22Ug3d 4 X6THO ) LL- Ua- LUUG USUU; i ;i U44 2~1 APR 2004 METHOD TO PROVIWREUUS:3U44

. REDUCED GONSTANT E- FI ELD DURI NG ERASE OF -EEPROVS FOI L RELI ABI LI TY -
. MPROVEMENT . TECHNI CAL FIELD 5 This invention relates generally t&1tARR 2604t
“of .mcroelectronic integrated cgircuits. Mrn specifically, this invention

relates to the arg oni.c. fl ash | cal-ly Erasabl e
Pr ogr anmabl e Ream%o?ég@&m S é;éN@éH%g&ﬁfs@eci fically,
this inventi oDURINGERASE OF BEFROMS FOR ﬁlc»}? Bash

El ectrically Erasabl e Programuabl é Read 01I y I\/Ermry evi ces that provides a
reduced constant electric field during erase. BACKGROUND ART 15 ~ US -A' 5
485 423 d@%@r@od for the elimnation of cycling induced el ectron
trapping i e of 5 volt only Gash EEFROMs by applying a -

rel atsvely -l ow positive pul se voltage to the source region .of the EEPROM
and sinul taneousl y ,appl, y| ng. a negative rarrp voltage to a control gate of

tile .EEPROM Tlﬁw latearrgeumuy the att egfp acrbglediraidc \infegmtedvery 10

~m i secopgsytd vIts S 978 277~d|sclosesa
bi as condltlon an3 -dec r‘ﬁ?]% rseﬁat%%t#% ‘% "’é R
net hod f orflagh ﬂecn@aﬂprﬁmgabheﬂ@mﬁbmedd wqemageﬁmmomp&\@&sl n

vari ous cq:.rébl nations.to t g,ate el ecirode and the substrate of 25 the

cell . mm?en o wethod of | erasing; miszenlectronic

Pr ogrmmmlﬂa@wmlpyo ﬁ%ﬁ@ﬁ%]@%&g eI | s
that can be |ndepen ently prograrme and rea e’ sl ze O@Q{eg}% and

t her eby tFi%d Malugingletasy onmitting transistors known as
.sel ect transistors that enabl e the cells to be erased |ndependently As a
result, all of the cells are erased together as a block. n~~~~~~~ .

- BACKGROUND ART
15 US -A- 5 485 423 describes a method for the elimination of cycling induced

electron trapping in the tunnelling oxide of 5 volt only flash EEPROMSs by applying a

relatively low. positive pulse voltage to the source region of the EEPROM and

szmultancously applying a negative ramp voltage to a control gate of the EEPROM.

The specified ramp voltage. is stepped by 0.09 volts every 10 milliseconds from -5
20 volts to -9.5 volis. |

' US -A- 5 978 277 -discloses a bias condition and X-decoder circuit for a flash

memory array and describes a method for erasing memory cells wbcfeby. ramp

_ voltages are applied in various combinations to the gate electrode and the substrate of
25 the cell.

A microclectric flash or block erase Electrically Erasable Programmable

Read-Only Memory (Flash EEPROM) includes an array of cells that can be
independently programmed and read. The size of each cell and thereby the memory

30 are made small by omitting transistors known as select transistors that enable the cells
to be erased independently. As a result, all of the cells are erased together as a bloclt.
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22ryagUUEL JVG ~~ USUU~~U44 21 APR 2004 A nenory of this type incl udesusyussvas

. individual Metal - Oxi de- Sem conduct or (M) field effect transistor nmenory
.cells, each of which - includes a source, a drain, a floating gate ahdl AR 2004
control gate to which var.i ous voltages are applled to programthe cell with

a binary 1 or 0 or to erase a), 1 he cells as a_block) .. 5 The ceIIs
are connected i an tg%‘s ‘?,soll%ﬂ%ﬁé wMetalOxides ugmres

the cells MO ﬂc‘HVeﬂf‘dt'&Qnﬁﬁ Sﬁnect e 3@@%11\{& glsbl%%fafglgmre dral ns

of the, ceIIs .i'n a columm bei ng co o a respe Ive
sour ces offlogtieg gateland aroanh'ol”gw:;tcemchgmnbas volldges ars rappligietoestbgiat 4gown as a

. NOR d by Apoly|
ortager o AR 137 0sony e s Sr B EHREE R g % ol t g6 ot

approgximately 5 volts to the drain and grounding the . source, which causes
hot electrons to be injected froma drain depletion region into the
floating gate. Thsoells @rﬂ)mneet#dnlhenpﬂmg'rafrmwgand)bmm withn¢hd oprtesled

el ectrons ped in., the float ate .and C eate negati ve change
t herein .mﬁ%@ﬁ%@ﬁé@g&am‘f(%’nﬁﬁf)w&% ath@tag:s\;g] ue in

excess of tiRpgulle’ih ARbRinh Beinsdnfiectd f°4 reshSctive M&Q ly 5
volts to the control gate,. applying 1 volt tothe |neto% t he

drainis @m%ﬁmmme@mm@omﬁsﬁ%mwmbnne

currgpt 1f the cell is progranmred and the threshold voltage is relatively
high (4. volts), the bitline current n7l be zero or at least relatively
low) If the celd celb is' prograpmegr ynapplying aewﬂ%d reRY e Ghe/ ebiitagle Wi | |
rel ativel 21 APR 2004 | 3 PGI/ USQQO 33044 | ow (.2

volts)) t%ﬁ%&ﬂ? DE’S:X?E"E?O?%%O kéhwieetqﬂ@@nan gromdmgh@cbutnne
current \Afsénhwcé;&,vlaxetx%iuhswlhtE!b&btbns/bocts’e'i.'xq1 ! %r&i?qi:?ﬂmaﬁ ys. In

one arran%lement) applying a relatively pI ca volts, to

the sourc cBﬂFRg Pren raseawebof @atp!ogmdnmtg wkaggs,tth@mbmd‘elbﬁrddsoat

erasgg a Co | ectrons that were.inj.ec Jnto the
floaﬁ ng gieét ur| ng proE grilgrﬁ%]té%"%t %BEY—‘O WM ng from

t he f|oatmgmtmdmnsg@fmu&mwmm@ fipploRisitely @ volls, sour ce.

Appl ying a negative voltage on the order of minus 10 volts to the control
gate) applying-5 volts to the source and al |l ow ng t he draln to float can

| e. 5 Mﬂfﬁr ap?ﬁ;nm)e IF 318 &’l”ﬁﬁ SVt
?hZOP?\rNZISF :ngﬂm&r?ulg‘ | O vol he cgnt roIgo g]zft ! T@Miwg °
sour ce/ dr 5 #he bitling tp| which thej dyainfis e@mecpdogtoenémgxhqssom iang) seua@thchat

oo s no PAEE GERAF 1€ RN i inbp Rl IR shvlfoin ol S vRie Bl o0 ©

region i R(bvolm;, ﬂwbhthnatoarrmemﬂltﬁmaowti;% lmﬁtl)athe lbwrellf&wecﬁ)ﬁsaﬁﬁd dUL' ng
erase. This current is referre angd-to an tunneling current. The
magni t udeP W’é“@ ﬁ‘ﬁﬁ%“g’& ¥ depends upon the |
magni t-ude reverse bias voltage applied to the sourcé region. Wth the
control gate biased at a negative voltage, the hole conponent (called "hot
‘hol es") of the band-to-band tunneling current tends to follow the electric
field and bonbard the sem conductor dielectric interface between the
substrate and the tunnel oxide. These hot bol os can damage the interface by

generating undesirable interface states. In addition) sone of these hot
" hol es may actually have enough energy to be injected
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20 into the tunnel oxide) where they are trapped. These trapped hot hol es
degrade the performance of the nmenory device. The negative control §htA8R 2004
.vol tage t for erasing nenory cells generate hole tra - ups_and

i nterface g{@*‘g’ggt hat cause reliability problens such as Q‘HI ng,
charge | gss | ac uat i n a '.b These nterface
states aﬁ% e‘b‘?&% 8&3%‘@@?5%”@8% ?‘%?ggt“‘é‘ﬂ ?‘WB‘W&"(‘H source PN
j unct i onreldisgly highf or med at the interface between the source and 25
substrate and into the channel region of the cell. The peak density and the

width of this,tr hol ¢, di stri buti.on depend bot h bi as
T The, cont + A GiRbe sRaedin Grieral YK 1n SArRP BT ShRIAigE & Blstaely Bk e
During atypr@Bt lzwaugaé the 6OREY) BloufidiRd e %ﬁi&ﬁ@ﬂéﬁﬁﬂlbﬁm? kiRCedi® Fdatlerhsaq cell.
float] g_lrggtetunn ' vertlcallégthrou h the tunnel oxide,into the

“chanrvel Fayses She qloctropsthat wers Huo the fleating gate dusing pragramming tapndsegoneen
t he sourEewlECNbatkimshnkiit fﬂsﬂi‘ﬁk'ﬂoﬁﬁ%‘ %& w&b@itﬂeﬂﬁntﬂ&lebéﬂee rayermasdaw ent.

However, other device reliability lems result. For exa si nce

o el o ARG B NS YALtRES ot oREr 4 aants 10 Yok OikeSoBire)EAe, APPENG Sl Bribec
trap-up ﬁ.&e%@mrmgcﬁédﬁmaao&%aﬁmalmgm@rmehwﬂa&wnssn Such

a concentration of interface states and oxi de trap-up degrades the renory
cel | rea®PphiingtoythePrivell apdspinug, 1Q volis ta the gonirel sate w @dbm theywouege/drpin to
evenfoual fiygecause read errors. Trap-up at the portion 35 of the oxide |ayer
near the drain junction may al so retard hot electron injection during
programm ng. 2 21 APR 2004 WD 01/4S113 PCT/ USCO 33044 The anmount of

i nterface genSignificantprohlems existduring grasethat resulyinglcarsased raliabilityiof thegaemeoreeellet r i ¢
field gepgrimlaidpstiveipht clifderfE E&ébﬁé%ﬂemﬁb% %ﬂftﬁeddﬂﬂ%xffu%edﬁﬁx‘éé’d are

met hods of, erasing nmenory cells that induces eak electric field across
the tunn®Biointojthe suhstrate whenthe soyreejuaption matemgl uging er@ses JhisurenissCl OSURE

OF THE 10 &0 bad-@bdhd Ginkdlin memnnggwmu&%mam&ﬁmww&@

t her ob#agts and advant ages are obt-ai ned nmet hod of erasing a nenory
dew’c"e t BRfthe magnitud riverss lias Yoltagy apelicd ta thegeurce regiop Mrith thasontred gater i ng

erase. 1pjasd@ G eBRER voi thofoleed ‘&f(cﬂlbf“ﬂo@u&&@)mﬁesa%-:@s&h uftin€fidg’ | C

field durln%eraselsa | eved eeplngthe guantity V- - _V,s in the

equat i orCueei tends tq follow ﬂv—clecmcxﬁ the symvowctoséw%e intgrface batwsen

factors s sibs@assiathd aﬂnabﬁd&on%@ﬁ&homw'aaﬂagﬂﬁe fheabd b }{emang‘énhesmyl ts
in F~, ~, d bei ng constant. The values of V~ are controlled so that th

F.r,~d h lmaddifion,somg of these hﬁebﬂwgamn@%labmgnough FFP‘EJC'@&FGF&W with

anotdeer MERRSHini okiBs WHRMIY s tkapphd, ATHRSRppENOI BblRs B30 HeP8RormRGa e | S
t he vol t age appl | gdlh?o thgwgource I's approximately 5 volts. Inoaccordar?ce

with an ry deyiese (Themegatixe ?QQFSW%YP}W@“P%'@&‘l%‘“é&?@%ﬂh@“ﬂéﬁd@@

pr ocedur @gp-ips andinteHas: s«aéstm ausé mﬁmmﬁﬁoman;duelais wikdisv-Oning] dhagke TaRs,nod

t hus prow des a nethod of erasjng nory c IIs wth ar e nstant

el ect ri cCPHEFG*AY P?@W‘B‘gt%%rp% "H’@?'S'P@% i tFlvent i on
I s Dbet t etheristfi@s Ritepddly flinPihe SO mj'uﬂ&tidhﬂh@ﬁs tbﬁﬁbdd@tlﬂlnhaﬁcd Bétwédnthe SMArcBhO W,

in nj uncti on th tthe acco I N rawi n readi,ly
app eJnt \QM tQ theichangel ngm‘ée/tﬂ? %‘ ﬁﬁﬂ%@q%‘vl“\{ﬁ,\%ﬁhﬁg’ “ﬁﬁggﬁ’lsﬁ'ﬂ’m holeer ¢
I S showndigfibutidf asﬁnb ApbrIBROEE JIRBch Uids ahd the coiti? Bhtk Bias Sdrifiz!the ﬂb!aﬁ&%)ga@@dgc

illustration of the best nobde to carry out the invention. As wll

real i zeo‘mSFI?B“P‘fR?entlon i s capabl e of other enbodinents and its several
details are capable of 25 nodifications In various obvious aspects, all
wi t hout deparDuritg af:regmvblgaeamaa cfidse piveedurey theleledons A% the fdating|gsite tirinel

O 0 b B sie 4 e b S o BP 561, e ol o bl s

30  between the source region and the p-well region, there is no band-to-band current. However, other

device reliability problems result. For example, since erasing is done along the channel region,
interface generation and oxide trap-up are distributed along the entire length of the channel region.
Such a concentration of interface states and oxide trap-up degrades the memory cell read current,
which may in turn slow dos the reading speed and eventually cause read errors. Trap-up at the portion
35  of the oxide layer near the drain junction may also retard hot electron injection during programming.
2



BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features believed
characteristic of the invention are set forth in the appended cl alzn]sApstm'
. The mvew% IB self) however, as well as a preferred node_of use, and
further s and advantages 3 21 APR 2004 WD 011 451 PSTAENA34b 33044

t hereo nder st o ref erenc othefo tailed
descri B%‘l g‘lﬂwof mﬁﬁgﬁgﬁgﬁg °‘532§’"£ﬂ’§%%? '}dtS L PP hﬁBﬁ}‘&W&ﬁ ith the
acconpgenerateyl dilringiiha gmse pheadasen: Fi gnre | A is asinplified electrical
schematic diagram of a flash EEPROM nenory device; Figare iBis simlar to

Figura |A Db L4l u at es flash EERPROM nenor ce havin ells
arranged in ?A'B’J%"ag‘éé‘)’s% ‘%‘d\"‘s °‘|Ezfrq Rasing W@ﬁ%’é"d‘%ﬁhﬁté"’dﬁ“ﬁ &ggéﬁ‘?‘i‘%nal

- vi ew offield aflossahe tamidRGAHeduringerseithut tedadinghé egseapsedgat i ve control gate
vol tage net hod of erasing the nenory cell; )Fignre 2B is a cross-sectional

vi e OM% 0L, ell illustrating a, negative , gate channel
. erase et ry cell; 10 ~ Figure 3 is a sinplified
el ectrical schematic diagramof a column of flash EEPROM cells show ng the
C(r)]nt r o: gat drcording mehapudsedmvamualmeafe@Foxdgmudrwl& bﬁodwaehmgaa&f o]pe of
the ce ure, 4 | ctrlc mat i_c. di agram of a
col unnoéw %&'/\# &'GIP“S‘ g&[ﬁ’raf@g%ﬂﬁﬁt"&‘%ll n
vol t agesidelduring grage.f i r St pr| or art rret hod of erasing the cells in the
colum; 15 Figure 4B is a sinplified eI ectrical schematic diagram of a

ol ?S’Jeifdﬂr?ng oefinek it i 15pesd oE e e peak et fd Al Rgee Baghicted |
coR@rmby kicging drc&;uamngagh Vel in vicRguakibie Exe - V! Vs~ Vedl+ (@ —) Veash nmenory

cell d r.art t hod of eras ure.6 raph, ovm ng the
vol taggéé g%‘ﬁ’i&el&'??of Fldge %’ﬂ?‘haﬁ’m%g Pfaﬁ"'q% i

accor dbeiogconstatt. Thevaues sew;.., a\comiollediso thatthe Q)i Rssitha the\pric ammauioai ofed

el ectrkﬁg schematic diagram of an electrical circuit that can be used to
apply %/'aryi ng voltage to the control gate in accordance with the

present invention. .
"’ In accordance with another aspect of the invention, in a negative gate edge erase procedure,

15  the voltage applied to the source is approximately 5 volts. -

_ In accordance with another aspect of the invention, in a negative gate channel erase procedure,
the source voltage is allowed to float,

The described method thus provides a method of erasing memory cells with a reduced
constant electric field applied to the cell during erase.

.20 The present invention is better understood upon consideration of the detailed description

: bclow. in conjunction with the accompanying drawings. As will become readily apparent to those
skilled in the art from the following description, there is shown and described embodiments of this
invention simply by way of illustration of the best mode to carry out the invention. As will be
realized, the invention is capable of other embodiments and its several details are capable of

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

' Accordingly, the dm.i/ings and detailed description will be regarded as illustrative in nature and not as
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention are set forth in the appended claims.
30  The invention itself, however, as well as a preferred mode of use, and further objects and 'advantages '
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j MODES FOR CARRYI NG OQUT THE | NVENTI ON 25 Ref erences is.now made i@ 1dgiajd,
to 'specific enbodi nents of the present invention that illustrate the best

. ode presqigdiasgant enpl ated by the inventor for practicingpeipfiserys i on.
It should be understood that the description of the best node is nerely

|11 USt r aheN6E, Filfbest Mtuntidrst fefeRépbe @ ¥hd fOlieWin Betailddideickiptioh SfeiMsQative - 4
21 APR 2004 WO 01/ 451 13 PGI1US00/ 33044 Figure |Aillustrates a basic
conf i gur embagiments whemaradiin grmjunction with the aocompanyipgmraydngs Whese®yr anmabl e
Read-Only Menory (EEPROV) 100 to which the present invention is :
advant ageous| pg)a&m 8% sinlfified bRRcdSHRimktic dAbrAA B4 158 EEPRUM frdinbiydefice;C 0T ©
or nmenory cel whi ch ar'e arranged in a rectangular matrix or array of
rows and colums. Each row is associated with a wordline !%V\L)% .5 wher eas
each col urm i Eigneesteis sirailar to Kigure 1; but fliyatratqsa)flash EEPROMnemory dévigehaviag .
col unis §Qy\ﬁ pgﬁgi J bfke designated as BLo to BLp and the
mrdﬁqnegag?lgi‘{ esl )é‘r‘{g e 'asé&?/\‘%?to W.a,. Appropriate voltages are applied
to the bitlines by a bitline driver 102) whereas appropri.ate.yoltages are

applied to thEigwesdh ispetospyectiongd vigwioh a flash EREROM ancmpry.celljlipstraing ansgptiveq t o
the driv %oﬁ}’ ..power source |06 under the
control %&*%@%&%Pﬁﬁﬁﬁgaﬁi ch i scetﬁf/pi cally on-chip logic circuitry.
The controller 108 also controls the drivers 102 and 104 to address the

menory cel | s Fignte2Biisalcrgss-sactionnl viewtof o flash BEPROM megonpeelldiysyratipggancgative A
menory c i hﬂéﬂﬁ%ﬁdﬁ? f a wordline and a bitline. Each
cel l inc%‘g%@%&%f&;ﬁ%ﬁ?‘%@ﬁi conduc %@'(I\/DS) Fel d Effect Transistor
(FEl'& having_a source and drain formed 15 in a_sem congéic} substrate, a
f1 0al® ng ‘gat eFigureB is asimplifisd elgetrieal schomatic dizgram gha eolumy p %Pﬁ Mse“bi/ a
Layer of sixi; i*%w B fiingoffdn@ s th&EHROM
differ f?%l%gm/ﬁ??o al golggc_‘};saﬂ?n thgf& hgiﬂﬁfﬁgﬂheﬂ% oating gate and
tunnel oxide |ayer disposed between the control rﬂ;‘gate and éﬁ&ﬁ{bggn uct or
substrate in WigneedA jsa simplified cleatica sehematic @agram o g colymp of t ed
in Figur %Mﬁ.@cdilﬁéiaﬂié_&&%e%& B&kin VoRageo Betig@ fickrprioPart We@iog oferhsingithecellow 20
n

(wordline) nunber an iIs-the colum (bitline) nunmber.' The control gates
of the ciithacolymniconnected to respective wordlines and the drains of the
cells are connected to respective bitlines as illustrated. The sources of

all ¢§ the ceFlgaredBisa¥imfiiies ¢lct@icil dchemanEdiagranof & coliifin of flgh EBEPROM cells

il lustrates anpther fl ash EEPR%{T‘B r gllo which . s, simlar.to the nory
. 100 excephowi ¢auerol.gats, sousgean 15% ring a,serond)priptart ﬂ%&ﬁf"ég'g %es or
. sect or s) pelisi®thetolidah.ch are 25 shown in Figure |B) each of which can be
" programmed, erased) and read independently. The menory ' 110 includes a

first cell ba or.page,112 .angd a second,cegl | n D - menory
cells in the H(gruﬁs #ﬁphf%‘fmﬁgg“dg%ﬁpgﬁﬁoﬁfﬁ%‘e&%&%%ﬂﬁ%’é&%ﬁ ol;rgi? Fi gure
1A, wher emthodofdrassg synbol is added to the designations of the cells in the
second bank 114. The wordlines of the banks 112 and 114 are connected to

sepapat e wor dhine iver 16. an t i g%’ i t he-
mam)?é cells) @%gﬁm@l % “1%1"?‘?83%%{*’3’@5“2&5 ‘Z’%“ ec?’é&régﬂg I st oatr&“?g?&éerach

bi t1i ne. efhlcinaadosiahce wittinthe piesans infventiobjmed banks LI Z and 114 are desi gnated as
Sa to Sn and Soto S ," respectively. The drains of the select transistors

12 SOMECt e el H i BN b RSk MAREEH of oA iRl B 2 o

wor dl i nesseéditaapply té varying wolltage tathe contiibl gate ifi accordance with the present invention.

MODES FOR C-ARRYIPiG OUT THE INVENTION

25 Reference is now made in detail to specific embodiments of the present invention that
illustrate the best mode presently contemplated by the inventor for practicing the invention. It shou_ld
be understood that the description of the best mode is meely illustrative and that it should not be taken
in a limiting sense. ' '



Z 1 APR Z004 WO 01/45113 PCT/ US00~33044 The select transistors di filﬁrpﬁ PR
the nmenory cell transistors in that they are conventional MOSFETs &
_thereforgolefgéqis! 0cating gates. The select transistors areEwWsRsAd

el enents rather than nenory el enments. The gates of the select transistors

for the bankyble: RifsANIRGELE ortRnAibicta NOR fpk fh EIRArcg erisile decoder 120

and the gates’ of the select transistors for the bank 114 are connected to a

5 bank Psegrammabin ReadOnBMemory SEERROM) 100 schich thopresentiavention sadvagtazeualy cel | s

 Sour colopd, BicuR RRRSH0n S b FRRAITU CGE of By, ot VARE aif rradeed i ¢ (e
supply rectdnigelgramaitix-orlsdB@y oflfows bachdolunir2. Eachaeidsaseatidted withs yordlines(Wlagi cal | y

. _high signal. ta t an | that 10 turns on the transistors SQ
“to S angl%soﬁo%%‘{i'gm‘f)ﬁéﬁggwgeds&g o o)'BL" to the underlying menory cells.

The bank 112 is desel ected by applying a logically |ow signal to the bank
_sel ect |i ne ABSmibgtnt there as neblunnk and m aove, theditlinegaredgsignatesh g Blio tacimtadt s t he

i css i Vet R dhiEp an Wi R Wi ABROe folafes 3 dtplialo bR BAC PO "
tr a_nls ;?ﬁt:igsdrﬁ;?wgow&;éhs aﬂﬁnt;prriawgmg'qsm@pplteldeo the word}indsiify 1 wordlinsadniverdiOd,y Cam
or ase. dE VPRARE agRliedsp i HEVEE 0240 100 bl et o BobesE KHECE 108 iy g CorioP

i nddperof apoitiplierAi08,uwhichddtypically ai-chip logiceiicuitry.t Tiercahtrollee #08 dlsocontrels thag t he

ot - of SRVFBALE w388 e aPseibs. AR ey ok BTN o ifbe a2

negati Welomont rol gate voltage for erasing. The nmenory cell 200 is
fabricated on a p-type 20 substrate 202, which is maintained at ground

‘potential dufing operatiQn.. T s ' nt r ol
gat e voltag Fﬁ%ﬂ P e l@%gteeg'c%@?(gﬁ;&g@@é%\ﬁﬁ%{l%%gﬁ%glg?gg%ﬁg%qabout
. mnus MetalOside-SesniequdbctardMQS) Fiedd Effect Trahsisgort(FEPDhnying/aisource andidorinfogmesh

o5 e ATl o TR FC G B YO e g

vol T's ource Ion, S c}c‘)dggrl S n+ re%lm_
and an layer pBuyiden A2 siouldreippreciated, ahe @lioofi aflash BEPRAMudiffer frpresonyentiona]

resul tig ' 58 bch find o - Qi85 Bllwlin (R bnurBauRa el | CON
di oxi de’nﬁ‘a“gg‘?’tf?@%‘é’i’%@é‘ﬁ%ﬁ‘%%ﬁ%ﬁ%’g‘ﬁ'ﬁﬁé’gg e 216 and the source region
208, 2|semirauductor subgtragy ie othiahithe soe®e and driin atel fomeddng gat e 216 to cannel
through the dielectric |ayer 214) as indicated by arrow 219) into the

source regi -&E],-de biRi7Al dr@sigREOPEGHD Hehdcitibn A, 2 SChekSmisHhe rowo e
oihe l“t e c@n%?%gysour cle reglion B

current flows from SO 208, 210 1 nto the substrate
2020nh ewordiise)swmbereand nisshe enkurabitline) pusmbars The penreliains of g cellsaiconnesiogh s

cur 1 Nt tqleskpdfibdhbilinds hnd e WRitek dr Bici@liart ElAhed 6 HspOlivE bilineds illdsned.

magnitutg band-t o- tunnel 1 ng current depends upon the magnitude
of the Thesourses ofalhaf thetells are connertedte thepasesrseuecel®8i on 220. Wth control gate
204 bi ased at a negative voltage, the hole conponent (called "hot hol es")

of- the band-figafanditisuaRehdotidr Aath BEPROMMEMHOlyA10 ihichus silitarab dhetnscmory 1081 d
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voltage after an initial u.v. (ultraviolef) erase Vi, as presented by the following relationship:
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oxide and degrades the reliability of the cell. As can be appreciated, the electric field Eg.y must also .
be high enough to complete the erase in a timely manner. The solution to these two competing factors
is to increase the magnitude of the negative voltage applied to the gate V. as the magnitude of the
threshold voltage decreases during the erase procedure. Graph 600 in Figure 6 is a representation of
the threshold voltage V, and illustrates how the threshold volitage V, decreases during erase. The
dotted line 602 illustrates how the voltage applied to the gate V,,,. is varied as the threshold voltage V,

- decreases. Graph 604 illustrates the resulting constant voltage V. — V. Because the electric field

Egew is proportional to the voltages as shown in formula (1), the peak electric field Eg.y is substantially
constant at a reduced value. This reduced peak electric field substantially reduces the number. of
carriers that are generated and thus substantially improves the reliability of the memory cell. In
addition, the reduced constant electric field Egey is high enough that the speed of the erase is not
‘degraded. The timing of the change of the gate voltage V. to comrespond to the change of the
threshold voltage Vy, of the cell during erase is determined by a characterization procedure of the
-pérticular memory cell. The characterization procedure can be an empirical procedure or a computer
modeling procedure.

Figure 7 shows a simplified electrical schematic diagram of an electrical circuit 700 that can
be used to apply the varying voltage to the control gate Vi, of the cells being erased in accordance
with the present invention. The electrical circuit 700 comprises a timer control unit 702 that controls
transistors 704 that in turn control the current from a negative pump 706. The current from the
negative pump is input to a proportional amplifier 708 that is connected to the gate of a transistor 710
that outputs the varying control gate voltage V. Referring to Figuros 1A & 1B, the time control
unit 702 could be made a part of controller 108 and the transistors 704, the proportional amplifier 708,
and the transistor 710 could be made a part of the wordline driver 104 (Figure 1A) or the wordline
drivers 116 & 118 (Figure 1B).

In summary, the present invention overcomes the limitations of the prior art and provides a

method of erasing memory cells with a reduced constant electric field applied to the cell during erase.
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(b) applying a voltage Ve to the source of the cell to be erased; and

10 - (o) applying varying voltages Vias to. the control gate of the cell to be erased,
| wherein V-V is constant during the erase procedurs; .
wherein the method enables the peak electric field during the erase procedure

to be reduced. | S

15 2. A method as claimed in claim 1, wherein the VoXtage Vo is approximately 5
volts. '

3. A method as claimed in claim 1 or claim 2, wherein the source of the cell to be
erased is allowed to float.
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