically conptetely surrounded by insulation ang”

formed frogm Qolygggg&;l | . _ lsa formation is

stored if

gates. Chag » ’
.mechani sns such as avalanche |nject|on channel i njection, tunnelling,
etc. dependlngBon the construction of the cells. The cells are erased

‘general | y BACKGBOUNR, OFL THE INVENFTIAN [ avi ol et radiation. An exanpl e of
these cells can beif,opilid d¢ Shatwwest 80800, 142; 3, 660, 819; 3, 755,:721;

ot 000 150 b SOReARES UISekesel S el A pR | o a0l e

4,203, 158.electrically programmable read-only memories,
particularly those employing fldating gate memory
devices. .

2. Prior Art.

Metal-oxide-semiconductor - (MOS) electrically .
prgrammable read-only memories (EPROMs) frequently use €ﬁ
memory cells that have électrically isolated gates
(floating gates{._ TheSe'_floating gates are typically

completely surrounded by insulation and formed from a
polycrystalline silicon (polysilicon) layer. Information

is stored in the memory cells or devices in the form of
charge on the'flpating gates. charge is transported to

the floating gates by a variety-of mechanisms such as
avalanche injection, channel injeétion, tunnelling,
etc., depending on the construction of the cells. The
cells are erased generally by exposing the array to
~ultraviolet radiation. An example of these cells can be _
foﬁnd in U.s. Patents 3,500,142; 3,660,819; 3,755,721; .
and 4,099,196. In some <cases these cells are
electrically erasable (EEPROM cell). An example of such

a cell is shown in U.S. Patent 4,203,158.

The invention of the present application is used
with an EPROM cell particularly one which is
electrically erasable, referred to as a "flash" EPROM
cell. The cell used with the present invention is
described in US patent application Serial No. 253,775,
entitled Low Voltage EEPROM Cell, filed October 5, 1988,
and assigned to the assignee of the present invention.



The invention of the present application is used wth an EPROM cel
particularly one which is electrically erasable, referred to as a
"flash" EPROM cell. The cell used with the present invention is described
in,US patent application Serial No. 253,775, entitled Low Vol tage EEPROM
Cell, filed Cctober 5, 1988, and-assigned to the assignee of the present

I nvention. It has been known for many years that when EPROM cells are
usé?’in a nmenory array, circuitry is sometinmes required to electrically

i sofate the devices, one fromthe other. This may be needed, for exanple,
to permt the reading of one cell without interference from adjacent cells,

or for.instance, t rmt, the r ogr.anmi f | t i bi ng
t he progranm ng ogﬁfﬁ% %@rk'pé“m %r ﬁ%"@?fg%}@ V@Pnf%?ébhsé\éeﬂ%.u%’gﬁéﬁ S
3,728,695 an i ; [ ; i i i . S.
pat ent 4., oo TATISVafaY cirbdfy e SaRBmR Bhuid 1o apedicl efms BTdeviees. O
source and dighgfirgnt e Bther. TRiS'TEPbE ndetiad, foMekampie, impemnivttiedieadingedfarie ve

erasing are deseribed. (See 10 colunmm 11, beginning I1ne 54 through col umm
12, through lcelieithdu) inférierence fram adjacent seli$or ferinstance] topermitthgi st or s
el ot 0B L poemrmrigarcd stegh WSSOI B ProREvHIRGLY AnaT Rl BT
Fransi otor s PR Bis. shE US: Bt 332848 R 4538787 o ©F otner
The closest prior art known to Applicant is U.S. Patent 4,698,787. This
pateni discloses the use of a cell having asymmetric source _and drain regions ina
memory array. Methods for providing selective erasing are described. (See
10 column 11, beginning line 54 through column 12, through line 23.) This patent
teaches the use of select transistors associated with the word lines for isolating, for
example, bytes (see transistor 129 of Figure 5d). As will be seen, the present
invention provides block erasing in an array without use of isolation of other

transistors activated by the word line of the array.



-3- According to the present invention there is provided a nenory

array having a plurality of electrically programmable and
electrically erasable nenory cells each having a source region, a drain
region, a floating gate and a control gate, conprising: a plurality of

~ blocks, each of said blocks having a plurality of substantially paraIIeI
bi t I|nes coupled to said drain regions of a nunber of said cells; a
plurality of source switches, one for eath of said blocks, said source - ..
regi ons of said nunber of ceIIs i n each of said bl ocks being. coupl ed téﬁg“
one of 'said plurality of source switches, each of said sou%ﬁe sw t ches ’

coupl i ng a source FINT o2 ShesaPYCRE er 1BVeRELPY | FRETPespictive
~one of sai ﬁrbk;ﬁaleﬁa t oaOnemenfiory f i mytraypotkaving, @ pAwradityoteofial and

B o bond: oL Paedrr ety [bfSardum@bie? bhe | Urediiftal &geseraéahiaant'a"y

per pendi cu ‘line ng conti nuous ~and
ext endi ng melmtmyghcedam qalohrahaw.ngof abI solrcew regdaoh of sdrdimord

o T nea SSSREHS, AEOR oo S0meln hte; el sgifgen of ool
sel ecting during prRogPdwraldty sefecbd@ckse of‘-‘-a§§| dofl uFaif; yblepk\ﬁ/ord :
lines, suglwihaf &mﬁmurﬁih@y of substantlally parallel bit 1lines -
coupled to said drain regions of a number of said cells;

‘a plurality of source sw1tches, one- for each of
said blocks,_ sa1d source regions of said . number'_ of
cells in each ‘of sa1d blocks belng coupled to one of wa
said plurallty_of source ‘switches,’ each - of sa1d ‘source
switches coupling'a”source-region of'each'of ‘said number';
of cells in. a respectlve one of sa1d blocks to one of a
flrst potentlal,_ a secoud_ potentlal and a  third
potent1a1 at a time; - D .
| al plurallty ‘of word 1lines = substantially
perpendicular to said: bit'lines,“each word line being
contlnuous and extendlng through said plurallty of .
blocks, with each of said word 11nes being. coupled to a
control gate of one of said cells for each of said bit
lines; . ” |

a first decoder means for decoding row addresses _Qa
and for selecting during programming a selected one of . _kﬂ
said plurality of word lines, such. that when. said '
selected one of said plurality of word 1lines is
selected, a programming potential is coupled to control
gate of said cells for each of said plurality of bit
lines alongpsaid selected one of said'plurality of word
lines in all of said plurality of blocks; and

a second decoder means for ISelecting during
programming a selected one of said plurality of blocks
by selecting a_ set of _-'said plurality of bit 1lines in
said selected one of said plurality of blocks for
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selected one of said plurality of word lines i's sel®ected, "
programm ng potential is coupled to control gate of said cells for each of
said plurality of bit lines along said selected one of said plurality of
word lines in all of said plurality of blocks; and a second decoder neans
for selecting during programm.ng a selected one of said plurality of blocks
by selecting a set of said plurality of bit lines in said selected one of
said plurality of blocks for -4- prograpmmng and selecting one of

said plurality of source switches assoCraled—wi th said sel ected one of
said plurality of blocks to couple source regions of a nunber of said cells

sai d plural o coupl e source regi ons of a number of said c
whi o sel oot PRO T 2mn e  Afl D athdehihal) ol BY fald RLUER}ER CBE'°

associ at ed wSOMTGEREWLEGhess casseeinteds withsasdigl iseleatedf opeockE to
coupl e sour cgaliR0i Ve i €@l B NYIBRksOftdabduSEL ! SobPcadrdd iV W Ya

unsel ected ones of said pluyrality of blocks to sald second potential
wherei n sai d TOBRERI Ot eFRld Fella pHreaid selgctEadt opeevefit sSaidh of

sai d nunber @l aildtwel ISf i bERHE Oftsaishi®nef ks Upseereigl omesief said
plurality of sbelloe'cé: SJ‘.ngf r%@mgghgggdiosﬁgsr b% ggidsa;;]guxparloi%yamgfn gsource
switches associated with remaining unselected ones of
said plurality of blocks to couple source regions of
said number of said cells in said remaining unselected
ones of said plurality of blocks to said second
potential, wherein said second potential has a potential
level that prevents each of said number of said cells in
each of said remgining unselected ones of said plurality
of blocks from being disturbed by said .programming
potential, and for selecting during erasing one of said
plurality of blocks for erasing by selecting one of said
plurality of source switches to couple the source
regions of a number of said cells in said selected one
of said plurality of blocks for erasing to said third
potential while selecting remaining ones of said
plurality of source switches associated with remaining
unselected ones of said plurality of blocks for erasing
L to couple source regions of a number of cells in
remaining unselected ones of said plurality of blocks
for erasing to said first potential.

Also according to the present invention there is
provided an electrically programmable and electrically
erasable memory comprising: '

a plurality of substantially parallel word
lines; '

a plurality of substantially parallel bit lines,
said plurality of bit lines being perpendicularly to
said plurality of word lines; '



potential,

t he source regions of a nunber of said cells in said selected one of said

plurality
renai ni ng

b - .
. L [ ] -

L

and for selecting during erasing one of said plurality of blocks
for erasing by selecting one of said plurality of source swtches to couple

of blocks for erasing to said third potential while selecting

ones of said plurality of source swi tches associated with

remai ni ng unsel ected ones of said plurality of blocks for erasing to couple

source regions of a number of cells in.r
of blocks for erasing to said first potential. A so according t
invention there is provided an electrically progranmabl e and

plurality

t he present

electrically erasabae np&nrylatgprlsing memdny%ﬂldelké sutisdtant iatey.

parall e
plurality
li nes;

I NES erpendi cur (0] sal plura

d%f%ctPﬁéally é?ﬁg&hhﬁagﬁ %ﬁ%&@ﬂﬁééﬁ 'é£§§£§1e1'5ﬁ§ sa|d
Aasspeiatedt yutlbfeamn@nyersesltngn qﬂwasaldapéumaédtw cof |y

programmblslanﬂlﬁégcahacahha 9&%&%‘1‘1@ %’few%‘i@Qﬁ'Ié@ V&ééh eé’fﬂ'sald
intersection_of said plurality of "bit. I'ines ,and said glura it
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second region, a control gate, and a floatlng gate, said
control gate belng formed with 1ts respect1ve one of
said plurallty of word llnes, said flrst reglon of each

of sa1d plurallty of memory - cells belng coupled to 1ts-

,respectlve one of sald bit llnes, _

. a plura11ty of sw1tch1ng means each coupled to
_one of a plurallty of blocks, whereln each of sa1d
-plurallty of . blocks: 1ncludes a number of sald plurallty

of memory cells along a number of adjacent ones of sald-

plurality of bit llnes, wherein each . of sa1d plurallty
of sw1tching means is for selectively coupllng Sald

- second region of sald number of said plurallty of memory-

‘cells in each of said plurallty of blocks to one of a
first potentlal,._a second potential and a,_thlrd

- potentlal,. : _ . _
- a flrst decod.mg means for rece1v1ng a f1rst

address signal and for selecting at least a selected one

of said plurality of word_llnes,_such.tnat.a potentlal

is applied to all of said plural'_:i_.ty_ of memory cells
along said selected onegof said plurality of word lines
when selected, said first decodinglmeans being coupled
to said plurality of word lines; .

~ a second decod1ng means for rece1v1ng a second
address signal for selectlng at least one of said
plurality of bit. lines in a selected one of said

i ni ng unsel ected ones of said

a

plurality of blocks, said second decoding means oelng-

coupled to said plurallty of bit llnes, and
a third decodlng means for recelving at least
part of said second address 51gnal and coupled to said



second region, a control gate, -and a floating gate, said control éate"being
formed with its respective one of said plurality of word lines, said first
regi on of each of said plurality of nmenory cells being coupled to its
respective one of said bit lines; a plurality of switching neans each
coupled to one of a plurality of. blocks, wherein each of said plurality of
bl ocks i ncl udes a nunber of said pIurallty of nmenory cells along a nunber
of & gdjacent ones of said plurality of bit¢lines, wherein each of said
pl@rality of switching nmeans is for selectively coupling said second region
of said nunber of said plurality of nmenory cells in each of said plurality

of bl ocks to QPgagl}_F_gr L%fSEW;LS,Biﬁﬁ#EaILea é f§§c0cﬂﬂxpipﬂli'f Eadl a%é(},don@

third potent? deco recervin I ISt
signal and fﬁegsgnecﬁf-n$%ﬁehl @efst Salgelmw oref oﬁag-él dpbunaéllf-ify @f word

lines, such phbabry kRehad il ééc@p&flédléopﬁhkaﬂ@ab% l?Jlch?Jé i @nérenory

cells along said Selected one of said plurality of . nes when

sel ected, saPf FRA& MdiiPRESRRIAL heFRid S8FPRE PGtﬁﬂﬁiﬁﬂlﬂQ9|§§AQﬁ wor d

lines; a secendrdeqsd&mmpswhefeiﬁcemmﬁ@ PpEegPatmbAgr eadd stighwd for
selectlng a ast  aqne

one sai eﬁPﬁF‘é‘ﬁl tﬂu‘%ﬁnsbl oﬁﬁg cg : grc’g'g:grﬂfoge%%%ﬁingpﬁgl%ﬁ&%gan;c’e{gﬁtp?gd
to sald pl ur switghdhgbimednshefgr armupling said second region of each
of said number of said plurality of memory cells in a
selected one of said plurality of blocks to said first
potential and selects remaining ones of said plurality
of switching means for coupling said second region of
each of said number of said plurality of memory cells in
each of remaining unselected ones of said plurality of
blocks to said second potential, wherein said second
potential has such a potential level that prevents each
of said number of said plurality of memory cells in each
of said remaining unselected ones of said plurality of
blocks from being disturbed by said programming
potential and from being erased by said second
potential, and wherein during erasing said third
decoding means selects one of said plurality of
switching means for coupling said second region of each
of said number of said plurality of memory cells in a
selected one of said plurality of blocks to said third
potential and selects remaining ones of said plurality
of switching means for coupling said second region of
each of said number of said plurality of memory cells in
each of remaining unselected ones of said plurality of
blocks to said first potential.



a third decoding neans for receiving at |east part of said second address

signal and coupled to said plurality of switching nmeans for coupling
sai d second region of each of said nunber of said plurality of nenory cel:ls
in each of said plurality of blocks one of said first potential, said

second potential and said third potentli-al, wherein during progranm ng said
third decodi ng neans selects one of said plurality of swtching nmeans for -
coupling said second region of each of said nunber of said plurality of e
menory cells in a selected one of said plurality of blocks to said first *
potential and selects renaining ones of said plurality of sw tching nmeans *
for coupl i PBIER DESCRIRTIONI OF THE DRAWINGSd nunber of said plurality of:
menory cells in each of remaining unsel ected ones of said plurality of

bl ocks to said second potential, wherein sai'd second potential has such a
potential |evel_that prevents each of said nunmber. of said plurality of

gFmrk y c;al I's irf '9'&'2901 fﬁa§59§§‘$mpﬂ'i?f‘@}f%b‘f'ﬁﬂt@@ﬂ9ﬁi gcﬂatgzﬂ‘ﬁflnﬁmd%‘]['ﬁy of
e no or acipalliieain e BuHRRR pratdimad Biboc R &b BMIBRL Lol g "sai 0

third gecoding neans sel ects one of said plurality of sw tching neans for

coupling said -se_cond regi on of each _ |
Figure 2a illustrates the potentials applied to the source regions for a:

selected block and unselected block during erasing.

- Figure 2b illustrates the-'poténtials appli.ed'to.th_e._sour'c_e regions for a-

10 selected block and unsalected block during programming.

| Fi_gu_r"e,:'a is a block diagkém bf_ the preée_ntiy prefened'.!éyouf.. of the invented
memory. ' |
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of said nunber of said plurality of nenory cells in a Selecfed bne'of said
plurality of blocks to said third potential and sel ects remaini ng ones of
said plurality of switching nmeans for coupling said second region of each
of said nunber of said plurality of gﬁnnry cells in each of renaining
unsel ected ones of said plurality-of<blocks to said first potential.

BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a cross-sectional elevation
view of a floating gate menory device or cell used in the currently
prefierred enbodi nent of the invention. 5 Figure 2a illustrates the
potentials applied to the source regions for a selected bl ock and

unsel ect ed. bl pgly 0D RERAMAION B CTAE IPHEGENT JpviEieTION et al s

applied to the source regions for a 10 ecte and unsel ect ed bl ock

during progranm nga fzis8 EPROM memdgyE @bawoﬁﬁaafwﬁiaepomaﬁeesélbmwpreeéang.ed
| ayout of the invented nenory. TAI ED DESCRI PTI ON OF THE PRESENT

| NVENTI ON A f lretiie fofbuvigraesoriptia, manearsusispanificodetaild acchsgidonh spch as 69@¢l(r@

erasing. In the follow ng description, nunerous specific details are
forth such asnymber pf bitjinesn abjodsiin orde{de provide pitheteuph undeestanding, ph eole a

t horough _ug deE?etsaerllwﬂnr\]l%ntlon ﬂ will, however, be obvious to one skilled in the art that the

present invention may be practiced without these specific details.  In other
instances, well-known processes and well-known circuits have not been described
in detail in order not to unnecessarily obscure the present invention.
hlaUngmmaqlkdda1etﬂmﬁ'kiaateSﬂthﬁgChuﬁtﬁrFkSh

10 EPROM-, Serial No. 365,185, filed June 12, 1989, a circuit which may be used in
conjunction with the present invention is described. (This application is
assigned to the assignee of the present invention.) This circuit prevents disturb
conditions in reference devices used in the sense amplifiers coupled to the bit
lines. :

15 Referring to Figure 1, the memory device or cell used with the presently
preferred embodiment is formed on a silicon substrate such as the p-type substrate -
15 of Figure 1. (The device of Figure 1 is shown in-a partially fabricated state since
this best reveals its structure.) The device includes a pair of spaced-apart doped
regions disposed in the substrate specifically a drain region 12 and a source

20 region 13. A polysilicqn floating gate 10 is generally disposed above and between
these regions and insulated from these regions by a layer of silicon dioxide or other
insulative layer 14. The floating gate 10 at the completion of the processing is
completely surrounded by insulative layers and hence, electrically floats. A second

gate (contro! gate 11) is disposed above the floating gate 10; in the presently
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nt invention. It will, however, be obvious to one skilled in the
the present invention may be practiced w thout these specific

I n ot her instances, ME||;EﬁOﬂp processes and wel | -known circuits
been described in detail in order not to unnecessarily obscure the
nvention. In a US patent application entitled "Reference Swtching
or Flash 10 EPROM', Serial No. 365,185, filed June 12, 1989, a

circuit which nay be used in conjunction with the present invention is
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. (This application is assigned to the assignee of the present M
.) This circuit prevents disturb conditions in reference devices *~

e.amli fi S . . | . 1.-Ne. ) . fer.ri ng:
BG4 S bhEG GAT Ml ot § sbEriaydPot pqyalicdf e 1|1
frhisscd gteris céntinens p‘é?’%ﬂibbﬁ-tsﬁiﬁf&hiﬁiatﬁﬁd Nink\the memotyr ot e 15
1. (The device of Figure-1I is shown in a partially fabricated _
Figuré3s best reveals its structure.) . The device includes a pair of’
art doRed regi ons di sposed in the substrate specifically a drain

“and- Ehe semeryxievice:-gf the presentlyRreferred emRodinantiuseSyate 10 is |
di sposed above and between .t hese regions and_ins ted. from.these
FoumMaRalG Ranes Supcs P LRI dROIgNRer Mo Raras pOd HrauBdiogs k"o
Bttt 4. R Bl oy, Sha VRS sBURE BBl i Wope
l LSpahtS HERS, HPESurch FedipAas inste titleplylSopddiahde
Witk apgg??}hzoéé’)%ﬁ%%%? ment this gate i s__éf abri cat ed ry(])%o% second
nddisiehailycte. solince region vuériaps thei overlyingrfldating gat@oTheivsecefn strip ..
word line the menory of Figure 3. The nenory device of the A\
thesefregions iapsegramming anskerasing is discussed in the above referenced
application. .~~~ . B .
It will be appreciated that the cell of Fig'u;e_ 1.may be fabricated us_i_ng well-
known NMOS technology or CMQS'technclogy. “The n-channel device illustrated
in Figure 1 may be fabricated directly in'arp-type.s'ubst_ra&- or when an n-type
substrate is used may be fabricated in a p-type well f_brm_ed in the substrate. Other .

such well-known variations such as employing both p-wells and n-wells are well-

' knoWd in the art.

- As currently e'mployed}the_ memory devioé_s- are programmed (i.e.,

‘negatively charging the floating gate) by coupling the word line or control gate 11—,

20

toa potentia! of 'apprOximat'ely- +12 volts, the drain-region to a potential of U :
approximately +7 volts, an'dt'he:.-source regiori to “g_round.':-\_Mth these conditions,
channel hot-electron-injection occurs through the'oxide layer 14 which layer is
approximately 115A thick in thé currently -p'reﬁférred'!e'mbodimént.' To erase the cell,
the drain region -is;:'flcated, the word. line.or 'mntfol’g'at"e_ 11 is grounded and a |

potential of approximately +12 volts is applied 1o the é_ourc__e region. Under these



5" asymmetrically doped source and drain regions. The source and drain
.regions are both doped with an arseni c dopant and the source region is

addi tY-onal | y doped with a phosphorougadopant. Hence, the source region is
more deeply doped and additionally 1t Source region overlaps the overlying
floating gate. The use of these regions in programming and erasing is

di scussed in the above referenced 10 application. It will be appreciated
thtat the cell of Figure 1 may be fabricated using well- known NMOS
térhnology or CMOS technol ogy. The n-channel device illustrated in Figure 1
may be fabricated directly in a p-type substrate or when an n-type
substrate is used nax be fabricated in a p-type well forned in the
substrate. @nditionsschargetis iunnellrd &am ther fleatingrgate.. Buriag reading\af tae pell.1a
p-wells and n-wel |l s ar

1]- k ipth . | | gyed, th
Henory  dovi RESiIVE RotgRtA) eswitan dhatnich weuid Gavse chardgita Fansler g gat o)
0 » ogre .

s o ey AR 4 Rl P SRIE . B LR Bt . 1 vo
appr oxi mat ejgapplied 96 ife drafifrddith. SCUFEAt theslightheUeWicaUi8 $en¥bd ko HBRYMiIne if

condi tions, channel hot electron injection occurs through the oxide |ayer
14 whi cl§ | atherfloating gateisi ordé aby ndgdiivelyrdharded: kAs withnathetflgating gate devicesed
enbodi ment. To erase the cell, the drain region is floated, the word |ine
or control thetnegative chaigeonithe floating gate shifts Ahe threshqld yeltage of the«device| t s

is applied to,the source,regio Under t hese ‘conditions, charge is
tunnel | ed TBKINGIiLIeRs GaRGURVBa TS Hith Asansa ampItiar the presenee oralsanae e

FLonti ng getare 8o Mdpuif b Ahthd pfRHpRe (g dblindd FRefiia ' 3 "
potential (grogramrhedMith a bina®pBhbf Zefb.t he drain region. Current through
the device is sensed to determne if
10 ' OVERVIEW OF MEMORY ARCHITECTURE
Referring to Figure 3, the mémory cells in the currently pféferred
embodiment are formed at intersections of word lines and bit lines as is the
common practice. The drain ter‘uiinals of the memory cells are coupled to the bit
line. The control gates are formed from continuous strips of polysilicon which
15 extend across the entire array. The generally parallel bit lines are perpendicular to
the generally paraliel word lines. For example, cell 27 has its drain region coupled
to bit line 38, and its source region 39 coupled to source switch 51. The word line
29 extends to a plurality of other cells along the word Iine.-
In accordance with the present invention, the cells are organized into blocks.
20 Each block comprises a plurality of bit lines, for example, each of the blocks 40, 41,
and 42 of Figure 3 in the currently preferred embodiment contain 128 bit lines. The
source regions for all the cells in each of the blocks are connected to a common

node allowing this node to be switched to one of three potentials by a source

switch. There is a source switch associated with each of the blocks, for instance,



5 the floating gate is or is not negatively charged. As with other

fl oati ng gate devices, the negative charge on the floating gate shifts the
threshol d vol tage of the device making it | ess. conductive. Thus, with a - .
sense anplifier the presence or-abddnee of charge on the floatlng gate can .
be determned. This defines if a cell is programmed with a binary one or
.zero. 10 OVERVI EW OF MEMORY ARCHI TECTURE Referring to

Figure 3, the nmenory cells in the currently preferred enbodi nent are forned, -
at intersections of word lines and bit lines as is the common practice. The .
drain termnals of the nenory cells are coupled to the bit line. The '
control gat Floéf g0 l&{:&ﬁ’éleé 10 biRE 2Bt dWHERUSD, Dddki f salitby Bwitch &1 and Block 2

ext end acrossS e entire array.

he general |y parallel "bit l'ines ‘are

per pendi cul ap dourdeswitetng2al | y parallel word lines. For exanple, cell 27
has its drai-n region coupled to bit-line 38, andits source: reglon 39

coEpI ed ][ ? solur ceTlmr/]\thﬂﬂ:onl’ 43 selosts @ Slflgrlﬁ;WQ!ﬂ ing inthe memany QIrecﬂcht"} the
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node allow n to be swt f-three potéentials by a-
source Swit Cgblec-ﬁha'ﬁbcksfoa any \givan ¥ \6iddfgssis The isourib switdhesaars controlied bydbeks
for instance, = block 40 is coupled to source.switch 50, block 41 to .
source swit ckodrte élhdedddm 60Ahich ins ther currentlytprafesied embogiment isipart s8thaYect s

a single word line in the menory for . each of ddr.es ed to it.
The Y decodedecaders 44, 45 angaié; @r"d@c‘ﬂ'"che gesen °9<%°99§'é§ EBS the source

10 regions of the cells in the selected and unselected blocks to be coupled to one of

three potentrals for readmg. prograrnmmg and erasrng
EBASEIPHOGRAM SOURCE REGION POTENTIALS _
- Flefernng to Frgure 2a the voltages employed dunng erasing for a selected
| block and unselected block are |llustrated (A block is selected when cells.in that
15 block are selected for programmrng or reading. Entrre blocks are selected for
| _'er_asmg, one at a time.) Block 20 represents,a_selec_ted.bl_o_r_:__k_.apd_ includes a
| plurality of. rnemory-cells wlthin the block such as-cell 25. Block 21 represents an
unselected block, again |Ilustratmg a plurality of cells dlsposed within the-block. All -
the source regions of all the cells within block:20 are coupled to.a common node or U
20 | line 22. Similarly, all the source regions for the cells in block 21 _a_r_e coupledtoa |
common line or node 23 | _ . _ _
Dunng erasmg, if block 20 is selected the source regrons of the cells are
connected to the. programming potentlal (Vpp) through the source switches shown

in Figure 3. This programming potential in the _c_u_rrently preferred embodiment is - |



5 select one byte (8 bit lines) fromone of the blocks and couples 8 bit
lines fromthe. selected block to the sense anplifier and output buffers 54.
(Only.one block is a selected block for any given Y address.) The source

sw tches are controlled by the sour Y _decoder 60 which in the currently
preferred enbodi nent is part of the decoders 44, 45 and 46, and as w ||
be descri bed decoder 60 causes the source 10 regions of the cells in the
sel’ect ed and unsel ected bl ocks to be coupled to one of three potentials for
reéding, progranmm ng and erasi ng. ERASE/ PROGRAM SOURCE REG ON POTENTI ALS
Referring to Figure 2a, the voltages enployed during erasing for a selected
bl ock and unsel ected block are illustrated. (A block is selected when cells
in that 15 bld¥Ritsr Ehe sputceswitobes ferdhe amselegtas blocksiaregcoupiad toegfouadk s
are selected for e one at i me.) Block 20 represents a sel ected

asin tir b _ .
bl ock and i rireasthe ﬁﬂ‘-ﬁ(’%ﬁﬁt‘}“‘iﬁ thisie 23 s shown eeynled IRomusek Rararasiag.
cell 25. Blo t agai.n i llustrati a
ol ural ity of bt oo iRl SRR sreRubaatin ity Boféiipr. PR dral el A8 B ol
the cells wifiddtingbtiekfc?@xamid, dinb! 280t tflodk 90 BREThE Bfifer Bit R8s i trﬂf-saﬁc: d
Simlarly, all the source regions for the cells in block 21 are coup eg to
a common 8 i nandbunsaleeted blodksrara defefioatingy , Forfthese chndiflonss anw! ragiatide chirge
source regions of the cells are connected to the programnmi ng potenti al
(Vpp) t hr oug®n thefloating aatespt thecaells inthe selected blackis ramoyeg thrgughrtheg
potential in_the currentl referred enbodi nept i s +12 volts. The source
swi t ches for® ““ge [gaieq &g{%ﬁ(%ﬁpgébg%gp@ﬂg gaasleaving them pevirally gharged). sour ce
switches, t ' | S 0, F i,n |1 _the
canyrol - gat cnderdnEsEBohdgh, o ST Bl inca indle ook Blte 8lERH He e mempe
left floatinglistiftfe uhoéle@s8BIbGks fehitfin GRcRAndddock 20 and the other bit
lines in the selected _
10 Figure 2b illustrates the potentials applied during programming of cells.
Again, two blocks are shown, a selected block 30 and an unselected block 31.
Each of the blocks contain a plurality of cells with ali the source regions of the cells
in block 30 being coupled to line 34 and all the source regions of all the celis in
block 31 being coupled to line 35. During programming, all the source regions in
15  the selected biock are coupled to ground through the source switch and all the
source regions in the unselected block are coupled to a potential which shall be
discussed, Vpi (disturb inhibit potential). in the currently preferred embodiment,
VDI is approximately +3.5 volts. |
Assume that the X decoder has selected line 32 for programming and that
20 the celis along this word line in block 30 are to be programmed. If, for example, cell
36 is to be 'programmed (that is, its floating gate is to be negatively charged), the
drain region of memory cell 36 is coupled to a program potential Vp (e.g.. +7 volts),
while the selected word line 32 is heid at 12 volts. Under these conditions charge

is transferred from the substrate to the floating gate. Since the word line 33 and the



5 and unsel ected blocks are |l eft floating. For these conditions, any
negative charge on the floating gates of the cells in the selected bl ock is
renoved t hrough the source region thus erasing the floating gates (IeaV|ng
them neutral ly charged). Under =t héS® -eonditions, all of the cells in a.
singl e block are erased and the nenory cells in-the unsel ected bl ocks
remai n unchanged. 10 Figure 2b illustrates the potentials applied
during programm ng of cells. Again, two bl ocks are shown, a sel ected block :
30 and an unsel ected bl ock 31. Each of the blocks contain a plurality of Qﬁk

cells with all the source regions of the cells in block 30 being coupled to .

coup! ad 1 ootBh el TindE Bie Bl 4205 pBioial, rohp o the Bulel Bl Blortn@ifhe | -
sel ected bhpgie ?F@qrﬁﬁﬁm&dﬁé’ uAEBIBd B m&ﬂ‘béthﬁtn%dk@ amtmuaedeazleb th_e |

source regl-ons e unsel ected block are coupled to a potential which

shal | be dbfeeks arsheldedtizerd gotential) henbebnd programiming pccurs. in ke otherent | y
preferred enbodinent, VDI is approximtely +3.5 volts. Assune that the X

decoder hamesdngcels, bothalam therselectgd avardligeangd wnﬁﬁlecaed ward linesi s al ong

t hi d | bl ock 30 to. b
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to the floating gat Since th l'ine 33 and the other word |ines

are hel d ateltssihthpsé bloickslare aomaotéd tdgrounde r'This can bel prevented by faisingie 37
are programmed. The unsel ected ‘bit lines bothin block 30 and the .
unsel ect edthel patestiairan thelsousee tegienspies frtaxample.cti ¥olts:8he nemiaakRatentialcur s -

:Ngr Ejhﬁ ChOteg S;edrrg)r!nt)g mce(rarlterii Pt?lg r|]s sgﬂgsecn?\ U. %l ﬁcatenq 4‘@&6’ 7“ nﬁlo%ane%eg it ﬁes? ct ed |
been found that by domg thus slow. erasmg occurs in cetls along unselected word _ a
lines smce these cells. have thelr control gates at zero potentlal drain- reglons at
zero potentlal and source. reglons at +5 volts. Rather lt has been found to. be more
eftectwe to hold the source regtons ata potentlal lower than for example. +5 volts;’

15 this potenttal is shown as the. potentlal Vpiin thure 2b. In the currently preferred .
embodiment, thls potentual is approxlmately +3.5 volts ‘This potent:al is low
enough to prevent erasmg along-unselected word lmes yet high. enough to prevent
programming along selected word lines. . . . . .
_ CURRENTLY PREFERRED EMBODIMENT OF FIGURE 3 |
20 ' In Fsgt_xre 3, only tn_r_e__e.blo,cks are-_shown. In Ppractice, many more blocks a.-é,.
| used. Each block contains a plur_ality.of bit lines :-(_e,_g.._ t_28_flin_es-).. ._.The--_sp_ecitic
~ number of blocks,- the specific number of bit lines per block and the specific number

. of word lines are not critical to the present_,inven_tioh. o



5 The progranmm ng operation is typically a slow operation and it is
»possible that the +12 volts applied to the selected word |ine can cause
slow.programming in cells along this word Iine in unsel ected bl ocks even
“though the drain regions of cells in-{}ese bl ocks are connected to ground.
This can be prevented by raising the potential on the source regions to,
for exanple, +5 volts (the nom nal potential 10 wused by the nenory)...
THTs is discussed in U S. Patent 4,698,787. However, it has. been found
th¥ by doing this slow erasing occurs in cells along unselected word |ines
since these cells have their control gates at zero potential, drain regions
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in Figure e curre prefe S potenttal is
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al ong unsel ected word |lines yet high enough to prevent programm ng al ong
sel ect ed wgprovide resigndlUBREdicate WREF BiFekhds\Bsan sélbdtedrarid QuiiBraeif Ovhich

In Figure 3, only three bl ocks are shown. In practice, many_ nore bl ocks are

used. Efch biecksiare et selesteq. pThusathe sigeals ferthpiseuece witches 5tk 51, aed 52 The
S T RP o M i BRES S ABS B Y bR RBl B o
L0V ErL" " eoach e BFESIRT okl 2h B Sy Btz ey Bl o
o e LourASIINSIIN LSS o S0 5l St 5 epecue et 1,
been sel ectte@ithenigroundctheddisturth inbibitbpotentiallar the programeing potantial Mgp. t he
ST onal g o f O s switches msavg\: t;ecgr%?naSrS switches fabricated from field-effect transistors.
Assume that the entire memory of Figure 3 is to be programmed with a new
program. Before this can occur, all the blocks are erased. As mentioned in
connection with Figure 2a, the source switches of each of the blocks couple its
respective block (sequéntially to minimize current flow) to the Vpp potential. The
16  source switches for the unselected blocks maintain the unselected blocks at zero.
The Y decoders during this erase operation allow the drains to float. The X
decoder couples the word lines to ground potential. In this manner, all of the cells
and all of the blocks are erased. (After initial programming, it is expected that one
~ or more blocks will be selected for reprogramming. In this case only the blocks
20 requiring reprogramming are erased.)
Once erasing has occurred, the celis may be programmed. For example, all
the cells in block 41 may be programmed - one byte at a time. For programming
under these circumstances, the_ source switches 50 and 52 coupile the source

regions for blocks 40 and 42 to the disturb inhibit potential. The source switch 51



may come from an internmedi ate decoding stage and the Y decoder used for
selecting the bytes fromthe bl ocks, or a separate source decoder 60 may be
used. As shown, each of the source—sWfSches 50, 51 and 52 couples its
respective block to either ground, the disturb inhibit potential or the
programm ng potential Vpp. 10 These switches nmay be ordinary sw tches
~fabricated fromfield-effect transistors. Assune that the entire nenory of.
Figure 3 is to be programed with a new program. Before this can occur, all-;
the bl ocks are erased. As nentioned in connection with Figure 2a, the e
source swi tches of each of the blocks couple its respective bl ock

(sequenti al tquples thensouree regiong of thd calls md)lockecﬂ\/tqagmnentﬂml X dbicodan43

source sw tches for the unsel ected blocks maintain the unsel ected bl ocks at

zero. The YSeuentially sglactsene wozd é!h%@é adisee 10 RFRGEAMMING by cavplingsthab ling oat
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reprogranmin I'S” case 0 ocks 20 - requiring reprogranming are .
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exanple, all the cells in block 41 may be progranmmed - one byte at a tine.
For progr andecagersddhetinputadata detereinescwhichtdfdhe draio segians ane cogpleditd Vi
coupl e the source regions for blocks 40 and 42-to the di sturb inhibit
potential . faspregramnymingwi t ch. 51 = 'couples the source regions of the cells

B ke Tor o bRt e s SEBRR 8 Yord e 4 bRt 57 K Betdet Bhd s o
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unsel ected ki al measéureé swneueel bsth %rtthalseww ahg uBBRctd bloeks, -
oouple the source regrons to ground The drain regrons (blt lines) of the selected
: cells in the selected blocks are coupled to a potentlal of approxlmately one volt
The selected word lingi is marntarned at approxrmately 5 volts. Whether or not a
.cell is programmed can then be determmed by the conductrvrty of the cell usrng
15{._ _ordmary sense amplmers _
| The reference cells used m the currently. preferred embodrment are

drscussed |n the above-mentroned patent applrcatron

o Thus. a memory array for flash EPROMs has been descrrbed whlch permrts -
20 block erasing. '



decoders. The input data determ nes which of the draiﬁ'regfbnstaré'Cthled
'to Vp for programmng. During the reading of data, a word line is selected
by the X decoder and for the illustrated enbodi nent, one byte is selected
fromone of the blocks. For 10 readitg—all the source switches, both for
the sel ected and unsel ected bl ocks, couple the source regions to ground.
The drain regions (bit lines) of tltgAMd ected cells in the selected bl ocks

2. l ed t iLal of ' | lt. Th | ect.ed d
e T mai ntalned AmenpredraRTeros Biraly fieioey programmans and
] i Ly, of the. [ 15
o di'nar'y. Secabally Sracible ety Vals shoh RavE Y ourek sbiich, pstEebian 3
preferredi 'm@n@ééoﬂiréwé%m&iéi@ above- mentioned patent _
application. Thus, a nenory array for flash EPROVs has been descri bed which

permts 20 bl aghuraliyofidocks, e&tiibMeaid blocks HERARY & piurity dfaving a plurality
of electrically progranmable and electrically erasable nenory cells each
havi ng a ‘suhstaetiallyparallelbitdirsiscouptsidio, said draiaregigng af @ number afont rol  gat e,
conpri si ngé a '?l urality of blocks, each of said blocks having a plurality
of subst aPRIALENS: paraliel bit lines coupled to said drain regions of a

b1 ocks, “sai d sBuwEISGBCErwiche. ARRYDF o ol BlarBeadsp TR o b ooks
bei g COURfdhd 61 QU8 i | P4 of aid BIIRE bBIHg E85ea T6He G 521 ¢

source sw tches couplin sou
said plurality of source switches, each of said source switches coupling a source

\J region of each of said number of cells in a respective one of said blocks 1o one of
a first potential, a second potential and a third potential at a time; .
a plurality of word lines substantially perpendicular to said bit lines, each |
- word line being continuous and extending through said plurality of bloéks. with
each of said word lines being coupled to a control gate of one of said celis for
each of said bit lines;

a first decoder means for decoding row addresées and for selecting during
programming a selected one of said plurality of word lines, such that when said
selected one of said plurality of word lines is selected, a programming potential is
coupled to control.gate of said cells for each of said plurality of bit lines along said
selected one of said plurality of word lines in all of said plurality of blocks; and

a second decoder means for selecting during programming a selected one
of said plurality of blocks by selecting a set of said plurality of bit lines in said
selected one of said plurality of blocks for programming and selecting one of said
plurality of source switches associated with said selected one of said plurality of

blocks to couple source regions of a number of said cells in said selected one of

A R O



regi on of each of said nunber of cells in a respective one of said bl ocks
to one of a first potential, a second potential and a third potential at a
time; a plurality of word i nes su?sLantially perpendi cular to said bit
| i nes, each word |ine being continuots and extending through said plurality
of blocks, with each of said word lines being coupled to a control gate of
one of sald cells for each of said bit lines; a first decoder neans for
decodi ng row addresses and for selecting durlng progranm ng a sel ected one-
of said plurality of word-lines, such- that when- sald sel ected one of said ¥
plurality of word lines is: selected a ranmi ng potential is coupled to

. contj rol I gsaid R‘#fa!lty ? QJ@@lssmf%?*d t@éﬁilﬁmﬂm@é "9 S8 ng'eﬁla"!l?g oneR&d Séldolng

of : bl 3§5§8'tuéﬁcl ¥ sQuigR pwitdhshcsnalied wi reee’e?fss HpSeiRrtestonssit i ng
Sural i tyEBraifY of o8 to ﬁglgal%os"fifé‘f&‘tgi@l%ﬁysaiﬁ gt %‘%Pﬁlel’?@ '855%5‘? ocks for
oot ar epmARhoGSHccRd RS &f saRfpirdity 6fpbbis ff sabceonapaaies
source I eghgRdin Shidsédoherpotehtiaitas é?bleﬁtlaﬂeﬁél tab ﬁte%h%jeﬁéﬁioﬂéatd sai d

plurality of blocks to said.first potential while sel ecting remaini ng ones

of sai d phumber bysaitl callsin @ashiof sbidsren@mngameleetedtonmf saidpluvatityl afct ed
ones of said plurality.of blocks to couple source regions of said nunber of
sai d cel | blocks ﬂarrdbemgednslur@edlbyealdcpregramemgapowmlal @indrfar selecting bl ocks to
sai d second potential,..wherei'n said second. potential -has a. potential Ievel
that preveuling ermsingpneaf said plueaiitoef Rlacks fosierasing bueﬁ,qleemgseneuoteafal ni ng
unsel ect ed ones of "sai.d -plurality of .bl ocks.from bel ai d
progr anmi RY ?’BY ehepyrce : EFWr‘OQPEI?[mﬁéwmq Fﬁ?"é‘l‘%@ §¥SP %e"S

plurality, nosfal fec?eé 8Fre %rf %gw ﬁluréllt l gél'(sn r%?gsu?g to saxd third potentral |
whtle selectmg remalnmg ones of sald plurallty of source swntches assomated
with remalmng unselected ones of said plurallty of blocks for erasmg to couple
source reglons ofa number of cells in remammg unselected ones of said plurallty

of blocks for erasmg 10 sald ﬂrst potenllal

2. The memory defined by claim 1 wherem sald first potennal is ground

potentlal

3. The memory defined by clalm 2 whereln sald second potenual is

approxlmately +35 volts
4. The memory defined by claim 3 wherein said third potential is +12 volts.

5.  The memory defined by claim 1 or 4, wherein said plurality of word lines ~ -
are formed from strips of polysilicon which strips form said control gates of said
plurality of electrically programmable and electrically erasable memory cells

along said plurality of word lines.
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pturality of source switches to couple the source regfons of a“nunber "’ of
'said cells in said selected one of said plurality of blocks for erasing to
said third potential while selecting remaining ones of said plurality of
source switches associated with rengpni ng unsel ected ones of said plurality
of bl ocks for erasing to couple So e regions of a number of cells in
remai ni ng unsel ected ones of said plurality of blocks for erasing to said

fiffst potential. 2. The nenory defined by claim1l wherein said first
potential is ground potential. 3. The nenory defined by claim2 wherein
said second potential is approximately +3.5 volts. 4. The nenory defi ned
by claim3 wherein said third potential is +12 volts. 5. The nenory

defined by claim1 or 4, wherein said plurality of word Iines are forned
fromstri és of TheImempn-aefingd Bnclaimilp wheseimdiking Rreatareming:a #¥rdf sai d
Cel | o al Crigedhrdnenns GpuRlp 4Fe EATh FrainR f each g saic luaiy RicP I8 liod by

Feai on or B2t Bactia e sBEOPEM Bilrduy i o RS 4 S BRORRL S 1 oG ser |
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unsel ect ecaragidfngPlinSalbételones!of shidPplukility bf Biginéinasdth thé Sereterréwsl one and
t he remai ni ng unsel ected ones of said plurality of blocks to ground, and

during er and tige réraaining anseledtbd 'ohedaxf @dirt ploesiing obblookstd rdutidaandr egi on of
each of said plurality of cells to electrically float. 7. The nenory
defined bdutingerasing whereinsaitlthindggoodgr aveainscllawstthe drain region of each

~ of said piurality of celis to electrically float.

7. The memory defined by Claim 5, wherein during programming a third
decoder means couples the drain region of said plurality of cells along said
selected set of said plurality of bit lines to said programming potential and the
drain region of said plurality of celis along each of remaining unselected ones of
said plurality of bit lines in both the selected one and the remaining unselected
ones of said plurality of blocks to ground, and during erasing wherein said third
decoder means allows the drain region of all of said plurality of cells to elecirically
o float. |
W,
8. An electrically programmable and electrically erasable memory
comprising:
a plurality of substantially parallel word lines;
a plurality of substantially parallel bit lines, said plurality of bit lines being
perpendicular to said plurality of word lines; |
a plurality of memory cells that are electrically programmable and
electrically erasable, one associated with each intersection of said plurality of bit

lines and said plurality of word lines, each of said plurality of memory cells having

.
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decoder neans couples the drain region of said plurality of cells along .
said selected set of said plurality of -bit lines to said programm ng
potential and the drain region of Sﬁhd plurality of cells along each of
remai ni ng unsel ected ones of said-plOratity of -bit lines in both the
‘sel ected one and the remaining unsel ected ones of said plurality of bl ocks
to ground, and during erasing viherein said third decoder neans allows the .
drain region of all of said plurality of cells to electrically float. 8. 7=
An el ectrically progranmabl e and electrically erasable nmenory conpri sing: éﬁ*
plurality of substantially parallel word lines; a plurality of '
subst ant i alfirgt negicx, lacsedoind regiorsa coniral gdtey and afloating gate i said corlrolg :
perpendicular to said plurality of word Iines;;;BFIuralit of menory cells. -

) .

that are @Rtcheingdormedwillritsiesppetiveene ptsaidiphaality efrwarshiines, said first

associ ated with each integrsection of said pluralit f . pit lines . ,and said:
ST ural 11y feBoNdf G35h b saiclurally oL@emaY Gels Peposoler i te MSHER o
first regiqn, 4 .egion a control gate, and.a floatin ate, said
control 3838 %gﬁﬁg&?@'gﬁ{adgw th its respegt i ve one of said plgugal'i ty of word
lines, said fi | ! | ' 3 C&H ei n
.coupled to i ts%f%"é@gé%Mg%@ﬁ%&%ﬁﬁ@tﬂﬂéﬁég"ﬁ Lrgl | fg‘@‘?%@c‘%ﬁm gg'

nmeans  eac ivHepsipl et ¢f sHi@ pRirality Rf blotks ivciodedh Ptitberdl eard plueaiity opf - sai d
plurality of blocks includes a nunber of said plurality of nmenory cells

al ong a marhery cdliscalpag aniumbersofcidjacent oples rodisaidyplafality of bit lires, wher ei n
each of said plurality of swi-tching neans is for selectively coupling said
second r esheneinfeachi of saidrplurality of siwitchingrmeans/isdbr seleotively couplingisaiich of
sai d '

second region of said _riumber of said plbrality of memory cells in each of said. A
plurality of blocks to one of a first potential, a second potential and a third
potential; - - | .

-a first decoding means for. r'ecéivin_g a first address signal and for selecting
atleast a seiected one of said plurality of'word'lin'es. Sﬁch that a potential is |
applied to all of said plurality of memory céﬁ-lls along said selected one of said.- . -
plurality of word lines when selected.'séid first deching means béing coupled to
said plurality of word lines; - |

- a second decoding means for receiving a second address signal for' _

selecting at least one of said plurality of bit lines in a selected one of said piu'rality U
of blocks, said second decoding means being coupled to said plurality of bit lines;
and B |

a third decoding means for receiving at least part of said second address
signal and coupled to said plurality of switch.ing_.r-_neans for'éoupling said second
region of each of said number of said plurality ofmemory cells'in each of said
plurality of blocks to one of said first potential, 'said' second pot‘ential and-s’éid .
third potential. wh‘eréin during programmi'ng- 'sa_id-t"hi'rd, decoding means selects
one of said plu_rality of switching rheans-'for c‘oupﬁng said second region of each

of said number of said plurality of memory cells in a-selected one of said plurality

.
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pturality of biocks to one of a first potential, a‘sebond‘bbteﬁtié# and a
‘third potential; a first decoding neans for receiving a first address
signal and for selecting at |least a ected one of said plurality of word
|l i nes, such that a potential is appl to all of said plurality of menory
cells along said selected one of said plurality of word Iines when

sel ected, said first decodi ng neans being coupled to said plurality of word
| tnes; a second decoding means for receiving a second address signal for
sekrecting at | east one of said plurality of bit lines in a selected one of
said plurality of blocks, said second decoding nmeans being coupled to said

plurality ofbldoks tblsaad;ﬂrsmpdtmiahandlsdbcmduemumagme‘smf satdpiuvaliig ot | east
part of said second address signal and coupled to said plurality of -

swi t chi ng switehing means dot couplingisaid second! regiproof ericheafcdaic huaied ofisaider  of
said plurality of nenory cells in each of said plurality of blocks to one

e R b 'k ipeludfheb e ol il
ol ur al i ty BPCKS foisE g mcgneteﬂ@a AR R 56 r@be@ﬁaﬁaé@w 8 cach of
thzgfi?iy’?k‘g%@ﬁ‘g%E'gé*{a?g'gé*a weche Sait b oo B8y &' it ?@%’ones
each of ge{!ﬂl ée'rgfdo \?@%ﬁ@d&%@ Bﬂés éegr%}'bﬁ tgreﬁﬁﬁ)s&ibﬁgégsgﬂ‘)ﬁ‘%"q |n| ng
unsel ect ed:llélﬂﬁed)ﬁy §§iocerPl’ﬁrﬁH|ﬁ %nﬁé%frbﬁl 56thg ef B&idcbAl

wherein said second potenfial has suc potential“l evel that prevents each
of said nydtentialf andwthepdinduringleradingsait thirdaddcoding meahs gbletts dng efrai ni ng

upsel ected ones of said plurality of blocks from being
said plurality of switching means for coupling said second region of each of said
number of said plurality of memory cells in a selected one of said plurality of
blocks to said third potential and selects remaining ones of said plurality of
switching means for coupling said second region of each of said number of said
plurality of memory cells in each of remaining unselected ones of said plurality of

blocks to said first potential.

9. The memory defined by claim 8 wherein said first region is a drain region

and said second region, a source region.

10. The memory defined by claim 8, wherein said first potential is a ground
potential, said second potential is a disturb inhibit potential, and said third

potential is a programming potential. .

11.  The memory defined by claim 10, wherein said disturb inhibit potential is

approximately +3.5 volts.
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di sturbed by said programm ng potential and from bei ng “erased by sai d .
second potential, and wherein during e}éﬁl ng said third decodi ng neans L7
sel ects one of said plurality of switc g heans for coupling said second. -

regi on of each of said nunber of said plurality of nenory cells in a

sel ected one of said plurality of blocks to said.third potential and

sel ects remai ning ones of said plurality of switching nmeans for coupling

sai d second region of each of said nunber of said plurality of nenory cells;
in each of remaining unsel ected ones of said plurality of blocks to said %i
first potential. 9. The menory defined by claim8 wherein said first
region is alctr.al n rml onmemorgai dageapnd hagiag, aasouplereadityn. ©E = The

eronti o SRR pibSERRAaR ], B ERREEFERIIY, % ek ..

“third potentmenory aeklgr aadng hamml a . sb].xrceThereq;m.y aef |d‘.|:a:i.rby
claim 10, sai'd, di i bi te 1o t el
V"%%’«ﬁdh ‘Lne %Mé%nﬁ‘ gtat% %Hda_ aspl o :ﬁiﬁ&iﬂ €83 O

volts. nory a Vi ng

el ectricall Pu%@lmmhweasadtﬁr%ll&%f¢ml Fiﬁscé’rlé@&’ol‘élﬁbrrﬂ'r%ﬁ%nﬁﬁ each

having a 50‘5&@‘{@' O3, 328" ahd 5 €8 Ofhe. aécombhﬁ?&h@gdraﬂﬁﬁﬁs. and “a -
control gate, ubst anti al | y as herei nbefore - descCribed with reference to -

Figs. 2A, 2B and 3 of the accon'p'a-n-yﬂ-rrg—d-r-avm—rrgs———
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