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her nmethod. i n accogdance ure 15

ent | nventl on.
PR PG Bioh Bud PERhet Bir Ny BaPBes DeR St Mo By e A gt Vor
met hod i nheabagrtdppirgaliolctrihinttiveelpheas egibn; |fcmmga gadadieldeirig i the peGphedy kag®hraad es a

Cross- Se%rhﬂ@?ites‘{ﬂtﬁX\éoQJreg%daanithé’ﬁeh RAQLAGr aspect of yet another method in
accordance W tion. 15 Fi gure 17 illustrates a

e present | nven
cross- sect i onafll ¥4t é'w?hﬁ‘fas%?ﬁ‘(?f ﬁ%P‘es&%tb‘BE‘i“o‘b‘FIaS‘isetP 2 3RBed e forming meRt-YPRtlac cor dance
wi t h t he safiesaéiior méide@Ndidvio) involving the steps of forming a charge trapping dielectric over a substrate, the

15 substrate having a core region and a periphery region; removing at least a portion of the charge trapping

dielectric in the periphery region; forming a gate dielectric having a first thickness in the periphery region;
forming buried bitlines in the core region; increasing the thickness of the gate dielectric in at least a portion of
the periphery region to provide a gate dielectric having a second thickness; and forming gates in the core region
and the periphery region.
20
BRIEF DESCRIPTION OF DRAWINGS
Figure 1 illustrates a cross-sectional view of one aspect of a method 1 accordance with the present
invention.
Figure 2 illustrates a cross-sectional view of another aspect of a method in accordance with the present
25 invention,
Figure 3 illustrates a cross-sectional view of yet another aspect of a method in accordance with the
present invention.
Figure 4 illustrates a cross-sectional view of still yet another aspect of a method in accordance with the
present invention.
30 Figure 5 illustrates a cross-sectional view of another aspect of a method in accordance with the present
invention.
Figure 6 illustrates a cross-sectional view of a SONOS type memory cell in accordance with one aspect
of the invention.
Figure 7 illustrates a cross-sectional view of one aspect of another method in accordance with the
35 present invention,
Figure 8 illustrates a cross-sectional view of another aspect of another method in accordance with the
present invention.
Figure 9 illustrates a cross-sectional view of yet another aspect of another method in accordance with

the present invention.
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Figure 18 illustrates a cross-sectional view of another aspect of yet

anot her nethod in accordance with the present invention. Figure 19

il ustrat ¢ g/ zioss-sectional view of a SONGS type menory geqldsolRis20
accordance with yet 20 another aspect of the invention. MODES FOR CARRYI NG
QUT THE | NVENTI ON The present invention involves a process for fabricating
SONGS type nOmyQleab ihifralBIREY.sEhhi GRS of @M et aRotRAshd Lot afbiner Aetib Hkdofdafid
process for formng bitlines in SONCS type nonvol atile nmenory devices. The
SONCS t y b HERGY IREMo8: of an array are coupled to wordlines and bitlines.
I n particul ar Figulel dlaiarsa @ sdctidal 2Bw0abna3spadt of MethdGMRE i yardimeraithythecel | s
def t9. Lhe bitlines. Using peripheral decoders and control

Ci rcuitrﬁ, each menory cell can be addressed for programm ng, reading or
erasi ng funct iFignss 12 flyftisiss 3 espss-erftidniltvieobs SPNOS thirerresingryeslhio eesardenes withgnethes
oper at i oRspRit of hEin2thS type nonvol atile nenory devices. One aspect of the
present inventjon ? l\/oI ves a Frtoc SS fgr fabricatin no{ﬂ"’-O' atile .
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oxygen-rich silicon dioxide |ayer. One or he” stlicon dioxide
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enbodi ment, the charge trapping dielectric 20 14 has a thickness from about
75 (err) to about 300 (err). In another Senbodi ment, the charge trapping
dielectric 14 has a thickness from about 1001 to about 275 (err). In yet
anot her enbodi nent, the charge trapping dielectric 14 has a thickness from
about 110 (err) to about 250 (err). In this connection) in one enbodi nent,
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Referring to Figure 2, a mask such as a suitable photoresist 20 is used to
cover the charge trapping dielectric 14 mthe core region 16 | eaving the
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20 Referring to Figure 6, a SONOS type nenory cell 30 fornmed in the core
regi on of a SONCS type nenory device is shown. The cell contains charge
trappi ng Qigd®sis7i ¢ 14, gate 28, source 32, and drain 34. pe@Ni$g1h)as nMenory
cell 30 can function and operate as a single bit cell or a double bit cell.
Anot her aspect of the present invention is described in Figures 7-12.
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. boron, apghphAsARALUR,. %bsxatngpltmtrm@ft A tlgalteﬁu@en@mt]m@te%ﬂtnﬁﬂmﬁ on dhgdosage

suitable to formburied bitlines. In one. e | ant at 1 on

mat eri al émpé"‘r“@“?“r%l’%?ﬂ%"a‘t“r thropgoReyines ?Sdf‘rfhabltﬁ’t‘,?fe“itzﬁlf‘thlcﬁret’?ﬂ‘oa%tﬁ’tforT x 10'6
20 at onsAmpiddied kegiossadt lrewn)aidfaci inpladted rédids 207Thav adjubtdent MRlAr st hypicalye

i npl ant e hout 7 x 10t5 atons/cnR2. In
yet anot %gﬁgys%b)ggéﬁegﬁo%progﬁ\h%?%bl% 4 Illgpgarqétrlrotﬁtg Brrals are i nplanted at a
dosage fromabout 1 x 10'5 to about 5 x 1015 atons/cnR. | nplanted regions
26, which correspond to the openings 257 formthe buried bitlines in the
resul tant SONCS type nonvol atile nenory device. The width of the inplanted
regions 26 at |east substantially 25 correspond to the width of the

openi ngs 25. Although not shown, a VT adjustnent inplant step may

opt| onaI I y be conduct ed bef ore or after the b|t| i ne |rrpl ant at| on step. For

o o - o, o A~ o o, o M




9 WO 02/ 45157 PCT/ USCL/ 2- 1829 enpl oyed in instances where the gate
dielectric 22 contains one or nore of silicon dioxide, silicon nitride, and
silicon owpulsside. The gate dielectric 22 | ater serves apcithigodaiss
dielectric for subsequently. forned high and/or |ow voltage transistors
(not shown) in the periphery region 18. In one enbodinent) the gate

di el ectric 22Rré@asingto bighdis Glaiess pﬁoroeﬁak@beutmo%& fAmttﬁb s&b@ut 1(86}(3 pblgdilichn gated
Fo.about ouporaepye uhdfelT 8 Aphahl phuepliS B b ERIERIA A © A
phot or espmerpiRgs silison tsydppepited ovsr the ehasy wapping dieteciried 4 selm ce@mtwetlmndﬁtewet ure 10.

. Referri ngxel@&rtﬁZ%ﬂ@pe&ﬂhcryﬁ@éx&nQ% Bﬁﬁttﬁk&%cﬁr‘nﬁﬁd 34 ord SmboAinteBTRY FslysfliEAMytas a
structure an silicon ?ate over .t he %%ruct yre In

parti cul & eaSr <9Vért ? Haep HPioe delftc 1%‘?%3%%‘% Ptop{)t@ab%%@% I3 QT P8R Ht?bted 10

. anmor phouse salbsilcayer isis altfphigesst foch abwet, 0a0hketo ativatrSgpe0 Ar Ruppd angthed kretiogintenti the 14 i n
the core t C/ n 18 by
sui t abl P Bl et Che PR c ko Bl i Mo i 4080 KA1y h BBtk Rt L s
t echni qué%“gtstb‘ta’f"é FePh“tSE‘FSy%fOFW pviiligpmisates 28 glor F’S‘F“P’éﬁd’h?fPféSISt gotsherpmastiest  (not
shown) W&é{)o@@d fe pﬁSﬂnEcﬂdeﬂﬂtdQ&hﬂt@g’rdﬂﬁd tetkhiqhe covepdbidion dnl eﬁfgﬁ@mpbmpn of the

t el(bhm qu cﬁys 1co I’ | ng{‘hee ose o?tlt] & (;E{te pégqxc %{er arp r%r E\}eg Qy s?andary tcchR SsI clhlag on

| ayer. 05ed portion T T"a er’are reno P)y

st andar dwmhlmﬂqme@chlrguch as usr ng 15 ani sotropic etching. At hough not

shown, when t RendRgH N68dnbivE %eﬂ%&@@sn%n Qf{te% 28 QE 1¥RRkd OV the bthBRNLD, M&Ihbifﬁ é!s@lt
ype

further processj n perfo te the fabrigation of
flash meREPYPTREN? ‘goé’?itelﬂ@rf@’f‘F‘it‘ﬁfg"ftsﬁNég 5@7 shy emagy em?trrwpmﬁw cell 30
formed i soutch@raip@dgeny @d p0es atfdomed SEKESare fppeed niration demplet@n bifosataof SOK@S cel |
t al ns J i r 4.
20 sonCe Py B Rerd PRI, kAL b U peites, AL Gpe PRIt TR B o
or a doulssien yiditheggriphery rgign eypf@éqrmeﬁs“twéncﬁrslgeeﬁtﬂffprﬁ%mﬁ &ar qxenvéres%qs BERE i n
Fi gures ininilPtorntse nakd doreGegioR afi lgw’fﬁm&ﬁn ue p&@ﬁﬂrﬁt@@&iﬂﬁ irffallBlofrabd inlthepedifhedyS
ShO\Nn \M E‘C ion an%?ater? é%l'{ eogoresru bgt h 0 COVCI‘, 1nd Vl(ﬁils ates ma g tcl'éi?‘rpf?ango%sldl el( ectr I ¢
| 4. Semi EGRAUCEOT STFUCEFE T8 contal ns ™t wo rg Hs e Seore Teytdn 16
cont ai ni Aifferer dmessyihinpachef the pesipryt andcoprediqaher y regl on 18 containing the rest
oLvot he tCEI p f, n@rtm@gstot:@ereemn@sltypegmmgbe@ 30 RfknddPME éopdtbgadH of HSYNOSSpe AS 25
shown, e c

r ielectric C ns three | ayers; nanely, a
first si F‘F‘B‘Br‘rgﬁg&w‘lﬂ’e}) 'S‘fecfl AFins chargg ‘I“tpﬁl%‘?‘ﬁ‘?ct“rcl ‘ZéatF 28 8preg A 9GP %4 second
silicon GDONR$ Yee hanoey cell dcaf mciCNOdabadteds b singl) bit cBlhortaidoublleeiiesl. i n t he case of

ONO di el » i |
i?tb Thel ghgﬁg&lﬁ %sLJlFof?Aegfets.{nPHvehﬁoﬁE’steQQbeh?h#lé&reE'7“? Zri tél'r&%{?ortf}%ut ﬂaggr gBr/er

| ayers t FRE¥CO é‘oréatféttﬁt E’ iphowp withasprpipqndyetor er)é%ete H%Wdtrraébaﬁeﬁ{jpp“lg&te‘eé%&tﬁnl e,
ctedrge t saﬂ@inmgtofhue&tae 10 doBt@ing WG kegdes, trercdidVedidnr 16 Iccalyaaﬁngdlheexlteaﬁtyrcble ;andfe

oxi de/ ni di.&l r di.elecfrcc, an
oxi de/ t ahgngﬁeuvrﬁ% ge&ﬁg‘?‘" ecrresgrgtte CCEIP rs'i%ggsltgen&%g)rhﬁ@og pﬂy&{ md e;egx'igscrje
trilayer S*welﬂeét\qrzeérapm tgie 1 4oPtaing tgsierst ey fisst rnhve rhomiel%t:t‘*ﬁ jagilicaan

oxi del bahiitrldma% nmtddu@acbtdtsaia@tdaaxm 1a?ey¢r{c (& @tce&twctre) FafticOydethSdakedRhd UM
titanate/ g ielectric rontiumtitanate/ barium

strontiu dfe eﬁtéf éhe er’eft’fc’é’tifeprpmér'sé‘f ‘&%t“t“’%"‘“‘ °la’t?§<f4é'e/ haf ni um oxi de/ oxi de
t 130 ayer di el @betohirgs trappink didhastric il 4 enay Woanedislestric liyer ot lapersthdt erd icapahit of ovdaailitae t he
charge t ¢afBh Rpidi. qdoﬁ&t&bls chégc%a%eﬂét@ds%ﬁﬁé £ ONINE1afE dlbteéutt a?hfz,xrat/mtr}a@

silicon djoxide |ayers l4a and be a silicon-rich silicon dioxid
| ayer. OR&YG rd‘°l§8t“h a B‘F“dF’H’édes‘t“PXeb%‘? ecﬂt%f‘%r"ﬂ%e’ thnipm idg ilayerdipleqtaic, a’i‘r‘é&deétnéabmbe an
oXYygen- notidekixlde citugerdickxtricl @n bxadeBtrontifan ttadte bgtidietttrit, g oasdehjammr‘stxdmmmmcheaté ayers
, 142 and {46 ke, @?xtda@r;gmtt Mo IR Dfaydd dgtgmcs bl B fhe QRS e BP0t . OF

t silicon dioxide ['ayers 14a an e nt oxré ayers. The
nitri de 1UPBIYRNABE “éaygr diqleci-ap Petf’*etnrurn@esﬁe/?ﬁmterrrltrér te&%r andtielifsi t ri de 14b
. may al so be aMofebief, dReentboditerd Whe @ chiirde tragghéhg iR @fic is HOONO WEkeddd) dhSdHbOth
PCT/ USOl/ 21{161581%81 dAgXL e?a g\bl‘ﬂ%% Iap%gbe a@lh%on-rrﬁ§ S)Cl()lgjdltl) n;]%l ant C or bgtg%)Hl?e SITECOD

i npl ant) ¢ fore Tornation oOf t arge
diel ectr rl@x@ezrlaw ér‘a anéh thegnay aleq hger oxygRyrick sikinep fiexidedaypy é?mketboth r‘?f)‘h%tﬁ’rﬂtcaft <i1@<rrfieof
bor on mayayhe14p endl19¢ B heja ttimaly £r6Win dr @ dépadited diflie! R of B GehelsiiiBdARioRde Bljed) ectric
14. As explained below, this inplantation step may be conducted before or
after the bitline inplantation step. 5 Referring to Figure 14, a mask such
as a suitable photoresist 20 is used to®cover the char ge trapping
dielectric 4 in the core region 16 |l eaving the charge trapping dielectric
14 exposed in the periphery region 18 of the structure 10. The charge
trapping dielectric 14 exposed in the periphery region 18 is etched down to
the substrate 12 (the frrst srlrcon droxrde Iayer 14@, the silicon nitride

o I s -




The gate dielectric 22 later serves as the gate dielectric for subsequently
formed high and/or | ow voltage transistors (not shown} in the periphery
regi on 18wwa oo/ &gy enbodi ment, the gate dielectric 22 has gpdhigkpans from
about 301 to about 300 (err). In another enbodi nent, the gate dielectric 22
has a thickness from 20 about 40 (err) to about 250 (err). Before or after
fﬁr mat i 0n4odnd gatntry dé Mirided dxide lagods. T}H?ﬂfn@é BIS hfa be?a(%ilicﬁ-l’idlléii)li&ﬁendridﬁﬂayéren’mi:ed fL om
the sem ¢ t o uct ef e to Figure 16) another mask suc

as a sui tgrqu%blﬂ%tags%é%?mwgﬂl rthchonaﬁrfd geartl ally cover the charge trapping
dielectric 14 Mtimabn%ehoevn radiypsbeld @ lapi{Vr adivsionget iplgptistep megahicsonfiedddeforei ¢ 22 in
. the peri ghghdon b8 Mirgd BapPibg dibErRt1E bk HE ﬁruathe ¥R extathle GlaBket ﬁlﬁmaml&@f boron
photoresist 24 js tternerg suc hat t her are % peni qg % P‘B 25 The
phot or esi™&¥ ?E?ﬁ?fg‘e‘g'é‘f‘tpié?fﬁ‘é TIPS PHAMELTARPIPEARIGHC 16 45 R G PPp %t S/‘E‘B‘P‘?‘%‘é’bond
. to the fagrpabyierorictédbefolzwr afedthdbitihdé impknt{tibhatp. i s, areas of the charge
trapping di el QekLing, éﬂﬁg@esrsﬁssuucﬁys% gtab@p@wéswd%%é Yo Fiap byl dllcfifle

bitlines are exPose Y atterne hot or esi st I ons are inplanted)
as shown UBEpingKilegtric L the £ese ’f”?ﬁ‘ﬁ'glq Kiisd %ﬂ‘ifré‘a the ghyres HarPEe filﬁlef%l‘*smﬂbgweflehea 12
directly rkge;hosvotumnhdnge 26 In the\@rer€gionQ 6 ptlberbsRe 365it paterhddlseeh IKde ihére SPbpeming b y

2‘3| :lbleg i@rcml fipho%g.?]lsqr?%{s g cg %‘ 1% rthee i(?f%;egllg)n ieiTE’ lfa"giﬁ{af’i }f.?_lrrespomi3 t% ﬂ{o}ormzcl)nofl m{le

i npl ant atbnumﬁl brmpss(ﬁhaas grepsyof rbaphatgy trmmeﬁ@scﬁmiﬂdh@ﬂx gMeethefubssquierity foxmed bwrigsl oyed,
for ex amtﬁnes éﬁ\@&b&% byahdraltet i@ pRftorddtst P Qoris Sre ihSkcel, Qé"shoﬁn by therarro®, fdtmihg

Exanpl es of ter| al s |,@ch ude one or ﬁsenl c, boron,

and phosd‘ﬂlﬂ? "g*PH%gF‘FFﬁ‘I' A CPBIE friet WF FeRrdiptyr SFFFHF%H‘%‘H’“&‘F LB e
sui t abl e stigblt @mparigure bfeediniplandaiiones. | n one enbodi ment, the inplantation

W&i? rials are dngpnj rﬁd?é &gab?etlmﬁalgé? 5@&&& afs%} Fé%%fog'el‘l )f‘he]sgléctxtof? ot]q'ltaﬂ%atlgm ﬁﬁat%lglsfs 35

atons/cnR. | n another nbodi ment 1 ON rrater|asare|rrp ant ed
at a dosXGBrily ¢rsrdbtbe tmef %Sf&tef'apl%wr e’wm}elelmthata@rfmeeﬁwtm isusgd@+ahot her
enbodi meni, or b EExampIbseol ingdlan@tion Hkegitlk a&lsdeaﬁeeommloameﬁd bddon amwlp,sggausf rom about

1 x 1015 to at}@ 1mp?antat10n ma%rlggogfﬁulgﬁnte ad 84 %‘9}1 gbq% (?m%nr?ed%%i none

correspond to the openi ngs 'nes i h the résul tant
SONGCS t y sabeslspepio thatmnla@tan@mwalel@v Il@élmedl'ﬁ e d%ﬁa&?tﬂhm@POUt helq tprteritledofegi ons 26

at 20 east gHShRN dndhdrEmbikRr, ihe ﬁmmndnqnate{qﬁs Mé Hplnted ach b&sage%ﬂlamﬁ& 2t d 1

WO 02/ 4s167 J USOL/ 2- 1829 Al t shown, a VT ad | ant
step may aB"[.'J‘”’bﬁr I#‘V‘%‘é‘ c’BH"'dfﬂ?{hércF“g%‘g‘B"r"é the jmplantation majerialp pre 1”?"%‘@{;& fj%fgéjatl on
step. Forfromxbovpl ©]0'tthebost ot awes/at. may be tilted relative to the angl e of

| plant at | 0n_ o ARLAR 24 Ath QhresH A nd B 53! o e BHAH RGN RORsi | 1 S
photoresist 24 1n the core region ormlgﬂ) anted regi ons (not shown)

adj acent SONPS e %‘a“’?lﬁﬂﬁ %ﬂ%or%"‘“l’ﬁée Qb SPREF e R PO S SRFI cal 1y 5
enpd oys aoregnad Wapatidth otpmﬂmrﬁ@szshat of the bitline inplantation species.
Referring to F «Rat - r A\

structurg 10, "AREat bonf 3 SRR BB BE ) cnfbab S LSRN SR,

peri pher )Plth@gpmtallg‘ e FElsiAmp O‘W e D mdype tiled Frigtivetd the ppede of iapagtatigriaek ness)
and/ or f clig | uorgrmb@mﬁiin@l K6k Erirda l‘ﬂtgaemﬂ_gb% aediphdiaat 36gRihecok @gl&pﬁercd fernirBt €1 al
is pre era

osi tion
Cui Labl o gyttt foutlorpl R e RBl e oS e SERRameb ke Ty
ox3@at i oremplew 2atpe h@nagi@pl@v@thae@mlqusrnnmwm@p@wpl oyed. Dry oxidation, wet

oxi dation, anefaR ﬁga&rdra{om%gt@@ts sQinea Bxerer%v@(i £k Gstru@ 3R 26 hd |al||0\iheM§K' gate
dlelectrlc 40 con ns siljcon dioxi nces where the en

struct ur §has asﬁ%‘]bi?@fmt?’as‘sf fRds gt 'ﬂél?‘i%‘ﬂ ?‘?’é%‘f ‘? lielqefig 1 indhesrie geeisr 1% ‘ﬁ"é"“g
si | i con nietchdrgkarappngaitcletuib 145exbestdinthe adripyery mgmdl@sn“ theerugne . hrhe'éhatgx trghpingn t he
. SI l'icon qi'le%xg £ Axﬁacégg in \;kﬁ rngflcr)hlaﬁorpﬁ i€t h ogpto:hﬁe 5 %/Ce fZEiE‘\Q ms&'ﬂﬁ& d’i‘crxﬁle la er

| oyed 1n 1nsta ectric ontains one or of
s i 7 con dit X dhicon sjurde dye 1A erg thféecoeﬁﬂwgri digxids fpyendfqare femeped inthp peniphery 5‘58‘8?10 es
. where CVDOs b&ﬁémuque 0) ameluﬁeral:mgedps thay bé Enpidyed t6 Fealalend dhmga@dpplhgt&elﬁmé @4.r egi on
I(Tg?ter ?QFWQ}er Ves lt’rglg 9%€m681 a gag dlc ectlt?c ﬁfsuct%qug;[olml Q %er IR I'OS@CeCrFUSXI sul%al():icla I%lea%s(,:,t rie
subsequersedhys €GP Sg%tdé%ona‘ﬁ‘ﬂ P’G‘i‘aﬂ?rﬁé Fae’ééf@fmah@ﬂqamnc%ﬂé@@t gifortion ef tW@Sed

di el ect r iggSionsdf am@bmteupwrmrpa%wregl& 1sEanvbﬂ@t15d(;@?t]g>ahglodlaed ﬁlﬁ% fhbrgml‘lf) in

t steps_contrl es to a nte L.TTUSI the bitline
v ane o ooy el EE Ry Vit Q%wgﬁﬁa%@aﬂ%a? ot COB P s

t hi ckness from 20 about 30 .S. to about 350 A. In another enbodinent, the
si ze enhanced gate dielectric 40 has a thickness fromabout 40 .$ to about
300 (err). In yet another enbodi nent, the size enhanced gate dielectric 40
has a thickness that is at |east about 10% | arger than the thickness of
gate dlelectrlc 22 Although not shomn |n sone |nstances a portion of the

I e A~



12 WO |)2151; 7 PCT/ USO1/ 2. 1829 Al t hough not shown, when the polysilicon
gates ? 8 are formed over the structure 10, further processing is perforned
to conpl e{)) §hR1{Abri cation of SONCS type flash menory dey Reherri ng
to Figure 19, a SONCS type nenory cell 30 forned in the core reé?on of
SONCS type nenory device is shown. The cell contains charge trapping

di el ectr 'cﬁplg'ﬁ:d mgﬁstﬂgceg a'heréfﬂyga%%leﬁgmc Mntgﬁsadngoén%reés@%xké/ Qﬁcogﬁlm&%nd:el |
30 can functlon and operate as a single bit cell or a double bit cel

Typi cal | YRR ™4 €eni conduct or device is scal ed t he channel |engt hs become
shorter and sTos gateclivioamiel? ek fsewésss thake: divteeic foThmequehury folned higlsapd/of o Wwo  bi t

. menory cely age GRS ot%m) Ry 1%: gkr&héﬁgg.ﬁﬂm &t E,Iu?oﬁ?raht tﬁé £8%ieRbuil %’q\as a
transi st or, ort c ange econe preva sooner t In the
case of ttmfémeéﬁ frgm 03P Atte smgtﬁgq rIn ammweedlm% thetgate eemw Pyipre highaess {om

. deVI ces @ﬁoutm tlaraEﬁeZSDAI BéRRor Ry fosfAGdntof gdadiiRlric DY pRdidresat B iSdrpétl oRtefovead,

10 since,h -conduct ( cmclﬁ the core region. Although the invention has
been shown™& (ienéfescr HeY respect to a certain preferred enbodi nent or
enbodi ment s, Refeirigg widldursud, pattrarted phpteresisi 38 fstrempveddfroat thepstryctare &0, prdaplfsilican gatens

WI Il occyg at RrRddd9d SheSthichk £, mbmtumaram& me@gaortesnessrm@pagp #mcm@l%ﬁ&andl ng

this specification and the annexed draw articu ard to the
vad ous FE}PIB‘EOP%%‘&CO?)ésr“FB‘isW’éJd"’W’ef‘F?ége&H%Wé Teledienm 6%09 By t'(%ﬁ%@enbl i es,

d evi ces, delectde2tis dhe piriphery regibrel 8tbg suitsbld techfiwes.| Thel palgsnlamylayeeis eeergendiosiog
"means") 0 r
eanS” ) ARl SR A SRR RSB ENB S BT Ry
funct i on Peemedsing standasdibaerarhio s rtidies ceverlég a pOftwaendwé,POﬁ%ftmorteﬁ & thipolysﬂwon
equi val e nuyar, T&Vdiﬁbsédhj@ﬂ@ﬁb oft 4 p&jisilideit 1ayiesbard rym(ﬁﬂdlby\/s&h@m tedhfiqiek| Qucllbssiing s ed
SL{) ucture whi cf t(%‘enrforms the function in the herein illustrated exenplary
odi meAt's THe®i nvention. In addition, while a particul ar feature of

t he i nvent i on Atthgugheos shoyaerhenithepolysiiend EAES(2R ane daspeslaverttvy stywptupe @pfarthsf progessime al
enbodi MeRd 3uformll 8 BnkpldiaRd mreamxf JONOBYFR FIRLE cheMibrl) BeviRBe OF noDre ot her

features of the other em nts as S|re and adv us for'
any given or PEFETEQ éﬁ‘“ea}g t’@ﬁm“‘f’?{lﬁﬁg‘??ﬁ edA ?"Cﬂ%“i’_“l"?ﬂfgsﬁég%ﬁ hods
of the pmemermiewqa\sehnwmﬂ‘haqreécmm& tHarge mapping ditlearicd 4 ghte 38 Rew @32 tand drain 34.

segy condupiiBs IBHRhfy & 3b @zl%rfﬁnE%fa IpcrE’@EasusﬁxElleﬁ& &M%r&&hﬁbl@ﬁ# {lf?ds of the

present invention are useful iIn Icating non-vol ati| ash nmenory

devi ces, such CagasprEpptiawr eS‘E[‘Bm"enmlscﬁZ?cﬂ"EPﬂ st A B Reen g & Rigue /4 V\hat is
cl ai med Iséimcolducﬁr diRdte 4o 1 Shofvl kvith DGmortidlor éebsiadtd 12 @nRENFHEQROEUPFIbOTiIFERITDL.Y
o SO e REL0 A SIS, 98 ok ARRA IS EBL Aol el QYT
peri pher yerwbyy Baiof h%yntalﬁemvteﬁgg the chipespahtas e mirqllilr(gﬁpgeyfan@ h@lﬂew greicesr Appi ng
di & ect riskowh, tﬂcﬂc)margd'lrabﬁﬁg d?&édrﬁh@Edﬁtal’n@ﬁﬂe@ Rydrs; ddhely, £ QETI0Gh dBox@faer maed @Rbi i C

22 th t h
Fegl on ( Ty Rd g st g tatee o A APoRd e bl b ERfotilan (e
peri pher )ONOagqlquw(ﬂle&)ectr@l trafiifire iswe the siticon oi®le tiysrd4tt o cl aim 1, wherein a

portion of th%&&%&@ap hARALRE 19 ) 861y hee&uwyemlgya@m&%fe cRARE bffo'fﬁgiln@t@ (
18) is renoved before form ng buried bitlines in the care rxﬁfgl on

16). 15 SlectrppEanpizg-hisy °’&E’B‘6r°8?r¥Fg“aP%“&f’l’%ﬁF‘fff51“°h{%@‘r Qtripygridielectis £ 9 ’é“"(d26)
ar30 f or mpthyermicebteic, @ @itedelogige tilayd diblyctlpein@ikide/ tagtaion bxide Hillyer @i@éctricoan ogifle/thiidum

charge t r%@e%xgl? trgz%%%] aﬁ’&écrﬁx'c Can%MQ/sﬁbﬂwﬁmhﬁnage%%ﬁpﬁ&éfcufce% é)g?liac/l(a}lﬁr)i stroﬂ%lm tﬁﬁla t hod

SZ??LﬂL? ilpyergicdspirip an gyidefsupniipg tlfamtqﬁxrﬁg tribpypridistectie. gn P%@trww “‘i(z‘;i‘g?bﬁ@mt or e

region ( sddajium tltaxﬁteﬁulaﬁhﬁelé&krﬁh@xﬂaﬁﬂﬁlﬂl A@lefoldtiByeRtliblecte &le Nk Ur | ed

; 3: é: Iegtefl ((:2 ?)2 o';c%vefr Q{;' boglmrqirn elgc tgc clixar Itr%?gﬁ,, dl e?e)ctrig 1esfar? E)ﬁofd%{eg}ia gnetorr] gotkg ate
35 of the silicon d10x1de layers 14a and 14c may be a s111c0n rich silicon dioxide layer. One or both of the silicon

dioxide layers 14a and 14c may also be an oxygen-rich silicon dioxide layer. One or both of the silicon dioxide
layers 14a and 14c may be a thermally grown or a deposited oxide. One or both of the silicon dioxide layers
14a and 14c may be nitrided oxide layers. The mitride 14b may be a silicon-rich silicon nitride layer. The

nitride 14b may also be an nitrogen-rich silicon nitride layer.
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6. The nethod according to claiml1l, with the proviso that LOCOS is not
formed in the core region ( 16). 25 7. A nethod of form ng a non-vol atile
sem condu »X§gpory device, conprising sequentially: forg#g;

t rappi ng %kp(fectri c (14) over a substrate (12), the substrates?i/g
core region (16) and a periphery region (18); 30 renoving at |east a

Egrt i ]9n of t heusdiak ﬂgsrtolcvaralt@uragmm?iaemadﬁ,szﬁwﬁtﬂapuﬁf) sttegtﬁay%wﬁtt%g)sef&@gl on (
or I el eC orntn
bor o0 breisB ettt orRdct T bt B sy BAGHY. o bk g hiabh agm, 1

t he cor e nagbd priornddipst ariat td fomniggelel chngertypppingiieeotri¢ 148 )As efffaid beTctve thlmmbimhtlon
accor di NGioh fayfle Bfhclod bR, lef@rtﬂem?tlu%li%blgrgatxgﬁstt dol nes (26) are formed by

i mp) anting at” | east one of arsenic oron ;ZJhos phorus at a dosage from
about 1 x 10' Referige @ifisye 14, amagipueh a5 p s¥rebicchbploregst 20ris seriOrCPSHIBIRES HAPRIEE t o
cl ai m 7) dishefi€idin ihbeor€logorgs 1&amagxp¢ dhgrgd apping dl@ct}ﬁ/m a.,q;bszd B@Elpeﬁmfegnoﬂ&9

di el ectr Iof: thé str:lilalr ?d) ”ﬂ% lcjhsare tr%?;%g gltelec?n gégoge }n téeyparephﬁry |re§10n tlg 15 etbl]c (Ewn to the -

oxi de/ nitri y Al T oXI
oxi de/ t aﬁtbatrWétm etstilpqnaiyetde tﬂveellﬁecttwr filicon gitnidplayer| Ebt @ﬁthabeamd@d@oaéroam leeer

trilayer 144 £4 @6dved @ )hePBrighl ibs 19 9P ik ktklidtulel1 B MufiplRiel cﬁﬂ(@d’tapgin? 1 ehplbfed 0N
oxi[ e/ barium tront| um ti tanat}g bi |l ayer dielectric, an oxide/strontium
ri

titanat efBPIHEC $1PTET TIPRIPS GFigql an oxide/strontiumtitanate/barium
strontium tit Refatrieg oriiguayiéra geke ablemtcm'z(suchasw ogide layet tqledohaa‘dmisiugunpmjitamd 1eeehgl e
trilayer g 6l cﬁycma&on, JwQ oxiddi6n, hegna@&&fm' FEViP ogczlé ke o dortioMFhEdxPostd1e

Charge trapplng dielectric nmpri ses an ctric co rsing at
| east on@°orens gt thy pstrgfe P xS ﬁrﬂa'gﬁefree?ful 8h Lyy pidetion. wetedaiph. prdgppidihermilde
| ayer. 1Qxidation dbgrefofeddn@pbeialtyOmtiesl gabGiidlddirie bBdohtids silivb thmdicf&ECpD@éélhn&Qestr‘ﬂ@be LOCOS

B 5!1 ot f %I‘ qgo;sjed in msEam%s gﬁ) f? thé g%% dle[écmc %Zcorétalgse otne c?rd Ofcif Impcon Elg%fle lecon er%e, ci l'e

sem conduct sequen ar ge
t rappi ngSldi¢0eI0®t§'ttlrldec ( 14) over a substrate ( 12), the substrate ( 12)

having a cor emegteqmeéth@iz 1ate.ctelaesraeme 't'éQi'iechth@ﬂ)k QJBseﬁdegt)y’fm{nQ& WEd/busy ed
b|t||nes§£% 43 ‘? reh hg gfsgo t | east f%ortzg]gofthe
char ge t rapp tﬁ‘@“tﬁ‘t‘% P ehLing THeERL pet "“F%‘ ?ﬁtt‘% e $6PM ng a
gat e di eltiakhess fronf £B0t 3D A t¢ #beutpeﬂ' themo;henr@@pdmcx( 18 )ente diplektric 22 has a thickness from

20 about 40 A to about 250 A. Before or after formation of gate dielectric 22, photoresist 20 is stripped or removed

aV| ng a

from the semiconductor structure 10.

Referring to Figure 16, another mask such as a suitable photoresist 24 is used to partially cover the
charge trapping dielectric 14 1n the core region 16 while covering the gate dielectric 22 in the periphery region
18 of the structure 10. In the core region 16, photoresist 24 is patterned such that there are openings 25 therein.

25 The photoresist 24 is patterned in the core region 16 to facilitate/correspond to the formation of the buried
bitlines (that is, areas of the charge trapping dielectric 14 directly over the subsequently formed buried bitlines
are exposed by the patterned photoresist 24). Ions are implanted, as shown by the arrows, forming implanted
region 26 in the substrate 12 directly below opening 25. The semiconductor structure 10 is optionally annealed
at a suitable temperature after implantation.

30 One or more suitable implantation materials may be employed. The selection of implantation materials
primarily depends on the type of substrate employed, for example, whether a p-type or n-type is used (p+, p-,
n+, or n-). Examples of implantation materials include one or more of arsenic, boron, and phosphorus.

The implantation materials are implanted at a dosage suitable to form buried bitlines. In one
embodiment, the implantation materials are implanted at a dosage from about 1 x 10" to about 1 x 10

35 atoms/cm’. In another embodiment, the implantation materials are implanted at a dosage from about 5 x 10" to
about 7 x 10" atoms/cm?. In yet another embodiment, the implantation materials are implanted at a dosage
from about 1 x 10" to about 5 x 10" atoms/cm>.

Implanted regions 26, which correspond to the openings 25, form the buried bitlines in the resultant
SONOS type nonvolatile memory device. The width of the implanted regions 26 at least substantially

40 correspond to the width of the openings 25.
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20 formng gates (28) in the core region ( 16) and the periphery region (
18). 13. The met hod according to claim12 further conprising performng a
bl anket t QLQI inplant prior to formng the charge trappiRgogh@rectric (
14) over the substrate. 25 14. The nethod according to claim 12 further
conprising performng a threshold inplant after formng the charge trapping

dielectric ( 14abnhmggﬁot§mn saw:;%ajugamt l(n Bkt s@m Kﬂfph&xﬁllytbg cénfaﬁcrfedraero@wéﬁ@ldhe
bitlines HZ co%e rfe?g ) s .
non- vol af "é“gpéar?faB‘(’)“rfﬁfﬁc BFra %’PV rEfé ?’é’é“ay%‘ffgﬂfl“?’%‘? W@a‘bg&?ﬂ@}?{af‘étl‘qnﬂn
form ng ampimeatigecfborappayrgeud thedughodpedings 25 it e phbmafsnsazzls:utbsctoreat@on(m kXpryn t he
substrat %nélanlea}cgtbﬂymgm%mfa@m{lﬁlgfalqga k) 28R4 @, aQi%iT frssfanc &8\ n;al§y18)

re V|nga | east a port i on of ecaretra p1 ng ctric in the
perd pher yoPlatiStpe (8] oPRogiehatey the bifie é“%ﬁ“@?“é‘é?ercieﬁ: (22) having a first

t hi ckness in ReRrpg romagmrly ﬁ’aﬁ&g‘lcﬂ)ﬂlo(olt’&);t 24 &5erif\di)écfﬂdﬂghé}i&ﬁdt@dld) bddladidt@5al g&6) 1N
;[ Eeafo{ Z ac}ga cglrng rrrllat r{aPOF]orrg tﬁg‘ Eelng ry rf,_Feon 19 hcrepyesrosv Cr%g snz% eng %ceed \;mgcaseed(%hlcl%g (22)
di el ectr ped/quaanemmdﬁ@ctac @e6mmdltl¢nat3@<tésbcm<arn@enfab$ mfprgblg@ztreesl by @a)nai govithe
cor e 1 egiverkus ddRsiicNdink B sBabie RBKE ¥udh @Qr?&lcfam wet g)lédatlonvvgpﬁz&rrﬂa@%tlon

P uSsQOL/ The rrethod accqr di aim 15 further_ conprising
pert or ni f Oéig‘tzcap}g?%'ﬁﬁs A PeLAP Ot @Fy Ql”g%ﬁi‘ gt ‘fxf‘lié“"(?i'?&? e thedmshiigiatiag) ectri ¢
( 14) overefarhd ewpedindly whangatf digl2dtricaf@dorpairis siticah diokide. i ingjarioesrwherel tho ertikd sregurd i26) | n
the core sx'ib?éal 9 The bxkakion t@at;annt tﬂ}ﬁes%@ G sﬁ%%tgdemg/ert 19 &xloﬁzlnm]l} éhgs w&%{owth

conprising performng threshol d I nplant after formn I"I nes
(26) in Chetdgd e slsgy féi?i“cte laygs)l4cicheserr sgion - W%@}ql@a%@nr(lws in rnﬁta&cwe core
regi on ( whé} thapde dnh@trm@() tcﬁhhﬁﬁ ynel‘oegbr@ﬂf s{li¢&)dioxili, silicon nitride, and silicon oxynitride. In

A AA
Aﬁﬁ}xsnl s 9? Aj’ e]cai are %T cai]]“Sp“]fé;cht% ca@]a Tr?:gf%lgré "R %wé‘ica] ca] ca] ca

] ca] ca] ca] ca] CTQ‘} gyg_\}'tb a regc}x@h?f@dc]t@}l(pm@her@te dielectric material serves to provide a cleaner gate

LT #9R) @leiedNE QDatiton W LBLQRntL i Sphes a}{&/s,aac&a;e%leﬂlaa&sgéﬂt& & @1131@6%%0@ ﬁitsﬂ-?] ¢ aj ¢ ag)
(9:8]90 a] Ca]p H;}lcry C a% &i%gmlmga?le gaé gglecmc] 4%8':] two t(e:pas cgnat' butel to a]re%l? 1(0:11a ?Jr?'want:clz'78 878889%
===>>>>| \Mftlhmf‘ov}t@aitlma]rw]ntsa]n@aq awpdmnt dHecrtfnbabcizhte dileatc]hea|tivckheajrea) cal c
a]ga] cal qauel AR Lol Bk A fahs %So@inﬁ%tﬁ@slz% er’ﬁlanccg L@ ectric 40 has a hlckncss

A$AAAALB< g | 4] AI [, YLN: ORRgSTVU~ %ca] cal cal cal cal ca c alcca] C
alcalc aU]dE‘%E] a% e ahes] 8&] LR %E’JJ“’?,“&FE&‘] ‘B%ﬂ‘@&]“@%?ﬁ éaf“tfiéﬁ‘eéfé'f 6%']36 aﬂh@éz]eesaf] al vy
YZ[ '] iscinladst atnodpos tat dotktianxbextiiyhadss of gate dielectric 22.

/ & vql ga\

) calca cal oal %E‘i‘-’%ﬁ?%a S BLERL SR R B R A B B AL L oy
ca] ca] caFl?&]’fthB]l%Va S BT el &]héfﬁ;fél%i'}cé%]"lm‘jeﬁ &P@%}thea]eeailfwsﬁ]g@a]l%wt@w] esdreda] cal
c]aqsc?]cg?'géa&e);mgmecelz@ Mégl]rm GroviH & adgfod ]hcaalmbﬁaa,}eﬁgle%b@akﬁa%&,gd;%gﬂlpgl gi{ )0(3(]{\0/
alca !

ql gb] X ] ca+%°g cg ﬂgeé% '3%1%"5651 g r}ma' L‘%&fé‘&'} °§5f h‘ﬁf%‘é’z]a%ésjaf%rgf %lgjoé}g]s%%%'%%{f@a] cajc
a] ca] ca] eattfidertdjcceliilc pdhajte diplecfeosioif mzhePbitiets{wherk tio B3§ Jiderhcal satesimjsha) cal ca

] ]ca] c?] g@ dn®AddC &his QL@@M@&&@L&@%%SE@L&@}&@@M in &b paphdy ebfRIERkCal cal ¢
ajca 1v

gate dlglectrlcs of(d) fferent thickness. For instance, high voltage gate transistors may require thicker gate oxides

30 than low voltage gate transistors, In these instances, the size enhanced gate dielectric 40 may have two or more
thicknesses. The growth or regrowth of additional periphery gate dielectric material is therefore conducted in
one or more steps, two or more steps, etc.

Referring to Figure 18, polysilicon gates 28 are formed over the structure 10. In particular, polysilicon

(or doped amorphous silicon) is deposited over the charge trapping dielectric 14 in the core region 16 and the

35 size enhanced gate dielectric 40 (increased thickness) in the periphery region 18 by suitable techniques. The
polysilicon layer is then patterned using suitable techniques to form polysilicon gates 28. For example, a
photoresist (not shown) may be deposited and patterned using standard lithographic techniques covering a
portion and exposing a portion of the polysilicon layer. The exposed portions of the polysilicon layer are

removed by standard techniques, such as using anisotropic etching.
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10 02v34q567 8\iliBygh the invention has been shown and described with respect 10 a certain prefened embodiment
103" 10% &r énboSilnatd) RAOCEwidub thiad eGudi ikt fltpraroBd YTnbifidajiors nBldA00r YoSstters shilkel GPMe A1) - 8! 8
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10% &' ( ) _v):ms)/m@tl(n)s.pgfp('n_‘)_@% &ie @l)cwc descrifygd: comppRgs (assemblies, devices, circuits, etc.), the terms
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109 & bC 103F" 1
10\ " <s (12)%*‘8{“’5 L’é‘i@%‘?ﬁ@)”%"fﬁ% g(/e yeria S&CS’&%@CEM‘ 5 4659 CFPoR Gy & () -

that is functionally equivalent}, even though not structurally equivalent to the disclosed structure which

performs the function in the herein illustrated exemplary embodiments of the invention. In addition, while a

particular feature of the invention may have been disclosed with respect to only one of several embodiments,
20 such feature may be combined with one or more other features of the other embodiments as may be desired and

advantageous for any given or particular application.

INDUSTRIAL APPLICABILITY
The methods of the present invention are useful in the field of non-volatile semiconductor memory
25 fabrication. Particularly, the methods of the present invention are useful in fabricating non-volatile flash

memory devices, such as EEPROMs.
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1 <9%$&10 %: c& 3
$ the pergpl-ery region (18) is removed before forming buried bitlines (26) in the core region (16).

15 3. The method according to claim 1, wherein buried bitlines (26) are formed in the core region

(16) before removing the portion of the charge trapping dielectric (14) in the periphery region (18).

4. The method according to claim 1, wherein the gate dielectric (22) is formed in the periphery

region (18) before forming buried bitlines (26) in the core region (16).

20
5. The method according to claim 1, wherein buried bitlines (26) are formed in the core region
(16) before forming the gate dielectric (22) in the periphery region (18).
6. The method according to claim 1, with the proviso that LOCOS 1s not formed in the core
region (16).
25
7. A method of forming a non-volatile semiconductor memory device,
comprising sequentially:
forming a charge trapping dielectric (14) over a substrate (12), the substrate (12) having a core
region (16) and a periphery region (18);
30 removing at least a portion of the charge trapping dielectric (14) in the periphery region (18);
forming a gate dielectric (22) in the periphery region (18);
forming buried bitlines (26) in the core region (16); and
forming gates (28) in the core region (16) and the periphery region (18).
35 8. The method according to claim 7, wherein the buried bitlines (26) are

formed by implanting at least one of arsenic, boron, and phosphorus at a dosage from about 1 x 10" to about 1 x

10" atoms/cm?.

9. The method according to claim 7, wherein the charge trapping

14
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region (16) and a periphery region (18);

forming buried bitlines (26) in the core region (16);
removing at least a portion of the charge trapping dielectric (14) in the periphery region (18);
forming a gate dielectric (22) in the periphery region (18); and

20 forming gates (28) in the core region (16) and the periphery region (18).

13. The method according to claim 12 further comprising performing a blanket threshold implant

prior to forming the charge trapping dielectric (14) over the substrate.

25 14. The method according to claim 12 further comprising performing a threshold implant after
forming the charge trapping dielectric (14) over the substrate (12) and prior to forming buried bitlines (26) in the

core region (16).

15. A method of forming a non-volatile semiconductor memory device,
30 comprising sequentially:
forming a charge trapping dielectric (14) over a substrate (12), the substrate (12) having a core
region (16) and a periphery region (18);
removing at least a portion of the charge trapping dielectric (14) in the periphery region (18);
forming a gate dielectric (22) having a first thickness in the periphery region (18);
35 forming buried bitlines (26) in the core region (16);
increasing the thickness of the gate dielectric (22) in at least a portion of the periphery region
((18) to provide a gate dielectric (40) having a second thickness; and

forming gates (28) in the core region (16) and the periphery region (18).
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