10

15

20

25

WD 2004/ 051753 PCT/ US2003/ 021676 Sl LI CON NI TRI DE

CHARGE TRAPPI NG MEMORY DEVI CE FI ELD OF THE | NVENTI ON
woheo4psesant i nvention pertains to the field oPCT/US2003/021676

sem conduct or devices. Mre specifically, enbodinents

of the pregemcohnyeRtbetuake: drifGhedHOr? siRtGOd and
system for erasing nenory devices. 5 BACKGROUND OF THE

hﬁ%ﬁaﬁ%é@%ﬁtgﬁp menory is a type of electronic nenory
[ be rewitten and that can hold its
coqﬁent ppLian

e prese t mvengon pertalns?oatﬁ?o fn eﬁﬁ av z ﬁonc%uctor d%vw ore ﬁRe‘i‘Bﬁo‘Ry’ r8bod1ments

evi c ene e span

O NLOT ar as SS
oot Pup e g e

BACREROURS orFiTHEVMRYERTI®NS| ngl e byte can be erased, flash
menory devices are typically erased and mwitten in
f i Xiedh niehotyiis dxiyde ol Qechbrirkeoyrmedia aias be rbwr@SMand®iaay hold its content
technol ogy evolved fromelectrically erasable read

withogithecopsemptiop of IBERRENh meghiy devieetenailydyve likbpahirgatP0Keéo 300K write
erased in situ. Flash nenory devices are |ess

cycleg %ﬁ@myv@ﬂ%wooéﬁfge memprg AR AN detiees andfsiatissndpse msmgfy (SRAM) devices

s can hold npre data per unit area. This ne

in Whtcata él elgyted:fm @Eﬁmsm?ogw@pgeé e ggwﬁl@f eraf)eld[ﬁlalr\sfrgtﬁlt in flxed multi-bit
blocks or sec ch %ash memor tec gciloegy evoly 8(9 gﬁ ni1 Qecﬁw erasa V anM memory (EEPROM)

rasapl e prog rea

chip lg&lﬁociogty)/wﬁﬂ@ht t%E:PL%@M Sﬁ!l 864k fg ry &Eé&%@'lésé gens&e and %enser meaning that
evi In a

Conventi ona nmenory ces are conStructe
flash §:6hdry &Ivfcél&taﬁlﬂoﬁi M@Jaﬁt' pBr it rbd) A nb date@ry of BRPROMELAs Sferbed as an
stored in each cell. Figure 1 is a cross section view
impofdnt @oR-velx@eiabdythit k@simeNBaAINtaghe b @ Bable PlaTmMAbIE @Md &E memory
100 conprises a netal oxide (MXS) transistor structure
(EPROM) Hengityavith GHPR@M tBdyicaberadabditn 102, and a channel area
103 in a substrate 110, as well as having a stacked
gafenveitionpt flagk menaydegiges mey@rﬁfgwteﬁe aspibgimere Wipgein a sitigls bit of
stacked gate 104 may further include a thin gate
informatign i étPrFig @ epchgdh Figoe Lisagrst Seq1ieR ViFw plep psapleny ﬂa% mgmpry deyiice.

vy ieeg A0 B s e RLTE) it ot bR Srrt i 6 oz e
chanrrei a(?c,ﬂiitlbfg1 9,% tgalte 1}6) gs \Qé‘fl%g La)“ngg%%;%a&g < [stgfétluqu?éfloartl Qhe%gannel 103.

I nt erpoly ectric layer yi ng g gat e
The skORd gdtd 0 haPhukher BtiBAeQGHS fafe dleRétril By d58bnR1yMY Iréférxle@bégg a layer of
|nsuFator such as an oxide-nitride-oxide (ONO |ayer
tunneNE¥te N grniewOn DX tutteee bByiBstrsie 119ABEMCHNG4 fsothdudésAollyleeH floating gate
Lastly, a polysilicon control gate 108 overlies
106 overtyme pohey oxided Deat! i ivtetpaly diclechi@:AayeOmA byedlingyftating b@¥ 1406s Interpoly
coupled with a row of such cells by a common wordline
dielegtrip 197 tsyﬁ@@apultm insglatergngh; AU Bidp- pitrideoxide( @D Jayrn hav‘tng two oxide layers
drain regions_102 of a colum of cells are coup
Sa“d‘flﬁ‘g‘@tal’i‘@l‘ eﬂf‘)’er LesHrrBriysioen qopfe! gate\/’ﬁ%ﬁ"cﬁw%‘?‘ﬂ’% é‘elr“%“c layer 107.
ontro at e el ectric
£ Pheiaek SR RER w83 S, é‘o 0eFERY 2 Eiop ol ietor
confiEd¥E GR o il%{dﬁ ?1% th]{e P luilng%f c ﬁy eﬁ)e c%%ledXO &Q‘%g a common bitline.
eac

ource IS couple to a CO

Whed £olligh ﬁ'a libdto QB Belade OB, arl bV WA korhdd@S Bhafiel 105 aﬁarcemt can be
addresse via the respective bitline and wordline

condudGet Bfiween source 101 and drain 102. Typically, the source 101 of each cell is coupled to a common

source terminal. In operation, individual flash cells are addressed via the respective bitline and wordline using

peripheral decoder and control circuitry for programming (writing) reading and erasing the cell.
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peri pheral decoder and control circuitry for

programnm ng (witing) reading and erasing the cell. WO
wQoeN8B3i¥53 PCT/ US2003/ 021676 The singl e bi t pET/a810631021676
gate flash nenory cell is typically programed by

"channel hot electron injection” in which a high
podhasingls bij gpakegdpateiflash gisppiy e it pPicaBrpipErmprdths cbemel hot electron

S ound .and. drain

ot kSRS e s
drain Pﬁg% lgd to a EJ)S%V \c/:c{lt% € resuI% ectrlg gek? eQro%sC tﬁ echaegng re&ﬁan accelerates

war d raln r on an

elech%ﬁkqgvgﬁ’d tfxepd'ralﬁ F&Ei(ﬁ Jng 1&%&%5;9 %rg? ko? E'ILI{:I %rb%com-gmgt eréa}ons T?je hot electrons
el ectrons 5 are scattered (e.g., by inpurities or

are séISH(E AL ihgikitidsGRMS Subduai: !éfti@c abcrkber S 4 0sitr At @helcRinkdMRgion) and are
channel region) and are redirected toward the

redirdcle® tvhra ¢he Gadtiag e Hylite vetadat fickbdstablistel dy @spadild ehat gdiyoltdze If the
positive control gate voltage. If the electrons have

electiomsdargtenaalesngrgy. thej eap tunagh thtoughreete okitle 190 gt ftpating gox i @and|@eome trapped
into floating gate 106 and becone trapped there. This

therecﬁfah@@ge%thf-‘éhrtﬂ%hﬁlé gHiggedV v thargley theehanel cw%qta@ﬁ?yoftcﬁbloo
chann§¥wconductance 10 In order to eras

Cy B O8G0 8 TebpRkSH gl pesk “tetbf g b1 fog2 vl s
apphedoto sougei(g cogtrdl is hllgi atva%ﬁgtgwe gotﬁntllall dadpaPn 10? 18 a{lc?vvcé to float. Under

source nega

thesegﬂ'fdﬁlgﬁsl eﬁllel ctﬁ&gﬁéiic[ 1@5&6}%‘;83 aérc%s é’ieloo?ﬁg (?;f%leecv&}e at nggquf% and source

ese con |t|ons ectric eve
101. 86E O&Bors HRNE tra Eﬁ%ﬁ a0 HE106R8N tofwh@3hd dGtetA e pklish o@-ﬂ&!ltmg gate
source 101. The electrons that are trapped in
106 dvértyaik kdugre ggtoe 1010 Ghd did@inons araeiktlexaittbd Elotl Sb@ing gdte 0B énd into source region
portion of floating gate 106 overlying source region
101 by @vdy of FheleeNadeinommeling ¢hrduptemoneboxide £45e Gelf 101 ehdsaias thpgjectrons are
gate 106 and into source region 101 by way of
remopgfelonias effeiOf t unnel i ng through tunnel oxide 105
Cell 100 js erased as the electrons are 15 reno

f r Slererroaali Wodgsien B’Bm"fK/BWWé’E‘é“ﬁf fafpo lorp Ay el by ggfa memory) have

e PR TRy Ay < R TP BB 1Y RAE 4 0ok Rl memory
device! ﬁ W&ev&%esmhtatsis 191t>w1l1 zﬂ Qﬁtﬁﬁ ogﬁfkﬂlte%}f\glﬁ&rtﬁts&ce of one cell

a single nmenory devi evi ce uses

in théf&aa&e skrSes MY 2iR St tBe HileF deH AFigdd DI at8 o6 BichBladyBFi6t abtRitride read only
whi ch the source of one ce% in the device serves as

memédrii @evidé 200N Mafnorty ld€vic® LtRdompr@ks a. silibdnGhitfid® 12/ed 40l WHIEH i@ Hi€Ssed Between a top
exenplary prior art nitride read only 20 nenory device

silicoR Qi0xideVizyen20g atieatioten FPOn dioniderdys @83, formink arc@NO haydr 2P4d @ polysilicon
| ayer 201 which is disposed between a top silicon

layer a@mﬁmaeowatp@@NQ @zer a%hnéad@@ﬁ  werllgie For momory ileyiep éR@ IAefy% pitline 206 and

| ayer 204. A polysilicon
a sec% élﬂfné gﬁﬂdg%ungvgqathttlﬁé) ey % e]}de%yld%ﬁaz%)&sglesacgl Patype substrate 208

with t\ﬁlo ?]onduce1 Ve ggrg o Gor}ghn% tl}/nﬁsdz%é W%Pﬁ%gneﬁ ?8%1 ﬁlélg-f an{laﬁt su&@ £S yagr}el 209 is
fOI’m%,Qiéi‘DSS [MEW%;% tg) YYZJtQ%S %Qeq tl{e%ﬁﬁng oa? tgsﬁecf) 'I\I[ S, d§Hg 8(5 f’ilta ?iggeotgansistor

uctive portion e b| I'nes 2
havm% Q‘Zer(fh ]g@i%g sEuk @I BN b SRkt &0 Emed B Bittfnbke06 BndOBPRRE] ca @Pmed as
ormed across the P-type substrate 208 when the
pmﬂﬁhb&%ﬂﬁﬁuﬁi&mbﬂﬁsed Menory device 200 is a single
transi stor having interchangeabl e source and drain
c ofiioneitids ldygr20 throfisraghardzi ttappingdeyer? B gamaling @ 7ellig dcbpnmlished by

gate fornmed as part of a polysilicon wordline 205.
applying appropriate voltages to one of the bitlines which acts as the drain terminal, to the gate (e.g., polysilicon
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Silicon nitride layer 201 fornms a charge trapping
| ayer. Programmng a cell is acconplished by applying
wapproprsat e vol tages to one of the bitlines wiTOSH03/621676
as the drain termnal, to the gate (e.g., polysilicon
2 WD 2004/ 051753 PCT/ US2003/ 021676 | ayer 205) and
layer gp) eifichr qvpding e Wirline apting asfhe sovfep tergiinakh dhe wlirasesenetingloshical fields along
The vol tages generate electrical fields along channe
channgh99 causiag qlegtrus Eacqelsrts af“blu‘a%‘%‘é’ll wPHe 10 lﬁﬁﬁ‘ﬁ‘ lfqnéﬁﬁlde layer 201,

su?strate | aye con .njtride

Whlclwﬁ nown a3 hokiﬂec n 1g§cglﬁrb tSn inge tle'n%%l?cg?]ns Ig?ﬂ'} glg {nf)sé ﬁn&:rgg%tﬁl&e N glese electrons
becorﬁ«% t?ag){)é’dqgérclg@llle Qor&hg sillBr B1tr1‘§@ ﬁ%@g Yo 1%tearttllg%l\gj’/l§tlh Ju&cho%. ?mc(::e Oﬂﬁe silicon

rons cone trappe remain store

nitrid® laldr LOEIs hAWSHdudAd, 2 AiEB¢hatei@n EINGeRIdtihth Bfcoh HRRE La 2019 DGR junction
the silicon 5 nitride layer 201 is non-conducting, a

of bitfihe 206 ardONCDIRyeCD alBstorddjagleft BER 10NSiil&lyl 4n6 @ Becétidchadrgd@an be injected and
| ayer 201 near the junction of bitline 206 and ONO

stored gy@atelPfeln thefirschogeadsiien hiefl¢ layer 20120 the Binerioh af Hitlige 28N ghd NO layer
second charge can be injected and stored separately

204 and gored y@igtbit 8t1- charge in silicon nitride layer 201
near the junction of bitline 207 and ONO | ayer 204
anditddegpad enléglelmrgﬂﬁvwb%qﬂ ispymmetyigat 4lipwiag hedipn éﬂﬁ‘l e SPHEGTR RP

merEFEE T gt R e ey ARG QB AL B PR Sprs lrdgres
termlﬁa(:f (V}{eh 5%23&1?1%& gerft% tald & 5Tl almlﬁ@?m*?ﬁ gLer\g%s %19 a‘?lggﬁmﬁa?inf%uhne 206

term na en progr
may s!eiv%%e%%urc&bﬁxﬁﬂaﬁgr PP fark R n§1%1¥§11a3 the dr ain term nal
and bitline 206 may serve as the source term nal for
Pr egkiadWiritgredd 0@l meRbry ddid 200E£ 35S WGurAbling bihencEBRCho@RMTIFHE) injection
menory device 200 involves a tunneling enhanced hot
proceaih @hi¢hltokdsre infticted niodie regjpn ofeEde lhyer wikieGlthdig iesora@ll ®or example, a
injected into the region of nitride |ayer where a
negativi higlyeoltage isapplied th. thefegpirobseseript. enolysilichs layis §@f) ander phditgyh high voltage is
voltage is applied to the control gate (e.g
appligyp 9I§|°r Plndf tedifines 296 and 297 phich resylés ip fixjes enifrig m\‘f&ﬁ‘F %azfg &0J; véhere
to one or both of the bitlines 206 and
recor RO B PR e p O S S e (R T Saffiion of oxide
layer%gucufag}ﬁ%rﬁ% arré? (gtl the r%un 1otn Igf 61@8 la e‘::r QBLF aqld gld%gs 268) ari‘ﬁ 26’7C a%t%lr rg'peated

prog@¥ked& cydi@yer 203, part|cularly |n the area of the
junction of ONO | ayer 204 and bitlines 206 and 207
af teditidneBeR s @ficuld foREKHRNEx QIR FRrEiM GRS laye? Q0 AGHIdcir 38 @ld hYles are
it is difficult to control exactly where in nitride
injecledyBypicA) lthd dietrak elitstoe dit ared leftdlt @ R)) ae Believed foat@ tc@dentrated along the
Typically, the electrons of a stored bit (e.g., left
edge bf the G ONY mndion hecaneedhetefpctyms grirtbeamast catretht tk draiy (¢-hiditline 206 of
edge of the bitline/ONO junction because the el ectrons
Flgur@ ) HoPeNsr, Hisdpt %Wrséqod whee e gpq@pst(cencgntratlcm of qleg @ccory ghen they are

mJec%‘é‘Pé‘“’?%éayﬁrrz)ghtlg?ﬁ? eietrial PORe TG &@%@%@t@aﬁ&wze e

nj.ect P LL 201
recor{ﬂ}] eag%n (g)rf] gl%crt]r ns] a{xcf'hé)%s iir)lrt i« fm%il layer g rf%1§y)ét§ee (ﬁhlargf)s dio a% %\{erlzg)y 1le|ntlcally and

resid&a@ch%gs' omlgc%roxts rﬂ)@ildaé il tﬁ&@m J8 Qitl dQ ﬂyép f10 1%e%$ NGk 22 Qnd right bit 211.
holes in the nitride layer. In reality, the charges do
NO FRWe B ks kllREHP1€Pdidiybudd@f electrons and holes in a prior art nitride read only memory
device. Electron distribution 301 shows the concentration profile of electrons within nitride layer 201. Hole

distribution 302 shows the concentration profile of holes within nitride layer 201. As shown in Figure 3, the
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resi dual charges of electrons build up in the region

of nitride layer 101 between left bit 210 and ri ght
Whpa04A3153 Figure 3 shows an exenpl ary di stri bRCT/082003/021676

electrons and holes in a prior art nitride read only

device. Electron distribution 301 shows the
dlsmé'éfh"é é%lﬁeﬁt&tﬂis 15 RonpeBEted i the piciaityeof the bifine/ NP inetion (& g-iledibit 210). However,
er 201, Hﬁx di strlbutlon 302 shows the

the C%‘ aiop pigfileg &frd&fFfithé’n 3¢2 %ﬁ “égovwapmeﬁonﬁffnfr?qoaemfﬂéy@lewon

sy o0 BB B 7e R Pyt PGt LR R 10 Vit g
conc&Bitfoh thoﬂ@%ﬁlgleg Ehdta I's]%oﬁél a?el 3611 gv%ls ngrﬁioepgonghééubx{h%éfﬁz\g electrons. The net

junction
resul CRAGERLS Al P B Fe@lﬁtlal &ar@éfs wWitGh @he Basilel Jeflb 1 On 302 does
not overlap the concentration profile of electron
di Thiis oot drafethdklfor efddinGa Higi8eHleddSonly Mncbry A6v@R fad @3effdbilvaly Femove charges
the channel region of nitride |ayer 201 with a greater
from ¢hg wierd regibr dithepitdfeildye. afdifrohlysprandt reett®dcforethsiag €niBidéread only
Wth a greater concentration profile of electrons. The
memppg flevie (el (Hnpeliphenhanpad et hole injestiqplian epuppphisfcalidegriddiinmiof the oxide layer of
charges within the channel region. Thus, prior art
ﬂw“ﬁ@?ﬁgﬁgmfor erasing a nitride read only menory device

Yéﬁ%ﬁﬁﬁﬁﬁﬁﬁf y renove charges fromthe channel

region ride | ayer. Addltlonally, prior art

nek@&)gd?ngf Fc[ e%% ﬁletmdt n%%r?t r[gl?o?gras?n 2 Yitr ch?en? ox}fy Igleen\l/ory c%vice such

g., tihne I ng en ance 570N
asa F:I;QH ﬁl@m@?&e%ic@ Q&Jhlcﬁjx%gfcé N%&écﬁﬁbngf thé aﬁde%&Qst&d&w @bt thE inj iR, While
nmenory devi ce. RY OF THE | NVENT
meetiBE e Etdid wipked need, 1ﬁ8 era@]?é itcSprSvide@meod Rl E&@Qm & graéiﬁrgsatlﬁﬂaef r€4d only
erasing a nitride read only nenory device, such as a
memdésly deyive WiRiphois yiord efficiive at revhavirlg rasidchli degesde te etd@del regionaif the higride layer.
_oxide layer caused by hot hole injection. Wile
Whileyestingibe abhis stalsdneadssit ia tlesjablederch methpd jnd sy$temiforaiabing 4 rtride read only
provide a nmethod and systemfor erasing a nitride read
mem%m pesylce WRifE gpn@)étgaﬂeé’gth WHitipg semicopdypier f@flfaél@rt [rQeessggtand equipment.
re Vi n reS|duaI ch s in_the channe i on of the
i {8 Rigs gwyeé?on 15 &m |algl smgeéq ﬁoxi,]eéastnﬁ %mgg @gﬂe@ary device. Inone

emboﬁ?n%gt%f thé lgareget‘ft mqgn or{ Q[PIS Zatedq;we?l 1sr¥§rme 91 agyngcoﬁguc%sn])ﬁ%ram A plurality of

asi ng e rea

N-type mﬂty%g}lcﬁltr\ﬁﬁ&bm @?&nﬁ:ﬁ inrl& 1&@4% ﬁ"%g %ta%'trléeqaﬁ 'oﬁ?!nklg&ly cell is

processes and equi pnent. The present invention Is
fabriddRll heddkeRRND oS WS NP n@lrit® EASInRions. Binkilyl ARlcbBalccaidtYs coupled to the

menory device. In one enbodi nent of the present
isolatedR+@elt.i on, an isolated P-well is fornmed in a

seniconductor substrate. A plurality of Ntype
BRIEFRFESERIPYICROAE B PRAWEHSS are fornmed in the isolated

P-well and a nitride read only nenory cell is 20

f abhs ERreyyBeireas Yhid 2srncpReraird wﬁé“v oy fpgt phtlis specification, illustrate

goncegirat ons trical conta

R A e&%W%éli s PRI g of
e PRt ooy i e AR, A Bl Bl s
beingl drwd 83 AL, €

FIGURE 1 is a section view of a prior art floating gate memory device.

FIGURE 2 is a section view of a prior art nitride read only memory device.
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enbodi nents of the present invention and, together
Wi th the description, serve to explain the principles
w@bootlo®17525 i nvention. Unl ess specifically notkdi/usiees/ 021676
drawi ngs referred to in this description should be
under st ood as not bejn% drawn to scale. FIGURE 1 is a
s e ST G 1hew 2 preaplpw diskibeion offelegizant 9d hejestima prisnt jtride read only
device. FIGURE 2 is a section view of a prior art
mempy devicge read only memory device. 4 WO 2004/ 051753
3/ 021 76 FI shows .an e | ar o
Fﬁ%tlf onor el &% :?%r f%ﬁﬁatl%ﬁ gdq g é’nlg imie?}%/ry g¥fce in accordance

with ahﬁoﬁllrrgﬁs Jf%?re% 1XVe tﬂxg.m)ry devi _Ce' F | GURE 4 i S a
lowchart of a metn for fabricating a nitride read

0 NIFJGURBRBAY5E] 8, iahd5d de RERR VERME Enitrih fekh &m%%@%& fficated in
the present invention. 5 FI GQURES 5A, 5B, '5C, and
accorélin@e BieCknbatimants@f\Ge @ésed idedtibd. de read only nenory deV|ce
fabricated in accordance wi th enbodi nents of the
pr EKBIRE G inyirvichagrof a k¢tEIRE efisinga wiridd rendohig ritm@§ devicaBitabdllance with
for erasing a nitride read only nenory device in
embogsensp efdececsepf inventiaanbodi ment s of the present invention.
DETAIL LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT 10
PETREFRIERERPIIN Olnbivl beFtivRRED FWBQQEWWT t o e nbodl nents of
1 ReBERS T Ler I BRe s RS ab g e tBW?faE P g o i
111usn\?\fe§§1%tagéoﬂ¥a%?fxé &%u\é! ! h’%@e hcﬂgeé%%n[i nge%? ion w1]|1 F:qgécrlpe%t co nctu&n with the

oW N

follo&lﬂgaémbtﬂlﬁ%tsaﬁ Y tlndleﬂgl{)@dlﬁia? gle}t Rz ok {fﬂeﬁdeﬁ Q%nﬂrtl%%?éggnt invention to these
invention to these nbodi nents al one.

embodi@iaiits Asng, Ok hecdatr8R Gﬁ&)rebdﬁME\féﬁdoﬁ % thtSndédnd &ﬂg‘%ﬂerﬁa@lvéé,_ciﬂcﬁfﬁcatlons, and
alternatives, nodifications, and equival ents which

equivatenys Wiechinpg beidediedmvithini the sphieans pdopd df tha pscaimpRion ks dehifed by the
present invention as defined by the 15 appended

aPPe‘@PCbHI‘WES Frithetnioesy impredolloping tétiled debdriptiviniaftheimesant ineehtion, numerous specific

description of the present invention, nunerous
detailg fra g ol n pfst 9 POt el g aning f et tnésenb‘i’lb Vogeren

d t andi f . th t
o R R S BLBBAT b BT g o
knowlq fnaﬁgdls %ﬁ)gedmeg P(%ll{) e‘ﬁb ‘?it? cn’cc':? E %ave ngt bge%tdgsl |1bséd m detal?so as not to

I nst an known” fre proce

unnec@ﬁﬂp}o&%}e%spe@m tlﬁ'pfegeldi 1Lv%ntlfbﬂv € n Ot bee n d es C ribed in
detail so as not to unnecessarily obscure aspects of
t R epb&ISRIALs of tha/@&kd: BRentidl) ar ikb1APORAY IBHHNS B h sdni@®nductor substrate and
present invention, an isolated P-well is forned in a

an NR{@virpedlonfaricitarupsbsibaladde-vefi hetween tdROIVEetdRdint regiGns. An additional electrical
fabricated upon the isolated P-well between two

Conta%f; e equglediio the PexsiloWaen erpsingiielingriaondeivice b bigher vadtage (e.g., 20 volts) is

ontact is also coupled to the P-well. Wen erasing
aPPhetd h‘@wl’rﬁ ARl Deteranthe @ﬂtr%{ eH¢ gfifesrmetpety cellpud e cleptrical zontags | Hosgrample, in

one em§od1ment, a negative 10 volts is applied to the control gate of the memory cell, and a positive 10 volts is

applied to the electrical contact. The isolated P-well conducts the positive 10 volts beneath the entire memory
cell which facilitates erasing residual charges in the channel region of the memory cell. This is advantageous
over prior art methods for erasing an NROM device in which the erase voltage was directed to the ONO/bitline
junction. Using embodiments of the present invention, a higher erase voltage can be applied to the memory

device without requiring expensive design changes for the periphery devices of the memory array. Furthermore,
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applied which is split between the control gate of the
menory cell and the electrical contact. For exanple,
w0 poo4osssEenbodi ment, a negative 10 volts is appdT/E82009021676
the control gate of the nenory cell, and a positive 10
volts is 25 applied to the electrical contact. The
embadigngnts, pfelep PRssqRERTeniqs e ARty ypprehoplnld ipjpajian to gempys therztsdromaltetnitride

t ir el l_ which facilitates erasin
layerPEE? e 2 et ot e Srur B e e g vechres
Qus.. over nmet hods

from 91% nitride 1 pelrSTl S adge qgv? onﬁevbt%begaﬁse h thoI% méecéor\fgxr %aasage%{gguron of

rasi ng e er

portl&k Big&tn%o;y(&eﬂ I'E%qbga\grﬁ)sl otf lhle SentJIIH’QIEILﬁ Qfve LHE % sector rpro§reammable flash

nbodi nents of the present 1nvention, I gher e

mcmMSD hrt90@hichamulBeRRP b @ Both GitstsRRd FRARRYM HEMkCRvMd, t hout
requi ri ng expensi ve desi gn changes for the periphery
devigaes isafflotdhert shaRYd B faBtjtating b hitrlde feaDdnB;, memoM@evice in accordance
2004/ 051753 PCT/ US2003/ 021676 enbodi nents of the

with gupbedimertis df the ratentamvedtion NReferninglngw topep4 19otettadHa® ahdijo Eiptile GA, an isolated
to renove charges fromthe nitride |ayer of the NROM

P-well isfqrmedipa seppicprdaiefor sulisirdtey dn embpdimpriyof e prgat innentipnsd wallg 10 is formed

hani.sm to renpve char fromthe nitride
in Seffﬂ&vé‘fmf sr*ﬁ%tféte pro rﬁﬂsgge WA ey e&%@déww Lighdly depsdPHpe suh%qafe In
ons of th

dat {
N L L
520 ap(ﬁs Hteén%cblgfqghalteg frof g&b%ate%&& QJ(L]? Ele %ﬁ‘?ﬁo ry

arrays wn si mul t aneous y ts stored in
anINROMLIBABH: Yt EaNihEBe 1S(Ealteglq’[v€ell4s a'c&m@hs%&ﬂ%@ﬁgposgfng Rdeep N-well
nmet hod for fabricating a nitride read only nenory

530 véheY poedds Rera@iedldiant@n subdttadd SO BRBbmea] subdttte PI0RGEM bt be doped
invention. Referring nowto step 410 nethod 400 and to

N-typFigings fer Sanpla phosghotua t Retlowikg-awigild-infased] of thegghodphiores to a depth in the range of
sem conduct or substrate. In enbodi nents of the present

4-5 nimn guiitaie G A0 may bpdeped P-tyBd10 thegred eyerbiut dedprN-welhi30.0Frd sxemple, a boron
substrate 520. Substrate 520 is, in one enbodi ment, a

implaptieg Of gﬁrfafaﬂﬁw Pty avéﬂ §]t96’é'th? fafaéf subfiratp G2QAVBRGREFEIRE WP 30 A second

e R S G ER B UF PEF © AR ST B PPRCEZ 430 Sl 1 e
embo@xlnglﬁ t‘euteg ﬁl% ea?’? dlﬁ‘g %n%&rﬁga Fx%é@i%%@%&&?tﬂ% eg Qnt g'yen&ion 130 well suited for using

N-wel | 530 N one ‘e
a varibt@ By rha@eﬁﬁl!s 0l pheletdrSif kAb@gp Reib! 1s acconplishe d by
first depositing a deep N-well 530 which provides
V €lnteinbliments 6f thd jr&@eht fk@HdHS HidkStell 3408s 82Qiypd WellGMR is deposited in the area
enbodi nent, substrate 520 can first be doped N-type
surroungding By welf DO teepravide lagsral ploargoplimtation. Wik Figut f4 staws side well 540 on two
drive-in/anneal of the phosphorus to a depth in the
sides il 549, it i5ipprecited thet in gmbpdinents of 82 sertipvepiéonckidserdll PiOteytmls around
in the area overlying deep N-wel|l 530. For exanple, a
the gt Pt P1vh Wn e %g}nbag‘ th‘rH‘i?éﬁPt tnesenewe%\éeévebﬁeﬂ%lﬁ preatpgn a

bstrate N—mel1530
subse%lerét éng%(n ag L?eaos%o% Ec’til:'lpn ?—ltgga{evgr F1§ %%Oe is ﬂ%‘ﬁl grs rdleﬁtﬁ anrﬁtclearly
defmetala?sog@& PReil. Qn 8n §1F1te£1s J)flﬁleﬁnpegen 1§\|%gtfoﬁ s{de wel§54% 1sf created usmg for example,

he present —enbodi nment reci ese speci
phospﬂ&ﬁse It boB&htsRE ﬁl@ FeRnRALRIR LBE el ﬂ@ﬁaﬂ%&&%@g pllmreﬁﬁ? B %e well
is well suited for using a variety of materials” and
whichp @ fER-@€155 10 Bndfpesviile g raPelsvglchl iokébn. 20 1 n enbodi nent s of
the present invention, side well 540 is an N-type well
whingtap 42 otieqied 400 a plunlity bisN-gypeiapurity concentrations are formed in the isolated P-

well. Referring now to Figure 5B, impurity concentrations 550 and 555 are formed in P-well 510. In one
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surrounding P-well 510 to provide |ateral electrica
isolation. Wiile Figure 5A shows side well 540 on two
WG e@e®51083 P-wel | 510, it is appreciated that iPCT/US2003/021676
enbodi nents of the present invention, side well 540
extends around the periphery of P-well 510. In one
emb@wafd?rf?@ﬁ fs iggplantad er giHusedtip form Nugns irRyFty cericefiratigns §50BuHPSp within P-well
510 qvg . f@ subsqguent mask and deposition step
' %\%}é ‘F’f’“ B9 4& PRREs] s itgn “@P‘glﬁcfﬁ\ﬁ‘?e’?“ﬁ“%‘?é‘bcosﬂeﬁ aﬁols?la%frsmtﬂér nitride
read gqﬁrr{)%ﬁolrrf‘gc%{lsls%hz%fﬂgng Bt &% eﬁ CO%%\r}tZanlf’ i Sgﬁ o Ieﬁt@e polemppt rgmory cells
with €58l 8flintiSi Ng, for exanple, phosphorus. In
enbodi nents of the present invention, side well 540
MaYn EPEBY df 5Rthad 400 W ridthidelryad Qfily M‘:ﬂldff&:ll Yﬁ!{ﬂrlcaté@fﬁb&nhe isolated P-well.
surround P-well 510 and provide |lateral electrica
Refeirigghosttd Bigure $Q) a sitrele mdd&y edil 56®ik hbetaddhon a-well 8102l dnypo@ients of the
N-type inmpurity concentrations are forned in the
presepigmierttomdnePorywel] 360 cqRapfiess i axgile nioide bxadeHaygIONOD B0 dispqaett iehigyith a
concentrations 550 and 555 are forned in P-well 510.
polysfligorfer BOWD epbwimans eibzrrear inusigo8Ne M@?@mpréwbwi omgalayer 571, a
..arse npl anted or diffused to form Nty
nitridp iﬁﬁi E 1~ §)’d€8ﬂt£°é‘rﬂ"%d8{avez5 A& é*sleﬂlsﬂayes% P Plﬁ.oﬁdqﬁ aWeﬁtqred in regions 574

o R SRRTE B 5 PR P PR
memér§ adico SUOy Iﬂ@ﬂpcﬁé{en%%lf lhg' ?r\é\geﬁt Valtlgﬂ 1§sﬁf§?n 1%9 5 8¥) rgpﬁlgfes a thw of similar

concentration 555 couples the sa
nitridé €hd &ly rHUnfoBl cBllsHG & Q'BIQIHQ' FlrihBiore An Lfbosibems 4F3R pgzgenﬂﬁ\tegt%q top oxide
400, a nitride read only nenory cell is fabricated
layer iRy b epetable o bie tbnftpwitton flowR@friBg érhsd Gpelt@¥hst BorlekBHpleopbride layer
a nitride menory cell 560 is fabricated upon P-we
571 5y Bave b slighdyihdatierniizfettsic afstinhiban pr@sedite layenseht i on, nmenory
cell 560 conprises an oxide nitride oxide Iayer (ONO)
57 6 sgP $1908 wethesiAdR an plecricalisentagsis pqupledhio thajeekate&B®ell. | Referring now to
Fi egﬁﬁglne ts of the present invention, ONO | ayer
1gurg, fE@scogtagt 4 lbsa%l%d tp Byl 5187 n so doings p pifrideyesad oplyeenmpevice 500
bot t Jomoxlaqe nit e | aye

S L o L o GG g s
conta%?& h’rl@lra?t i %aﬁ%ﬁgg%%(or?d& E he 1sg19cecpfn wg‘ and el%ctnc]al contact 590 of the

ysilicon ayer contro
preseABVBHiiYn. 48 ¥hKo8imeOof tﬂe@re@ém%hﬁgﬁ r}ﬂegiso@aftedtPh’?ell Qﬁdeecfe@@ltcal contact 590 are
i nvention, polysilicon layer 580 couples a row
used @ioftked t&more Bﬁfdcﬁde@%raﬁﬁﬁdi:h@iﬂél)’cgf&ﬁ 555,18 4 ON@'IAy& sy, a wor d| I ne.
Furthernore, in enbodi nents of the present invention,
t opigux$ de flowchyresf amiéthodayerdsipg opeidatehdonfyotierpryele@dtin 22eprdance with
el ectron flow during erase operations. For exanple,
embogigentyf the gresegiimiention 7R eferng aprinte Figurs B A giivtth stepHilgbfamethod 600, an isolated
glelectrlc constant than bottom oxide |ayer 573. 15 In
P-wellis &fﬁa%i‘ea BRicHSHS qubsents: Ingimbagimentsof the pregepiinvagtion,jths isolated P-well
now t o

comn i SELHP vh B pPitE oo it 20 bt B bbnqggepren sv.
5 1ﬁefer}n% agagn tgglggrg V\:ﬁ gnaﬂb gt%) 6%8 m‘[:tgo%%of? 1 m¥r1 etng d\}f)bmeen\l/ﬁr}lccell is fabricated

I'S ¢reat nprises an i so
upon h&b Isblht&ﬁswerfﬁ rembBiytcbil 546 isTaRpdeal %enﬁﬁfi@ﬁﬂw&c@k&aﬂé@ 950 o3 ?%5 which can
el ectrical contact 590. Prior art nitride read
be usqiRiTRIeAhalgble @arct/aai rdghas Jf sieldate@tonk -ty davek s8d. ect rical
contact 590 of the
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present invention. In enbodi nents of the present
invention, the isolated P-well and electrical contact
WG AD4a58520 used in order to nore effectively PCHES20031€21676
channel region 573 of ONO | ayer 570. Figure 6 is a
flowhart of a nethod for erasing a nitride read only
neREPmErER od igurs SREedP game3a ofietied 6@ykrodticiien tantagtfis dohyded with the
Lave ntion, Ref err again to Figure 5A and to
‘Sdatpc{PeB‘S]g%t?“‘Bf EEA méﬂpq%gft‘}t“étfé‘&? prosenyBYgniigrvhep asesing ghancel
region 3@ sentconductor substrate I n enbodi ments of the
present i nvention, the isol ated P-mell conprises a

P- €] ha S€Vo S C 1 1 CI' Qs
o) PSR 0Lt 5B

the elR&fcﬁR:Bﬂtd&_Qv@tfﬁ@is@at@ lﬁlwal b bodifre W th ?re&hﬁﬂreﬁ%g n%‘t)tlé"ggwce 500 is
600, a nitride read only nenory ce I's fabrica
erasedifyapplyilp regtibvatorake B-theabtrol MRMDE. YooGalidon RGE 586in ﬁig&@ OF ﬁ!temory
bet ween i npurity concentrati ons 550 and 555 which can
devicy¥00, pydaipaitive veitese Giviedigicdbinect SYU M eftddiakms of @6 ipRESt idention, the
nitride read only nenory device 500. 7 WO 2004/ 051753
sourcqsgp BTG U9 $878e srmatiadior rpglovesitd Aoat SThEVgagesiobBleatrichl taptact 590
. gte 6%0 ?f %hod 600, an electrical contact is
18 con ‘SE?E VRER O 1P s eyea F’ét‘@tﬂedrbe%ll tﬂemCEY edOPY: dafmbodimerivaf the present
PR TR e A B S A T B
contad® 943, en L
r%i? an%ﬁlﬁ%“%i%tdﬁ%%% Pt ey SROAEL D, BT B B poens
electrol AWl E@bb&EBLRA 2 thgpl\éﬁhtl invedtidn, %ﬁ&%{:}g aﬁ@eﬂ}a&e@ ut I)lhﬁ%#rl%gr%qﬁ toward P-
i nvention, nenory device 500 is erased y -applyirng a
well 5@ gﬁtaquehe\mhﬁ\agatag@ts Ed&ﬂy GiiButed her@abSvell $100residual charges (e.g., electrons)
pol ysilicon layer 580 in Figure 5) of nmenory device
in chag@regianddo are frostiemowé vol t age to el ectrical contact 590.
I n enbodi ments of the present invention, the
S &H Pécs prgimethasts foe erpsing NROBOmentoey IS G8s.arveltage i apptietio die caurrel gate and the

Q d to float. The voltage fromelectrical contact
drain % &6 }It\ﬁgngce&s'edlu &hgatht; issufficight for erasing ths stgreil Bit, éhdlags Ingt erase residual charges

e nor 560. I n enbodi nents of
o e R OLR e B el f‘ﬁmﬁeefsw@twasee%temaée ey e
t. Ve a
wine 238 122%4%3%% Franfit @l she e Eaty ralie el FREar oY oo
mgmmﬁmgﬁmﬁgakﬁd across ONO | ayer 570. Because top oxide
| ayer 571 prevents electron flow in enbodi nents of
t PRoite St thechalié@$ely @pbn h6dhBI6 {feditsh, i iAtnb 6 LAEGL AL degtfadatton of
nitride |layer 572 toward P- well 510. Because the
the tunpe) o¥itdd lyyer (egl. hidigelayes 2@\ Rikyre 2)i HbwdvRUENDdiRelQS the Brey&it' ihvention
510, residual charges (e.g., electrons) in channe
utilize |a g@)ylgﬁ\l ogihgimgynaeling grase meghpvied . As & Bestlt inprdvert degicd relimbllitydsalized in
S|n NROM nenory devices, a voltage is applied
embOdtnE?ntf‘ ﬂ% “?‘??“rt g engjoft e Qﬁ‘?ﬂi“‘t"'ﬁ witridgfaygr deggsflatione b t be| ng
sed ufflcbent for erasing t

s t g?ags thg\(%]al eraie vglgtée is FP&)I? begxfegast crogtg>|l mnd @ﬁ g?lgtg%l’ wi:llﬂa hiphsr erase
voltag@éaﬁlmhzeﬁ @gﬁ %ogt'rxgﬁt!]& JQ 8Vscn 1nve tlox with OHP rieﬁessut%n% Plﬁmfécé‘tt Irede51gn of

voltage Is distribute en enea

the pertpBdrPNEnipondBk bt tRlfbmo ytlﬁayp ﬁ‘@%&ﬁtle I"onYe? Efgx]dﬁ’&n Er se?&l lN%ﬁE\/Pdevme 500 a

nore effectively renove residual arges tromt
high eresa asl@agd (e.g., ~20V) across ONO 570 layer is required. Without isolated P-well 510 to split the

voltage, more complicated periphery circuitry is needed. In embodiments of the present invention, the 20 volts



region of the nitride layer. 20 Prior art erase
nmechani snms rely upon hot hole injection, which is

W r@wo51763 cause nore degradati on of the tunnePCDXBI3/021676
| ayer (e.g., nitride |ayer 201 of Figure 2). However,
enmbodi mnents of the present invention utilize a

can be spkf ‘é"‘fweﬁb‘ihd?f’é?‘ﬂrﬁtﬁﬁﬁ &P -Belkse dhahr prample i O vals se applied at the control
d devi ce re|la€I|lt is realized in

gmeéﬁb%ﬁﬁ%@%ﬂ%’ TH@“BV%?@H?dWﬁ %WF} A2due to reduced
N rhd ptﬂ&erleaxsgﬁd% HRHSHEON i, BREAL 10 {021, SL2

voltage Is s CBAEEE %fyétergif]oa erf’lshrg a nitride read only
memdbr$ vt R d!!%llded Wil tlgal'f)?eﬁenﬁ[lﬂ:ﬁt%n hgs%eéﬁ%estcﬁ’&g in %{]I,Clgar embodiments, it

utilized with embodi nents of the present inv

shouldbé 4pPrdtiatetrBR &8 bledht iVentBn Sb@Mhdt bE@Rirud B9 8BS By Qkn enlibldﬁments but
peri phery conponents of the nenory array. To achieve

rathei<omsdresd-aiorditiged the fell@se cfaiis. NROM devi ce 500 a hi gh
erase voltage (e.g., -20V) across ONO 570 | ayer is
required. Wthout isolated P-well 510 to split the
vol tage, nore conplicated periphery circuitry is
needed. I n enbodi nents of the present invention, the
20 volts 8 WD 2004/ 051753 PCT/ US2003/ 021676 can be
split between the control gate and isolated P-well so
that, for exanple, -10 volts are applied at the
control gate (e.g., polysilicon layer and +10 volts
are applied at electrical contact The preferred
enbodi nent of the present invention, a nmethod and
systemfor erasing a nitride read only nenory device,
is thus described. While the present invention has
been described in particular enbodinments, it 5 should
be appreciated that the present invention should not
be construed as limted by such enbodi nents, but
rat her construed according to the following clains. 9
WD 2004/ 051753 PCT/ US2003/ 021676 CLAI M What is
clainmed is: 1. A sem conductor structure conprising:
an isolated P-well (510) fornmed in a sem conduct or
substrate (520); 5 a plurality of N-type inmpurity
concentrations (550, 555) forned in said isolated
P-well (510); a nitride nenory cell (560) fabricated
upon said isolated P-well (510) and di sposed between
two of said N-type inpurity concentrations (550,
555); and an el ectrical contact (590) coupled to said
isolated P-well (510). 2. The sem conductor structure
of aiml1, wherein said isolated P-well (510)
conpri ses:
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10 a deep N-well (530) fornmed in said sem conduct or
substrate (520); a P-well (510) disposed above said
wale@g/obidel | (530) ; and an N-type sidewel | (P@DYS2003/021676

di sposed around said P-well (510). 3. The

sem conductor structure of Claim2, wherein said deep
CLAIMvvell (530) is an arsenic inplant deposited to a

of approximately 4 to 5 microns. 15 4. The

Whatésec% REMuct or structure of Claim2, wherein said

P-wel | ASddjondstonsrudtiipoamptisigge posi ted to a depth of

appr:oxi. et e m conduct or

RILABLENs16) fg&egm Tl fuoPaubsL S (36

structure o wel |l (540) is
ana R8N piN-iypRdmpity cogrepitatiqns ©§0.1585) fordesign sridgolated P-well (510);

apprigNe H&ﬁc@i’ ¥nds 6D)Qab%ceﬁ9d(ﬁi5&1@§d isBlated P-HBL @Rﬁi aﬁ‘dQlfsposed between two of
i catin menory device conprising

said I\E@peflglp?ﬁ%cé’gcﬁﬂ“al“%I(Szi?égg)ﬁn Il (510) in a sem conduct or
S Upsteciaita cqnbi2@y90) dogplatitngidasofated Padell {570)0f N-t ype

i npur it ?he%%gcﬁlﬁll%c[oggtﬂua&§ of(éa?rg 1, V@l%l%)n 515] 1s§l§gl:de lvéﬁ% ﬁ)s %‘%@8

P- wel | icating a nit

upbfrerivgl (530 fermedin WWCO@M@}UWF%WO? s d i sposed
bef meanstMispdadd 5ak ﬁlﬂeép){p@ell @Rk dty concentrations

(o Pl QP BTapeRe B o s 220

r eﬁl te dTheneIﬁbC&lﬂmoﬁstrume pfadlaim 8 aitelrefn#idridag Nadell 65a0)ds an arsenic implant

e o ; Quprises creating a P-well
dpouga%@&e\?%l cht lma&%lose%&g ove a deep N-wel|l (530). 8.

Th‘é nret “ﬁlz?de%zgonﬁl@@r %tfé‘a“rF pf Qgimg 2 iyiprein i P-aielh (5@ jischn implant deposited to

adepmbe?pﬂoﬂ@atapzmrﬁic@@ep N-wel | (530) conprises st r at

[ ant arsenjc.into nm conduct o strate

(550t BRSe R Er st o iar B g ot sE e aiept impan

deposifdiidgo meepthotiapa®ximetely € &b microsl ai m 7, wherein said .
Cr§at| ng mgtfhocﬁt@ll fgbrlcatl\ﬂgji 1!10nv f),m JWJ&@&% P&s@n(gl mpl anting

a dopant into sald semc on%tgctor substra 520) to a
deftHnETP salsis? BXFihat @ ina somieepdBogpubpieid32000.  The net hod

anofnﬁﬁ‘g atlﬂiﬁialﬂt}fbf SLte mpaltyw&@énaht@nﬁ@swss‘spﬁl RlidGo124d 15wd1d510);
SStO br{N%trnIg Fg%j‘nergérsl ) é)gl{ptan ﬁeglrd\ﬁgr eng %%?O)%\%uecﬁﬁ dlsgosed between two
of said N-type impurity concentrations (550, 555); and
coupling an electrical contact (590) to said isolated P-well (510).
7. The method as recited in Claim 6, wherein said forming of said isolated P-well (510)
comprises creating a P-well (510) which is disposed above a deep N-well (530).
8. The method as recited in Claim 7, wherein said creating of said deep N-well (530) comprises
implanting arsenic into said semiconductor substrate (520) to a depth of approximately 4 to 5 microns.
9, The method as recited in Claim 7, wherein said creating of said P-well (510) comprises
implanting a dopant into said semiconductor substrate (520) to a depth of approximately 2 to 3 microns.
10. The method as recited in Claim 7, wherein said forming of said isolated P-well (510) further

comprises creating a sidewell (540) around said P-well (510).
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