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DI ELECTRIC by BACKGROUND OF THE I NVENTION 1. Field of the | nvénit i 20055
invention relates generally to the fabrication of sem conductor devices

within integrated circuits and, nore specifically, to cirgu fimi ng
the formation of gate oxide I|ayers having varying degreesmmmMNMNMHmMuL and
conposition. 2. Description of the Related Art The fabrication,gfie«
integrated circuits often requires the formation of dielectric |ayers,
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when the circuit contains sem conductor devices operating at different
vol t ages. For exanple, high voltage ﬁﬁmer transi stors and transistors used
to program EEPROM devi ces require thicker gate oxides than |ower voltage
transistors used in nenory storage in DRAMcircuits. Furthernore, as

devi ce size continues to decrease, the ultra-thin gate oxides required to
elimnate problenms sucRARKGROUNR IQGMTEE BXVENT3ONn MOSFETs are al so
preferably fornmed of dielectric materials having high dielectric constants
(high-k dielectrics). Thus, not only

1. Field of the Invention

This invention relates generally to the fabrication of semiconductor devices within
integrated circuits and, more specifically, to circuits requiring the formation of gate oxide

layers having varying degrees of thickness and composition.
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 MOSFETs are also preferably formed of
dielectric materials having high dielectric constants (high-k dielectrics). Thus, not only

must the fabrication process enable the tormation of dielectrics with varying thicknesses,
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must the fabrication process enable the formation of dielectrlﬁz %
varyi ng thicknesses, | *@0002* 14 OCT 2005 it nust also allo ﬁt 2005
formation of dielectrics with different conpositions. Cearly, such a
process should al so be efficient 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 NCS transistors. The
met hod |nvolves the formati.on ?f a first oxjde |ayer. ffic'al | ayer
i's for el MVER'se #iov the fermalipy el digleeirics b p‘gjfﬁtr?rmcp p?%&we %YafYBw

sel ective etching away of the first oxide |layer. A second OXIde | ayer is

t hen f or#rBcessshould Rlso bg Fiitsiont ensl predics Wickesdriolazers il isgariyand auplityay er
covered first oxide region, whereby the sacrificial |ayer is consuned by

t he second oxHattangady ¢thab (YeSehatdnhdlof 5,032,346 iteheh amekthageloo fdming ate over it
together forma | ayer of double thickness. Chwa et al. (U S. Patent No.

6, 147, 008yid¢ baedofawndifiiventftidckdesseniforginantgatied @icaiehaving both higheandildw er ent

t hi cknesses. A first layer is deposited to the desired maxi num thickness.

The port i 6lgeMOB eahdieris. Thamethddisvol @B fothatiomeEadtstokide [phwt ar esi st. A
nitrogen inplant is driven into a snall area of the substrate through the

uncover e@'acﬁ%tal Q?eﬂ§ fdrRd Bl/érstﬁe fxst 8adé ay%m]?a&.my&m&&&& ail¢ inplant is
to locally nodify the crystal structuré of the substrate and alter the

thi Cknes?el&ftlvget%ﬁﬁ’\%%q'a?&'f R f@Ride lgh:? UNEOMRT ke layer is then formed over

the oxide-free region and over the sacrificial layer covered first oxide region, whereby the
sacrificial layer is consumed by the second oxide and the remaining first oxide and
second oxide over it together form a layer of double thickness.

Chwa et al. (U. S. Patent No. 6,147,008) teach a method for forming a gate oxide
with three different thicknesses. A first layer is deposited to the desired maximum
thickness. The portion of the layer thét is to remain is covered by a photoresist. A
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



first layer is then renoved fromthe substrate and a second, tri”BEf iﬁger
is grown. The second |ayer has a thinner portion over the 4 0
nitrogen-inplanted region. Song (U. S. Patent No. 6,191,049 B 1) al so teach
a nethod of formng a gate oxide wth varying thicknesses by the use of
ion inplantation into the substrate to nodify the oxide growh properties
of the substrate over the inplanted regions. The nethod teaches the use of
two different ion species, nitrogen and quorine i npl anted to different
depths 2 14 OCT 2005 and concentrations, by which nethod dlfferent
subsequetftd GREEHPRPH WhIGD m@%@&ferépbsubaw%\;we eighisknesses ajy, s,
Patent No. 6,268,251 B 1) teach a nethod for fabricating nultiple
thicknesgmga?é oxi de layers. In accord with the nmethod, a first |ayer of
gate oxide is deposited to a first thickness, which is the thickest of the
oxi de | ayer s. Zhorigzyek. (0fS. BathyNb! 6,26825 1B Depabiatrechal/for fabhieatirigr st gat e

oxi de | ayer and pl anarized. The polysilicon layer is masked to define a
regi on wheltplathikae’ Gaxoxit lhyers Kinassord svithahgiinetdd, afdt fahia of gakysi | i con and
t he oxide | ayer beneath it are etched away fromthe substrate surface. A

second oykideid c@ﬁ@d’iteﬂ% RaYY eHieMBss, WRich iSthe mekdshbGKOBSe 1a¥BisC A Taferiohe
i nternedi ate i ckness, on the exposed surface of the substrate. A second

pol ysili B&E’snln@d{ﬁ% dbﬁosﬂ@d\bvéﬂ@&%’sﬁ% Shad ﬂ?exsa‘ﬁg(ﬁMa%ddefhle %M@Em@&ﬁ
pl anari zed. As before, the polysiTicon is" masked to define"a region where

a third gxpdg rﬁa@k&iktﬂ%gﬁne PRI Wierd £€echR BRAT thickndss i€ L& and iR PF Vi ous

steps are“now repeat

polysilicon and the oxide layer beneath it are etched away from the substrate surface. A
second oxide layer is now grown, to a second thickness, which is the intermediate
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



As device sizes becone increasingly small, the use of selective,i
inplantations to control gate oxide growh, as taught in the 1pﬁ| ﬁ&aﬁﬂﬂs
cited above, will beconme inpractical. In addition, it is desirable to form
the varying thickness layers in as cost efficient a manner as possible,
whi ch requires the mnimzation of fabrication steps. The present

i nvention acconplishes its objects without ion inplantations and with a
smal |l er nunber and sinpler process steps than those of the prior art.
SUMVARY OF THE | NVENTI ON 3 14 OCT. 2005 A first object of this invention is
to provide a Aiflgobicstef thisinventdert isppioyilersimple gpaehhigicat wpbed forc | ayers of
varyi ng thicknesses on a sem conductor substrate, A second object of this
i nvent i oferiningtdielprty jagers of sanyingdhiakigsseh bh @isemiconduckygubsirate. f or ni ng
dielectric layers of varying conpositions on a sem conductor substrate. A
third object Afseddnd®bjentvaithis @nventort is tppovidda sange apd effiaiedt méthbd f@nt et hod
for formng dielectric |ayers of varying conpositions on a sem conduct or

subst r at gyrmiMpati@bdiric ldyerstofvigRtcoh@ysifionssonda hil@ndudtaysibstadte.ni gh-k
dielectric material and the layers of internmediate and greatest thickness

are doubl e | axehigd ?Q%%ifaiii‘ﬂvé’ndoﬁ){?{o @Rbvilid §niple Qid@ﬁﬁ&&ﬁtin%tlm grial forned

over a layer of silicon oxide. A fourth object of the present invention is

oo S Bt (B o ABSERTRY 072
the thinr;est layer is a single layer of iligh-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 (Si0,) and the third, blanket layer, is a layer of high-k dielectric. It is further noted



In.accord with the objects of this invention there is provided1§ atgp(ﬁ and
efficient nethod for formng a dielectric |ayer of varying thtCk 5
conposition on a sem conductor substrate conprising the steps of. 1)
forming a first dielectric |ayer over a sem conductor substrate; 2)
removing a first portion of that |ayer to expose the sem conductor
substrate surface thereunder; 3) form ng a second, thinner dielectric |ayer
over the substrate surface exposed thereby; 4) renpving a second portion of
the first dielectric layer to expose the sem conductor Substrate surface

t her eund®pt a Byerfad gaterstpeiiode mptedal, wcaﬁké@peddmé\fsel@pm @n by geposgedpvarhe second
dielectric layer, the remaining portion of the first dielectric |ayer and
t he expoﬁ’édhisb‘#ﬁl@@triélh}”@b@ndsmﬁsmpét%formrgatehiéelmtéﬁeﬁor MPS enbddSent of this
invention, the first and second dielectric layers are layers of silicon

oxi de (Sid®2)esand the third, blanket layer, is a layer of high-k dielectric.
It is further noted 4 1 4 OCT 2005 that a | ayer of gate el ectrode material,
such as doped polysilicon, can be deposited over the third dielectric

| ayer and patterned to formgate dielectrics for MOS or CMOS devi ces.

BRI EF DESCRI PTI ON GRIHIEDPRENINGPFON OFAHE S BAWIR@Yr es and advant ages of
the present invention are understood wthin 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 acconpanying

figures, wher %h@é)bjects, features and advantages of the present invention are understood

within the context of the Description of the Preferred Embodiments, as set forth below.
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,



Fig's. 1-6 are schematic cross-sectional diagrans of the seque 3 6;
process steps required to forma dielectric |ayer having t hr et d0ET 4005t
t hi ckness and conpositions. Fig. 7 is a schematic cross-sectional diagram
of the dielectric layer so forned now being patterned and havi ng gate

el ectrodes forned thereon. DESCRI PTI ON OF THE PREFERRED EMBODI MENT The
preferred enbodi nent of the present invention provides a nethod of formng
a gate dielectric layer conprising a thinnest portion formed solely of a
high-k dielectric material and portions of intermediate and greatest

t hi cknesevef whishds tormedhe fingt gheldetra leyerdi )i whivhtie thin¢mioadement is ajeeer off silicon
oxide. Referring first to Fig. 1, there is shown a schematic representation
of the csibem-oxidectSiOn The thickeess 0Ot waideraysuxictvaden apjdximardly A andh t hi s
enbodinent is a Si substrate, 5 1 4 OCT 2005 over which is forned a first
di el ect ré®adgayemns.(12), which in this enbodinent is a layer of silicon

oxi de, Si02. The thickness of the oxide layer is between approxinately 30

and 60 angstgrauingRekEbHN, e is twi frenthinihNB6Boh Sf HRIHA oaldreermtm ng
portion of the flrst oxide layer (12), covered by a l|ayer of

etch-r es{l%% Q:B%/erQ@B E'Ia}le éf‘]e%h re‘é‘@ﬂa hmht@u&lh(tl 8), ﬁ’ﬂ%‘ﬂqh 'ﬂﬁ@&mb&h ent @Xer of

phot oresi s The p esi st has een pat not shown) into an etch
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layer Ca&lol%vere?rg:o%gpgtj al [;sorrltel(()jn (l))[ythéJl ﬁgslt 0x1de layer and expose the surface (16) of the Si

substrate (10) thereunder. The etching of the oxide layer can be accomplished by a dilute

HF etch or other methods known in the art.

Referring next to Fig. 3, there is shown the fabrication of Fig. 2 wherein a second
layer of dielectric material (18), in this embodiment the second layer being a layer of
silicon oxide, is formed over the substrate (10) surface (16) exposed by the removal of
the first layer (12). The oxide is formed to a thickness of between approximately 10 and
30 angstroms. The remaining photoresist ((14) in Fig. 2) has been removed by chemical
resist stripping, a method known in the art.

Referring next to Fig. 4, there is shown the fabrication of Fig. 3 wherein a second
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 removél 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).



HF. etch or other nmethods known in the art. Referring next to F'g. é ﬂﬁ re
is shown the fabrication of Fig. 2 wherein a second |ayer of ij eO T:t g
material (18), in this enbodi nent the second | ayer being a | ayer of

silicon oxide, is forned over the substrate (10) surface (16) exposed by
the renoval of the first layer (12). The oxide is forned to a thickness of
bet ween approximately 10 and 30 angstrons. The remai ni ng- photoresist ((14)
in Fig. 2) has been renoved by chem cal resist stripping, a nmethod known
inthe art. Referring next to Fig. 4, there is shown the fabrication of

Fig. 3 wher eiRefarrisgmenido Figpethersfis shavtn the §3bsicatinn ofdtie S whereiggdilankgt | ayer of
phot oresi st (20) in this enbodi nent, has been fornmed over the second oxide
| ayer (1@jrdalmedectielaférr(24) hoxibeen ﬂoayeﬂr oet e lagme( 1gh ando(l 8 arst thiyaubsisaien
patterned to allow renoval of a portion of the first oxide |layer (12) and
t 0 expos@o) hefaxe @) r FhethidAyyes iv £ g df hegheludidectric2@dteridRgireferabhgmetakt t o

Fig. 5, there is shown the fabrication of Fig. 5 wherein the remaining

phot or espsitles(sudfis HFOLZE0,, £lOf)asoharros, enmérdilRytes bealu@alates! Thphyeg (al |
nunerals are the same as in Fig. 4). 6 1 4 OCT 2005 Referring next to Fig.
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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



may be deposited by Atom c Layer Chem cal Vapor Deposition (Ahfg é g
thermal oxidation of sputtered netal. The Equivalent Oxide T kB 9200&01')

of the layer, EOT=(ox/nigh-k)Tliigh-k , where oX and high_k are the
permttivities of the oxide and high-k dielectric and T is thickness, is
preferably between approximately 4 and 15 angstrons. It is seen fromthe
figure that three regions of dielectric |ayer thickness have been forned:
region (A), which will have the internediate dielectric |ayer thickness;
region (B) which will have the maxi numdiel ectric |ayer thickness and
regi on (C) whivtis understiopé by merspmskiedindbe art.dhe prpterred ginbréjesst offbgyi on ()
consists only of the high-k dielectric (24), while regions (A and (B)
have hi gpresendinebmainris dius@a)vead dre nmiedeinIvay@nsatbd_ﬂ)\aralmditmg2>f therppespeict i vel y.
Referring, finally, to Fig. 7, there is shown, schematically, patterned
sect i onsin@éntichh® e i3iode andegbdifisatiqnd)may(B)madedo (Ehodgacdtendld, btractgas e

el ectrode, preferably polysilicon, fornmed thereon (30), in anticipation of

t he for maid dimemdioddemmsye@iXhedRasemtaBethyEfor fSradhondieRbirRNPycPpaviag e
dielectric thickness. If polysilicon is used as the gate el ectrode

mat eri al yirlinp@ibicheBearddomBdsifidn and AY & IPYabIHQH\,’lr\%r MOSUnE CANORIdeAkesy apor
deposi tion LPCVD) over the dielectric layer. Appropriate patterning and

etching weyl g ﬁ%g dgr% z”ﬂ Pé kt "ﬁ)rnﬁrgti'd WA | %r%%vﬁ?gary%lﬁh ckhdl§ afipt €

el ectrode nater hen s suc woul d be’

deposi t ed b%ssﬁlr% %atiﬂ\s/e&%r gr?éstgand(gNBS (?ewce al'Fl %gcrorf\%ltﬁghe splrcthed in an

analogou%om

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



As.is understood by a person skilled in the art, the preferre i t
of the present invention is illustrative of the present inveg‘t ﬁgaefaiﬁgr

than limting of the present invention. Revisions and nodifications may be
made to methods, materials, structures and dinensions enployed in the
present nethod for formng a dielectric |ayer having varying thickness and
conposition and its use in fabricating MOS and CMOS devices, while still
providing a nethod for formng a dielectric |ayer having varying thickness
and conposi t i Whatdndlaimes igsse i n fabricating MOS and CMOS devi ces, in accord
with the spirit and scope of the present invention as defined by the
appended clains. 8 1 4 OCT 2005 What is clained is: 1. A nethod for

form ng, on a sem conductor substrate, a dielectric |ayer having varying

thi cknessjand & edegslifbi RBMHRNEH & SdnfigondRt©Y bubisitgle 2 GelebiEio Yk Qingsubst r at e;
form ng over said substrate a first dielectric |layer having a first

thi cknes sy, ih QTR IGss B coRPBb&ibd Eothprilidgt ectric layer a first |ayer of etch
resistant matérial; renoving a portion of said first |ayer of etch

resi stant mate rbgil %{‘f%% s%é?c%ﬁﬁuc@or@u@ﬁ%tefregi on of the first dielectric |ayer;

removing, by an ¢ i'ng process, t irst region of the first dielectric
et and, CxBg B SIERhord LB B TR ARG R "o
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;
forming, by atomic layer chemical vapor deposition (ALCVD), a blanket third

layer of high-k dielectric material having a third thickness over the second dielectric



formng a second dielectric |layer having a second thickness on Zabe Li g
substrate surface region; form ng a bl anket second | ayer of Es4083 ant
mat erial over the second dielectric Ilayer and the first dielectrlc | ayer;
removing a portion of said second | ayer of etch resistant naterial to
expose a second region of the first dielectric |ayer; renoving, by an

et ching process, the second region of the first dielectric |ayer and
exposi ng, thereby, a second substrate surface region thereunder; renoving

t he r enui layergthp aermaining pbriiohef sedostdli¢legtee layér anddhe scesidstubsitaterairtace al ;

form ng, by atomc |ayer chem cal vapor deposition (ALCVD), a blanket third
| ayer of Rewh-k dielectric material having a third thickness over the
second dielectric 9 14 OCT 2005 | ayer, the renmaining portion of the first
dielectric layer and the second substrate surface region. 2. The method of
claiml| wherein the substrate is a silicon substrate. 3. The nethod of
claim2 vher el fhd finbd bR Avhecate dinhaeidd Gildebgrnal ¢ | avers of S 02.
4. The method o alm 3 wherein the first thickness is between
approximately 30 and 60 angstronms. 5. The nmethod of claim3 wherein the
second thickness is between approximately 10

3. The method of claim 2 wherein the first and second dielectric layers are layers of
SiOs.
4, The method of claim 3 wherein the first thickness is between approximately 30

and 60 angstroms.

5. The method of claim 3 wherein the second thickness is between approximately 10

and 30 angstroms.

6. The method of claim 3 wherein the high-k dielectric material is chosen from the
group of metal oxides including HfO,, ZrO,, TiO2, Y03 and La;03 and their silicates

and aluminates.

7. The method of claim 3 wherein the third thickness is such that the high-k

dielectric material has an equivalent oxide thickness of between approximately 4 and 15

angstroms.

10



and 30 angstroms. 6. The nethod of claim3 wherein the high-kkfiebsﬁtﬂb
material is chosen fromthe group of netal oxides including 62, r g
Ti 02, Y203 and La203 and their silicates and alumnates. 7. The met hod of
claim3 wherein the third thickness is such that the high-k dielectric
materi al has an equival ent oxide thickness of between approximately 4 and
15 angstronms. 10 14 OCT 2005 8. A nethod for formng MOS or CMOS devi ces
on a sem conductor substrate having a gate dielectric |layer of varying

t hi ckness and conposition conprising: providing a sem conductor substrate
having a dielectric |ayer of varying thickness and conposition forned
accordi ng8.t o cAaethol fof furmingdMOS|cayM OB idegjadseoned seaticondectoredudstrad on t he
dielectric layer; patterning and etching the gate el ectrode naterial and

di el ect ri gavimy£satd Rt |hyler bPvarping ehici@estoandeompbsitidtéfigtisgt h gat e
dielectric thickness requirenents. 9. The nmethod of claim8 wherein the

substrate i s apdiikidaentRAlialubtiie HithgtRlibRriplayst & irfinuhifagia ¢ he

first and second di€lectric layers are |ayers of Si e met hod of

claim10 Mhecfoﬂlp%sﬁit]ﬁfcfrir{eﬁtacéo%iﬁé‘ﬂ)eéﬁnf g bet ween approxi mately 30 and 60

angstrons.

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.
9. The method of claim 8 wherein the substrate is a silicon substrate.

10.  The method of claim 9 wherein the first and second dielectric layers are layers of

Si0,.

11. The method of claim 10 wherein the first thickness is between approximately 30

and 60 angstroms.

12.  The method of claim 10 wherein the second thickness is between approximately

10 and 30 angstroms.
13.  The method of claim 10 wherein the high-k dielectric material is chosen from the

group of metal oxides consisting of HfO,, ZrO,, TiO,, Y203 and La;O3 and their silicates

and aluminates.

11



12. The method of claim 10 wherein the second thickness is betwee

approxi mately 10 and 30 angstrons. 13. The nethod of claim 10 meaerrzu%e

hi gh-k dielectric material is chosen fromthe group of metal oxides

consi sting of H 02, Zr02, Ti02, Y2O3 and La203 and their silicates and

alum nates. 11 1 4 OCT 2005 14. The nethod of claim 10 wherein the third

t hi ckness is such that the high-k dielectric material has an equival ent

oxi de thickness of between approxinmately 4 and 15 angstrons. 15. The

met hod of claim8 wherein the |ayer of gate electrode material is a |ayer

of netal chosen fromthe group of netals consisting of TiN, TaN and M. 12
14.  The method of claim 10 wherein the third thickness is such that the high-k

dielectric material has an equivalent oxide thickness of between approximately 4 and 15

angstroms.

15.  The method of claim 8 wherein the layer of gate electrode material is a layer of

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

12



