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- %-[ WERORY TECH NOLOGY AND FOR LOCOS/ STI | SOLATI ON. [err] [err] [rerm$0034213
[err] [err] [err] [err] [err] [err] [err] Abstract: An inproved f
menory device, which has shallow trench isolation in the peri pherzgrAﬁgl on

and LOCOS isolation in the core region is provided. A hard mask

first to create the shallow trench isolation. The LOCCS isolation is then

created. -

NITRIDATION BARRIERS FOR NITRIDATED TUNNEL OXIDE FOR CIRCUITRY FOR
FLASH MEMORY TECHNOLOGY AND FOR LOCOS/ST] ISOLATION

TECHNICAL FIELD
5 The bresent invention relates to nonvolatile memory devices. Even more particularly, the
present invention relates to flash memory utilizing periphery and core stacks.
BACKGROUND ART
Memory dsvices such as flash memory or electrically erasable programmable read omy
o memory (EEPROM) are known. Memory devices such as flash memory comprise, core

10 stacks, which hold the erasable programmable data, and periphery stacks which are used to
program the core stacks. It is advantageous to manufacture periphery stacks and core stacks
on the same chip, which is done in the prior art. However, sometimes it is desirable to use
local oxidation of silicon (LOCOS) on part.of the flash memory and shallow trench isolation
(STI) on other parts of the flash memory. US-A-6004862 discloses a process for forming a

15 semiconductor integrated circuit with core and periphery areas populated with active devices,
by forming isolating regions in the said 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 isofation pitch on a different area of the
pitch. EP-A-0751560 discloses a process }or 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 maﬁhfacturing steps. Some of
fhese different processing steps for the core stacks are hammful 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.

In addition, it is desirable to have periphery stacks with gate oxides of different thicknesses.
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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
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Subsequent etching is used to renove stringers. The flash nenory is able to
e02120020w trench isolation.to limt encroachment. The. flash menory 034212
al so have a nitridated tunnel oxide layer. A hard nask is used to preve -
nitride contam nation of the gate oxide |ayer. 25-02-2002 USOOB421? é&ﬁ

APR 2004 NI TRI DATI ON BARRI ERS FOR NI TRI DATED TUNNEL OXI DE FOR Cl % A@&
FLASH MEMORY TECHNOLOGY AND FOR LOCOS/ STI | SOLATI ON TECHNI CAL FI ELD 5 The
present invention relates to nonvol atile nmenory devices. Even nore
particularly, the present invention relates to flash nenory utilizing

peri phery and core stacks. BACKGROUND ART Menory devi ces such as flash

menory or electrically erasable programrabl e read only nenory (EEPROM) are
known. Menory devf‘@'é‘éa\/%'@dﬁ'"aé hatdangsk tastieses) the patiphiesydiefordorming LONITRIBAKED tunid) ¢ h

hol d t het ﬁr asabl eoxideo ghdvantagesaf mm&serﬂmerﬂﬂﬁ ineR&d e Eépitﬁih@ of’\‘é‘brfé&i a‘j» dﬂﬁl@%&
rogramthe core Y o _manuf act ur I phery s
gndgcor e stacks %%%Eczuctsogtdehéﬁa& gwh’?@ wh?fﬁg PRe (9 dhe gaviges Q’gtsef’%l%ﬁ%\mér
sometimes It is cg@aiowtsneh t'i"@'a!l%aﬂdl Qitwldemescm iseparatdd I beatoﬁda(tnh:(ﬁiﬁ)coﬁrme
part . of thé fl aspabiryerybriaaihgATREH s (s B rén%@édaéoht%matfoﬁ-gk the 8?[3 9%]9?1 g%

arts of the fla 4862 di s Ses_ a process
5)5 sem conduct ors‘lﬂe g@{ﬁ"fc!%%l"?p”é\%atq'%?‘ﬂ“%ﬁ@' H@&?‘ﬁﬁéﬁa '%ﬁ'%'a% popul at ed

with active devices, by formng Isolating regions In the said core or

peri phery areas, US-A-5712205 relates to a sem conductor isolation method
for high density sem conductor devices, providing a wwde isolation pitch
.on one area of a chip and .a narrow isolation pitch on a different area of
the pitch. EP-A-0751 560 discloses a process for form ng an |ntegrated-
circuit providing at |east 20 one matrix of non-volatile nenory cells with
si mul t aneous provision in peripheral zones of different transistor types.
In the case whére shallow trench Isolation Is used for the periphery
stacks, comer recesses formaround the shallow trench isolation for the
peri phery stacks, which are detrinmental to the periphery stacks. 25 in
addition, core stacks and periphery stacks require different manufacturing
steps. Sone of these different processing steps for the core stacks are
harnful to the periphery stacks and vice versa. One exanple of these
problens is related to the use of a nitrogen Inplant or other nitridation
met hods 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 dimnishing the perfornmance of the
gate oxi de of the periphery stacks.
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It is desirable to manufacture periphery stacks and core stacks on a single
chip and mnimzing danage to the periphery stacks and core stacks?8ud@Rt2e0s
different processes required to manufacture the different stacks. In
addition, it is desirable to have periphery stacks with gate oxi des of

di fferent thiguRassss of 32 eﬁﬁéulﬁwé\%gfesgsxgégﬁ%@g@ﬁm hE GOLh Ghidleq: L NE

present lnvention involves the use , masks to provide STI
.and LOCPETABSDPESERBAION OF T3IEINVENEION. Y he fabrication of a flash nenory
devi ce @Rpr PRAYWIRG2002 US0034213 2 9 APR 2004 substrate by
using a ri phery before formng a N TRI DATED
‘tunnel  oxi dé&or Adullenundpestanding tofi theppresaninvemioantefetance isahaddao thecaccammiiihg t v

of fabricati plurality of sem conductor devices on a single chip,

wher ei ndgag&n‘ggglpateﬁé devices are separated by shallow trench isolation and
ot her devi ceFigared is e passat@idndd yieW@f féentieond@dtor@iibstthte iell intQilefertddenfodimBRiRE | i Ty
of fabricating a flash nenory-with a reduced contam nation of the gate ,
oxi de, g}'lednvepﬁoél’capabi lity of fabricating a flash nmenory device with

| nproved st aGigutesis atiossectiofal AMENBIER Sittkate FioSm APRROD 4ielRthed; at Ur es of

t he present invent.ion are.disclosed or apparent in the section entitled:

" DETAI LED DESERISPTF rrogsseatianal viqura(theanbstraissheyn infisomi2pyitontrench prAR NGS For
a full er und@igafearidab@sstection viRasT & subdtdRthdvain flfed! RINFSorhes rdBA&; t O the
acconpanyi ng.. draw ngs wherein; Fiqure 1 is a cross sectional view of a
sem conduct oF‘g?fi%s'ng{"és sgetogalivigw-pf hesplstiieshemmigdignist befere LOGOS; nvent i on;
Figure 2 is @ighfeli asR6d setidal viewh tf subdd@reSHORH indlofire SPAMLOROEI Qure 1, with
trenches; Fk:ﬁureTS is a cross sectional view of the substrate shown in
figure 2, wi Y% A% REFEH sestioppd viewof thg sebstratp showndn figuse & aftenthptamoval eftholard he
subst r abasishedri.ocbsgure 3, with corner recesses; Figure 5 is a cross
sectional view of the substrate shown in figure 4, before LOCCS;, Figure 6
is a cross sEteteding cpsssartional view of thesubsimate shovvin fighre?; with @had magk Iayer;0COS:

Figure 7 is gighle®S8§a %&tsbcﬁigfzg ikl sutlshte U ih Rbire 8 RAWML chithel &G4 fRd Best

after the renoval of the
polysilicon layer;

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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mask used for LOCOS;, Figure 8 is a cross sectional view of the subs}[q%p;@ 004
shown.in figure 7, with a hard mask layer, Figure 9 is a cross sec ona

vi ew of nglf“pgstrate shown in figure 8, wth a tunnel oxide and first

pol ysilicon layer, Figure 10 is a cross sectional view ofCHH& é’dHétrate

shown Regibisgphithe fiflt hard infskasyet 1f it BRIYt vQLEGLthd ﬂ:ot&e@aéﬁﬁask s 9@ E@heﬁ%
Cross ect| onal II%J ew of the substrate showni in figure 10, ?vl rst gate

oxi de Aipapertures i & in the first hard mask layps 44, %@%ﬁdﬁg‘lvﬂi b@tbﬁewlmm@f'mw%ﬁom in
figur ea;kbmymm@ pgehighely feSibn ﬂﬁilﬁteﬂﬁ%b?é’gwn'@)iﬁ [ﬁh&mq?@%li?t Figure 13 is a

cross sectigpal view of the substrate shown |n ur e er the
phot or esi st t°'q§‘a§“%§l§§ﬁem%6%@dhesﬁﬂg’m®°lﬂmm 1issuhiected et dnetiiwhichew of

t he subgittahAlodiRNbhed 30 ih hﬂg&ﬁc&%uct&‘ stxl%tr%x? o b&%\g Eh% g&} i(ﬂ e ersgil {jrp%ska nd

Flgure 15 is a cross sectional view o own In
with pEwsidfas showninfiguredidn meom&mdaum:mmﬂeweptb@fnum@zoaﬁmemmhe sanme

of tho KALERIRRLIICO L RR GEEE Rkt o F kR B gt B SV En e o0
sectiofal view of a sem conduct or substrate 10 used in a preferred '
enbodi nment a r.12 is. f d, ov a surface
of the semrtl:‘gJ ucg%dr Qt\sgﬁ ratle sltge SB\Q tﬁﬁﬁ ‘%/%'t?mﬁl% ﬁe%{%{dxﬂaﬁ&

I?yer hﬁw\m@ figgrefiedn ﬁwme?etrbéeqﬂmhmmh ; ttﬁeT(lbﬂwwls'ilhedsﬂbjmf tﬁi@ézﬂmg @medl nent
of si 1 PRGRNE R hidd e dofaky o022 BRate i abot 30 AemRulp ol Fo Py Reon. A
phot ormsy{scmmstﬁemlxeiwfdm&lw&ksmbms‘ulﬂi&t hard nmask Iayer 14. 2 2 9 APR
2004 WO 01/ [ USO 3 . Reqgi.on he first d mask Iayer 14
‘that are no?g%égeﬁgg%”i%g%d?wggﬁf@ﬁﬁéﬁé‘ B“tésr@c’\étt d°§\%‘§/Att’B° Form
aggr g ufogredi@yei the sdrﬁce‘ofms:'ttrelgat okidedkant @y&de1de412 ﬁsh&\h@i#”ﬁghfb 5.8 er%rel’eéreh n this
enbodi gant, ertur.es ar eri phery region an

i nterface rnréegf%tﬂtﬁ)%‘fw? M’B&k% é‘g oYp gpnsisifig %ﬁ%ﬁ%’r@é’i‘@d‘e mask

i s rentien), alhcbntdmde:@igmmﬂtmlﬁinwons ub@ﬁd’t@és%t sk 15 uSedlp Rﬁ&%ﬁe&u@es@ﬂ ieteh,

whi ch s&é%%&%i?échfé I 9 trenchesg}% n the sem conductor_substrate 10 beI ow
the apertures ©qorqregio bnt?Fﬁ%m@P%?fé?e sphstrated 0 R ghotopesist mask is I'n
t he préereemevtdeTiecdinitomiuctot fubstEh@IDSuBkctEd 18 a LEAIMIPeSrerBvd gidaier hRSabortBE r ate
surfacg kﬁ geoprom mately 0.15 It to 0.35 . A-trench oxide 22 is formed in

the trenc as shown in figure 3. The sem conductor substrate 10 is then
subj ect ed t'meaanmmhctmubmuelstm sibhjéctdd thatoW téfekantrd¥8datioR & about 1050°C

- to form LOCOS oxides 30, as shown in figure 6. The second hard mask 26 is. then removed, and the
. remaining oxide is subjected to a clean step with an HF step to remove any remaining stringers in the oxide,
- as shown in figure 7. The semiconductor substrate 10 has STI isolation and LOCOS isolation on a single A

- 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



shown in figure4. In the preferred enbodi nent the substrate 10 is then
subjected to a cleaning step and the top of the trench oxide 22 hd§ AArlakr
recesses 24 greater than about 50. A deep. In the prior art, such corner
recesses could be severely extended bel ow the silicon surface A second

hard nmasi, @ith asyowihig imodidbdayRt 6 dRpésiithg @IBAGH 1HRAL Initke pRIGH: eﬂab&ﬂﬁe.% QhmBiRP A
thick is dﬁ?ap’?‘égfo ver. the surface of the trench oxide 22 and oxl de 12,

‘as show? sditgidated(apprdedopant jsjadded totheyganekexide IW)tMW‘@ﬁWWﬂlqdhe
second habwn foRfikidifing kel bhig: ﬁ&é?%bh %3{1\? Rigrofdn d?dxhde‘fl@@ g%emy the 6 tion

(SiON), silicon nitride (Si3N4)" and con. ot orési st 'S used
to for mPEsEFClimplanting mﬁosen@togé@wemﬁalam aein mmow@fNeh where rxeanamwn 4nd

i nterf acfﬁstg&%ﬂi%n el 435 oMbV alR t&&e&o&ﬂ{é é&% ??%%1%%4? &l g @arppa{t%

renoved. The sem conductor Substrate 0O a clean ste
remove @f hadisst pelysilicon fayen483wer the ofre tsgionle. . The sem conduct or substrate 10

is then subj de lon at_a t 1050 o form
LOCOS oxi des %E‘éﬁ%&gﬁa&%}{ﬁs&&ﬂ?@{s%@&%@? §‘§35’ﬁ?:f g‘?ﬁﬁ‘r‘?ﬂ? Q‘gqu' lﬁhsén

r enov ed pokysitican eyer 48cnd tannel gxlde(laglsar 46.3s sholvp arﬂ@d: 100TH2 phdterasist Mmbsk s reméved.afn HF
step to; tri in |de ure 7.
Thepsemﬂ E%glt%?%sﬁ%ﬁ)ggtfg oH%’g%éﬁ "?tgl)‘#gﬂd 4{&%93@&‘%"? °On a
Si nglk e Isthoptefened embcﬂunssntrthadrjexﬂd;}é dibhmmﬁdﬂﬁﬁﬁaﬁmﬁldefm%dd gizli&QONOglh@exCQ(ﬁ
st acks xis t he.trench oxide To begin the
nmanuf ac?ﬁ@éﬁ%&:ﬁaﬁ&f@?@nﬁ@?\w AR alég%eeﬁt?ﬁ?yer LYY RGFOBIBE M t hi ?d hard
mask | ayer 4Jhe smqsindmoisub%tratheoaaﬁbn@mud:&d}o?a%fepbmihattﬂiﬁ reRsvePIRE hdribe gl ONn
and corgfﬁ‘gg{ﬁegxpl gis] */gn :Srg fiqure I n.the f'{%referred enbodi nent._of the
i nvention PriFEe TRaKEr Hp &Q’r?gém(ﬁ“ B regoy s shetipthagd magk 4gand
sili conﬂleoceynammglpzie cxide ) shown |ih dizRreni It I TEISpHotrEsh¢ nasia Bl isPBén fedovedd N Thé

phot or eg] St ver the_to surface of the third hard mask
| ayer 4§emm° %rﬁ“fés?‘?'ﬁgé'sglﬂ’l? ‘("f’“?dd? ﬁﬁ’é“%ﬁ’@?‘&ﬁéﬁ%ﬁ”“ﬁh%‘ﬁﬁ@ﬁ@fé@%ot
cover tﬁeomuesamcandoaoaﬁbm 1eﬁms§uaigh€i}ﬁgao§ Ul e &m&@mb&méhm%mtgdk
figure 8 The é agﬁh 8676?215’@ pad oxide 12, and LOCOS oxi de-30_ are not
drawn t SUERRYESEE RN forcstsbaskag isgermeth oV portions of BefiEsbenR RNids layer
subst r abinlte pedipher repidn@eld beer & iREpOly Alectit RGESD, Whi ch renoves the third
hard mask | gyer 42@‘3%&!5 he pad oxide 12 over the core region, as shown in

figure 9. Th {gaw fayer Yapt coyensidy dhe photoresis matk S6 aiegished ey, 2216 i s
formed shosvn fnh@morze TIROpHoresibh RiyérSH18 theR sicbBed AV as‘HﬁoW{nn ?%vntPftﬂé med

over the third har sk layer. 42.. VariouS net hods are orm ng

the tunfRERIE0E YO F'gﬁ efé“mmmﬂ%ehowm@wﬁsa%(rr@wﬁgctqmb@mwxs@ayrer or

deposi t inftgecttd teadebénd! i@kl oxiditidnl @ik fobey tﬁﬁ%xﬁ%?%’s P the vhSeleld fla%ﬁlns %ﬂéé de
oXI de

| ayer 16|sntr|gat a nitride dopant is ad to the tunne [

| ayer). X&(?éa!fﬁﬁﬁ%tdaethw exige regions 48 as shewniinfiguee ufnthe profeirek

| ayer S&ﬁ&x&ﬁeﬂ@,ftﬁ&"mﬂ' dRflle Mybrs 80 82 491930 A ﬁn&'}IQ@ lhe%g&d c{)&h tﬂr}/é‘m 8% Lidabb A5 A
process_or inplanting, mtrog ninto a tunnel oxi or 1n situ growh

of NO. , thigkh Asecopd polysiliGon {ayerdd is placed pp the subesragesto, the thin ox&!péayem §0,ithe thigk axide over
the tu nn@érs 8% bAtthk dM&Hold @ayer“sd@h{attﬂénee’iéhé& bR 3Kt plaﬁptehﬂs&‘éks%%{ mBPEAS 6607
theflrst gOIySIHCOI’l layer 48 over -the core regio
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 voltages. In addition, 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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The sem conductor substrate 10 is subjected to an etching process, W@Pffh
renoves parts of the first polysilicon |ayer 48 and tunnel oxide %aye H%
as shown in figure 10. The photoresist mask is renoved. An interpoly

di el ect rWO 86815 50 is forimed over the substrate 10, thi pdTh®oszamsk 42,

and first polysilicon | r. In the preferred enbodi ment, the interpoly
di el ect ‘WE!‘I‘)? ‘ﬁ’lﬂ’s 'Qéhqs%s“g%g Bk#‘a@i‘» fifdt thitdfe.seope Ethe RIRICHt ipvepten is aecordinglyde &s i st
mask 5 2lirhitedb bt M€ thdnlike dppéiakdQhiths, 3 Rhisl fefekdnce th 3 Sbmet i USEindulPisGOY ©

region., . The sem conductor substrate 10 is then subjected to a two step

et ch t HA¥Rder i meang ppRARd oplyong dinjepsaplicily soiaterl bumiben ‘pneranaset Alkstmetyml 50
over t hadRficlidhaRigHivaIGH B the@RthehPSfind HIRVRS: f M@mﬂ%ﬂeﬁm@ﬁr@%}o@ggo the
remai ni ng pad oxide, as shown in : figure ) e photoresi st nas is
then r e‘??gﬂﬁét!“ torfhese efcandinasy gkill tiw thetinse expressly Bicorporatad hersintljyoeferdeet andard i r st
t her mal ;R4 ' ' f oxd de 54 oye

serm cortoiaeanstesfloohihist e il MR 0 seAdgly oidle il iy o
enmbodi reddressteach dnd every problem sanghtde bé smived bybthie preseatinnentichQfor ito bk eplumipassedbys t

mask 5641 0 ion f the first xi.de | ayer .54 in.the
Tor 1 phnb Brebdlt B O Xl BB, 8 ferblar cBRpdngtes e A B850 Bd SehegiionuR it o
t he fi ristendydtebodeditated aythe pblic mgbrdleows whethér\the disment) cbapaRsitssr niglisd skep iar e

et ched in fhgure 12. The.photoresist |layer 56 is th

stri ppe%% %atgg ﬂ;ﬁg@nm&n #?qctgi & ef?“weﬁ‘fp ¥ %’e& PSR F?f{?’ fhe PLQVIsiRS 8'255 ayer
54 becdWBieY 112 sixthipaciraply ndliessriegileanrat iS Sxprebilg resiediveiag te phase 'mebstifoat € 10 is
then subjected to a second thermal oxidation, which forms thin oxide

| ayers 60 in the uncovered regions of the substrate 10 and thick oxide

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

- preferred enbodinent, the thin oxide layers 60 are"40 to 80 A thick and
the thick oxide |layers 62 are 100 to 150 A thick. A second polysilicon

| ayer 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
peri phery stacks with thin gates 66, periphery stacks with thick gates 68,
and core stacks .70, as shown i.n figure 15. Conventional processes are then
used to conplete the flash nenory structure. The inventive nethod allows
the production of periphery gates with thin gates and thick gates to
provi de gates with -different threshold voltages. In.addition, core stacks
with nitridated tunnel oxide |ayers are provided, w thout contam nating
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
capabl e of attaining the above- described object of the invention, it is
understood that it is the presently preferred enbodi nent of the present
invention and is thus representative of the subject matter which is broadly
contenpl ated by the present invention, that the scope of the present
invention fully enconpasses ot her -enbodi nents which my 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 limited by
not hi ng ot her than the appended clains, in which reference to an elenment in
the-singular is not = S :




intended to mean "one and only one" unless explicitly so stated, ‘but rather
"F@2-@A0CRore. " Al structural and functional equi vaﬁ@ﬂ'@%em@f'tﬂﬁgeele 42
of the above=descri bed preferred enbodi nent that "are. kggwél %& ge known to
those of ordinary skill in the art are expressly incor PRI0BEr ei rf JoRPR 2004
reference and are intended to be enconpassed by the present clai-ns. _
Moreover, it is not necessary fora device or nethod to address each and
every probl em sought to be solved by the pregent invention, for it to be
enconpassed by the present clains.: Furthernore, no el enent, conponent,
or. nmethod step :in the present disclosure is intended to be dedicated to
the public regardl ess of whether. the el enent, conponent, or nethod step is
explicitly recitedaims the clains. No claimelenent herein is to be
construed under the provisions of 35 U S. C 112, sixth paragraph unl ess
the elenment is expressly recited using the phrase "nmeans for.

25412-20G 2 ReplacenmatienfiodiutiGoaiarhg a pliralty ¥ Rusk i M&B il

d ai ms 1. A sem conductor chip having a plurality of menory devi tes,
conprising: a silicom siisan sestiennguetor sibbzate §103; (10) ; 5 at | east one

e boryai i i5on ( pol v St drdigsbipibe sthck (88} Foliidifle 3 Bibiuc Goda B (Bhand 55
substrate; at | em one polysiliptee (pyolpiSHC layér6894), Coritied i ol lgpeﬁgh&;yqlé giBRlST Qi de

| ayer (62) and at fp?t one polysilicon (poly-Si) layer ( formed on
the periphery redP said 10 substrate, at Ieast one core stack (70),

conprising a nitridat ggidastngie!pefiph tg@g 688" hﬁﬁﬁf] a8
pol ysi licon (pon Si) Iayers 48, 6 ) ( ?co tergae}ﬁ Faet?g)éiltlg?%gﬁ@gmd

(50), formed on &t degpteoneapolysificap (B%l}"t§l)s]ﬂl‘%‘t(56}, Jvmwd qmmenplmr;s mtdnomf said
trench |solﬂ)t|ons‘g?§£5e (22) fornmed in the periphery region 15 of said
substrate; and at ast one local oxidation of silicon (LOCOS) (30)

i solation formed in tlatleastome corstank ((70),$amﬂuang)8maated ﬁnndo’iiﬂmbﬁ@i%ﬂl&?éror

‘chip as clainmed ifn.claim wher.gin ' i de | ayer

conprises at | eagps) ?ﬁﬁ%‘x? P&ES'@‘@I’E@?’%%} &%ﬁﬁmlyﬁelwmc layer
essentially of ttﬁ)‘)nﬂhn&[ bﬂseﬁe@égldﬁ)f(sgd(albﬁ@ﬂ; thermal silicon dioxide

- (SIi2), and wherein sai d thin gate oxide Iayer cogfrl ses.a thickness in a

range of 40 A to so A ateasho HEI‘%S’PG%‘O]WF{SQB( )dbmmed ih thecpesiphary region
- claim 2, wher ei N of &iidsdbdfrstk; 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
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25 gate oxide | ayer conprises at |east One Material s a group
OB5R32-9002g essentially of thermal silicon oxide (SiO ﬁgﬁ%&?ﬂg{)ﬁ%@esi I Il.?é)& e e
di oxi de (Si @), and wherein said thick gate oxide | ayeg ﬁggﬁrms a 03421¢
thickness in a range of 100A to 150 A. 30 4. A seni contu P agq app 2004
claimed in claiml1, 2 or 3, wherein said nitridated tunnel oxide barriér

| ayer conprises at |east one dopant selected froma group AMENDED SHEET

Repl acenent page 25-2-2062 ; US003421 2 1 APR 2004 2 9 APR 2004 consisting
essentially of nitrogen (N2) and nitric oxide (NO, and vherein said
interpoly dielectric |layer conprises an oxide-nitride-oxide (ONO |ayer. 5.

A sem conduct or ch{iﬁn as clained i.n,any one of clains 1- 4, wherein said at
5 | east one shal FBHYPEEHeRR é’tfi’B‘ﬁ"%esT&?) @A prifrice oxide t (NENC land xvitbesin asaid

wherein said at. liserpbly dedeciihy e Woinp@das bn b3@- Atk il kda rises a depth
in a range of approximtely O. 15m£n{)o appr o%'rra %&A%.Wq%ﬁA
-sem conductor chip as clained in any one of clains 1 - 5, wherein said at

10 | east | ocal Oxikdalian 1ok Sidi : m i ]
oxi deand wher o sat donpethddio hih 5 Bl 2 dhy i ot lasts v fonbeBacad @
ol ati on S for lrest aap shallobenmah dolstion ¢STRRAAICTR @bt $080nd ellin said ot

sem condutct or chLeﬁ as \(%Lai]:omed ig,a[% one of clainms 1-6, whérein eac

15 at | east one $RSHOREA3low{fzench isg Pﬂmmgﬂsbmsdbmhesamghoﬁa}ipﬁbx&ﬁatbbast
one peri phery sgggégmnag@rg‘gﬁm@d[&p@g 8. A sem conductor chip as clained
in any one of clains 1-7,” wherei'n edch said at |east one |ocal oxidation
of silicon (LOCOS) isolation insulates each said at | east 20 one core

stack from one agot he oo ENRfR IS claimed in any one of claims 1 — 5, wherein said at
I 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,
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