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o (57) Abstract: An improved flash memory device, which has shallow trench isolation in the periphery region and LOCOS isolation
in the core region is provided. A hard mask is used first to create the shallow trench isolation. The LOCOS isolation is then created.
Subsequent etching is used to remove stringers. The flash memory is able to use shallow trench isolation to limit encroachment. The
flash memory may also have a nitridated tunnel oxide layer. A hard mask is used to prevent nitride contamination of the gate oxide
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égr% Aﬁstract: An inproved flash nenory device, which has shallow trench
238152067 in the periphery region and LOCOS isolation. in the core eg80m34213
is provided. A hard mask is used first to create the shallow trench
i-sol ation. The LOCOS isolation is then created. Subsequent etchi ng ? L;sed
to renove stringers. The flash nenory is able to use shallow tren %AR
isolation to limt encroachnment. The flash nenory nay al so have a
nitridated tunnel oxide layer. A hard mask is used to prevent nitride
contam nation of the gate oxide I|ayer. 25-02-2002 US0034213 2 9 APR 2004
NI TRI DATI ON BARRI ERS FOR NI TRI DATED TUNNEL OXI DE FOR Cl RCUI TRY FOR FLASH

MEMORY TECHNOLOGY AT| TECHNI CAL FI ELD 5 The present
i nvention rel ates WE%I“W%#@T BJIUNNGL QXI5 FORGIREVTRYH0Ry
the present invention FeASHHMEMORYEQHNONEGY ANDIFOR LIGCOSEMEOLARDN and core

stacks. BACKGROUND ART Menory devices such as flash nenory or electrically

erasabl e progra L&cr ly nmenory (EEPROM) are known. Menory devices
such as flash ne , core 10 stacks, which hold the erasable

progr anmabl € dat dhe amleﬂp@vmﬁbmnegat@tmsolm mémmy @eviess BvérOmdie PaHticuny, e Cor e
on the same ohip apa dnaiten FbEGHSR rchio Wi ORI ShE G B s I ¢ 1<

on the sane chlpB U In the prior
desirable to use |on of S|I|con (LOCOS) on part . of the flash

menory and shal | demonesryites seshaasi fiash nfeBiohy) ooeledicaly erdsable Sprédfanmisbid feas lan
remory. US- A- 600426yl (EEPRONS Sr RARC #ifoty Hovk e G adP B CORAUC! O

i ntegrated r cui WI th core and areas popul a B Y FOTRYSey O
devices, by forf %;'Icth cﬁH e?@'gﬁ?o?{gg@'ﬁ%?%d%ﬁﬁp %P’Eeﬂbﬁaobéwh'ﬁhmysedneas
US- A- 57 12205 rel atoe@nttbe ¢pre s!etms dus ddiantagectslnanifaqure perpaety Eacks fahcgébréiﬁsb‘&g t y
-sem conduct or deyj ﬂﬂ%am@bmylwiﬁdﬂgs a’on\éﬂu%e gho?gh algly %Qve?'s%ﬁgkfn?{éﬁxgé‘s @h“’ e &

E E{ R_ gggl 26 Ba(rjlr go\(é:%! ggu%é' gf' B@g ?c%]) W‘@F%"f-@‘r’ g%thp%{niog/( wesaallomtqem igolation
pr ov: ?I ng at | ea$iTHxm atheepartstaf the flash memory.ol US-A-5ED4862 aRClssee] Préced fbhfom%mg 3
si nul t aneo ro &f @&,ﬁi o
L e e b
stacks, comer c’é o gg g g core or periphery areas, US-A-5712205 relates to a
semiconductor isolation method for high density semiconductor devices, providing a wide
isolation pitch on one area of a chip and a narrow isolation pitch on a different area of the
pitch. EP-A-0751560 discloses a process for forming an integrated-circuit providing at least

20 one matrix of non-volatile memory cells with simultaneous provision in peripheral zones of
different transistor types.

In the case where shallow trench isolation is used for the periphery stacks, comer recesses
form around the shallow trench isolation for the periphery stacks, which are-detrimental to the
periphery stacks.

25 In addition, core stacks and periphery stacks require different maﬁﬁfacturing steps. Some of
these differer}t processing steps for the core stacks are harmful to the periphery stacks and
vice versa. One example of these problems is related to the use of a nitrogen implant or other
nitridation methods to improve the functionality of the tunnel oxide of the core stacks. In the
prior art, such a nitrogen implant tends to contaminate the gate oxide of the periphery stack

30 . diminishing the performance of the ‘gate oxide of the periphery stacks.

It is desirable to manufacture periphery stacks and core stacks on a single chip and
- minimizing damage to the periphery stacks and core stacks due to different processes
required to manufacture the different stacks.

35 In addition, it is desirable to have periphery stacks with gate oxides of different thicknesses.

BRIEF SUMMARY OF THE INVENTION
Accordingly, the present invention involves the use of successive hard masks to provide ST
and LOCOS isolation on a single chipand the fabrication of a flash memory device on a

AMENDED SHEET



formaround the shallow trench isolation for the periphery stacks, which
R208610G2mental to the  periphery stacks. 25 in addition, core stacks L?ébb3421
periphery stacks require different manufacturing steps. Sone of these N
different processing steps for the core stacks are harnful to the p;gw@@g@g
stacks and vice versa. One exanple of these problens is related to

of a nitrogen Inplant or othér nitridation nethods to inprove the
functionality of the tunnel oxide of the core stacks. In the prior art,

such a nitrogen inplant tends to contam nate the gate oxide of the

periphery stack 30 di m ni shing the performance of the gate oxide of the

peri phery stacks. is desirable to manufacture periphery stacks and core
stacks on a singl %‘b'étﬁﬂ‘ﬁ)bya‘ﬁt?g ahpsdmask Ffmjotemﬂ\ggveﬁnhsrytuatyrqfe:mirmaﬂwmmmnmd

core stacks due taxidsl fAdvastagesof e pRSER inveRidh incde tTh@ ciﬁﬂi @%Wc@tmb Q?lurakigy of

di fferent stacks. i i sirable to hav erl

with gate oxides o#‘& W&gg ct?[shtlync %mglg P, Péeglif’@? g Peparated by

| NVENTI ON Accor di fighay trangh isslaiereand wﬂwemmesmre semaratesishyt loeal uxidatiod ofS$ifeAStHS Ve

hard masks t6 pr alsit Ifabricating alfl@SH e h
b i G5 it 08 g F B O hl

EHICUC R FIE e e T R ot R

peri phery before form ng a N TRI DATED tunnel oxi de. Advant ages of the
present invention include the capability of fabricating a plurality of

sem conductor devices on a single chip, wherein sone of the devices are
.separated by shallow trench isolation and other devices are separated by

| ocal oxjdation of silicon, the 5 capability of fabricating a flash nmenory
with a reduced contam nation of the gate oxide, and the capability of
fabricating a flash nmenory device with Inproved stack isolation. 1A AMENDED
SHEET 2 9 APR 2004 O her features of the present invention are disclosed or
apparent 'in the section entitled:

1A
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"DETAI LED DESCRI PTI ON OF THE | NVENTI ON. " BRI EF DESCRI PTI ON OF DRAW NGS For
a fuller understanding of the present invention, reference is nade 8 APRE((L
acconpanyi ng draw ngs wherein: Figure 1 is a cross sectional view of a
sem conductor substrate used in a preferred enbodi nrent of the invention;

Figure 2is @ Gefuseel it flesell BlVeont dﬂafaweg ﬁ)@ﬁ@ﬂ"\ﬁ B sfaétgﬁge&ntqiﬂl?dhw th

trenches;. Fiqure 3 is a cross sectional view of substrate s

figure ZPEMU%%DWWWWWWHONJIS a cross sectional view of the
subst r atgRIg i F AN, y orner recesses; Figure 5 is a cross
sectiona VPWC oN ra E’Cwn in figure 4, before LOCOS; Figure 6
'is a cross sdot i dwiler undesstanding tofi ¢hesprosent miventivhomeferdnte fsi rgade @o the avcdhpan@aES;
Fi gure Gl )Sss sectional view of the substrate shown in figure 6,
after the rlﬁo@égﬁbf the hard nask used for LOCOS; Figure 8 is a cross
sectional vi @igurd1 it herossisbaional viewshovvmidondiidtergilRtrdte usdll infh pefiradd@mbodithehtay €F |
Fi gure ﬁleiisvea.&( oss sectional -view of the substrate shown in figure 8 wth -
a tunneldXYE ™ and first polysilicon layer, Figure 10 is a cross sectional
view of the FigoriZisherosdseroniliVich (ke sudstraté SHIwin g1, Gth Yreflingk €CL T i C

| ayer, Fi_gur% 11 j’_s a cross sectiognal view of the substrate shown in figure
10, with a fi B8 38 AErogseetontl Yipeyof thepsubstrate shown i figure 2o with a wench exide: vi ew of
the substrat SigaRone akivsd se@ivhll viek of eauBstaRBhdvn BlfisfRBEWRKbdifer rdcBNEE 1S

et ched back; _Figue 13 is a cross sectional view of the substrate Shown in
figure 12, af l@%ﬁ‘ﬁé?ﬁ?f*ﬁﬁﬁ}"@%‘i"?ﬂ” qhghasubsirgls sheneninfignstebplore LGOS 14 i s a
Cross sect i oFghre\d i€ Wclks sebtRnal R df dleQuBRAWIbWh folfGHeS, Jith LOEDR, thin and

t hi ck oxi de {ﬂe;ly%r,s; and Figure 15 is a cross sectional view of the

subst r at e shEUHE /S # Frgtnsectipnal vigp of the sybisisate shpwatin figuse Guafier teyemoval ofthehard

Ref er engaskwisdbRF EOCeker to the same or equivalent parts of the present
invention throughout the several figures of the drawing. MODES FOR CARRYI NG
OUT THE | NVERIEPEN ifp giossseqtional vigwof ghesubsirateishova infigumr 7ovitlna basdmeskldyesi or
substrate 10Fi46R® i BcrdssRb&iodl Vst of HRYEHSIEE Shown in figure 8, with a tunnel oxide and first

polysilicon layer; o

Figure 10 is a cross sectional view of the substrate shown in figure 9, with an interpoly dielectric
layer; c _ .
~ Figure 11 is a cross sectional view of the substrate shown in figure 10, with a first gate oxide layer;
Figure 12 is a cross sectional view of the substrate shown in figure 11, where the first gate oxide
layer is etched back;
Figure 13 is a cross sectional view of the substrate shown in figure 12, after the 'photoresi'si mask
has been removed; ‘
Figure 14 is a cross sectional view of the substrate shown in figure 13, with thin and thick oxide
layers; and B
' - Figure 15 is a cross sectional view of the substrate shown in figure 14, with periphery stacks and
core stacks. - '
Reference numbers refer to the same or equivalent parts of the present invention throughout the
several figures of the drawing. . | | o |
MODES FOR CARRYING OUT THE INVENTION
~ Figure 1 is a cross sectional view of a semiconductor substrate 10 used in a preferred embodiment
of the invention. A pad oxide layer 12 is formed over a surface of the semiconductor substrate 10. A 1,000
10 2,000 A first hard mask layer 14 is formed over the pad oxide layer 12. In the preferred embodiment of
the invention, the first hard mask layer 14 is of the group consisting of silicon oxynitride (SiON), silicon
nitride (Si;Ny), and polysilicon, A photoresist mask 16 is formed over the first hard mask layer 14.
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of the invention. A pad oxide layer 12 is forned over a surface of i WJR 2004
sem conduct or substrate 10. A 1,000 to 2,000 A first hard mask | aye I'S
f ormed ‘WS'EnEJb% pad oxi de layer 12. In t he preferred enbodi nent of the

i nvention irst hard mask layer 14 is of the group COHSPYEHG of

si | i coRegimtysrif the ﬁdﬁhaicﬁnﬂﬂ)layeﬁld th& @R nof Yobérbdiy chepraRifbsist tﬁ&ﬁi 102k Xéhéd'a@% A

phot or esi st mmas ormed over the first hard mask layer 14. 2°2 9 APR

2004 ”6‘1??%%‘6?75819 f{s%@e'ﬂm‘iléyer%gf Sy irfigured : i thisembogimenthespettagsd® 14

t hat amo“@tov&@éq{e eBYrebibf andRbAcE $dein JFBR dih&oshbded 1gney to form
apertures 1& n the flmr/rgt hard mask Igg;)'/]er Emjng% S %ﬁn&l I'n fla ure 1. In this

enbodi ment hatoessist pask isTgmovad anddhg symm@ducpmbmmimtyeqegg: apietcBywdhich
interf B&Qesfsﬁﬂloﬂ'rireﬁéheulﬁnﬁﬁ'g&ﬁg&ﬁU&S& 236 6%9{1% a%rtgj&e‘ fa R etf?srt ga%é 3 xsng‘s k

is rem)ved and the sem conduct or. strate
whi ch 1ayerd4+as shown in figwwe 2. rlmhen@&memmmnﬁemmmhmchsabmmth&mbsh@tebeI ow

he pr o e ESprihubll OFs hidls HaA R SHios (28 rmifip i8miehRR B Do o

surfacd is approximately 0.15 It to 0.35 . A-trench oxide 22 is formed in
Sub) 22?28“?%’“ a@a’%ﬁ*’ﬁ to4“?%4r%%€lélﬁth%ns %?%#ﬁéﬁ%c d%%q%%ﬁg?t BEkEE
(2:gul S\hfwgﬁsﬂleveﬂébww:%?daﬂedbwmhmcmduﬁmn surfacg té segggd h?[]::lcrila;slé
‘formed over t e (i acek(f;(?w?'%g h&ﬁeﬂﬁfﬁa H‘B“g ﬁifq’ﬁﬁd@étﬁlé’%‘ﬁ’h@%‘%hom
et o g
e ot P 8 et s stk

region ‘gthh magbbférat 10. The hotfre5|st mask is then renoved. The
sem co Undhand e °v3rt °PE FEoR ertasgregign of the swbstrate 10, Thephpioprsisianagk s at er

t han athenremd@®d. Theatmivsndietor substhae megwsﬁadﬂehekaﬁc&%&%ﬁé gkéhtelr fhart b8t 30
subj ec‘g‘%go 9. a | ow t enperature oxidation at about 1050 C to form LOCOS
oxi des ds shown . in figure 6. The second hard mask 26 i-s then renoved,

and the r eMsmwmblfbﬁbdMDNtwﬁisﬁge&&tgaﬁb’%ﬁbe%ﬁ@h o:&éla?uﬁrfn ﬁab&ﬁ@sbeer to
rem)ve n ri ers LLn e OXIl de as snown I n I gure he
seni con 3@%&@%8@%&@ %‘%wagn figyre. gs Ihe;secerid hardmask Goassthen smmaved andthe 5
si ngl eremainingbxiad ie subfediel fo o Rl e Qrm&h@mfﬁﬁ%%ﬁrﬂmﬂ@s&ﬂgﬂ HaRBdagOr €

stacks bgt weerfl th9 OCCS, oxi des 30 and A
shown in figure e semiconductor substrate 10 has. STI isolation and LOCOS isolation on.a single

- substrate and is ready for the manufacture of periphery.and core stacks between the LOCOS oxides 30 and
. the trench oxide 22. ‘ |

To begin the manufacture of the periphery and core stacks, a 100 to 500 A third hard mask layer 42
- is placed on the pad oxide 12 over l_)oth the periphery region and core region, as shown in figure 8, In the
- preferred embodiment of the invention, the third hard mask layer 42 is of the groupconsisting of silicon
oxynitride (SiON), silicon nitride (SisN,), and polysilicon.. A photoresist layer is placed over the top
surface of the third hard mask layer 42 and then etched back to form a photoresist mask 44 that does not
cover the core section of the semiconductor substrate 10, as shown in figure 8. The trench oxide 22, pad
oxide 12, and LOCOS oxide 30 are not drawn to scale so that more features may be shown.
The semiconductor substrate 10 is subjected to an etching process, which removes the third hard
- mask layer 42 and the pad oxide 12 over the core region, as shown in figure 9. The photoresist mask is then
removed. A tunnel oxide layer 46 is formed over the core region. The tunnel oxide layer 46 may also be
formed over the third hard mask layer 42. Various methods are known for forming the tunnel oxide layer



the trench oxide 22. To begin the manufacture of the periphery and core

stacks, a 100 to 500 tai third hard mask layer 42 is placed on th@&3pd 200
oxi de 12 over both the periphery region and core region, as shown in figure
8. In the preferred enbodi nent of the invention, the-third hard mask | ayer

42 is of46tdteh@rg@wiingm@dlhy&@omep&ddgﬁ@&ud&%ﬁ' ﬁxrtﬂeciﬁefér@d%odnﬁé | thénnel
nitri dep@'gga'\'é)ﬂsf silicon. A photoresist |ayer . pl aced over the

top njzidefopans s aﬁ%@?é‘?mﬁl@“@hﬂ’ﬂﬂﬁ@{@)e'fw Yasiews mathoder m a
phot or esinéwn foRfilidafin I
sem conduct or subst réa?lghnléggﬁges gérg)‘ﬁqyﬁ%w?ﬁgu re (ﬁaggtrl\%%%x 3‘5

pad oxiPieessr implanting witrepeg jitolatugnel gxide laysr otin sinhgrowthof N0 where Kk ran intepen A
feat ureg nr r
i Polydfcos WMS is éaﬁnea%%rm% dg?ﬁ% ﬂkgotérgﬁlét ﬁm&%ﬁ% d&e@rtga q

et chi ng. gvocess whi ch renpves the t ayer
oxi de 12f @StPﬂﬁﬂé@ﬂéﬂYP@@QSﬁrtﬁa@rswm in figure 9. The photoresist mask

The. tunnel o QT oy st s s Biea o g pEESr R RSP HR TR
| ayer. #olysilispaidyendS and tunoel oxide layded6,am soon irf figurd mgﬂtelpﬂotbrwimahsk@tbxd@eﬂ azyer 3
ayer.  (epty Aot 3D ictlatr e sl 10, R e e B St tucon s
nitri daﬁxeﬂ:e@aefmed mdedmiapahe ;mezpcn;ddietdctﬁolaydaeo ﬁmnﬁide-(ﬂimdiﬁ)xi&XONb) lafberge are
e SR Tk O o BB R RS e bt eh, =
i mpl anti ng nl’Ihc segréepnidudtor sabstraua meis tlwnlsmeckeﬂy&iwgep Brcl thhtfird reévas @F pbition
unnel " STHE BB 8l iChnves B B B kot retonsat Bep o Ayahinpard ook dp aphe
first péieysmbiningrpal anile, dBshowarin tﬂgarecnr ETheSPiotdtesist MRskS ST isCOB HA{oVEd. The

whi ch renpoves parts of the

substrate 10 | ected to n et chi rocess

first %)0’1“§/S| %%Méﬁ“ﬁ%m ecteding ﬁ%r'ﬂéhr“gwwh’ﬁhf%%ﬁﬁe?ﬁ eflP)GDre
10. Thespbmrmmsandmambmamel periphery mgb@rm@ie»&reheﬁmxﬁed:m%téﬂe

f or med ov E@B% rg@ﬁ hird hard mask 42, "and first po}y5|I|con

| ayer . {aﬁeé Ll e#ﬂg‘m 1§t mask f@ isiformed ﬁ‘(ﬂfyf"ﬂ?‘!él"é@t’ﬁﬁ&g@e&y‘ﬁe BET | 5
an oxi de4mmepdﬂ@haykggﬁm(aﬁa\@erhﬁyﬁ&pdg\dwmgmst ‘mask 52 is forned over
t he i nterpol %hdl el ef ?ég&@tel yer 50 over the Core region. . The

seni conduct o oXide Jayer 34 mel cavarelby s photorsist Bk 56 ategshadiaway. s r st
r enovesstidwa ipdighieor?. Diie fHofordsit &51&(365/15 @leﬁ lsefp Eéd Swdya¥ehowd npgﬁfre 89 %ith the
ar

periphe (e n d .t hen renpves hird d mask 42 an t he renal ni ng
pad OXi 5%““‘5&? 8%3 fayer-S4pecoming: @quCk%dmwﬁ&Memumsummm then

r enov edsubjifed teEydtsndiclipail ey
t her \énl ;uﬁ;l da{tosqgg whi ch. fg?lgsﬁﬁggsﬂu?gtﬁmgg?g%gg?? %g@%r 5910%@%%gidﬁ£§éme

seni con tpckgxide jayers 52%%9’9¢@?&0$é§49§$h0Wm figyee 19r bfthe prefgrred
enbodi medibodirfiént, fthe thin diiitfe Tayerd ¥ B2 403V €0 A Bffeld aid SR PHEK ‘;},ﬁﬁ m@r,rs ) 943%6? EPS0H

mask 56 i g forned over portions of the first gate o
thick. A second polysilicon layer 64 is placed on the substrate 10, the thin oxide layers 60 the thick oxide

layers 62 and the interpoly layer 50 and then etched back to form periphery stacks with thin gates 66,
periphery stacks with thick gates 68, and core stacks 70, as shown in figure 15.
Conventional processes are then used to complete the flash memory structure. The inventive
* method allows the production of periphery gates with thin gates and thick gates to provide gates with
different threshold VOItﬁg‘es.' In adciitiou, core stacks with nitridated tunnel oxide layers are provided,
- without contaminating the gate oxide layers and allows the use of STI and LOCOS isolation on a single
chip. ’

Information as herein shown'and described in detail is fully capable of attaining the above-
described object of the invention, it is understood that it is the presently preferred embodiment of the

~ present invention and is thus representative of the subject matter which is broadly contemplated by the
present invention, that the scope of the present invention fully encompasses other embodiments which may
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54 in the periphery region and over the interpoly dielectric IayerZQS?PM@E
parts of the first gate oxide |ayer 54 not covered by the photoresi's

56 are etched away, as shown in figure 12. The photoresist |ayer 56 is

t hen st rWUHBRay, as shown in figure 13 with the renmapgrAgolsest oxide

| ayer 54 becqm ng the | ck oxide regions 58. The sem conductor_ substrate
10 is ?‘?’F@?{T‘e &M‘g'&ﬂé’ae %‘gi‘é ng@egﬁanq 86 3poR8 2§ HERTFSSA VeRRerS resprinebye be oxi de
| ayers iflitediby hitRing BGE RINEE ApP&HdBN@aift, it BRich SRRSEL B bR eldPed fftnd Hhduter RbEE

| ayers 62 aalt the thick oxide regions 58, as shown in figure 14."In the

pr ef er rB§nded fBeanrap and oply ope); unlessaxplicitlysp stated, Aot mther "goe erange” Altsterabngd
the thi gl fanichal do@ivak Qdeberibdd } Mg@ ol §PN
| ayer 64 is pl acégg’ygnﬁstfﬁgegk g‘%‘?ﬁft‘%&{%@%@ﬁg"%ﬁfﬁ oXi e@%%@%%@% goot hi ck
oxi de Yedkpews tethogenef ardieary kil rip Bleyart| ang expres ey Emotperafed hertinHhydeforoe and afoor m

peri phepdéndh ' ' ! _ ' LY ith L hi es 68,
and core gt a%??%gsgs 3@6%% nc I gﬂg\@?'{f’g&hégﬁ%zl%%?%ﬁg&ap# Bléeeéggxte%ggg?oe t hen
used t crddwsssiach and evesy probleh songhtao be wived by the presefittimventiongfot it webe enadripagiediby ows

th i [T ith thi t d thick .es to.
or ovf e ekl cfineP EARARGL, S0 Renlchpongh o IARAS 58 4 P SRR acks
wi t h niintend¢d tebe dedicated toahd piblit asgendkessaof evhpther\tieCkeinent, vhrhfomeiie, ramdtifudiseptid ng

t he gat j Jaye n | gws the use.of STl and i sol ation a

i ot e SefFERERE AR, N0 P deruttifi e coBtied pate i irianr of 8t o1 1y
capabl U.8{C. 412, sixthipaggiapic ualos\tiee clahacis elpedsip hriediusiaf thephrabgTveatsfory, it is
understood that it is the presently preferred enbodi nrent of the present
invention and is thus representative of the subject matter which is broadly
contenplated by the present invention, that the scope of the present
~invention fully enconpasses other enbodi nents which’may 4 2 9 APR 2004 WO
01156075 PCT/ US00/ 34213 becone obvious to those skilled in the art, and
that the scope of the present invention is accordingly to be Ilimted by
not hi ng ot her than the appended clains, in which reference to an elenment in
the singular is not intended to nmean "one and only one" unless explicitly
so stated, but rather "one or nore."” Al structural and functional

equi valents to the el enments of the above=described preferred enbodi nent
that are known to be known to those of ordinary skill in the art are
expressly incorporated herein by reference and are |ntended to be
enconpassed by the present clains. Mreover, it is not necessary fora .
device or nethod to address each and every probl em sought to be sol ved by
the present invention, for it to be enconpassed by the present clainms.:
Furthernore, no el ement, conponent, or. nethod step :in the present
disclosure is intended to be dedicated to-the public regardl ess of whether
the el ement, conponent, or nmethod step is :




explicitly recited in the clains. No claimel enent hEreln is to be
@5g24206@ under the provisions of 35 U S C 112, epRlacarpan rpéﬁﬁ uniLBSEo34213
the el ement is expressly recited using the phrase " %ﬂﬁ Agﬁ ﬂf

, 25412-20G- 2 Repl acenment page US0034213 . 2 1 APR 2004 I2 ABBE 2004 %6APR 2004
Clainms 1. A sem conductor chip having a plurality of flash nmenory devices,
conprising: a silicon sem conductor substrate (10); 5 at |east one

peri phery stack (66), conmprising a thin gateeoxide |ayer (60) and at | east
one polysilicon (poly-Si) layer (64), forned on a periphery region of said
substrate; at |east one periphery stack (68), conprising a thick gate oxide
| ayer (62) and at |east one polysilicon (poly-Si) |ayer (64), forned on

t he periphery redlaimsof said 10 substrate, at |east one core stack (70),
conprising a nitridated tunnel oxide barrier |ayer (46), at |least two
polysilicon (poly-Si) layers (48,64), and an interpoly dielectric Iayer

(50), formed on g, cor e\ sedtshduébr Ehvﬁgthsﬁlﬁﬁl of Ahsh! fcdiry 88ces @
trench isolation (STlI) (22) forned in the perlphery region 15 of

substrate; and at | eagisilisawssmieondu @QTWQ(BB silicon (LOCOS) (30)

i sol ati f d d
chi p a6 ol aired i n ol AFiee Y pbae e (8), T RBATHd Al et ?ﬂ%ﬁver%di andat’”"
conpri ses at | ead¢éasbone rmﬂysﬂncai (Beli-SOt bferl (64)) forghied n 6 QivSibRdry egion of saxd

essentially of the]r magﬁ,y l'icon oxide (SiO and thermal silicon dioxide
(Si @), and wher &t d thin gate oxide layer conprises a thickness ina

range of 40 A to so Aat fasthon® ﬁ%ﬁbtﬁé@(ssymo& C%h@m&@ twmﬁ{eﬂg ds&ﬁ&d

claim2, wherein said thick 5 gate oxide rises at
Material _sel ect edt {9asone pelpifison dpely-So We@é rfomwﬂlqn 1b¢ petipleny regiinl ofcsaid
oxi de (Si Oj@nd thtaml silicon dioxide (Si@2), and wherein said thick
gat e oxi de 1ayer conprfses a thickness in a range of 100A to 150

at Jeast one core stack (70), comprising a nitridated tunnel oxide barrier layer

(46), at least two polysilicon (poly-Si) layers (48,64), and an interpoly dielectric layer
(50), formed on a core region of said substrate; |
at least one shallow trench isolation (STT) (22) formed in the periphery region
15 of said substrate; and

at least one Jocal oxidation of silicon (LOCOS) (30) isolation formed in the
core region of said substrate.

2. A semiconductor chip as claimed in claim 1, wherein said thin gate oxide layer

20 compnses at least one material selected from a group conmstmg essentially of thermal
silicon oxxde (SiO) and thermal silicon dioxide (SiO,), and wherein sa1d thin gate
oxide layer comprises a thickness in a range of 40 A to 30 A,

3. A semiconductor chip as claimed in claim 1 or claim 2, wherein said thick
25  gate oxide layer comprises at least one material selected fiom a group consisting
essentially of thermal silicon oxide (SiO) and thermal silicon dioxide (Si0;), and

* wherein said thick gate oxide layer comprises a thickness in a range of 100A to 150
A |

30 4, A semiconductor chip as claimed in claim 1, 2 or 3, wherein said nitridated
tunnel oxide barrier layer comprises at least one dopant selected from a group

AMENDED SHEET
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A. 30 4. A sem conductor chip as clained in claiml1, ég{ac%n %ln sai d
P5ti2-@0c2d  tunnel oxide barrier |ayer conprises at | St & .
sel ected froma group AVMENDED SHEET Repl acenent page 25 éﬁﬁm USOOM%‘J'QL
2 1 APR 2004 2 9 APR 2004 consisting essentially of n|t221g } an 9 PR 9
nitric oxide (NO, and wherein said interpoly dielectric Iayer conpri séée 004
an oxide-nitride-oxide (ONO |ayer. 5. A sem.conductor chip as clained in

any one of clainms 1- 4, wherein said at 5 |éast one shallow trench

isolation (STI) conprises a trench oxide, and wherein said at | east one

shal l ow trench isolation (STI) conprises a depth in a range of

approxi mately 0. 15m.: o appr.oxi nat el ) . A sem conductor chip as
clainmed in any oﬁgnsb?mgl%fp%émqy n? gﬁ?ér&fg]%dl gitrig oxide (NEBs end rweheraie adaid
oxi dati on of sil i ol@hi%ich Ic gg}sg@gﬁgé_ W and wherein
said at | east one Iocal oxXi dat?égn 't con ‘? @)i?ygﬁ is formed at
-a tenperature of appr oxi mately 1050C 7. A sem conductor chip as clained
in any one of cI pal 15 at t one shall ow trench
isolation (STI) | nsul ét es eacﬁ&gl{;F@g e%[ rq% 1- 4; whereinsaidh ¥ne

another. 8. 5A selmstmndmh%wtxbnchmh dozh @9!&8&1 !
wher ei n each sai t one, | oca gﬁllngatlg[n of si |Ig%)l?]& C%medat

i sol ation insul af é@ °é‘5 W, tgengh iso 9% (SEHpcomprisena depth ik rangoof appeoxanstelper .
AMENDED SHEET  0.15um to apprommately 0.35um.

6. A semiconductor chip as claimed in any one of claims 1 — 5, wherein said at

10 least one local oxidation of silicon (LOCOS) isolation comprises a LOCOS oxide, and
wherein said at least one local oxidation of silicon (LOCOS) isolation is formed at a
temperature of approximately 1050°C,

7. A semiconductor chip as claimed in any one of claims 1-6, wherein each said

15 at Jeast one shallow trench isolation (STI) insulates each said at least one periphery
stack from one another.

8. A semiconductor chip as claimed in any one of claims 1-7, wherein each said

at least one local oxidation of silicon (LOCOS) isolation insulates each said at least
20 one core stack from one another,

AMENDED SHEET
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