WO 03/ 032393 PCT/ US02/ 31330 DOUBLE DENSED CORE GATES | N SONOS FLASH MEMORY
TECHNI CAL FIELD 5 The present invention generally relates to fabricating
nonvol at i W® ®asrmenduct or nenory devices. In particul ar, HdTRUPRBSBNL
invention relates to inproved nethods of fabricating SONOS type nonvol atil e
menory devi ces. BACKGROUND ART 10 Conventional floating gate flash nenory
types of EEPROVs (el ectrically erasable programmable read only nenory),
enpl oy a nenory cel | DOUBLEDENSER €ORBGATBSANISONAIS FEASHIMENIORYt unnel oxi de, a
first polysilicon |ayer over the tunnel oxide, an ONO

(oxi de-nitride-oxide) interlevel HESTEBEECAL FIEr the fir st pol ysili con

| aypr, and a ﬁ@g@aﬁt iPRASS bdnbr@IB YelhtaE fabr¥ @z nbrivBlatNAmi JBhREbENRorydie @ Chr i C.
For exarrpl €l man etta lél tEE Tra ans at%)g Q ges%‘\gﬁ\t}ron Devtl ces, Vol.
26, No. £ “é%eé"esﬁf’é%‘iﬂ PRI PRV PI94T § 2%“‘65‘% Fieappiatt ?ﬁ@?f?ﬁf%/ cel |

consi sti rdgwd@S of a floating gate sandw ched between a gate oxide and an
interlevel oxide, with a control gate over the interlevel oxide. Generally
speaking, a flash nmenory cell is programred by inducing hot electron
injection froma portion of the 5&5&5&9 , %%T:h as the channel section
neHy the drai rconegiiasl,floithg shefldl naidrnigpeg o BEPRGMe leci@itally Bja@blb programBblelr¢a@ S
negative

el b&f}%%glgrﬁ . Bh Qo {}ﬁedo%%ﬁ Lﬂ%g&%%@by(%}@rgi%%&&cﬁg%%tg&a@%%}ﬁ&ﬁﬂ&n%ﬂ
subst r at ©veIry t‘a‘B‘ﬂ I°§‘ hep QNP eride-pifridegxite) ierlpskdidlscie O%Fh? dgepolygili¢on Eyeroit # ol

el ect r od@ecohdpobkiBetn@ayaidva R ONDIRteddvél [dRREHE Fof dxah;sie anemaaeday@m BardRbok | Ve

~vol tage of ﬁ?tgo%r])%:[uees %Lj\g tﬁﬁl%) re{a%?{?,a ;tnggate' ovePifle! emor cgleconsmﬁr{ﬁ at es

"hot " (hlg energy er”’ Sutt 1°¢ieh Ved € accu
only he fldbafloating gagatrewwheldéetweegatgatveﬂcp@ndeqntmtaleved)@xmteh‘eﬂhfaI comftol gvgpcgatﬂe rai ses
t he t hr eshaleter ¥Qhd age of its field effect transistor (FET) and inhibits
current flow thl’OL{g{ g gnel re i.on through, subseguent . "read" node.
The nagni t ude Gt HEPF a%la ¥ OGErEn ‘%P§°gEP§‘E‘&d HIYERE FHEHEOMECHRIOBE not a
fl ash nerportign efeel subisgatq suoly pseihavbahnel Trgoreedr thefdrath regidnato gierfigating gate. fHleoadniimigtigat e
of a flash fi¥e éﬁ%%é %eoaeee&dnggaté G ﬁ%ﬁ%ﬁm&mﬁ&ﬂ Affbe lmeedeory@a@ndi g%@au% i s

typically carr er - Nor'dher m t unnel 1 ng nmechani sm bet ween t he
f184ting f@%‘t“é‘n‘a%‘dﬂkt Reesiog eﬁ}?ecsebsee@ ind Aprbingtafidatively bigh RosigFe Vokage otk condiobalestresde
negati ve tgatfe AlR&DH aﬁﬁchb@ﬁdl@zﬁiﬂ afiphiengha |p@;aivb gt Rodihek nﬁalgﬁtuﬂub ik ﬂﬁfn&eglon in
(channel a u IS i Y hi gh
bonrt i ve i P Bt R R RHIRSon R AR LA S LIAUERE, BnBRRL Ul B 00
t he substaatgttes nﬁgﬁtlw@weh@é@f tlwglopthe gejfr 1ises thsfthreshdd Y@sqseéttﬁ fighd eiﬁfeoﬁmnﬁﬂsterémﬁ and

Subsequenttidis c&Q}d@Sw(ﬂ&dgh &e ala@zei Idgoﬂ\dhﬁ)ﬁghqgub@qwle=r§hF h6RNThd YRR udBETRIE Yead

deyli ces have been ntr.od yc an et | EEE FEl
Lot ar s, it o gied g elghine 1G5 or P850t Byt sucermach el g T e o
const r uctfeetinggue oig fasholeaoyeel s aq:blpd mgerﬂ@fun@mmdﬂmenawqmdiml iegpisaly capreeg ewt by a

typicall YF‘oarleiS Nl)ﬂdﬁe% tunﬁ&hltlg rhéiﬁan sﬁ%@c@veen%l@@lg%ﬁlg Eﬁéian@ Bk WRRD rdb R ofthd thafe @by @51939 de
| ayers (insulating [ayers). The nonconducting dielectric 35 | ayer functions

as an el E&57@eUIEHAP aése}eaﬁﬁfﬁa&lerﬂea%gﬁw and @Bﬁ%ﬁﬂeu(‘ﬂi‘@“f‘&é{*’é@)l A58 Pl aced
over t he opaph is idubdd ®Q ppLing X IhiéEpdsﬂlye\l‘oltagsm"[ﬁf&oﬁrbt&e@dreﬁﬂ grbwding hhemge ghtsand

?(Pped the sﬁber te wE% mﬁﬁ'lhﬁr f%%%%eétg%erho§ ééﬁed as the drain, this

structure can escri bed transistor cell, or two- bits per cell.

If multi-Ievel SubsquqﬁgtédeOPﬂ%ﬁSthMm% Nitrigerpxide|Silipap) fype merery degriges iy been

acconpl i sheducedVlbet Chadiet al, GeHH eedaaalbévee BRIES/d1. yapleo OB, y98deSG)N(§$tyﬁeQ‘lahﬁve t he
advant age_over %ahe str ndf aci | atltrn .t he conti Jﬂrpegtr E 1ca aaﬁsclong t he
amount  of *TIPSFIRES SRURE &?vb?goces SPGB R 11|1 egra aé%i i ¥ Chi p.

nitride layer, sandwiched between two silicon dioxide layers (insulating Iayers) The nonconducting dielectric

35 layer functions as an electrical charge trapping medium. A conducting gate layer is placed over the upper
silicon dioxide layer. Since the electrical charge is trapped locally near whichever side that is used as the drain,
this structure can be described as a two-transistor cell, or two-bits per cell. If multi-level is used, then four or
more bits per cell can be accomplished. Multi-bit cells enable SONOS type memory devices to have the
advantage over others in facilitating the continuing trend increasing the amount of information held/processed

40 on an integrated circuit chip.

SONOS type memory devices offer various advantages. In particular, the erase mechanism of the
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M t chel | memory|devices.
Referring to Figure 1, a portion of the core region of a prior art SONOS type memory devices

35 according to Mitchell et al U.S. Patent 5,168,334 is shown. Figure 1 is analogous to Figure 5 of Mitchell et al
U.S. Patent 5,168,334. Figure 1 shows silicon substrate 25 having field oxide regions 38 and 40, bitlines 44 and
46, ONO trilayer 50/52/54, and polysilicon wordlines 56 and 66. As shown, the structure has unutilized space
between wordlines 56 and 66. There is an unmet need in the art to further scale semiconductor memory devices

including SONOS type memory devices.
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Figure 1 illustrates a cross-sectional view of a portion of the core region of a prior art SONOS type
memory device.
Figure 2 illustrates a cross-sectional view of a portion of the core region while making a SONOS type
memory device in one aspect of the present invention.
35 Figure 3 illustrates a cross-sectional view of a portion of the core region while making a SONOS type
memory device in another aspect of the present invention.
Figure 4 illustrates a cross-sectional view of a portion of the core region while making a SONOS type
memory device in another aspect of the present invention.
Figure 5 illustrates a cross-sectional view of a portion of the core region while making a SONOS type
40 memory device in another aspect of the present invention.
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descri bed w t Ahemfsent amention lenqwsctlb@lunfésefermpéﬁﬁgdreSk‘ehefeedtka featgrepgrerefenéder r ed

to wth |th xlﬁﬁl 11@95@%5@ th}c}ﬁﬁlﬁ?ﬂtg @91[5@ the pﬁsa‘ﬁ ﬁlvénhﬁl 1Woﬁ1§sqg&ea'.slﬂ§/ tﬂ@ée’ngtg of gq{églnéfr@ﬁnes

I ngy easi t he den5| gat es/ wordl i nes
% 1ngthe core region, on }y the core reglon is shown in the figures (processing in the periphery region is not shown).

Standard processing can be conducted in the periphery region. The core region contains the memory cells and
the periphery region contains the rest of the chip such as the controlling logic and input/output devices.
One aspect of the present invention is described in Figures 2-6. Referring to Figure 2, a semiconductor
structure 110 is shown with a semiconductor substrate 112 under a charge trapping dielectric 114. As shown the
35 charge trapping dielectric 114 contains three layers; namely, a first silicon dioxide layer 114a, a silicon nitride
layer 114b, and a second silicon dioxide layer 114c (an ONO dielectric). Particularly in the case of an ONO
dielectric, the electron trapping occurs in the silicon nitride layer 114b.
The charge trapping dielectric 114, may be any dielectric layer or layers that are capable of or facilitate
electron trapping. In other words, to facilitate electron trapping, the charge trapping dielectric has a layer with a
40 lower barrier height than the layers sandwiching it (two layers with relatively higher barrier heights sandwiching
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30 in the core region, only the core region is shown in the figures
(processing in the periphery region is not shown). Standard processi ng can
be conducwedsioa2dbe periphery region. The core regi on contrlimisSoRAEs3renory
cells and the periphery region contains the rest of the chip such as the
controlling logic and input/output devices. One aspect of the present
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silicon.di.o ers cC ma
Do n ol 1 PR pmet et byl ek AP PRy Bfve kRS T R BPR duflc ™
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thermally grown or a 1$< O%?or both of the silicon 20 di oxide
| aers 1 al%{lé‘}?dlaslalth‘&h’ﬁﬁ)‘fmﬁéb%ﬁq Hék?“b%? e layers. The nitride 114b may be

a silicon-ri cmtsaugn 0 khowhi attliréstleld in@iaet(Vr abhetmanttithplahe sl Aby teryndadtgidefor an
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| ::]%P E: 29 co :,]ﬁec ! Iaﬁhou%h notI %owr?r% aslk%uc %ss as stuhab%ghcgcgems% is useg to pﬂlﬁllg cQver E’li ﬁZ_h&rée

i ndi vi du#hipipg H}ak@mq HH dktheeprparegion while covermg the periphery region of the structure 110 In the core
region, the mask is patterned such that there are openings to facilitate/correspond to the formation of the buried
bitlines (that is, areas of the charge trapping die;lectric 114 directly over the subsequently formed buried bitlines
are exposed by the openings in the mask). Ions are implanted, forming implanted regions. The semiconductor

40 structure 110 is optionally annealed at a suitable temperature after implantation.
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from about 50 A to about 150 A while the nitride layer 114b has a thickness
fromabout 20 A to about 80 A In another enbodinent, the oxide |ayers 1
14a and 1wbdes/3m¥8vi dual | y have thi cknesses from about 60 pETrgsoabmiv 140 A
while the nitride layer 114b has a thickness from about 25 A to about 75 A
In yet another enbodiment, the oxide layers 114a and 1 14c individually
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??];Frez ![ ::] IgC t gyllzfll(%rl“{ﬂe Sp %{ c{t) hr\é %?lésﬂ%gnnrerilrjloevgtg m?y a%so tbe remove? E%Ehf goly?%{lllg‘gn attetrngn%p p! d ng
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lelectric

Crbod mefss fpms SRR fid et e d ok e300 of et Pesf PO 4 9888 A 1 o
about 4, @ﬁ@b@%mplomedyaﬂ watretthing is peefdored] i Fiveextmple, khe stptoﬂu;esaﬂ hecomactedyith 2 dilk6 has a

t hi cknesg, {980 13804 oridacRP0 A to about 3,500 A. Referring to Figure 4, the

p& silicon layeéer 116 is then patterned using suitable techniques to form
%SI licon ggf’%’"s"P%\BrFéﬁu’feﬁe‘? ITEIGUOHFBP“@%%F%‘S foﬁnﬂﬁ%???té%‘ipé‘fer‘(cﬁleﬁlysé‘ﬁ%\/m) may
be depos kitetvoatlides P& dstp aguithble igans.20chat ebairil dragot deh@gioR WD), dryexhintict +es

covering oR8 t15ﬂ &Q;ﬁncﬁﬂe(?mﬁ )éﬂﬁa%mp qu%pcﬁeragggl% fnaﬁ'd% sﬁ) gontdh)%dp 91'1%) I ltﬂl& qow gay er 116.

The exposed portions i con Sy d
t echni qu ggterlagsu gilicon gxy@@}qqdluawegg{eg @bqoe glass (FSQ), tetraethylorthosﬂlcate (TEOS) phosphos1hcate

glass (PSG), borophosphosilicate glass (BPSG), borophosphotetraethylorthosilicate (BPTEOS) and the like. In
35 one embodiment, an oxide layer can be grown around the exposed portions patterned polysilicon

gates/wordlines 116 by one of dry oxidation, wet oxidation or rapid thermal oxidation at temperatures from

about 750 °C to about 1,100 °C.

In some instances during removal of portions of the top oxide layer 114c that are directly below the

portions of the polysilicon removed, portions of the top oxide layer 114c that are directly below the remaining

40 patterned polysilicon gates/wordlines 116 may also be removed. This phenomenon is termed corner undercut.
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etching. In sone instances, portions of the top oxide |ayer 114c of the
charge trapping dielectric 114 that are directly below the portions of the
pol ysi | i coo i3asmd9ed nay al so be renoved by the pol ysilicorrquawsoesmsng 25
process. In instances where portions of the top oxide |layer 114c are not
removed or only partially renoved, the structure 110 may be subjected to a
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to have a thi ckness from about about A. | n anot her di nent ,

t he i nsuPHHs BmoxiHgLaxsy Lafe. 1n§91€9dln1°ft8 whete M%ﬁlartgstrwa%dlée%rrﬁ ipqappoyed #rr ¥9Fn about
5205 A t enddtlouibo8@ént,Abe itsnlatt@tmagiid laher 2@ odickaestthat i @i thssahadsitiemhickadsest al

layer 11 ﬁ‘le![t% Eﬁ(g ﬂ%g 1 149 1#%%11{%61&“&&@9 6§O cfu{i‘%@a&}?@l&e e%tpg is A\ng}’ gb out 300 A.

Referring Igure 6, anot I nsul ation I's formed over
t he struct ur e IMopgerpkydimgntathe insulatipn pasiral 14yenli8 is ferped o faye WBlmeéPrfspntﬁJ?P‘tﬂéQé&ﬁ
wet oxi dasducnso r Ilfaﬁ&heﬁl ehbtRInERd thesiuthabd Iﬁanenm@yesmtse&nacb@ Wie a tHidRSesd f8dnl HBut

mat eri al nclu caon_di oxi.d |I|c ni teri
silicon (i)())(énl gzss/iF% ! ‘1‘%&6 %mﬁ% %gﬁ %‘f‘%&“égy\g%( n%t‘? l??éeat%ﬁl@ess
sedond i ﬁsmla‘aluti@rﬁtnaltoeﬂoalfz\ is the same or different fromthe first

i nsul ation rra&z@feanag to ngl@m@&&g&iﬁolysmsdnug@r b@ié/deyoﬁééweﬁh&s%mre o, £ of
deposi ti nhanced chem ca deposi t 1 on (PECVD), and

0
the |i kep‘g’lisﬁii“’&%?ﬁ%? 2”53“&% OB%P‘EFe*m}OFP Ui éﬁi‘?oﬂﬁia%ﬁeé}l’ﬁ’éﬁd [TasRopysiliosg layr 12?&8‘68& t ed
by LPCVDtrtrelds fingeders thephtregped fistapniysiliong lapd2 016aihd exidedayper at ure fromabout 700 C

to about 900 ﬁefemﬁ% & I@’%‘d\gg ﬁl@ﬁru(ttlgg ﬁ%tlé ﬁe[?lar(ijztad &syx\@ aﬁﬂﬁl}tﬁlbl‘@tte'clﬂghoMCﬁﬁthl’)l?nlkgy ers

is shown in Fi gur es It IS necessar 0 On rmone o
i MUl ati Ot o &iching ang 5}3?@%1 rhegapiea! polishing VBT b EH“&‘}“ﬁébO ipRlpngtized prhigpsd down
enbodi mertthe sedv@d infustibiarhdt@ial 1Tabahd fadt idsayteh mi2@l has ogndnkuypéqﬂﬁﬁﬁaslt dﬁatshdw&‘a)
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structure 110 is subJect to CMP techmques to planarize or remove portions of the second polysﬂlcon layer 122
in the core region and not the periphery region.

35 Referring to Figure 9, the remaining portions, if any, of the second insulation material 120 and/or the
first insulation material 118 are removed from the structure 110, leaving exposed the first formed polysilicon
layer 116 and the second polysilicon layer 122. The resultant structure 110 is planar or substantially planar (in
the core region). The first formed polysilicon layer 116 and the second polysilicon layer 122 subsequently form
the control gates/wordlines of the non-volatile memory cells.

40 The remaining portions of the second insulation material 120 and/or the first insulation 118 can be
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anot her enbodi nent, the insulation material |layer 120 has a thickness that
is wthin about 10 A of the thickness of the top oxide layer 114c, in
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t he patternedflr Ref ring.to
Figure 8, the qth Iga /wgrgflr}éfh% Erstr}or %‘rylmiice l%reszrldlrllg is aéj acenta :tﬁgg?rghnf,g t[ﬁ] e 8%1

i ncl udi ngolixiliserkleser 1230hakkst thmate@rwyrdleteeq’ﬁﬁrsgfoam Pelmlwplela:i'er hischamreceth teol i shi ng
(QP) . T@ﬁesﬁ:&fofdﬁﬁgs Uf tBe slzécgd bcﬁysﬂk&ﬂ%ﬂ 280m @His dolle OB Cad QU mdafs thdife SECON

i nsul ati on the first |nsilja|on mat eri al tionally, a

ot et s st i) oBE P PREERGTE S A Y e OReYBPL 22,

t he har doxésdkyesenoved in the core regions, and then the structure 110 is

subj ect to CNRnﬁo%gmit ngé w‘hﬁh Rl @%ﬁéoa €118 g?é@earqu{r{feh %?m@{] u&aglﬁﬁﬁlﬂﬁg@

pol ysilicon | ayer regi on_an ery region.
Referrin @r%eﬁswwffeﬂed tOtcwePI%%‘ia‘?ﬁCﬁ@n POIAN Grigpe flpsh ngeppgry derlcef Her @%}dﬁ gore

i NSul at i aml pemihexy batce/ARM ravdé o gitaere dbpell Shackr &t fo&hddQﬂahd'E&ﬁ@[ toaipleﬂdh&f are
renoved oN0k re 110 eavi e st _f.orme

pol ysi li f(f:()(r)%m”iQ g@ser f%@’e nie]ﬁlcerygeencszgﬁ ot 5 )115%2 Vglgéerrga g anJlo‘f[ﬁczhage"lgﬁteS ?Igss uPtant
st r uct ur &helgrgs inghegpra Fraion @ﬂd thegpprépherp reigigh gy tplffmed sn(mltiqneomslver eldlfisreptdigienrfr The

fi L st f oesmgle Fg@ﬂeé’lﬁdylbb GRAIY RWRA i oemsglotn gy 1aEaeRed mlexp&iﬂhery e?.oﬁ MRfand 22
supseque

tl contrpl gates/wordlines, of t r
cor o |G Bt e RplereS iy Rl B el o Pt S G e gy B oTsg
ardd/ or t Hewlkangogsly prrsdiffadnt tmes WitBin exh ok peifphiP20B0R32BA8 TREFONIDRHPSASROY

renoved sk B fidheh A B8l s Gl Bit collRa £hGDRNEni S Sel ected to provide
suitable selectivity between oxide and polysilicon (or doped anorphous

silicon). ThaRefpgne tf’ Fisusd @ ingeme %F@E“twhﬁ%qe?o‘?’égr%@%?‘mgé’@move’é the $f&°dnsul at i on
mat er i al insdlitbemmedtal R0hst@ e figst inyulaki@nmardriaigyl 6l eeh aelbtgueall ysidlstweddin chihedibe

embodi me Iazﬁth F1Eln§ 9 3F %Bg'sgaﬁ?}pllaég LILEil.llﬁt%? thlﬁ%&%.d mjsxﬁ%mg' ﬂlater?al H’(BI aﬁcb&%%lrs{ {n a‘ugl bo u t 500

A to about e second I con |ayer
122 has 51‘“?%1 H@ﬁegeoweﬁi lswingisiyas 124 hsmenAhetfestmwowSmglam11q eﬁd shefeceﬁot her
enbodi n‘Ep&lysﬂicdS’tﬂa}&BmQﬂd pﬁﬁﬁrytﬁlbtllﬂe(iﬁﬁhs|n&)é&ﬁev3£ﬁathbs’é$nsﬁn&hl ckness from about

1, 500. A. to abﬁufgmnglt? Al tlEua(:glre 198l }s(?r{ax\%t as tan 1a11y Bgna{hye S1régcd0 v8§q94 with a

ponS|I|conIa er |sai acent a ate
pol ysi | i dighctiicayatarialtorm EPIﬂ@tS 1P Dltlmlcglalteeeli! MFctt}ISihmshO@ﬁe filieapmitddersitisates
pol ysi | i ¢ ab BYeTEGS Psal ﬁpeen@md&s Lileoh bﬁynﬂﬁﬁhe%a meflyeogﬁ&wnnﬁﬁdeqsfagr&emé econd
palysilicon. | a,éie 122. b % connﬁct Lon, ! means_t hat
b0 woPAFTholbe g fisdprtes "L deRes e Repie e%mmafaﬁéyfowm%%w%ﬁr@r@nt ot
s epar at e plingring byrCMthar $lankeswea ercte , Againaltiugnmr thowp Rirttle ptoagsgiies} perfdinfeh@ugh not

ﬂgwﬂf umletehefpoqllcaféﬁ&ﬂmsgﬁkm&ﬁo@mm@ are formed over the structure

Referring to one or both of Figures 9 and 11, the control gates/wordlines of the non-volatile memory
cells (patterned polysilicon layer 116 and polysilicon layer 122) are spaced relatively close together, wherein the
35 core region of the memory device may contain up to about twice as many control gates/wordlines compared to a
memory device made in a conventional manner (especially those memory devices containing LOCOS in the
core region). This is evident comparing the core region shown in prior art Figure 1 and the core region shown in
one or both of Figures 9 and 11. Accordingly, in some instances the non-volatile memory devices made in
accordance with the present invention have “double densed” core gates.
40 In one embodiment, the control gates/wordlines of the non-volatile memory cells (patterned polysilicon
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processing is perforned to conplete the fabrication of SONOS type flash
menory devices. For exanple, core 15 and periphery source/drain regions
and gat eswar®/odzmeed, spacers are forned, salicidation, comadTasoeniash
formati on of SONCS type flash nenory cells, select gates, high voltage
gates, and | ow voltage gates, and so on. The gates in the core region and
the peri jpiyerlys ang golgsiiicomlyyeb 22fiosneechogi ofitibdresdenod) 5l) yadprin atordinédf vetheéirtpresantres .
For exaﬁm!:rﬁon &t s%&ﬁééed%&emo&ﬂ Bblt¥s K‘PJ 660“A &éaseth&%&t 5@%0&33&9@ | ater
formed int periphery region or 1nit formed in the erlﬁhery regi on
and | at eFm‘PQS‘fni‘?éfdthF anéat%%dlm@g’f @ﬁnonwska%levlémory Peemgedtasrordgateadth g yrepsat
fornmed 2@hvsitibhihaedpaesitbrybetVeeditonthibbdt @0tehio abdunsse AV(/leEshhalﬂ amcﬂsodaj tohet fpakidar pher y
and: core i r | Hnet as
a % ngl e %&% mentl,S E'he ongolgg\i%qr&lﬁégs {T% g‘% %laﬂg%g{r}(fr?/ (?]eﬁp Eac!:o?(ﬂn g‘gth%ﬁ{egglp
|nstancegwﬁﬁemmW®ﬁ®W$ﬁngW@QﬂEWEﬁﬁ#ﬁﬁ) Arbqubied Ad g“ﬂﬁ@a§@6@Hé) i nsul ation
ﬁtg eri alj 120 apglé0y whdra sédquiHuctoﬂ@dﬂic@-is k&Rd, rmtc@xnheaiengtﬂs&eéoh@ @ﬂohé}a?csah&uaqamﬂe

as di cus connecti o rge unt
of the seRBhyeT by Brireealt b b Bebiehi St n et S et
mat er i al trfsBtof, shorteimpnedeffelte any Pegoneti praytlent SoRrer thert vt gask bighd singlstbit fransistexd

pOi()/ sili (Illg@exjeia}ﬁQﬁe S%SQQQ n{eﬂgryﬁmm theB&Léﬁﬁh\lehtﬁfﬂ rEhJ)r@Ml arx{neﬁn% 2ftech aR! nidfl A zed,
structure is thus not achieved in these Instances. Referring to Figure 11,

st r uct ur ERPFEFGISIHEUO AR e A EQUbst anti al |y pl anar by filling divots 124
with a diel eclithdugh uhameafnnéﬂ hat ied WA SP dGaited didtrespédt ®la@ertain peefard entiodignt

i nclude gjlico [ -

PSG  BP S%% 4(%5 2%% ? ﬁ ogﬁc)us égﬁ Qﬁen?a}_h{el]éﬁoqgandg'lo!il gaﬁflrg Swill &&HQ(?%%?]S Sﬁ?%’ 111 %e : S a
preferr eapomhemi@g fnélunderpmdlwié@rseecﬁ%wv mdrﬁl@dnrwd&é%@f tIn prgtiquieregireip et ri ¢
Walfﬁr i al yarfoay fuﬁiﬁﬁﬂpérﬁ)rrbéd @%@abcﬁ@ﬂks&riﬂ&fbom@dn@ﬂﬂﬁﬁdséﬁﬁﬂ@s hbylc@l\ﬂﬁcﬁlfs . )alﬂd:(teﬁmsV\Bt
etch. Ag al t not.. rocessin rforne

conpl et e%f‘ ‘ﬁﬁdmlgaﬁ'r i tlcjlg PEH S 2 %ﬁﬁg“{ Jesmgefﬁ“ Cﬁm%%lems F lﬁtendggto SOTRSF dé r Iﬁles?]g to
one or bothkrwif inficgedy egnydrompehert Which Pﬁefonm rﬂtersmmflgfhﬁu@slmv\wf thgldesagled edfmppieat (ie.,

non- vol atya 1§fuﬂﬁﬁpﬂlyequﬁﬁlleﬁt§ e&g%&g@&aﬁgumuyéquwa@% th@WRloseli Iucandyrr@l ysi | icon

layer 122) are spa rel ativel | ose et her, ereint 35 core

regi on of°foHEs th%‘ﬁ?ﬁ‘?‘ iy heen H’aiﬁ‘v EURERPAY QoAb et PErte g*sﬂd%%watzls At r ol
galles/ wopsatti¢uine atge nfthe iptkntian ngey herbeey diddasedoe@thnesget tb nnlgoeefisceanitl eobdimensnner
(especi algly féam%ﬁy BE e G SHES nfoRI Ui} ke ot HOGRereRbddonts GORS, 8GN kha
This is evident conparing the core region shown in prior art Figure 1 and

t he cor e 2P@RRESPs & BRrELYeR Or RITEUIB 2PAYEAAR of Fi gures 9 and 11. Accordingly, in
sone instances the non-volatile nenory devices nade in accordance with the
present invention have "doubl 40 I n one enbodi nent,

the control gates/wordlines o?ngﬁg%ﬁgﬂi@@%ﬁggﬁgﬁﬁgnDry cells (patterned
poddysi | i cBhs meghodpof HeprogRIosntoTar wslPin g Eisld of rogyelptile seicansdcioranepsiy|fibdention. ay er
122 in ongiQfiarlpQkedmefodSdr e R SenBinRMbn Ak hisefB B abribatiAE R VOIRME Basvnb Hory ARicAr esent
i nvention ﬂ%? Bﬁfes t her ebet ween from about 25 A to about 600 A (Il ess

t han abodt® %‘ *n another enbodi nent, the control gates/wordlines of
the non-volatile nenory cells nade in accordance with the pr esent

i nvention have spaces therebetween from about 100 A to about 550 A (Iless

t han about 5501 ). In yet another 5 enbodinent, the control gates/wordlines
of the non-volatile nenory cells nmade in accordance with the present

i nventi on have spaces therebetween from about 150 A to about 5001 (I ess

t han about 500 A). Typically when a sem conductor device is scaled, the
channel | engths becone shorter and short channel effects take hold. Thus,
in the case of a two bit nenory cell, because each bit is stored in
different areas of the transistor, short channel effects nay becone

preval ent sooner than in the case of the single bit transistor.




10 However, in the SONCS type nenory devices of the present invention,
short channeling effects are mnimzed, since there is no LOCOS in the
core regi woo03ABtIwugh the invention has been shown and desariiissd/3vaso h
respect to a certain preferred enbodi nent or enbodinents, it is obvious
that equivalent alterations and nodifications will occur to others skilled
in the ailQLAIMBon the readi ng and understanding of this specification and

t he annexed drawiibdsimedi® particular regard to the 15 various functions
performed by the above descri.bed conponents (assenblies, devices, circuits,
) "the Y etns - (RG] R oF SBIORBETES B I RGU S Leed to’ descri be
such conpomeisihg are i ntended to correspond, unless otherw se indicated, to
any conmponent whic e i fd i o

co»réponent (i.e., ??{gm%%gﬁa#%gc@?%ﬁgﬁ f%%f){/egf]%ﬁétn? (12%%@%%3%%11%}21?%“

st r uct ur &P ipEiey i ¢ arrhey fgl°bhe di scl osed structure which performs the
function in the hef@mmgilitstkst of aie@ely estignpd @16y ornpohageRipping ficlbdae (11ayRel on.
In additign,. while a 20 particular feature of the invention nmay have been
di scl osed W th respect to only one of several enbodinments, such feature
may be conbi ned wi ferminge conformy insulgionmpterfablayan (188 appfund theefirgits¢tof mempowll gasast s as
mep) be desiygd and advantageous for any given or particular application.

| NDUSTRI AL APPLI CABI LI TY 25 The_ net hods of #2& resent, in¥enti on are Uﬁeful
inthe field of nofPBEALTTE S“s‘@ﬁ‘?’%‘b"ﬁ’b‘iﬁiﬁ%ﬁs( %‘BB&‘?C%’B?‘P‘E:&V frgpcach memory ce

Par t i cul gat ¢f thetsbrendwet diodsorgtellidaes (9222 Sedjtcentrya fepst o n&meryelbdatelof thefirst set of
fabricati b &.4f i

03103239 F U] B e R T oy mem iy G oS RSB e

t 1s clained :
a non- volPsPmensEh Ao dacteond sthohBrmeruest) istes (122} gidihs confergal insulatgnafegel dyvethar ge
t risppi ng (ABE peitibded bétdded pach widceramsmidig tellgite (112), the substrate (112)
having a core region and a periphery region; formng a first set of nenory
cell gates (116) over the charge trapping dielectric (114) in the core
region; form Rg a dbnPEhtdrcording it dailp drivharindeicariformalypsplation pgierial fager (H 8} yea
first sethidhessmd®ibyuteslilio gait@so A10 (116); and formng a second set of
menory cell gates (122) in the core region, wherein each nenory cell gate
of the second set of nenory cell gates (122) is adjacent to at |east one
metfory cel | gdte ofThe methddiapootdingéd claih 1, wherginityo evefotmagyslices dipxidediyers evmmotmdrtenor y
cel | gat gl dthRmbdylatsagt of nmermory cell gates (116) is adjacent at |east
one nenory cell gate o% the second set of nenory cell gates (122), and the
conformal insulation material |ayer 15 (118) is positioned between each

adj acent nenody celThe gethel accBrding reclaine il Hartherompnisthig figming bgled bittinds,in thiv@xei n t he

conf or mal. i D §4K a5 00 TRES! L@k mbANSLai(ld8) has a thickness from about 25 A
to about 600 A. 20 3° The method &ccor Ing to claiml, wherein two

comformal sil Pcon dhewettrd apeqiding & i L otith dheprpiso il OCOS ésnotfpropg ivdhafoel |

gat es. region.

6. A method of increasing core gate density in a non-volatile semiconductor memory device,
comprising:
30 forming a charge trapping dielectric (114) over a substrate (112), the substrate (112) having a
core region and a periphery region;
forming a first set of memory cell gates/wordlines (116) over the charge trapping dielectric
(114) in the core region;
growing a silicon dioxide layer (118) around the first set of memory cell gates/wordlines
35 (116);
depositing an insulation material layer (120) conformally over the silicon dioxide layer (118);

depositing a polysilicon layer over the insulation material layer (120); and
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4. The method according to claim1, further conprising formng buried
bitlines in the core region before formng the first set of nenory cell
gates. 25wW® 030bz9set hod according to claiml1l, with the prad®esoehatsoLOCOS
is not formed in the core region. 6. A nethod of increasing core gate
density in a non-volatile sem conductor nenory device, conprising: 30
formng a charge trapping dielectric (114) over a substrate (112), the

substrate (112) h anleﬁ@rlzﬁlg tkeQlitrdted fo@rﬂ 2 §06hd et Qﬁrﬁéﬁgwa&:ﬁ ﬁaﬁ&g&oglﬂnes El@ﬁ)rﬂl {ﬁg co@e

first set no. over t etra

di el ectri 88(; %e mééc meorcobégﬁl‘@od 1’(5‘?10trlt 83%?]‘%56205%7“%’6%&’&’%‘%%@@@ ér (118)
around t I‘Pélaffin?% ieasé@le msfuonysetpgatp/woallihe cqans &5/ saonf ehendre sell g3t‘5s/(/dk&1f7n}s (1epashd i ng
an $nsul as'ilic&fmd)iﬁfe%ryér@-il@ Y Bk 111@1;]}%@)1 m&&ﬁf Qfe%bé)%reg)gs?t{o &dh:%tvx%é ea(fL acelntoxemgry

| ayer (118% ; 05|t| ng a polysilicon layer "ov e 1 nsulati on nate

| ayer (120 g“éw"d H WD 03/ 032393 PCT/ US02/ 31330 pl anari zing the substrate
to forma second set of nenory cell gates/wordlines (122) in the core

regi on, wherei’n eachhemethedagcopdigto gaitnd/ fwttretkoimpesingffornlig be@:a GiicheSie the 6§re MENMDI Y
cel | gat eedish®edlcitiithg (hb e set & meRGHy BGEALs. at | east one nenory cel |
gate/wordline of the first set of "nenory cell gates/wordlines (116), and
the 5 silicon dioxide |ayer (118) and the insulation naterial |ayer (120)

are positioned. bet e metbaichcoatijsac @i 6/aRRMmYhe sidd dlcgmta &&M@f 1@i Ha@@thchsts-ﬁlaﬁ
et hod aGeqk s NG ab&: $90% 4k Gie lngﬁgtlgﬁﬁgt?r%ﬁr%r {515(%) hgsfa f@nmn te3§ a&[t% gbo{ltrf]g(? in

the core, region before formn ot OIEE\OI“

The net hcfgd according to claim 6 wherein the silicon dioxide |ayer (118)
has a thickness from about 50 A to about 350 A and the insulation materi al
| ayer (120) has a f A to. ahout 250 A. 15 9. The
rre%lgralod accor dl@ng tgllﬂ%:ﬁlktm%saécord;né 't ‘haérP chr rr‘i"g’?rt‘f{:i‘g? ﬁ‘bcoglmln?d&é?‘ic‘?ﬁ 39 de
spacers @%zee}l adjprsntysaary sel] gatebvordling aftar plametihg. gate/wordlines after

pl anari zing. 10. The nmethod according to claim®6, wherein the charge

trappi ng di eI tr| % 143 conprises one of an ONO trilayer dielectric, an
oxi de/nitride ||a§78 e e olaim i PP die Shar g & pinediplertiel1ah) seremises oncan 20
oxi de/ t anf alQNR Glehd dicloittiayerxiddiniide ollayéraicleatic, @miudie//ohadfliﬂa}eumfblwﬁicdﬁl oxi de

trad ayer o@heheat te. bi rr. die tr| c,

oxi de/ barj um st rlg?l)t&llet})?n%f ﬁfﬂﬁgﬁ‘ﬁ‘ %ﬂjﬁgghﬁeﬂaiﬂna‘%fé%e%Q mla?'er gfl%%m (afe?x df t{)‘ﬁtt“f“bm

tit anat e/ BRRavef fiplpetiretn oyidelpasiap th%l““na‘ﬁaf@% ity ersticteotnit.iap prridey'stromiam ¢ fabae/dxidm

st ront i utriltyed dutatie, ab biilledyrentiutlitih@@afiig stroaith @4ha® ¥ A6/ kMt UM aQ¥iadeEe, de

trilayer o;qae‘f“(lxﬁig[rﬁelygr diefebtric.,
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