;e3e~2~. ./ T0: & Hn262T2Xa6METHOD OF PRESERVI NG THE TOP OXI DE OF AN ONO
DI ELECTRI C LAYER VI A USE OF A CAPPI NG MATERI AL BACKGROUND OF THE | NVENTI ON
(1) Field of the Invention The present invention relates to nethods used to
fabricate sem conductor devices and nore specifically to a nethod used to
protect a dielectric layer, used for a non-volatile nenory, (particularly
in EEPROV) application, during fabrication of peripheral enbedded nenory
devices. (2) Description of Prior Art Non-volatile nenory applications are

bei ng fabricat %E@%Q'mefﬁ% T P'g(g]?E% gﬁléﬁgn oxi de (ONO,

dielectric |ayer ying f I'ng gate Structure. The data
retention char rist] f = yvol ati vice is partially

i nfl uenced by ?ﬁﬁ&‘f@%ﬁ%‘%%ﬂf%&d&ﬁﬁ“‘@@%ﬁ%n c layer, the
thin top oxi de conponent obtained via the oxidation of a top portion of a
silicon nitride layer. The thin oxide conponent controls the barrier height
between the nitride conponent of the ONO dielectric and an overlying
control gate structur SAGKGRAGENDEE REEINMENTOdss from t he underl yi ng
floating gate. However when peripheral high and | ow vol tage devices are

integrated with the non-volatile nmenory device, the critical top oxide
conponent of the ONO dielectric |ayer can be exposed to processing

- sequengesidhbhe GRBnt@SUl t in unwanted renmoval of portions of the top oxide

| ayer, resulting in data retention degradati on. This invention wll
descri be process sequences featuring materials which allow capping and

[ f th [ - ONO di. el ic | b
Beni ovea. e bOBRaP fs® BURARSHu® wrPaghostiiicandusl e ndsa”i o

the inte ratiyon of peri pheral devices with the non-volatile nmenory

nmenory
devi ceSPefifical dpﬁ%%ﬁ%@e@FﬂERW@%@E%&MPH@%ﬁswp%n%ﬁolﬁtée MEo8Ased, as
depicted in a second iteration of this invention. Prior art such as Lai et
al i n (agiculdy in NePROXB@pnixgtion slupieg fabsisatoarmé perphgtal einheddeSmeRary  No.
6, 420, 223, descri be nethods of protecting ONO | ayers during sone subsequent
pr ocesdevings.sequences. However these prior art do not describe the novel
process sequence offered in the present invention wherein di sposable
capping materials are enployed to protect the thin top oxi de conponent of
an ONO di el ectric |ayer present on the non-volatile device, during specific
fabricai ed for enbedded peripheral nenory devices. SUMVARY
OF THEé$E%%ﬁ%ﬁg§ﬁF?$§gH§n object of this invention to integrate the
fabrication of a non- volatile nmenory device with the fabrication of | ow

vol t age an][c\iI hi g .vol tage conmpl.i ment ar, t.al oxi de sem conductar (CMOS),
devi ces. | °?’§’g H rﬂ"é?‘g'éﬁﬁi’fg@ﬁuws atrengeégg %S@?ﬁt‘?doéat%n%n%f’é@ﬂzeﬁ RETEG & ectri c
| ayer | ocated on the floating gate structure of the non-volatile nenory
devi cesiiem ariden{iydr Highseire laer Brgpen pr sededyingdloadegigai sttuctuie Thastatcat i on
sequence for the |l ow and high voltage CMOS devices. It is still another
obj ect retetibn sharavkeisticoot thonenyplladile mediogpdesidsliepaiidliyciafinenced bylmtdgaiyest, or a
di sposabl e polysilicon layer, on the floating gate structure to protect the
di el eciopipertlon)ftheQDNORRelectric layer, the thin top oxide component obtained via the oxidation

of a top portion of a silicon nitride layer. The thin oxide component controls the barrier height

between the nitride component of the ONO dielectric and an overlying control gate structure,

minimizing the charge loss from the underlying floating gate. However when peripheral high and

low voltage devices are integrated with the non-volatile memory device, the critical top oxide

component of the ONO diclectric layer can be exposed to processing sequences which can result

in unwanted removal of portions of the top oxide layer, resulting in data retention degradation.



floating gate structure so that hydrofluoric acid type cleaning procedures
can be used with the fabrication of the | ow and high CMOS devi ces,
resulting in better gate oxide integrity (GJ). In accordance with the
present invention a nethod of integrating the fabrication of a nonvolatile
menory device with the fabrication of |ow voltage and hi gh vol tage
conplinentary netal oxide sem conductor (CMOS), devices, featuring the use
of a capping |layer used to protect the dielectric |layer |ocated on the
floating gate structure of the non-volatile nmenory device, during
hydrofluoric acid type procedures, either dilute hydrofluoric (DHF), or

buf fered h%ﬂrofluoric.ggﬁF , performed during the faprication sequence of
the | ow and®HigiKGY vi S@h@ékﬂ§§§%@§?mﬁéeﬁ@§€$F@@ﬁ?“ﬁﬂ?¢%%¥“ﬁ%%P@Sion of
this invention entails the formation of the floating gate structure of the
. non- voRid prpeciimgidke fop oxideicprmporeagpighe ONQdisksairic dnygutst berackighst, Hatafore

foll owed by formation of an overlying oxidized silicon nitride on silicon
oxi de @@Nhg oxideloss during dpegiBe prodésserused potke intephativh ofl @ribh&oimehédyi de

- capping layer definition of the silicon nitride |ayer and of the ONO -

di el ectigvices Wagahe hen-aihtile eRnioReddicRalh RaiGeH Ge ﬁiiél&h@%sLHf%hé;th{) bRRetid s region

of the sem conductor substrate. After a hydrofluoric aci ype pre-clean

procedyy fidbigate.i . ] her I osed
D omgaftd b BB o sB s Aol B gk Hitr st FEP L BR e roval of

the fi i l,at or. | from.t.he 0 reql of, sem condyct or
subst r Jrs PG &R Ay P e B P 3 85 R S EFE e P et 16
di pping into BRQEphoric,acid (H3P04). After renoval of the capping silicon
ni tri dBofegiRg ONChlRysre duringaiomyisHBse it DICFingIseqicpses. Fayisyen thrsaPeer ah t he
floating gate structure, another clean procedure, w thout hydrofluoric
“aci d, fengaleseibahe royp] myoeds sequense offersdiimthe freseng dentioahereinnsposdblr | ayer
on the exposed portions of the second region of sem conduct or substrate,
Wi t h t bappsgcoateidadre cinplytdtogiroteayty thihiop peide thldpordatof dnrGROgRdIectiinisul at or
| ayer. Conpletion of integrated fabrication procedure is acconplished via
si mul t RREQEsehtUnTaE hanvalktile dBAkY, SltinE YRR MHrRhi @Alefuleb Uit iR epibeddtg ONO
dielectric layer of the non-volatile nmenory device l'ocated in the first
. region HEQ% tor substrate, and of polysilicon gate structures
in thepggggﬁgmgﬁd t ?gﬁgregions of the | ow and high voltage CMOS devi ces
respectfully. A second iteration of this invention features definition of a
pol ysilicon capping |ayer on an underlying ONO dielectric |ayer, |ocated on
a floating gate structure_of a non-volatile nmenory device in a first region
of ‘a seni conduct or subst r AVMMARYQF THHMNGINTIEN ¢ aci d type pre-clean
procedure a first oxidation procedure is perfornmed resulting in the
formation of a first gate insulator |ayer on second and third regions of
t he sem colduatdyecs obdhisiaventionn inegpeae the &briouti@aifiaoonofolatilt agnpoy dévice of
the polysilicon capping | ayer occurs. After renoval of the first gate
i nsul atvith teayiRicalib® 6T bhevokegond hi@O ROk fIBnGeF ERRBIUCHO kerSitbRIFRE e Via a
buffered hydrofluoric (BHF) acid type procedure, a second oxidation
_procedgﬂﬁogﬁdgg&&prned resulting in the formati on of a second gate
insulator layer in the second region of the sem conductor substrate, with
‘the second gate insulator |ayer thinner than the first gate insulator
| ayer, and,. with the .secand oxi dation procedure resulting in fofal. oxidation
of the pol ¥ ?1%08%‘}501@8%6’?%55 1“é{%¥°nlt%8%$$f‘é836211%1%&1@%1‘&?‘@ cdanthellpatipgr  Thi s
results in self renmoval of the disposable polysilicon cap |ayer. Again
conpl egadirusture plethe ApRsgplatileangmsy devied dhinghydioduprtéc doid pe progkdustsadedi a
si mul t Bite edfalirinerion segrenst for tholoysindiignvaliege CdIOGdevcest ruct ure on t he
oxi di zed polysilicon capping |ayer, |ocated overlying the ONO dielectric
| ayer of the non-volatile nmenory device, and of polysilicon gate structures
on the sechiskstifingothbi stdedt @@igNsvetktioh me%@@ Biagh sNRbh adAIMEB, slevi ces
respectful ly. BRI EF DESCRI PTI ON OF TH MV&GS The obj ect and ot her

advant LiBed t : j j
a0 P e A R aRl R P B e P B b o 1
10, which schematically, in cross-sectional style, illustrate a first
iteration of this invention, wherein a silicon nitride capping |layer is
used to protect the dielectric layer of a non volatile nenory device during:
hydrofluoric acid type procedures performed during fabrication of enbedded

| ow and hi gh voltage CMOS devices. Figs. 11 - 16, which schematically, in
cross-sectional style, illustrate a second iteration -of this invention,
wherein a self renoving polysilicon capping |layer is used to protect the
dielectric layer of a non-volatile nmenory device during hydrofluoric acid

Y




fabrication of enbedded | ow and high voitage CMOS devi ces. DESCRI PTI ON OF

THE PREFERRED EMBODI MENTS Met hods of integrating the fabrication of a non-
volatile nmenory device with the fabrication of enbedded | ow voltage and

hi gh vol tage conplinmentary netal oxide sem conductor (CMOS), devices,
featuring the use of a capping |layer used to protect the dielectric |ayer
| ocated on the floating gate structure of the non-volatile nenory device
during hydrofluoric acid type procedures, such as dilute hydrofluoric
(DHF) , perforned during the fabrication sequence of the | ow and hi gh

vol t be descrihed.in detail em conduct or

subst £ QTR Bl sn i bRt Eses FFO G e ot e O & <1 00>
crystallo raphic orientation, is used and schematically shown in Fig. 1.
Regi on abrlcaélpn SEfhedoviaue hish (IS dewiees, wsuliing in hsgengnigionide inteeahnsi-e a
non-vol atile nmenory device, while regions 2 and 3, wll be used to
accommodate a | ow vol tage CMOS device as a high voltage CMOS devi ce,

respect f ul Injaccérdaicatvithrthbptevene mvestiincaacthsd pfimeigdﬁdg e tsiggiaonsofs ndonpri sed
of either thernally grown field oxide (FOX), regions, or insulator filled

shal | ovglhifle ﬁﬁhld?sﬂﬁvﬁﬁel With thSTbticati ARG volBRkahd hipd vbRade! campluneht'a floating
gate shegeture 7, and an underlying, thin silicon dioxide layer 6, are

formed in non-volatile menory region 1. Silicon dioxide |ayer 6, to be used
th | at i

obt ai ne ORI AR BERlack B fes B b U B0 bl P UY i e °

bt woel S ABBGISS0BE 4 on B0 KB BT ao] Bar B St G EMEr are QU

deposi tion (LPCVD), procedures. The polysilicon |ayer can be doped in situ
dur i nghysepBuriciagid tyrepreqsaursa dithershlutsthygrafiveric P her byffroediidneflucoie

di borane, to a silane or disilane anbient. If desired the polysilicon |ayer
can be(H8popirfoeded dunirigtbe Ghlibationsequedopedhelosy dndpi gt cdtapoGMIDIS davieRjiis,
phosphorous, or boron ions. A photoresist shape, not shown in the draw ngs,

I s usedesasbedn AcfighitdrBisdh dfohididvewidanysis the@indtlonalrtnoGahe ofib ke MESF 7, tO
be defined on silicon dioxide layer 6, in region 1, via anrsotropic

reacti ﬂ‘l@ nb@ﬂoﬁﬁfcmeme {R Fdst regfo‘ﬂ(b?qlé&ﬁﬁo cﬂ)g siHstrafdl foﬁggﬁc?g%f’bgmgﬁ&p&% for

pol ysilicon. Renoval of the photoresist ape I'S acco via plasna
oxygen, edure buffere rof luori.c acid
conpone n? lgir'%%f( ﬂtf%m‘@ﬁf g ggﬁ&p(?no% eaure’ ee(%w\ﬁ )hgle gic [t (}b{ﬂ% g‘f‘ﬁosgliofl i°E8n

silicon nitride capping layer definition of the silicon nitride layer and of the ONO diclectric layer
is '

only on the floating gate structure in the first region of the semiconductor substrate. Aftera
hydrofluoric acid type pre-clean procedure a first gate insulator layer is thermally grown on

exposed semiconductor portions in second and third regions, followed by removal of the first
gate

insulator layer from the second region of semiconductor substrate. The silicon nitride cap layer
is

then disposed, removed by dipping into phospheoric acid (H;PO4). After removal of the capping
silicon nitride layer, located overlying the ONO dielectric layer located on the floating gate
structure, another clean procedure, without hydrofluoric acid, is performed followed by the

growth of a second gate insulator Jayer on the exposed portions of the second region of



diioxide |l ayer 6, not covered by floating gate structure 7. The result of
t hese procedures is schematically shown in Fig. 1. Formation of ONO | ayer
11, is next addressed and schematically shown using Figs. 2 - 3. Silicon
di oxide layer 8, is first obtained at a thickness between about 100 to 200,
on floating gate structure 7, via thernmal oxidation procedures. The portion
of silicon dioxide layer 8, on the surfaces of floating gate structure 7,
is obtained via thernmal oxidation of polysilicon, while other portions of
silicon dioxide |ayer 8, are obtained via thermal oxidation of
sem co, A S| itride. | ayer 9a, shown schematically in
g o UGB Safk P BRI i B rgt e PR R SEC TR SR abou
100 to, 200 Angst.rons. A thermal oxidatjon procedure i.s next perforned at a
t enper 45 SOBRETRER R0 e e re is gocgimlisigeria simyftangersyr i n an
oxygen_ anbient, formng oxidized silicon nitride ( , or silicon oxide
| ayer foomatign of aineivsilices soniiel gite Atrudiers on 88 QWOsIelpgits tayerns thegntvedatile nai ni ng
bottom portion of silicon nitride, silicon nitride |ayer 9b, now at a
r educedemhivalenes dochiet wethe fab oedio66f tho schfiBordingst subsBate, B of palyditiconfgatehe
above procedures result in the formation of ONO (oxidized silicon nitride
on si | steefurédéh de)secdndyad thidl re@iond bfabé ioWgariatigh &ilfaﬁ@ EM@S deviks Wel | as on
ot her susdaeps of regions 1, 2, and 3. This is schematically shown in Fig.
'3 Silicon oxide |ayer 10, of ONO dielectric layer 11, is critical for the
data retention requirenment of a non-volatile nenory device, and therefore
the abilit intain.the thi.ckness o ilicon djoxide |ayer 10, during
subsequent Xps %%’él gts%! S %%lgn g té%llljsel egdioy gee%lr?socie M&S’PP@&P P%’ﬁfﬁﬁ?n £ARBE SRYERAYEh gh
vol t age L Ges, | arampunt. | f |eft exposed, or not protected
dur i ng"&}5 XWS?@*@aﬁgﬁﬁﬁéﬁ&md?%@¥E§VH@x§W8ﬁ??SﬁWﬁHﬁP@ﬂ“?%WﬂHP@gnﬁﬂmﬁiIicon
oxi de |ayer 10, would occur, deleteriously influencing the reliability and
yi el d évieeriea AT reaioneel 4 ssmigordvgjordebitete. Aftrsaeliysirelluorig afidrtype fire-eleat i on of
this invention will describe a process sequence in which a silicon nitride
cappi ngrotaipsra fist adddion praedire it peiiNEntdnesultiddlin tHefarmgtiaidieefitsgnte pr ocessi ng
procedures. Silicon nitride capping layer 12, shown schematically in Fig.

4, is pepesi Iaﬁﬁ' ctse@onidhih MiRISS2i08 YRRNsANOSHIudB subSiraA0 Wi Patfapns Vi a LPCVD
procedures. Photoresist shape %3, shown schematically in Fig. 5, is

oxidation of a top portion of the polysilicon capping layer occurs. After removal of the first gate
insulator layer from the second region of the semiconductor substrate via a buffered hydrofluoric
(BHF) acid type procedure, a second oxidation procedure is performed resulting in the formation
of a second gate insulator layer in the second region of the semiconductor substrate, with the
second gate insulator layer thinner than the first gate insulator layer, and with the second
oxidation procedure resulting in total oxidation of the polysilicon capping layer located on the

ONO dielectric layer. This results in self removal of the disposable polysilicon cap layer. Again

completion of the integrated fabrication procedure is accomplished via simultaneous formation
of

a polysilicon control gate structure on the oxidized polysilicon capping layer, located overlying
the ONO dielectric layer of the non-volatile memory device, and of polysilicon gate structures on

the second and third regions of the low and high voltage CMOS devices respectfully.



used as an etch mask to all ow renoval of exposed portions of silicon
nitride capping layer 12, and of ONO |layer 11. This is acconplished via
ani sotropi ¢ R E procedures, using CFQ or Cl2 as an etchant for silicon
nitride capping layer 12, and for silicon nitride |layer 9b, while CHF3 is
used as an etchant for oxidized silicon nitride layer 10, and for silicon
oxi de | ayer 8. The result of this procedure results in ONO |ayer 11,
overlaid by silicon nitride capped |layer 12, on floating gate structure 7,
in non-volatile nenory region 1. This is schematically shown in Fig. 5.
Renmoval of photoresist shape 13, is acconplished via plasm oxygen ashing
procedures. Preparation for growh of silicon dioxide |ayer 14, to be used
a gate insulator |ayer i I jce,initiates with a
pre-cl ean procedure péﬂﬁgfEﬁﬁﬂﬁﬂfﬁﬁﬂ%kﬁ%ﬁi§%$§2ﬂ3§¢§h a final cycle using a
di lute hydrofluoric (DHF), solution, enployed to renpve native oxide from
the surface of sem conductor substrate 4, in regions 2 and 3. If left
~unrenoved Theobiedtiayd o afeaniegas @f s inMendiop eredtesidieseribsd an thelpsadepuesht |y gr own
silicon dioxide gate insulator, conprom sing the thickness and quality of

t he si émbalimentewitt ecfg@hes tonsadtatiord dravyimps thihiaclpdesence of silicon nitride
capping layer 12, on ONO | ayer 11, protects the thin, oxidized silicon
nitride conmponent 10, during the DHF pre-clean procedure. After the DHf
pre-cl ean pigcediyf §hidhl selh@uRhR iifGols@behionbfrstyle SilthAREIRLY it a@ bl an
oxygen - steam anbient, to a thickness between about 150 to 250 Angstrons.
Silico 1.0Xi | av.ek:; . i i.n H g, W1l be used as
the gal iR Pl IO MR IRTE IS B b e SFiiEG T
regi on ..of sem condugct.or ,substrate, 4. Phot oy esi st. shape 20, .is pext

f or oA Bt Y Bk PO Rk acid pe BRecl BRinao T drias Bbpg i Yerroved
only fromthe surface of sem conductor substrate 4, in region 2, the region
i n whi erbeddedipwandiighevaimpsCHERS dovisdsi | be fabricated. Renoval of this
portion of silicon dioxide |ayer 14, is acconplished via wet etch
procedures using a buffered hydrofluoric (BHF), solution as an etchant for
si licon di Bigsdd 4 &y ehich4chehtutisallys insabarmttional dtyle Shomatel asebord itefatioAfofer
renoval of photoresist shape 20, via plasnma oxygen ashi ng procedures,

si | i comiglintértidR, wikdelh AGelf 83@IvideZpol ysHidoR ERYAL: BYQT {8 tShrofalte afclhR | ayer
11, via use of a hot phosphoric acid solution.”  This is schematically shown

in Fi glaygl" of'g‘fntoﬁfvoﬁatifé%brﬁ$r§’%@vigé Qﬁrﬁ%ﬁyﬁroﬂwohp adll t}%ietpp&%urgﬁe?ﬁ)%gd &&in% final

fabrication of embedded low and high voltage CMOS devices.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Methods of integrating the fabrication of a non- volatile memory device with the
fabrication
of embedded low voltage and high voltage complimentary metal oxide semiconductor (CMOS),
devices, featuring the use of a capping layer used to protect the dielectric layer located on the
floating gate structure of the non-volatile memory device during hydrofluoric acid typé

procedures, such as dilute hydrofluoric (DHF), performed during the fabrication sequence of the




short DHF' procedure, resulting in mniml thickness |oss of oxidized
silicon nitride layer 10, silicon dioxide gate insulator |ayer 15, is
grown. Silicon dioxide |layer 15, is thermally grown in an oxygen - steam
anbient, at a thickness between about 50 to 80 Angstrons, on the surface of
sem conductor substrate 4, in region 2. Silicon dioxide |ayer 15, shown
schematically in Fig. 9, will be used as the gate insulator layer for a | ow
vol tage CMOS device. Any thickness |oss of silicon dioxide Iayer 14, in
regio r ar growth
of i 1108 B (ol CUIAP GRS o RSB R, SER OBl AB5end? o2 P
procediUre used for attainnent of silicon d|0X|de Iayer 15. Cbnpletlon of

t he non- volatlﬂﬂlnennr device in region |, of the | ow vol tage CMOS devi ce
in regi@Prsed alngds crypialling @‘HCWJS%“WH@? Etaliqgiaphic gHenatigns isjisgq

addr essed and schematically shown in Fig. 10. A polysilicon layer is

deposi adgchamaiically dlemads Figed wBegion b oelisemi@odd-tercudda 4mgl be osed tovi a LPCVD
procedures, with the polysilicon |ayer again being doped either in situ

dur i ngacdepomidite @mpn-odlatileanémoryidevikca vithleirgfionr2oaddy wils bafided to anRomttodhidsi C
deposition. A photoresist shape, not shown in the drawi ngs, is used as an
et ch Magky v@agé CRIOSeviddl a%cattﬁgmcﬁtagé EI\AUSDQ@GBU RspRtIARY. | IS atdR] BedhddnCON

control gate structure 22a, on ONO | ayer for the non- volatlle nenDry
devi ce I

struct de%&g B A BT %@%ﬁ%@%ﬁé@fﬁ% iy o BNIE e RDRE 2 |
voltage devi ce, and of polysilicon gate structure 22c, on silicon

di oxi de _ r | ayer. 14, f t he, hi vo] t ag C?CS geVJce The
ani sot ?fdg%@at?a f@i}é S @Y&S%%Pflégﬁadeag% S@ﬁ@mg 10 Eige 4o Hoatloe €&iei ve
etchant for goly5|llcon Renoval of the photoresist shape used to define
t he po$tiasture écidgaumdestyinge thif @hcqnsdla@é@l@pm 6 Redorned ipnasvalableyagsrorashi ng
procedures. The formation of other el enents of these devices, such as
i nsul ategirondpaiiéras dioxidehleyesitdesbeafsed fsethpoinyaliihg i:rrsuia@aia@retsdfrthn:mammﬂatilas wel |
as source/drain regions in areas of sen conductor substrate 4, not covered
by t hem@mbsy dlvicdad sbtified Malthickiths BaweESMHOLIE o 95 Angstroms, via thermal

oxidation procedures. A polysilicon layer is next deposited at a thickness between about 2000 to

4000 Angstroms via low pressure chemical vapor deposition (LPCVD), procedures. The

polysilicon layer can be doped in situ during deposition via the addition of either arsine,

phosphine, or diborane, to a silane or disilane ambient. If desired the polysilicon layer can be

deposited intrinsically then doped via implantation of arsenic, phosphorous, or boron ions. A

photoresist shape, not shown in the drawings, is used as an etch mask to allow polysilicon
floating

gate structure 7, to be defined on silicon dioxide layer 6, in region 1, via anisotropic reactive ion
etching (RIE), procedures using Cl; or SFg as an etchant for polysilicon. Removal of the
photoresist shape is accomplished via plasma oxygen ashing and wet clean procedures, with a

buffered hydrofluoric acid component of the wet clean procedure removing the portions of
silicon

dioxide layer 6, not covered by floating gate structure 7. The result of these procedures is



A second iteration of this invention, described using Figs. 11 - 16,
fedtures the use of a polysilicon capping |ayer for protection of the
oxi di zed silicon nitride conponent of an ONO | ayer during subsequent
hydrof luoric acid procedures. After formation of ONO | ayer 11, on floating
gate structure 7, in non-volatile nenory region 1, as well as on all areas
of regions 2 and 3, used for the |l ow and high CMOS devi ces, polysilicon
| ayer 16a, is deposited via LPCVD procedures to a thickness between about
100 to 300 Angstroms. Polysilicon |ayer 16a, shown schematically in Fig.
appiing layer for ONO layer 11, is deposited
|ntr|n§?§gﬁﬁﬁﬂyg?“ﬁ%§' %srst shape, not shown in the draw ngs, is used as
an etch mask, allomnng an ani sotropic R E procedure ~o to define a
pol ysilicon ca ped | ayer on the floating gate structure in ngn-volatile
menory regh @ﬁw-0“?ﬂénghﬁgﬁﬂﬂdﬁP@“Rﬂ@fﬁﬁéé%%ﬁ$@n Y RpWERet ighe -For t i ons
of polysilicon layer 16a, and the portions of ONO layer 1 |, not covered by
the p h%tdmre@pmde Syeip® i first elftinersat2 thigkinegs betwegregbout Hiddo Qgﬂ,mg flafinggaten
etchant for polysilicon layer 16a, Cz or CFQ as an etchant for the
unoxi dstaethr@drvia tiernedl ogideti@oprocddurdsd@he portibe ol dnadietide mape Chifrtheas an
etchant for the silicon oxide conponent and for the oxidized portion of the

si | i cogurfcésdfdRamig dhesthrnRe DNCHhaYEd via TREMBINGE @SS 0 Eol?:hﬁ&ﬁr wngéother
definition of the polysrlrcon capping layer and for t [ayer is

r ermvegorﬁbl?s &JSF‘&HRH%W?% EI§ g‘iré‘%zt%g&%qld{e‘?ﬁal @cfatmﬁ%ﬁéetmn‘?cindhﬁ%?e procedur es

is schenmati cal reparation rowmh of silicon

droxrde Ia r use ate ,ins er for, a e CMOS
devt cestbSBF & §ﬁf°sr&gltr%el%%§s b et Btk b aediePartsd infdievidn
initiates with a pre-clean procedure performed using a RCA clean procedure.
with eREedyres tea ﬂaclrlrerraheﬂmerl@b@ltﬁyeref@%rgseomf\rtilem%mfirtm PresetiSyed to
renove native oxide fromthe surface of sem conductor substrate 4, in

r egi onis nextzredfogned 4t alteshperatirediwbvasd abous 988t LRP0D K eanvoyiah teamardn por at ed
into a subsequently grown silicon dioxide gate insulator, conprom sing the

t hi cknesgeaadbigha forinyneodxidibel Slidonadride (OX), de sifjadreoidiskalat1 O atlaakiekness he
presence of polysilicon capping 16a, on ONO | ayer 11, protects the thin,

oXi di ZBgwedd ANt A sCAAR QA SRY refRiniiBdideh § daﬁrmﬂbﬂ sﬁldeh %ztﬁh@%nlceﬁ ocedur e.

After the DHF pre-clean procedure srlrcon droxrde | ayer'’ is thermally

%r OW{‘ hithi &Qa%fébg%w t%tr&gi&f{ﬁ? ﬁ‘aﬁéﬂt% “Ec?féh Rgé }‘1‘8&9 ¢ %é‘éur p t ° 250
ngs anOV roce pres re ult t%'r(e) gt or} C) @ %Icﬁﬁe%rgel}co fi tr1 eLon sili \’)

be used as’ Y ' ye r-ang 0 5 2 1ce

be for sem condyct or ubs%gate 4, Exposur

polysrgggHﬂ ﬁ%ﬁw&a@?w&rﬂ¥%é7arwe ABOR PLAFTMFIacHs iOf i | p@ﬁ%géu Tisiged to
grow silicon dioxide |ayer 14, also results in oxidation of a top portion
of t hesqhemgtgally serwrcdpedg | ayer. Silicon oxide layer 17a, at a thickness
bet ween about 100 to 200 Angstrons is now | ocated overlying a thinned

pol ysilicon capping |ayer 16b, now at a thickness between about 50 to 100
Angst r ons. Sillebs okide Bgbermabf ORI dielsdidmmyenl [Fieritital. foPhedaw eat@lonshape 18, is
next formed and used as an mask to allow silicon dioxide |ayer 14, to be
conpl et GBY £ Horf-L ORI & Mensy H@ﬁ@e ad t%%f&@ﬂfé%ﬁ rtosfHQﬁraﬁﬂh@th%eknbrg region
2, theyfegion in which a |ow vol tagé CMOS device W be fabricated.
Renova? of this portron of srlrcon di oxi de |l ayer 14, is acconplished via
wet etc Si her BHF, . sol ution as ant for silicon
G oxt derBPEEg TS MG bbbl PEF i ih s R B e Ry ¥ 108

non-vol atile nmeno |on 1 during the DHF or BHF procedure. This is
schenma®idCHER ¥ yfﬂaseﬁfl P deYiges, i parapopaty df lefirexpesed, qimebrigicsied dMInEHRCiszi de
~layer 17a, would be renoved but thinned polysilicon capping |ayer 16b,

woul d srﬂfisr:quemrmees'@!etensouwm@kihirmhg af xilidoz exdds layércl@nwnildrocde, conponent  of
the ONO | ayer fromthe etch step. After renoval of photoresist shape 18,

vi a pl agerriexshdenuasignhe RiigsiBgune yiekhoREAneH -esitilp heaeeu de/io. tihefposure to
a final DHF preclean cycle can be enployed to prepare the sem conductor
surface in region 2, for growth of silicon dioxide |ayer 15. The DHF
procedure results in either partial or total renoval of silicon oxide |ayer
17a, the layer overlying thinned polysilicon capping |layer 16b. Silicon

di oxi de layer 15, is then thermally gfown in an oxygen steam anbient, to a
t hi ckness .bet ween about 50 to 80 Angstrons, on the surface of sem conductor
substrate 4, in region 2. Silicon dioxide |ayer 15, shown schematically in
Fig. 15, 12 will be used as the gate insulator |ayer for a | ow voltage
~nmenory device. The above oxidation procedure should result in conplete

oxi dation of the thinned polysilicon capping |layer, resulting in



a silicon oxide |ayer 17b, shown schematically in Fig. 15, now at a

t hi ckness between about 50 to | 00 Angstrons, overlying ONO |l ayer 11. This
addi ti onal oxide adds on to the top oxide of the ONO |l ayer and thus hel ps
to inprove the data retention (otherw se not possible as oxidation of
nitride can only produce very thin top oxide (about 50 Angstrons).

Conpl etion of the non-volatile nenory device in region 1, of the |ow

vol tage CMOS device in region 2, and of the high voltage CMOS device in

region, ﬁrst lida C&‘ml "ﬂsvggﬁion%ﬂ ncﬂasérﬂ)%%tﬁrgﬁ%lss %9&%«%? Whick gg{ﬁ%g& gﬁﬁ&sed in the
first Jteration of thi's 1 HventTon. pol'ysiT'rcon | ayer i's deposited to a

t hi ckn®88™Bet ween about 2000 to 4000 Angstrons, via LPCVD procedures, with
t he pol ysilicgon | ayer being doped either in situ during depgsition, or via
i on i ng¥ednt wer ghpigrest@aty laxer df + Byring subssaysnhRiogesgag FEIceiBrs: AligRdtEesi st
shape, not shown in the drawings, is used as an etch nmask to allow an

ani sot ¢apping laeE]l H sbewdsphematicatlz in Nig- $0$ gepobitasion a thieknesd begaiees abovtudddde e 22a,
on ONO | ayer 11, (overlaid with thicker silicon oxide |ayer 17b), for the
nonvol 200 Asgstrems s [N 0 @roceduresd ditiotoderidt shape 118) shatve Qelsmatidelyi iniFiyg 5, is

pol ysilicon gate structure 22b, on silicon dioxide gate insulator |ayer 15,
for theseli @av&th Aask EISwIab e of éfﬂés&%lﬁéﬂslo‘f @Iﬂlc&ﬁﬁi&ic&tcﬁ?&hg Iagerz@} ,on
sili cogpqdi oxi de gate insulator layer 14, for the high voltage devi ce.
The anisotropic RIE procedure is performed using CHFQ as an etchant for
silico } |ayet., .17b. Cl 7. 0r . ctive etchant.far~polysilicon
Renov a‘?f @fébﬂ ﬁyee r gﬁ'o }(1)1% éssch?mé]ﬁsgﬁ%%ﬁaggggt{%%gb?eﬂlgc% uéesp% H&‘lt:f’i (gocnlg)zésa e
structures is acconpljshed via plas oxygen ashin ocedu .. The

f or mat PIERRBIOFSNKER MBTASFARRIRE (e fr?egrg? @é@?flg@gl}ltr&{%éw%agﬁim% Giyis 44 rs on
the sides of the polysilicon gate structures, as well as source/drain

r egi ona ¢tehaat B oxidized slicepmigitetlaver 4 Gvad den sélicon opisle lavisy &r Ebe tgyulu af thist he gat e
structures, will not be described. Wiile this invention has been

parti cphoegduye mhdiwin OND thesclrli bedlaid tysilicehaitede eapped tager 12 of patang gate

enbodi ments thereof, it wll be understood by those skilled in the art that

vari ousineha@ 986 nbi-vbRtinebrdl edoddrd B TRY ishehdRadRally sHadutin #RPAr Remgvilidm t he
spirit and scope of this invention. 14 Wlat is clainmed is: 1. A method of

f or m gy EELGARGNOIOLs H5H ARRea BISRRLERARAUGHAT pidubRsat e, compri sing t he

steps of: providing a t gate insulator layer in a first region of said
sem conduct or substrate, with a first conductive gate structure | ocated on

said first_gate.insul ato ayer;.farmng a dielectric layer on said first
conduct | veP RISt ot SR gt Lot aget - e ot b ¢
| ayer; perforni%g a first pre-clean treatnent on a second region, and on a
t hi r d- highivelpesfCNES devispriipignigtivith @ Psuelsty %r@@qdwed?eﬁwgedauw&@?&%&ieén
i nsul ator |ayer on said sem conductor substrate in said second, 10 region
and i nwghiadinahiycld usmgiachlutsfhydaiftiose (Pidbhdelutiar, csphstd 4o ssmave mativegkideai d
'second gate insulator |ayer fromsaid second region of said sem conduct or
subst r &b@;the surface of semiconductor substrate 4, in regions 2 and 3. If left unremoved the native
oxide would be incorporated into a subsequently grown silicon dioxide gate insulator,
compromising the thickness and quality of the silicon dioxide gate insulator layer. The presence
of silicon nitride capping layer 12, on ONO layer 11, protects the thin, oxidized silicon nitride
component 10, during the DHF pre-clean procedure. After the DHF pre-clean procedure silicon

dioxide layer 14, is thermally grown in-an oxygen - steam ambient, to a thickness between about

150 to 250 Angstroms. Silicon dioxide layer 14, shown schematically in Fig. 6, will be used as



renovi ng said capping |ayer; performng a second pre-clean treatnent to a
second region of said sem conductor 15 substrate; formng a third gate
i nsul ator |ayer on said second region of said sem conductor substrate; and
form ng a second conductive gate structure on said dielectric layer, a
third conductive gate structure on said second gate insulator |layer, and a
fourth conductive 20 gate structure on said third gate insulator |ayer. ~5
2. The nethod of claiml, wherein said dielectric layer is an oxidized

aer o o S PRl B K G, ORIt R e B IR BRUTRSE, o calw

dielectri.c layer is %g ween about 30 to 50 Angstrons. 4. The nethod of
cIain1¥?”ﬁﬂ@PéPﬁ“@§? apping layer is a silicon nitride layer at a

t hi ckness between about 100 to 200 Angstronms. 5. The nethod of claiml,
wherein said first pre-clean procedure is perfornmed using an RCA cl ean
procedur e Mhateresistishapgl 20g jspesuioamedans wipd atan mgslirto pllaw silicony dpxide)ayersil, ut i on.
6. The nethod of claim1, wherein said second gate insulator layer is a

si | i cot tdirendetd chly fravy elie sabfaed ofesemidoadidi@rsubdiramd, taice@n 2pthecedor @&s at a

t hi ckness between about 150 to 250 Angstrons. 7. The nethod of claim1,

wher ei fhRado s 060HE (BADS detisevll BY fabScdi@ITA%Rthvhl SMhiS ?bﬂioﬁ%‘f gineod @ki@e of
sai d sem conductor substrate via use of either a buffered hydrofluoric acid
sol uti RYer 14, is accomplished via wet etch procedures using a buffered hydrofluoric (BHF), solution

as an etchant for silicon dioxide layer 14. This is schematically shown in Fig, 7. After removal
of

photoresist shape 20, via plasma oxygen ashing procedures, silicon nitride capping layer 12, is

removed from the surface of ONO layer 11, via use of a hot phosphoric acid solution. This is
schematically shown in Fig. 8. After a RCA clean procedure, with or without exposure to a final

short DHF procedure, resulting in minimal thickness loss of oxidized silicon nitride layer 10,

silicon dioxide gate insulator layer 15, is grown. Silicon dioxide layer 15, is thermally grown in
an

oxygen - steam ambient, at a thickness between about 50 to 80 Angstroms, on the surface of
semiconductor substrate 4, in region 2. Silicon dioxide layer 15, shown schematically in Fig. 9,
will be used as the gate insulator layer for a low voltage CMOS device. Any thickness loss of
silicon dioxide layer 14, in region 3, occurring during the pre-clean procedure employed prior to
growth of silicon dioxide layer 15, could be regrown during the thermal oxidation procedure used

for attainment of silicon dioxide layer 15.

Completion of the non-volatile memory device in region 1, of the low voltage CMOS
device in region 2, and of the high voltage CMOS device in region 3, is next addressed and

schematically shown in Fig. 10. A polysilicon layer is deposited to a thickness between about



15 8. The nmethod of claim1l, wherein said capping layer is renpved using a
hot phosphoric acid solution. 9. The nethod of claim1l, wherein said second
pre-clean procedure is perforned using an RCA clean, with or without dilute
hydrofluoric acid . 10. The nethod of claim11, wherein said third gate
insulator layer is a silicon dioxide |ayer, obtained via thermal oxidation
procedures at a thickness between about 50 to 80 Angstrons. 16 11. A

met hod of protecting an oxidized silicon nitride on silicon oxide (ONO,

sem coniie APPGRoPERES M EE VR AR b e beRsh Ry e e B gt €™

~insulatqQr |ayer, in a first region, of said sem condyctor, substrate, to be
used f §Fhes i Yurduring depositionr i igp igplpntagon prgeqdureg afcrangaiinglg dgRAsEIo8t r uct ur e
on sai® first gate insulator layer; formng said ONO | ayer overlaid with a
silicon nitride capping layer, on said floating gate structure; performng
a fi r sphqboresistisbape, totehowe i the drasvigscionded agneteh naaskl toallew sthanigbtiopgiRAE of 10
sai d sem conductor substrate; formng a second gate insulator |ayer on said

sem copduedugs toskting pcﬂ%ﬁliédﬂ Bairél paRGR06rd 28] @NONOdaydn 132foflthe bfiSrolai On Of
sai d sem conductor substrate; renoving said second gate insulator |ayer

from salfhoRefnd, H984i80n 8f sidditthes G AR 361 §iH9ﬂ% %a%é Sructkre $RJTBY! Ng sai d
silicogpidride capping layer; performng a sgcon re-éﬁean treatnment to a
second region of said sem conductor substrate; formng a third gate

I nsul aali?);(idleag & rins?lpatc?iﬂehily%r ?g,(‘fgrntﬂe [o%gif(ﬁ%gg ](CI\E(% ge\ﬁger,négc? &d pl’cl)(f}tfsa{con gate
structure 22¢, on silicon dioxide gate insulator layer 14, for the high voltage CMOS device. The
anisotropic RIE procedure is performed using Cl, or SFs as a selective etchant for polysilicon.
Removal of the photoresist shape used to define the polysilicon gate structures is accomplished
via plasma oxygen ashing procedures. The formation of other elements of these devices, such as
insulator spacers on the sides of the polysilicon gate structures, as well as source/drain regions in

areas of semiconductor substrate 4, not covered by the gate structures, will not be described.

A second iteration of this invention, described using Figs. 11 - 16, features the use of a

polysilicon capping layer for protection of the oxidized silicon nitride component of an ONO
layer

during subsequent hydrofluoric acid procedures. After formation of ONO layer 11, on floating
gate structure 7, in non-volatile memory region 1, as well as on all areas of regions 2 and 3, used

for the low and high CMOS devices, polysilicon layer 16a, is deposited via LPCVD procedures
to

a thickness between about 100 to 300 Angstroms. Polysilicon layer 16a, shown schematically in
Fig. 11, to be used as a capping layer for ONO layer 11, is deposited intrinsically. A photoresist

shape, not shown in the drawings, is used as an etch mask, allowing an anisotropic RIE
procedure

10



substrate; and formng a control gate structure on said dielectric |ayer
for said first sem conductor device, formng a first conductive gate
structure on said second gate insulator |ayer for a second sem conduct or
device, and a form ng a second conductive gate structure on said 17 third
gate insulator layer for a third sem conductor device. 5 12. The net hod of
claim1l, wherein said first gate insulator |layer is a tunnelling |ayer,
conprised of silicon dioxide, at a thickness between about 75 to 95
Angstronms. 13. The nethod of claiml1 I, wherein said floating gate

structure_.is a pal.ysilico te structure, at a thickness between about
2000 t§ B@aﬂﬂ‘SQl?!WPp%ﬂQﬁ%éY%P BHINg BAf Fructure hereyHatilpamepwrekness
of the top component of said ONO 10 |ayer, an oxidized silicon nitride
conpon&gion Ii. sSThsanizeieepia BHLprogeriurousd toxsgmive Siemportians 06 polfkidicomtaerd 6ef cl ai m
11, wherein the thickness of said silicon nitride capping |ayer between

about &@0the por2iods KYSOrlayes 11,16t coferedrbptthoghotdredditahape id regidne 2eind 3sidi d first
pre-clean procedure is perforned using an RCA clean with dilute

hydr of petsrimed (ML, adan &iChant e poBishREn BlveClqal 01, bl cryviestitthaatdogizecond gate
insulator layer is a silicon dioxide |ayer obtained via thermal oxidation

pr ocedyt £siila @r@ml&f@n 38 ni%ﬁ&ew%ﬁge BRHLydr 2Rl QRN ARERLL A Bihe giﬁc(alTP(ra

nmet hod of clai'm ereln said second gate insulator 1's renpve om

. . , . . . . DHE
3‘?' g Eﬁ}?lgeg ?%népe Igc/rgtpaél rf%% % gx@%?%g@tﬁgﬂ gf tﬁl% sﬁilélgns Eirtr?c{eeof\{llleasayn%%ﬁé le?yle;['. e a
photoresist shape used for definition of the polysilicon capping layer and for the ONO layer is

removed via plasma oxygen ashing procedures. The result of these procedures is schematically

shown in Fig. 12.

Preparation for the growth of silicon dioxide layer 14, to be used a gate insulator layer for a
high voltage CMOS device, again as was the case in the first iteration of this invention initiates
with a pre-clean procedure performed using a RCA clean procedure with exposure to a final
dilute hydrofluoric (DHF), solution, employed to remove native oxide from the surface of
semiconductor substrate 4, in regions 2 and 3. If left unremoved the native oxide would be

incorporated into a subsequently grown silicon dioxide gate insulator, compromising the
thickness

and quality of the silicon dioxide gate insulator layer. The presence of polysilicon capping 16a,
on

ONO layer 11, protects the thin, oxidized silicon nitride component 10, during the DHF pre-clean
procedure. After the DHF pre-clean procedure silicon dioxide layer 14, is thermally grown in an
oxygen - steam ambient, to a thickness between about 150 to 250 Angstroms. Silicon dioxide

layer 14, shown schematically in Fig. 13, will be used as the gate insulator layer for a high
voltage

11



19. The method of claim1l, wherein said silicon nitride capping layer is
renoved using 18 a hot phosphoric acid solution. 20. The nethod of claim
| 1, wherein said second pre-clean procedure is perfornmed w thout using a
DHF solution, with or without DHF. 21. The nmethod of claiml |, wherein
said third gate insulator layer is a silicon dioxide |ayer obtained via
thermal oxidation procedures at a thickness between about 50 10 to 80
Angstronms. 22. The nethod of claim11l, wherein said control gate structure,

sai d f Chibs 8RAUE boerEal & r§§151’f’§,tdfrs§micaﬁ'<ﬂ]c %%sﬁg%qgﬁ%%ﬁ?uqy&ééoiﬁ% ahe

2
structure, are conprised of polysilicon an aneou 3. A

met hod . i oxidi zed silicon nitride on.siljcan oxide (ONO,

| ayer | %&m%rl%;er?g%d’ 2(2%11%(%(1)% tic Xé‘?ag‘a&lﬁoé 8‘?“8 Hyedg glfo%ﬁlllff’é]t(i‘?fﬂd%]fay%fgé i #5%nal
sem conduct.or devi ces, conprising the steps o formng a first gate

i nsul afeﬁ':‘ll%ﬁ 1gpEiation %ts% top ?gRPEQifB% W%ysg’épléic%iﬂgd@f?&uggléim exige layertlda, atler ei n
said first region to be used to accommpdate said first sem conductor

devi cethigkgessibegvegn pbaat PRty YK Angstreme isurosy lopatehoctrlfyingsitthigaedspdlyslidoat or

| ayer; formng said ONO | ayer overlaid with a polysilicon capping |ayer, on
sai d f tappingrigyegable nstvrat e thicleestetkannbog 58 tb i1 06 Angstens| da: it E@amaBailyon a
second region, and on a third region of 10 said sem conductor substrate;

f orm nghowrsie@nNdigate insul ator |ayer on said sem conductor substrate in
said second, region and in said third region of said sem conductor
substrate, and formng a first

Photoresist shape 18, is next formed and used as an mask to allow silicon dioxide layer 14,
to be completely removed from the surface of semiconductor substrate 4, in region 2, the region
in which a low voltage CMOS device will be fgbricated. Removal of this portion of silicon
dioxide layer 14, is accomplished via wet etch procedures using either a BHF, solution as an
etchant for silicon dioxide layer 14. If desired photoresist shape 18, can also cover non-volatile
memory region 1, during the DHF or BHF procedure. This is schematically shown in Fig. 14.
However if left uncovered silicon oxide layer 17a, would be removed but thinned polysilicon
capping layer 16b, would still be present to protect the oxidized silicon nitride component of the

ONO layer from the etch step.

After removal of photoresist shape 18, via plasma oxygen ashing procedures an RCA clean
- procedure with exposure to a final DHF precleaﬁ cycle can be employed to prepare the |
semiconductor surface in region 2, for growth of silicon dioxide layer 15. The DHF procedure
‘results in either partial or total removal of silicon oxide layer 17a, the layer overlying thinned
polysilicon capping layer 16b. Silicon dioxide layer 15, is then thermally grown in an oxygen -
steam ambient, to a thickness between about 50 to 80 Angstroms, on the surface of

semiconductor substrate 4, in region 2. Silicon dioxide layer 15, shown schematically in Fig. 15,

12



19 silicon oxide layer on a top portion of said polysilicon capping
| ayer; renoving said second gate insulator |layer fromsaid second region of
said 15 sem conductor substrate; perform ng a second pre-clean treatnent to
a second region of said sem conductor substrate, renoving said first
silicon oxide |ayer fromsaid polysilicon capping layer; formng a third
gate insulator |layer on said second region of said sem conductor substrate,
and formng a second silicon oxide |layer on said ONO | ayer via conplete 20
oxi dation of said polysilicon capping |ayer; and form ng a control gate

structure._on said second, sil.icon oxide | ayer overl ying.sai,d ONO,|.ayer, for
oo f P PEeBed A e SRE Br E o B Y T Sl TR R BT L re
on said secon te insulator |ayer for a .second sem conductor device, and
for mi n@roae@&c%ﬂ%ﬁés%umwe@ﬁ agion pbie e PRI HCPMPAR NGB TR or

| ayer ®or a third sem conductor device. 24. The nethod of claim 23, wherein
the thickness of the top conponent of said ONO | ayer, an oxidized silicon
ni t ri desiboompondmiayerildb xbowe echeatat crtlly30 Fig 15Monng stthickess @Swechtebontetthiod of

cl ai m 2B Angseomisjovetiging NG hgeis] lofTiseadditmbly@diidd aidn ot apthe b dxddeasT thes

bet ween about 100 to 300 Angstrons. 10 26. The nethod of claim 23, wherein

sai d f ONES lapérend HRd Relpk ACRHGR the AL FQHBR dothisivig n@ﬂ%ﬁﬁﬁlecals%&maﬁ&p@fedur e
with a final exposure to a dilute hydrofluoric (D-1F), solution. 27. The

ggt hOdni‘&EdeQ:laﬂiom‘y%%du\é@%r? ltfln %cﬁ;i &1&6@9&9 56 %tn%sthﬂﬁﬁl ator layer is a silicon
Completion of the non-volatile memory device in region 1, of the low voltage CMOS
device in region 2, and of the high voltage CMOS device in region 3, is accomplished using
identical processing sequences used in the first iteration of this invention. A polysilicon layer is
‘deposited to a thickness between about 2000 to 4000 Angstroms, via LPCVD procedures, with
the polysilicon layer being doped either in situ during deposiﬁon, or via ion implantation
procedures after an intrinsic deposition. A photoresist shape, not shown in the drawings, is used
as an etch mask to allow an anisotropic RIE procedure to .deﬁne polysilicon control gate
structure 22a, on ONO layer 11, (overlaid with thicker silicon oxide layer 17b), for the non-
volatile memory device, in addition to simultaneously defining polysilicon gate structure 22b, on
silicon dioxide gate insulator layer 15, for the low voltage CMOS device, and polysilicon gate
structure 22c, on silicon dioxide gate insulator layer 14, for the high voltage CMOS device. The
anisotropic RIE procedure is performed using CHF, as an etchant for silicon oxide layer 17b, Cl,
or SFe as a selective etchant for polysilicon. Removal of the photoresist shape used to define the
polysilicon gate structures is accomplished via plasma oxygen ashing procedures. The formation
of other elements of these devices, such as insulator spacers on the sides of the polysilicon gate

structures, as well as source/drain regions in areas of semiconductor substrate 4, not covered by

13



di oxi de | ayer obtained via thermal oxidation procedures at a thickness

bet ween about 150 to 250 Angstrons. 15 28. The nethod of claim 23, wherein
sai d second gate insulator is renpved fromsaid second region of said

sem conductor substrate using a buffered hydrofluoric acid solution. 29.
The nmethod of claim 23, wherein said second pre-clean procedure is
performed using an RCA clean procedure with a final exposure to a DHF
solution. 30. The method of claim23, wherein said third gate insul ator

| ayer is a silicon dioxide |ayer obtained via thermal oxidation procedures
at a thi to 80 Angstrons, also resulting in total
oxidat@%%§g§§§ﬁ§%%§ﬁggf |6§%m§%8bing | ayer.. 31. The nethod of claim 23,
wherein the thickness of said second silicon oxide |ayer, obtained via

oxi dation gf.the .polysilicon capping |ayer |ocate n.said ONO | ayer, which
inturnis |h618§31551v%9{1q§16haag?qnﬁ&}% By shewy ‘&Fﬂ@, Wi ‘Bgf%é%ﬁ’ tg%out 100 to
| 20 Angstrons, which is much thicker than the 30 to 50 Angstrons that woul d
be 10 &ekried saboditgpistheseqhof yill bq wnslerstand pyrikpse ayibled inthe art\st various

A LA S A5 AS A Ap .Ap AY.A\V.Ap. A .AV.AG Af;p Af

. A, s. Achapges im\foxel anR details may be made without departing from the spirit and scope of this

invention.
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said semiconductor substrate;
forming a second gate insulator layer on said semiconductor substrate in said second,
10 region and in said third region of said semiconductor substrate;
removing said second gate insulator layer from said second region of said
semiconductor substrate;
removing said capping layer;
performing a second pre-clean treatment to a second region of said semiconductor
15 substrate;
| forming a third gate insulator layer on said second region of said semiconductor
substrate; and
forming a second conductive gate structure on said dielectric layer, a third
conductive gate structure on said second gate insulator layer, and a fourth conductive

20 gate structure on said third gate insulator layer.

15



108 1081 73"109B& ()-5g 109B& ()-1F1"1098& () - #@

1098& () -1 +1098& () - pwxaB7C 10 10, c1"109& ()- , #109& ()- , #109%& () -
H109& ()- '\, #109& ()- ,"10% ()-Cxyz[6NOPQ TI10 10 10 10 10

) p#10%&: () -,) p#10%. ()-!U, cT#10%& () -, S7T#10%: ()- 10 10Qsn2 dE _TI 10
101§ #109& ()-1F" 109 ()-# 109 ()-10109%& ()-109%& ()- 109%& ()-2 *

11111 dEj _TI10 10" (] 109%& ()-19$10%& ()-1"#10%& ()-1"10%& () -

1098 ()-T109& ()-!B""" Us#HH#aVK@ 10 10 10 10

10,7109 (12 A s SR s M A5 BRI 1

0 10 10, @10

0! 109 0%&' ()~ S" 100&' () - #% | <)) dEVK@ 10 10 10l *
10%& ()9(" 18 ‘3"54‘*&%)& ()s$ 10&«}34-(5))%--
109 () -, TH10%&! ()-)*_**+y+z+{+| +dYNCI 10" 10 1

3. The method of claim 1, wherein the thickness of an oxidized silicon nitride

component of said dielectric layer is between about 30 to 50 Angstroms.

5 4. The method of claim 1, wherein said capping layer is a silicon nitride layer at a
thickness between about 100 to 200 Angstroms.
5. The method of claim 1, wherein said first pre-clean procedure is performed using an

RCA clean procedure with a final exposure to a dilute hydrofluoric (DHF), solution.

6. The method of claim 1, wherein said second gate insulator layer is a silicon dioxide
10 layer obtained via thermal oxidation procedures at a thickness between about 150

to 250 Angstroms.

7. The method of claim 1, wherein said second gate insulator is removed from said
second region of said semiconductor substrate via use of either a buffered
hydrofiuoric acid solution.

15 8. The method of claim 1, wherein said capping layer is removed using a hot
phosphoric acid solution.

9. The method of claim 1, wherein said second pre-clean procedure is performed using

an RCA clean, with or without dilute hydrofluoric acid .
10. The method of claim 1, wherein said third gate insulator layer is a silicon dioxide

layer, obtained via thermal oxidation procedures at a thickness between about 50

to 80 Angstroms.
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10 forming a first gate insulator layer in a first region of said semiconductor substrate,
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forming said ONO layer overlaid with a silicon nitride capping layer, on said
floating
gate structure;
performing a first pre-clean treatment on a second region, and on a third region of
10 said semiconductor substrate;
forming a second gate insulator layer on said semiconductor substrate in said second,
region and in said third region of said semiconductor substrate;
removing said second gate insulator layer from said second region of said
semiconductor substrate;
15 refnoving said silicon nitride capping layer;
performing a second pre-clean treatment to a second region of said semiconductor
substrate;
forming a third gate insulator layer on said second region of said semiconductor
substrate; and
forming a control gate structure on said dielectric layer for said first semiconductor

device, forming a first conductive gate structure on said second gate insulator layer for a

second semiconductor device, and a forming a second conductive gate structure on said
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5 - 12. The method of claim 11, wherein said first gate insulator layer is a tunnelling layer,

comprised of silicon dioxide, at a thickness between about 75 to 95 Angstroms..

13. The method of claim 11, wherein said floating gate structure is a polysilicon gate

structure, at a thickness between about 2000 to 4000 Angstroms.

14. The method of claim 11, wherein the thickness of the top component of said ONO

10 layer, an oxidized silicon nitride component, is between about 30 to 50 Angstroms.

15. The method of claim 11, wherein the thickness of said silicon nitride capping layer
is

between about 100 to 200 Angstroms.

16. The method of claim 11, wherein said first pre-clean procedure is performed using

an RCA clean with dilute hydrofluoric (DHF).

15 17. The method of claim 11, wherein said second gate insulator layer is a silicon

- dioxide layer obtained via thermal oxidation procedures to a thickness between about

150 to 250 Angstroms.

18. The method of claim 11, wherein said second gate insulator is removed from said
second region of said semiconductor substrate via use of either a DHF or a buffered

hydrofluoric acid solution.

19. The method of claim 11, wherein said silicon nitride capping layer is removed using
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without using a DHF solution, with or without DHF.

21. The method of claim 11, wherein said third gate insulator layer is a silicon dioxide
layer obtained via thermal oxidation procedures at a thickness between about 50

10 to 80 Angstroms.

22. The method of claim 11, wherein said control gate structure, said first conductive
gate structure, and said second conductive gate structure, are comprised of polysilicon

and formed simultaneously.

23. A method of protecting an oxidized silicon nitride on silicon oxide (ONO), layer for
a first semiconductor device, during fabrication of additional semiconductor devices,
comprising the steps of:
forming a first gate insulator layer in a first region of said semiconductor substrate,
5 wherein said first region to be used to accommodate said first semiconductor device;
forming a floating gate structure on said first gate insulator layer;
forming said ONO layer overlaid with a polysilicon capping layer, on said floating
gate structure;
performing a first pre-clean treatment on a second region, and on a third region of
10 said semiconductor substrate;
forming a second gate insulator layer on said semiconductor substrate in said second,

region and in said third region of said semiconductor substrate, and forming a first
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15 ‘semiconductor substrate;
performing a second pre-clean treatment to a second region of said semiconductor
substrate, removing said first silicon oxide layer from said polysilicon capping layer;

forming a third gate insulator layer on said second region of said semiconductor

'substrate, and forming a second silicon oxide layer on said ONO layer via corﬁpiete

20 oxidation of said polysilicon capping layer; and

forming a control gate structure on said second silicon oxide layer overlying said
ONO layer, for said first semiconductor device, forming a first conductive gate

structure on said second gate insulator layer for a second semiconductor device, and

forming a second conductive gate structure on said third gate insulator layer for a third

5 semiconductor device.

24. The method of claim 23, wherein the thickness of the top component of said ONO

layer, an oxidized silicon nitride component, is between about 30 to 50 Angstroms.

25. The method of claim 23, wherein the thickness of said polysilicon capping laver is

between about 100 to 300 Angstroms.

10 .26. The method of claim 23, wherein said first pre-clean procedure is performed using

an RCA clean procedure with a final exposure to a dilute hydrofluoric (DHF), solution.

27. The method of claim 23, wherein said second gate insulator layer is a silicon
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15 28. The method of claim 23, wherein said second gate insulator is removed from said
second region of said semiconductor substrate using a buffered hydrofluoric acid

solution.

29. The method of claim 23, wherein said second pre-clean procedure is performed

using an RCA clean procedure with a final exposure to a DHF solution.

30. The method of claim 23, wherein said third gate insulator layer is a silicon dioxide
layer obtained via thermal oxidation procedures at a thickness between about 50

5 to 80 Angstroms, also resulting in total oxidation of the polysilicon capping layer..
31. The method of claim 23, wherein the thickness of said second silicon oxide layer,
obtained via oxidation of the pblysilicon capping layer located on said ONO layer,
which in tumn is located on said floating gate structure, is between about 100 to
120 Angstroms, which is much thicker than the 30 to 50 Angstroms that would be _

10 achieved without a polysilicon capping layer.
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