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by BACKGROUND OF THE I NVENTION 1. Fi vention This invention
rel ates generally to the fabricationj@@"ﬁ%”ﬂ@@mﬁwctor devices within
integrated circuits and, nore specifi ) rcuits requiring the
formati on of gate oxide |ayers having vargtpd* degrees of thickness and
conposition. 2. Description of the Related Art The fabrication of
integrated circuits often requires the formation of dielectric |layers, such
as gate oxide layers, with varying degrees of thickness and conposition.
The necessi tATRIPLEGATE OXIBR PRGEESS WITH HIGH-K GATEBIELBOTRIChe circuit
contai ns sem conduct or devices operating at different vol tages. For
exanpl e, high voltage power transistops and transistors used to program
EEPROM devi ces require thicker gate oxides than | ower voltage transistors
used in nenory storage in DRAMcircuits. Furthernore, as device size
continues to decrease, the ultra-thin gate oxides required to elimnate
probl enms such as short- i | e al so preferably
formed of dielectric naﬁ@gggﬁgRﬁg@ﬁ%gﬁ%tgﬁwﬁ§§ﬁiiyjﬁc constants (high-k
dielectrics). Thus, not only must the fabrication process enable the
formation of dielectrics with varying thicknesses, it must also allow
the formation of dielectrics with different conpositions. Cearly, such a
process shofilel ofithe lnyentir j cj ent and produce dielectric layers with
integrity and quality. Hattangady et al. (U S. Patent No. 5,970, 345) teach
a nethod for formng an oxide |layer of two different thicknesses for an
integrated circuit having both high and | ow voltage MOS transi stors. The
met hod i nvol ve¥hisimevehtommidtesgenérably fo the faboikatibe df agmiconducsmdevitesowithinl ayer
is formed over the first oxide layer and partially renoved to all ow
sel ect i veimégtined giran® ind)fmdrBepdeifically,a clilcuilsayiiringths éstatonsf gite bayler i s
then fornmed over the oxide-free region and over the sacrificial |ayer
covered f idyeds having @aryffh diaree¥beheiieds ARd 8@fipdsitidnl 2l | ayer is consumed by
t he second oxide and the remaining first oxide and second oxide over it
together forma | ayer of doubl e thickness.

2. Description of the Related Art

The fabrication of integrated circuits often requires the formation of dielectric
layers, such as gate oxide layers, with varying degrees of thickness and composition. The
necessity of varying thicknesses is typically the case when the circuit contains
semiconductor devices operating at different voltages. For example, high voltage power
transistors and transistors used to program EEPROM devices require thicker gate oxides
than lower voltage transistors used in memory storage in DRAM circuits. Furthermore,
as device size continues to decrease, the ultra-thin gate oxides required to eliminate
problems such as short-channel effects in MOSFETSs are also preferably formed of
dielectric materials having high dielectric constants (high-k dielectrics). Thus, not only

must the fabrication process enable the formation of dielectrics with varying thicknesses,
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"Chwa et al. (U S. Patent No. 6,147,008) teach a nethod for formng a gate
oxide with three different thicknesses. A first layer is deposited to the
desi red maxi mumt hi ckness. The portion of the layer that is to remain is
covered by a photoresist. A nitrogen inplant is driven into a small area of
the substrate through the uncovered portion of the first oxide |ayer. The
purpose of the inplant is to locally nodify the crystal structure of the
substrate and alter the thickness of a second oxide |ayer. The uncovered
first layer is then renoved fromthe substrate and a second, thinner |ayer
i s grown. ithhat slecaiwy thefermatias ofidielectmioe withdifférent compositibes. Clearly, such
nitrogen-inplanted region. Song (U. S. Patent No. 6,191,049 B 1 ) also

teach a ngpphRess@hoill@aRb BE efficint rdpro@cWidieti@layén tvithnhekRgshe uilityt he use
of ion inplantation into the substrate to nodify the oxide growth
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subsequent  OXi gr oWt CKNessSes "are achi eve

Patent No. 6,2 1 B1l).teac .Jrethod, for fabricating.pultiple

i ckness VgiieE MO Banfigis) 1he o iiveiie rmu it Sd e oy o of
gate oxide i s deposited to a fjrst thickness, which is the thickest of the
oxi de | ay&csificial layerds fosmed gverdhe fipshexide layenpndippgpllyyrmoyeddo allow: gate oxi de
| ayer and planarized. The polysilicon layer is masked to define a region
where a sédentiye giching atv\mb/@p%ﬁ@s%stiosudeéwr.r Adsecandpxidedaysslisthen femad avet t he

oxi de |l ayer beneath it are etched away fromthe substrate surface. A second
oxi de | ay ére daxiderfoee rggiomand dver shessacrificialtlhyer koesed finshoxitle fegionhwhenbetheedi at e
t hi ckness, on the exposed surface of the substrate. A second polysilicon

| ayer is savifidphyediedomsomed 8y seaetshdwkidbaandayeremaiingfignatidzadl As before,
the polysilicon is nasked to define a region where a third oxi de thickness,

whi ch is &&@nd BkiaB 864rit tofeth@Fdin &thyed HRIIbRMhRKSesS.t €PS are now repeated. As

devi ce sizes becone increasingly small, the use of selective ion
i npl ant ati ons r i r i I Bk qeart
cited above, W’tﬁl“&%g%lb@n% ??%‘?2@??%\‘9({% %gﬂ??{ntgﬁlldgrfér qogn%ggigragelbﬁde?o form
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nitrogen implant is driven into a small area of the substrate through the uncovered portion

of the first oxide layer. The purpose of the implant is to locally modify the crystal

structure of the substrate and alter the thickness of a second oxide layer. The uncovered

first layer is then removed from the substrate and a second, thinner layer is grown. The

second layer has a thinner portion over the nitrogen-implanted region.

Song (U. S. Patent No. 6,191,049 B1) also teach a method of forming a gate oxide
with varying thicknesses by the use of ion implantation into the substrate to modify the

oxide growth properties of the substrate over the implanted regions. The method teaches

the use of two different ion species, nitrogen and fluorine, implanted to different depths



" nunber and sinpler process steps than those of the prior art. SUWMARY OF
THE | NVENTI ON 3 A first object of this invention is to provide a sinple
and efficient nethod for formng dielectric |layers of varying thicknesses
on a sem conductor substrate. A second object of this inventionis to
provide a sinple and efficient nmethod for formng dielectric |ayers of
varyi ng conpositions on a sem conductor substrate. A third object of this
invention is to provide a sinple and efficient nethod for formng
dielectric layers of varying conmpositions on a sem conductor substrate,
wher ei n t hed ¢édncamesivnd, by ethidhanéthed different subesquedit dxideherbwthi tlckadssdsardrat er i al
and the |l ayers of internediate and greatest thickness are double |ayers
conpri si ngchgeveayer of high-k dielectric material forned over a | ayer of
silicon oxide. A fourth object of the present invention is to provide a

sinple and ef f yahend aTRUNO Patdf Nb06 764195 IMBH 1EMA aMo £ R rieidbkidg N9 varyi ng
t hi cknesses and conpositions of thelir gate ‘'oxide layers. In accord with the

objects o (1S4 t] 3 | SOV i e ficclient nethod
For °Tor m MytdIE ARG el it RloERUSRh e eliBu s ARF1aGerdrn 012
sem conduct gr . subst.yrate conpr.i,sin he .ste f. f.Qrmn firs

el eot i BxheierayleRGe SETRIMRAR phRE S he Mgk onpd pilE TR & b
portion of that |ayer to expose_the sen conductor substrate surface

t her eundePOlysiicemis depryitad Qwsk dhefirst gatshorade ayen avd lanarizedy dihe polysilicon
substrate surface exposed thereby;, 4) renoving a second portion of the
first di elayersinaskedtordefine arqginsievhdiea senond oxide thigknesnip saquited a8dffcace

t hereunder; 5) formng a third, blanket, dielectric |ayer over the second
di el ect ri polysijieon artdtbe pxideiayenigenpash it apnetolied: dveyffrans thedubdtiate surfacd. yer and
t he exposed sem conductor substrate. In the preferred enbodi ment of this
i nvent i onsedohé okide $dyenischosegrownl, tdiagk@mnti thickdeay evhichaik eheliaganaliaé silicon

thickness, on the exposed surface of the substrate. A second polysilicon layer is now
deposited on the second oxide layer and planarized. As before, the polysilicon is masked
to define a region where a third oxide thickness, which is the thinnest, is required. The
previous steps are now repeated.

As device sizes become increasingly small, the use of selective ion implantations
to control gate oxide growth, as taught in the prior art cited above, will become
impractical. In addition, it is desirable to form the varying thickness layers in as cost
efficient a manner as possible, which requires the minimization of fabrication steps. The
present invention accomplishes its objects without ion implantations and with a smaller

number and simpler process steps than those of the prior art.

SUMMARY OF THE INVENTION



"oxide (Si2) and the third, blanket layer, is a layer of high-k dielectric.
It is further noted 4 that a |l ayer of gate electrode material, such as
doped pol ysilicon, can be deposited over the third dielectric |ayer and
patterned to formgate dielectrics for MOS or CMOS devices. BRI EF
DESCRI PTI ON OF THE DRAW NGS The objects, features and advantages of the
present invention are understood within the context of the Description of
the Preferred Enbodi nents, as set forth below. The Description of the
Preferred Enbodi nents is understood within the context of the accompanying
figures, whereAdirstiibjgctof thisGnantdors she privide aimpls-asé effic@naimethoddorans of t he
sequence of process steps required to forma dielectric |ayer having three

di ff er ent foriiifpkdielearia Y eSOTROS/irlg thidknesfds ®n akeinscofd itdieBttate. Cr 0SS- sect i onal
di agram of the dielectric |layer so formed now being patterned and havi ng

gat ¢ el ect T 0den £aiaRlidenSy iR SRS TN GRinbE P RATERAEREMPRR NENT The

preferred enbodi nent ot the present invention provides a nethod of formng

a gate di ARG LS hi i solely of a

i oo ki e diel @ el VPR Rl Nk RO ofbdgBllol S TRRe 20T L,

t hi ckness for of t.h l.gh-k dielectric material r, | ayer.of silicon
oxi de. Referr {Tﬁ h‘lrﬁi Pé‘f’&tog ﬂgf’ &Velﬁfo“tlﬂgorrgowge %ﬁ‘&me %P@%ﬁ%‘ﬁ%t‘?%%‘ﬁ% esent ation
of the crqgss, sec¢tion of a sem ¢conductor, substrate (,10), ich in this

ermbodi menformingdiefectzig telfs&fé(?ry@g compositions on a semiconductor substrate, wherein

the thinnest layer is a single layer of high-k dielectric material and the layers of
intermediate and greatest thickness are double layers comprising a layer of high-k
dielectric material formed over a layer of silicon oxide.

A fourth object of the present invention is to provide a simple and efficient
method for forming MOS/CMOS devices requiring varying thicknesses and compositions
of their gate oxide layers.

In accord with the objects of this invention there is provided a simple and efficient
method for forming a dielectric layer of varying thickness and composition on a
semiconductor substrate comprising the steps of: 1) forming a first dielectric layer over a
semiconductor substrate; 2) removing a first portion of that layer to expose the
semiconductor substrate surface thereunder; 3) forming a second, thinner dielectric layer
over the substrate surface exposed thereby; 4) removing a second portion of the first
dielectric layer to expose the semiconductor substrate surface thereunder; 5) forming a
third, blanket, dielectric layer over the second dielectric layer, the remaining portion of
the first dielectric layer and the exposed semiconductor substrate. In the preferred
embodiment of this invention, the first and second dielectric layers are layers of silicon

oxide (SiO;) and the third, blanket layer, is a layer of high-k dielectric. It is further noted



over which is fornmed a first dielectric layer (12), which in this

enbodi nent is a layer of silicon oxide, Si 2. The thickness of the oxide

| ayer is between approxinmately 30 and 60 angstrons. Referring next to Fig.
2, there is shown a renmaining portion of the first oxide layer ( 12),
covered by a | ayer of etch-resistant material ( 14), which in this

enbodi nent is a | ayer of photoresist. The photoresi st has been patterned
(not shown) into an etch nask to all ow renoval of a portion of the first
oxi de |l ayer and expose the surface (16) of the Si substrate ( 10)

t her eundethat dfageraif ghieREEcRbdd MatelN| siRh hadesedgalysiRoACRABBEESdREd Syera dil ute
HF etch or other nmethods known in the art. Referring next to Fig. 3, there

i's shown Hagnif iRt i438r 8fd fahBrmed (PRBH Gaft RelSQRAEY MOYSE: OLIOY el ectric

material (18), in this enbodi nent the second |ayer being a layer of silicon
oxide, is égﬁged over the substrate ( 10) surface ( 16) exposed by the
r enoval o? the first layer (12). The oxide is forned to a thickness of
bet ween approxi mately 10 and 30 angstrons. The renmi ni ng photoresist (( 14)
in Fig. 2) has been renoved by chem cal resist stripping, a nethod known in
the art. Referring next to Fkﬁu there is shown the fabrication of Fig. 3

wherein a second |ayl§‘?JF¢ﬁD§¢S .P§§p§tgﬁtT%wwlN%ai n a |ayer of

photoresist (20) in this enbodi nent, has been forned over the second oxide
| ayer (18) and the first oxide |ayer (12). The photoresi st has been
patterned to allow renoval of a portion of the first oxide layer ( 12) and
to expose the Thbehjedts, deafuréOyndsadviriages ofitheguesdatrinyedfipn aRafndensiond next to
Fig. 5 there is shown the fabrication of Fig. 5 wherein the remaining
phot or esi sfithin(tBO$oritext lof the Descripaion o€ die Rreferred Enbydinteats, aadet firthi bepowg (al |

The Description of the Preferred Embodiments is understood within the context of the

accompanying figures, wherein:

Fig's. 1-6 are schematic cross-sectional diagrams of the sequence of process steps
required to form a dielectric layer having three different thickness and compositions.

Fig. 7 is a schematic cross-sectional diagramof the dielectric layer so formed now

being patterned and having gate electrodes formed thereon.
DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment of the present invention provides a method of forming
a gate dielectric layer comprising a thinnest portion formed solely of a high-k dielectric
material and portions of intermediate and greatest thickness formed of the high-k
dielectric material over a layer of silicon oxide.

Referring first to Fig. 1, there is shown a schematic representation of the cross-

section of a semiconductor substrate (10), which in this embodiment is a Si substrate,



" nunerals are the sanme as in Fig. 4). 6 Referring next to Fig. 6, there is
shown the fabrication of Fig. 5 wherein a blanket third dielectric |ayer
(24) has been formed over the layers ( 12) and ( 18) and the substrate (10)
surface (22). The third layer is a layer of high-k dielectric material,
preferably nmetal oxides such as H-2, Zr02, Ti 02, Y203, La203, or their
silicates or alum nates. This |ayer may be deposited by Atom c Layer

Chem cal Vapor Deposition (ALCVD) or thermal oxidation of sputtered netal.
The Equi val ent Oxi de Thi ckness (EOT) of the layer, EOT=(EoXl Eh~gh-k) Th~gh-k
, Wher e seyer ahebhSis forgled b fRERIdIOL PRI (12), Whiches t1d ehbhRlin¥itdea Bk &1 gh- k
dielectric and T is thickness, is preferably between approximately 4 and 15
angst r onsg;y; | f i r A : hel.egtric
aer O e P g Y <R PR iRlcld e

i nt er medi %?%gg{rgﬁlgct ric layer thickness; region (B) which will have the
maxi mum dr e ric layer thickness and region (C) which has the m ni num

dielectric | thi ckness. Region (C i st.s only of the high-k
i ol ectric ( 2ABerlenERy etk s i BiFisuve ARG e FuOtERINena) over

oxide layers ( 18) and ( 12) respectively. Referring, finally, to Fig. 7,
there is @ﬁi\ﬁﬁyergéhéﬁiwe&aﬁz qtg}z-reagtapbmﬁt@aaléé&w i i fhis ¢RbedimER i$ &g ons,
(A, (B) and (C}, each with a gate el ectrode, preferably polysilicon,
formed t hkayeroef pha@yesist.nThgphatorpaistihen besh p@tﬁ@n%g\mhom) gfto pMosich maghvtos

devi ces over regions of appropriate dielectric thickness. If polysilicon is
used as t hdovgenevel efct parten ofthe firshbxiide layewdnd dapofesharpuifaes (1) bbtheSi by | ow
pressure chem cal vapor deposition (LPCVD) over the dielectric |ayer.

Appr opr i aksbspat (B)nhergundsd Fecdichingy ovahid olxitleRgert can bbacdoniplisheddbifd gilitat i on of
Fig. 7. If the gate electrode material is netal, then netals such as TiN,

TaN or M HaPREEHLriehe aRasdds REoWy iRy gitcal vapor deposition (PVD) and
patterned at etched in an anal ogous fashion 7 As i s understood by a

person skill edrifrddienedt {o Fi%hﬁ‘ (RESIsShoeH tHR TR IBNG T IQE. 1 WRerBn&SRBEnd

invention is illustrative of the present 1nvention rather than Iimting of

the presefe] BYEOLLANmaREN] arE 1Rl BRARLH A LQ0R R HBR o IAGR, Lp_Met hods,

mat eri al s, “structures and nsi ons enpl oye €’ pres d for
formng a_dielectri.c.layer having varyi hi ess a onposi tion and its
use't n’r aBPEELERNG el v R MR o Srknte E R Py GRAPRE A ofet hod 1 or
formng a digelectric |ayer having varying thickness and conpqgsition and its
use in fa ifgétt F’Fﬁj(i?és rigqisdo itﬁéét,“glf'}‘?ssa F‘?SeeWaPWOFW@té}Si]{)PPEand
scope of the present invention as defined by the appended clains.. _ Wat is

cl ai med i 39 angsHemsod he smainipgipheforesist @14dnF igoAhkastbsen wmoyed hy ghemical
dielectric |ayer having varying thickness and conposition conprising:

provi di ngresistghippivadueeted Kogse fngthe artf or mi ng over said substrate a first
dielectric layer having a first thickness; form ng over said first
di el ectric | ayRefeariig mext td Bige4, tidre estshbwn ¢iei fabrivatiomaf Bigi Awhereenmseacod a
portion of said first layer of etch resistant naterial to expose a first

layer of etch resistant material, again a layer of photoresist (20) in this embodiment, has

been formed over the second oxide layer (18) and the first oxide layer (12). The

photoresist has been patterned to allow removal of a portion of the first oxide layer (12)

and to expose the substrate (10) surface thereunder (22).

Referring next to Fig. 5, there is shown the fabrication of Fig. 5 wherein the

remaining photoresist ((20) in Fig. 4) has been removed by chemical stripping (all

numerals are the same as in Fig. 4).



region of the first dielectric |layer; renoving, by an etching process, the
first region of the first dielectric |ayer and exposing, thereby, a first
substrate surface region thereunder; renoving the remaining first |ayer of
etch resistant material; formng a second dielectric |ayer having a second
t hi ckness on said first substrate surface region; formng a bl anket second
| ayer of etch resistant naterial over the second dielectric |ayer and the
first dielectric layer; renoving a portion of said second | ayer of etch
resistant material to expose a second region of the first dielectric |ayer;

removi ng, by aReftiiy megt Priig.es sherd iBsheat thedabriRgiiomotiig! hehéreinsd blghiket ectri c
| ayer and exposing, thereby, a second substrate surface region thereunder;

removi ng iRl digle&tiolayer (m{ hds®RerPformbB® 0w el dydrayieh afd (1) 684 the ShisskaRt
material; 9 formng a blanket third |layer of dielectric material having a

(oL, L emspTaen. he Rl € R kst e ATRERL A okl on o
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oxidation of sputtered metal. The Equivalent Oxide Thickness (EOT) of the layer,

EOT=(€ox/€nigh-k) Thugh-k , Where €5 and €nigh-x are the permittivities of the oxide and high-k

dielectric and T is thickness, is preferably between approximately 4 and 15 angstroms. It

is seen from the figure that three regions of dielectric layer thickness have been formed:

region (A), which will have the intermediate dielectric layer thickness; region (B) which

will have the maximum dielectric layer thickness and region (C) which has the minimum

dielectric layer thickness. Region (C) consists only of the high-k dielectric (24), while

regions (A) and (B) have high-k dielectric (24) over oxide layers (18) and (12)

respectively.

Referring, finally, to Fig. 7, there is shown, schematically, patterned sections of

the three regions, (A), (B) and (C), each with a gate electrode, preferably polysilicon,

formed thereon (30), in anticipation of the formation of MOS or CMOS devices over

regions of appropriate dielectric thickness. If polysilicon is used as the gate electrode

material it would be formed as a layer by low pressure chemical vapor deposition

(LPCVD) over the dielectric layer. Appropriate patterning and etching would lead to the

final configuration of Fig. 7. If the gate electrode material is metal, then metals such as

TiN, TaN or Mo would be deposited by physical vapor deposition (PVD) and patterned at

etched in an analogous fashion



6. The nmethod of claim3 wherein the first thickness is between

approxi mately 30 and 60 angstrons. 7. The nethod of claim3 wherein the
second thickness is between approximately 10 and 30 angstrons. 8. The

met hod of claim 3 wherein the third dielectric layer is a layer of high-k
dielectric material. 10 9. The nethod of claim8 wherein the high-k
dielectric material is chosen fromthe group of netal oxides including
Hf 1l Oz, ZrQOz, TiOz, Yz and LazO3 and their silicates and alum nates. 10.
The met hod of claim8 wherein the third thickness is such that the high-k
di el ectri c mat&s isainderamod by agatseakldiied mxhdat,tths pkfeass embodiaicnesithe
approximately 4 and 15 angstrons. 11. The nethod of claim 10 wherein the

hi gh-k di plegt nventiohti€ fliudtrative Jf‘ﬁ{egﬁgsehb’maénﬂi@h Gath@)Rdn IGHRINE ©fthe\pAdReht
deposition (ALCVD). 12. The nethod of claim 10 wherein the high-k

diel ectri gvaRIoR! IRvisichs b fﬁ%glfﬁ&l&ﬂg%dgﬁde e 43 ef3d®mAad, Shrgdur®t al . 13.

A nmethod for formng MXS devi on a sem conduct of substrate

having a gaf (ﬂmghsqgl% 1-lrﬁﬂlc(fyedé}l){ e r{gése%ﬁaﬁé{th@%fo& B ﬁh%& 3Le%@ﬁ|wq%[ép ﬁ

conpri si ng: provi a Sem Co or SUbSLra avin |c | ayer
of varying thickness conpasition for .acco im.1: form ng
Cayer of  GEEEIpEke A comparitan andts w&1"'f%rlg%mg.@b%éwég‘devwés

while still providing a method for forming a dielectric layer having varying thickness and

composition and its use in fabricating MOS and CMOS devices, in accord with the spirit

and scope of the present invention as defined by the appended claims.



" patterning and etching the gate el ectrode material and dielectric |ayer
beneath it to produce devices in accord with gate dielectric thickness
requi renents. 14. The nethod of claim 13 wherein the substrate is a silicon
substrate. 11 15. The met hod of claim 14 wherein the first and second
dielectric layers are layers of SiOGz. | 6. The nethod of claim 15 wherein
the first thickness is between approximately 30 and 60 angstrons. 17. The
met hod of claim1l S wherein the second thickness is between approxi mately
10 and 30 angstrons. 18. The nmethod of claim 15 wherein the third

di el ectric | ay@hats caiméyger of high-k dielectric material. 19. The net hod
of claim 18 wherein the high-k dielectric material is chosen fromthe group
of netal oxides consisting of H 02, Zr02, Ti02, Y203 and La203 and their
silicates and al um nates. 20. The nethod of claim 18 wherein the third

oxi de. thi kness hElen Kt Gt Sl ikl ol PR Rloci BT negHE 15, X1
met hod of cl ai m.20 wherein the high-k.dielectric material is forned by
atonic | aywl"@%ﬁ?f&egf a'le%S’B}PO ﬁB‘&g@PP%“%: ALCVD). 12 22. The nethod of
claim 20 wher el B ldi o sehlcondactor sibstras, Mo o @1 1S formed by
forming over said substrate a first dielectric layer having a first thickness;
forming over said first dielectric layer a first layer of etch resistant material,;
removing a portion of said first layer of etch resistant material to expose a first
region of the first dielectric layer;
removing, by an etching process, the first region of the first dielectric layer and
exposing, thereby, a first substrate surface region thereunder;
removing the remaining first layer of etch resistant material;
forming a second dielectric layer having a second thickness on said first substrate
surface region;
forming a blanket second layer of etch resistant material over the second dielectric
layer and the first dielectric layer;
removing a portion of said second layer of etch resistant material to expose a
second region of the first dielectric layer;
removing, by an etching process, the second region of the first dielectric layer and

exposing, thereby, a second substrate surface region thereunder;

removing the remaining portion of the second layer of etch resistant material;



" thermal oxidation of sputtered nmetal. 23. The nmethod of claim 13 wherein
the layer of gate electrode material is a |layer of polysilicon. 24. The

met hod of claim 23 wherein the polysilicon is deposited by | ow pressure
chem cal vapor deposition (LPCVD). 25. The nethod of claim 23 wherein the

| ayer of gate electrode material is a |layer of netal chosen fromthe group
of nmetals consisting of TiN, TaN and Mbo. 26. The nethod of claim25 wherein
the netal is deposited by physical vapor deposition (CVD). 13

. Au. AN. Au. A. A9. AL. A;
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7. The method of claim 3 wherein the second thickness is between approximately 10

and 30 angstroms.

8. The method of claim 3 wherein the third dielectric layer is a layer of high-k

dielectric material,
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10.  The method of claim 8 wherein the third thickness is such that the high-k
dielectric material has an equivalent oxide thickness of between approximately 4 and 15

angstroms.

11.  The method of claim 10 wherein the high-k dielectric material is formed by

atomic layer chemical vapor deposition (ALCVD).

12.  The method of claim 10 wherein the high-k dielectric material is formed by

thermal oxidation of sputtered metal.

13. A method for forming MOS or CMOS devices on a semiconductor substrate
having a gate dielectric layer of varying thickness and composition comprising:

providing a semiconductor substrate having a dielectric layer of varying thickness
and composition formed according to claim 1;

forming a layer of gate electrode material on the dielectric layer;

patterning and etching the gate electrode material and dielectric layer beneath it to

produce devices in accord with gate dielectric thickness requirements.

14. The method of claim 13 wherein the substrate is a silicon substrate.
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16.  The method of claim 15 wherein the first thickness is between approximately 30

and 60 angstroms.

17.  The method of claim 15 wherein the second thickness is between approximately

10 and 30 angstroms.

18.  The method of claim 15 wherein the third dielectric layer is a layer of high-k

dielectric material.

19.  The method of claim 18 wherein the high-k dielectric material is chosen from the
group of metal oxides consisting of HfO,, ZrQ,, TiO,, Y,0; and LayO; and their silicates

and aluminates.
20.  The method of claim 18 wherein the third thickness is such that the high-k
dielectric material has an equivalent oxide thickness of between approximately 4 and 15

angstroms.

21.  The method of claim 20 wherein the high-k dielectric material is formed by

atomic layer chemical vapor deposition (ALCVD).
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22, The method of claim 20 wherein the high-k dielectric material is formed by

thermal oxidation of sputtered metal.

23.  The method of claim 13 wherein the layer of gate electrode material is a layer of

polysilicon.

24.  The method of claim 23 wherein the polysilicon is deposited by low pressure

chemical vapor deposition (LPCVD).

25.  The method of claim 23 wherein the layer of gate electrode material is a layer of

metal chosen from the group of metals consisting of TiN, TaN and Mo.

26.  The method of claim 25 wherein the metal is deposited by physical vapor

deposition (CVD).
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