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BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention relates to the

fabrication of integratead Circuit devices, and more

particularly, to a method of fabricating dual-metal

transistors having different work functions in the

fabrication of integrated circuits.

(2) DESCRIPTION OF THE PRIOR ART

It is anticipated that a single metal gate
with mid-gap work function values will not be suitable for

"CMOS applications due to buried channel effects. By using a

single metal gate for both NMOSFET and PMOSFET, the threshold

voltage becomes too high for both types of transistors. In

order to achieve a lower threshqld voltage, additional

implantation is required and this will result in buried

channel effects. The short channel effect control will then




1 7 APR 2@6 be degraded. However, with dual netal gates having different
wor k functions, additional inplantation is not required. That is, one
electrode with a lower work function will be used in the NMOSFET whil e
another electrode with a higher work function will be usefd7f APRt2186
PMOSFET. That neans that the threshold voltage for NMOSFET and PMOSFET can

be tail orde deadependemblyvet! Jisndggifed..fQ majntain the conventional
CMOS process. flow in the dual et al gat Z‘Qeﬁ"ragc Ejg?‘s Beginpad biftle®no43, 157 to

Gar dner et"®AFF EWRSvsi RS prédisionidr ifprantg idnal s gakes. one gate is
o5

polysilicanatand the te.is netal. U S Patent 6, , 231 to Xiang
et al discl gses a dum%gg% %?eprwc}555§ titree workpfyphdusngat Es bedoped Wi t h

di f f er ent udepait sthar EMOSFIEhiniWeSanbRIENL; .8, 983, 836 10 Rodder teaches a
dumy gat eﬁEr ocess where two 1ggt es are %(%?aﬁfé?féeF(‘frlth%Hﬂgé’,efone gate is

pol ysi I i cBR“AndrqHenorhkl Hes ugkdnfeitirmiheUpBoshat entry, 5y g@eg,ﬁélghg | wanot o

t eaches oxjdati,Qn a hetal filmto be used as an anti- plating nask.
SUMMARY OF THE | N\l}E&ﬁ‘l ci‘rxrfet/i‘c?ceofafrﬁé‘f‘%}%mé" pRil nRMGEFED] et af thheoidwention is

to provi déndegpraeessyf orrd asnipg; dual, rrgl%al at for CMOS transistors in
the fabrigation of integrated circul ts. 1 t%lﬂR%gﬁo%on"e“tlonal
S process flow in the dual metal gate process.

U.8. Patent 6,043,157 to Gardner et al shows a
process for forming dual gates where one gate is polvsilicon

and the other gate is metal. U.S. Patent 6,087,231 to Xiang

et al discloses a dummy gate process where amorphous gates

doped with different dopants are formed. U.5. Patent

6,083,836 to Rodder teaches a dumnmy gate process where two

gates are formed. TFor example, one gate is polysilicon and

the other is aluminum,. U.s. Patent 5,266,519 to Iwamoto
rteaches oxidation of a metal film to be used asg an anti-

plating mask.
SUMMARY OF THE INVENTION

. A;cordingly, a primary object of the invention
is to provide a process for forming duél metal gates for CMOS

transistors in‘the fabrication of integrated circuits




A further object of the invention is to provide a process for formng

dual -netal gate CMOS transistors having different work functions in the
fabrication of integrated circuits. Another object of the frjveyPRi §fi s to
provi de a process for form ng dual-netal gate CMOS transi stors where one
gate conprises a netal and the other gate conprises the netal's oxide. Yet
anot her object of the igvfeunljtt' on is to provide a process for formng

dual “nmetal gate CMOS transistor LprEsHhgy mventapn aid tohe netal oxi de. A

still furphevidbjeeetoodsd R RYERNL LS_ pravid process for formng
dual -nmetal gate CMOS transistors dcgggﬁl??s%%%alag#?s&o%et al oxide and a
second methf*Si5Eoge mers Hifheremt alorksfide: isageihnehot h gates and t he
oxi de conggntirat.i is di.fferent. In accordance with the objects of the

i nventi on,ggltlrr%?ﬁgg (?rl téelgﬁaﬁ%é dudictitfal gate CMOS transistors is
achieved. First and second active areas of a sem conductor substrate are
separated by isolation regions. One of the active areas will be PMOS and
the other will be 1 7 APR'2006°INMSS. oA gat encheal e64 risC thayesvides for med

over |l yi ngatﬂ}%ceggn}&p%g%g% é&ablihé’%‘gf in each of the active areas. A netal

gate CMOS transistors where
one gate comprises a metal and the other gate comprises the

metal's oxide.

Yet another object of the invention is to
provide a process for forming dual-metal gate CMOS

transistors comprising a metal and the metal oxide.

A still further bbject of the invention is +to
provide a process for forming dual-metal gate CMOS
transistors comprising a first metal oxide and a second metal
oxide wherein the metal is the same in both gates and the

‘oxide concentration is different.

In accordance with the objects of the
invention, a method for forming dualmmétal gate CMOS

Fran81stors is achieved. First and second active areas of a

semiconductor substrate are separated by isolation regions.

One of the active areas will be PMOS and the other will be




. . . e
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ed™with a
i heg.active areas. The dummy gates are cover
Iji()relrrggtlrir]ég?i€e%f \?A’L{flghz?&s “DIFERBr f ZMRFAtheredy teveop stnéacertof each of the

i tes are renoved, |eaving gate
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overl yi ng PHL & dFitadneriet gin A_SQ§deW%rBQOQnd a metal oxide gate in
the first area to complete formation of dual-metal gate CMOS
transistors in the fabrication of an integrated circuit. The
metal oxide may have a higher or lower work function
depending on the metal used. The PMOS gate will be formed

from the gate having the higher work function-

Also, in accordance with the objects of the
invention, a second method for‘forming dual—metal'gate CMOS
transistors is achieved. First and second active areas of a
semiconductor substrate are separated by isolation regions,
One of the active areas will be PMOS and the other will be
‘NMOS. A dummf gate is formed in each of the active areas.
The dummy gates are covered with a diele;p;ic layer which is
planarized whereby a top surface qf_éééhzéf the dummy gates
is exposed. The exposed dummy gates aré rémoved, leaving

-gate openings_to the semiconductor subsérate. A gate

- .

'dielectric layer is formed overlying thé semiconductor




i i | layer is deposited within
in each of the gate openings. A netal | _ ( n
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i i inplanted netaj 7g9apg. 2okhe
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from the gate having the higher work function.

Also, in accordance with the objects of the
invention, a third method for forming dual-metal gate CMOS
transistors is‘achieved. First énd second active areas of a
semiconductor substraﬁe are sepérated by isolation regions.
One of the active areas will be PMOS and the other will be
NMOS. A gate dielectric layer is formed overlying the
semiconductor substrate in each of the active areas. A metal
layer is deposited overlying the gate d;electric layer.
‘First oxygen ions are implanted into the metal layer in a
first area to form an implanted metal laygr and the implanted
metal layer is oxidized to form a first'métal oxide layer.
Second oxygen ions are implanted into fhe_metal 1ayer in the
Second area to form én imblanted metal layer and the

implanted metal layer is oxidized to form. a second metal-




[ [ tration in the second
1 7 APR 2006 oxide |ayer wherein the oxygen concen _ _ _
netal oxide layer is different fromthe oxide concentration in the first

nmetal oxide layer. Thereafter, the first metal oxide | ayeéjg&&,&?h steﬁgnd
nmetal. oxide layer are patterned to forma first nmetal oxi ¥ =
first area and a second netal oxide gate in the second area to conplete

i t ransistors in the fabrication of an
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Also, in accordance with‘the ocbjects of the
invention, a fourth method for forming dual-metal gate CMOS
transistors is achieved. First and éecond active areas of a
semiconductor Sﬁbstrate are separated by isclation regions.
One of the active areas will be PMOS and the ofher will be
NMOS. A dummy gate is formed in each of the active areas.
The dummy gates are covered with a dielectric layer which is
blanarized whereby a top surface of each of the dummy gates
is exposed. The exposed dummy gates'éie removed, leaving
'gate openings to the semiconductor_substraté. A gate
dielectric layer is formed overlying the semiconductor
_sUbstrate in each of the gate openin§$;‘ A-meta1.layer is
deposited within the gate openings t;'féfﬁ;metal gates.
First oxygen ions,are implanted into:the ﬁétal gate only in

_ a first area to form an implanted metal_.gateT The implanted




a first area to forman inplanted netal gate. The inplanted 1 7 APR 2006
netal gate is oxidized to forma first netal oxide gate in the second
area. Second oxygen ions are inplanted into the metal gate 1d #RR ¥Wgond
area to forman inplanted netal gate and the.inplanted netal gate is

oxi di zed tg.far second . .netal oxide gate wherein the oxygen
concentration i %16'? e " SEEBAECHEtRITO5RI def iyatte mesadi dfiteehed rom t he oxi de
concent r attten senohdneaddal. St o8t ' ate to conplete formation of
dual -netal gate CMOS transistors i %bgﬁ gbl?saﬁ‘rrrecé‘f‘f?]&ﬁ’t@ﬂ &Rte rittegr at ed

circuit. SPMESEYaitre thel bedied heoeaeth f10m Lhe; gat e aving. the higher work
function. agldsgheic%%%%rgance W th the objects of the "inven i6fe a
dual -netal gate i'nt egPatEd 9efFecin toxddviree té FoamhieyeshnaThe device

conpri ses meitp3toant: $AEONGhACLLY € s of a sem conductor substrate
separated by isolation regions. 0%25 TS REHT V@ tdrRas™ viild be PMOS and

the ot her W PTY Bt tRVOB 1 e rstral igaterfareact Efsd @@egxg?'éarl ies a dielectric

| ayer, andodc&miadeQxi ate.in the second area overlies a gate
dielectric |ayer wher e?ﬁ tfqhee%rln’éis1%1I““?tﬁllt R&ideegatie gat eomysldthe sane materi al

as the metatmaticnhef n@hl-me@%h 0§ gal g The rre.tsatl oxi de may have a hi gher or

| ower wor function depending on the neta "USERTSTHR: Bwos gate will be

f or med fr%ﬂ?’f’tféa‘tdaf‘eoﬁaﬂﬂ g teeatidyharcwoe K fHaCkO8 gate will be

formed from the gate having the higher work function.

Also, in accordance with the objects of the

i > .
nvention, a dual-metal gate CMOS integrated circuit device

is achi . i i
ileved. The dev1¢e comprises first and second active

areas of a semiconductor substrate separated by isolation

regions. One of the active areas will be PMOS and the other

will be NMOS. 2 metal gate in a first area overlies a gate

dielectric layer, and a meta] oxide gate in the second area
overlies a gate dielectric layey wherein the metal in the

‘metal gate is the same material as the metal in the metal

oxide gate. The metal oxide may have a higher or lower work

function dependiqg on the metal used. ' The PMOS gate will be

formed from the gate having the higher wéfk function




1 7 APR 2006 Al'so, in accordance with the objects of the invention,
gﬁé?hér dual -nmetal gate CMOS integrated circuit device is achieved. The
device conprises first and second active areas of a sem condpcppp 2805” .
substrate separated by=- isolation regions. One of the active areas w e
PM3XS and the other will be NM3XS. A first nmetal oxide gate in a first area
overlies a gate diel ect¥iso,| ay erccoadtnde SeONdniBs B ect@Xbdeggate in the
second area overlies %ate dielectric |ayer wherei n_th_e_ m;tal in the t\r/1vo
gates is qﬁ’émsé?r%’ n%’t‘%lh TangRrt e teRi gate cReninbedrtads cdiéderent in eac

) . o
f the t gat es. [ | e farmed.fromthe gate having t _
ﬁi gher V\om%l:rlgﬁngt i%(;r%.ﬁ%ér%}{é? %Eés%ﬁ\l”ﬁ‘f% B TEE DRAW Res F%‘:‘f‘}ﬂa acconpanyi ng

i Ngs ABANPNgrens wEt er fahi@ardcebr t itk tdeser sdidQRegt Bgre is shown:
glr g\ém n% t.hr qu hgrS are cross-sectional representations of a first preferred
ermbodi ment°Cof "tH TFHEEENt T &t ithA. aFtiyse ageshiroughba1PiEo® and

. i i rent of the
Cr 0Ss- seathieoBaher NAANESENAE ONS, 0f & $8GQNd PL &S erred, enbodi me
present | nventi on.

area coverlies a gate dielectric layer, and a second metal

oxide gate in the second area overlies a gate dielectric
layer wherein the metal in the two gates 1is the same metal
and the oxide concentration is different in each of the two

gates. The PMOS gate will be formed from the gate having the

higher work function.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 5 are cross-sectional
‘representations of a first preferred embodiment of the

present invention.

Figs. 6 through 11 are cross-sectional

'representafions of a second preferred embodiment of the

present invention.
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Figs. 12 and 13 are cross septlona (
irtérﬁéfgsgs o? a third preferred enbodinent of the presenp |nx§2;|gnh9tal
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i al oxide to formdual-nmetal gates havi
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as the dual - et al gatesFiqs-WRIbnbﬁ;yp?ega%ggfﬁﬁygﬁgg ?nZEinggstihgg art
q i ' t be limted to ( _ _ _ d
Lgﬁéi;he E8¥9%%%1%§i§£$gl égghﬁat%ﬁﬁﬂﬁ€€3t@faﬂyﬁapﬁlpﬁ@hhﬁ@dln which it is

' ' i i first
[ n | ffering work functions. The
gﬁ%éé?ﬁe%fmg?yfﬁgﬂ%gseﬁ%%gﬁg%?ﬁr %@gﬂﬁéggribed with reference to Figs. 1-5.

: ) X ) ) e 1o
The second enbodi nent of the invention will be described with referenc

- - - v - d V\n. t h
[ j ' t of the invention will be  describe
Figs. 6-11. The th g:ggg | ,ment of e IS, tha iy st
reference to Figs. *i]% an %g Ref Bl PREFROWR GMPPYEY

i i i i1l be .described.
nbodi ment of the present invention wi .
%Q$L$;{§S ﬁOM/nDre particularly to Fig. 1, there Is_shomm a seg}g??gﬁctor
substrate 10- This is pief erebinc imvnoctystalelsi Bensidil AR 154 S

regions, BHGA @§i§£uﬂé %%&% gﬁéﬁﬂﬁe%g96gates having different work
functions. In one embodiment, two different oxides of the
retal are used as the dual-metal gates. It will be
understood by thosge skilled in the art that the invention
should not be limited to the embodiments described herein,
but can be extended and applied to any application in which
it is desired té have metal gateé having differing work
functions. The first'embodimenf of the invention will be
described with reference to Figs. 1-5. The second embodiment
of the invention will be described with reference +o Figs.
6-11. The third embodiment of the invention will be

described with reference to Figs. 12 and 13.

‘Referring now. to Figs. 1-5, the first
preferred embodiment of the present invention will be
‘described. Referring now more particularly to Fig. 1, there
';s shown ' a semiconductor substrate 10. ‘fhis is preferably

monocrystalline silicon. ‘Isolation regions, such as shallow




trench isolation (STlI) 12, are fornmed in the substrate to separate active
regions. N-wells and P-wells, not shown, nmay be formed within the
substrate, as is conventional. Punchthrough and threshol d v‘o taﬁe

adj ust nent inplantations, not shown, are made as is conventl én&PRi2806 he
art. .A gate dielectric layer 14 is grown or deposited over substrate to a

t hi ckness oferdvet weenaahnul s$p; and J20.Angsir.o For exanple, the
dielectric layer may be a |ow di elaér%t f@%‘gec%nlsntng}ﬁ PHREMR&E 8@ich as silicon

di oxi de, FiRFPHRPGHIMec o tbxi der-weillé cam mitel de, o5 LhSiL

conbi nat i gps. rnatively, the dielectric layer nay be a  hi gi¥diel ectric
const ant gat éfog\%n%?e%atthﬁ@ tefiAtratieh a8 iszicooenbummxi.de, haf ni um oxi de,

al um num oxinderhtadalaum +REMNIAS, Pari um.strontiumtitanates, and
crystal line oxjide. Referring now toOHL')%qe 285 HeRt impyeptakidns, for ned

over the JaffeSBP®ecttei paflayer itsocantitddress iof thbetween about 1000 and
4000 Angstrons. The netal |layer 16 may be formed by sputtering,
evaporati on, chem cal vapor deposition (CVD), or electroplating. The

f i iridi r hodi rheniu or-
gielron'olsi'; edggngéfi!sﬁ:j%éig:é%g%gég%N%%,rictdﬁé%rrﬁgg{n jlusg]ﬁgf’wi?goz‘lfjrg]s ked, as ms hown
in _ strate to a thickness of between about 15

and 150 Angstroms. For example, the'diélectric layer may be

a low dielectric constant material.sﬁch és silicon dioxide,

nitrided silicon dioxide, silicon nitride, or their

combinations. Alternatively, the dielectric layer may be a

high dielectric constant gate dielectric material such as

zirconium oxide? hafnipm oxide, éluminum oxide, tantalum

pentoxide, barium strontium titanates, and crystalline oxide

Referring now to Fig. 2; a metal laver 16 is
formed over the ‘gate dielectric layer to a thickness of
between about 1000 and 4000 Angstroms. The metal layer 16
may be formed by Sputtering, evaporation, chemical vapor
deposition (CVD), or electroplating. The'deposited metal can

b . . .
e ruthenium, iridium, osmium, rhodium, rhenium, or similar

metals.
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Fig. 3, to expose a region where the netal will be oxidized. The mask 20
may be a photoresist mask or a hard mask | ayer, depending upon the type of
annealing to be perfornmed... xidation may be acconplished by oxygen

i mpl antation into the exposed areas, followed by annealing ih7aAPR 808 gas
or an oxygen anbient. As shown in Fig. 3, oxygen ions are inplanted 22

into the netal |ayer 16n¥Reréd thek§i NP overed by the mask 20. Oxygen
ions-are inplanted with a dosageeo§ begti ecreﬁ‘s THotitd/5eE 9%°1p 19 £ 17

i ons/ cn2 8AE- ar erer gypose betnamenn abatd thet QB0 KgY: lg% d:S diypgrtant that
t he naski@gelg%%r éos thi ck enough to protect the underlying netal |ayer
from inplantation. Aifedl ihdHCARr pelgferbskned 4 maadf nasaceyer-api d t her mal

process (&M3naly aphastle SYSLEM: The .photomask nust be renoved prior to
annealing in an inert gas. X%omeg:f/e?{ln%afh?ﬂet%rﬁ?eé’leirﬁ@m@-perfor med in an

oxygen anBféftionamharie magiomphoshel he useded 0 udiQLESE; JNG B glli | ayer from
oxi dati on al so be achi eved by plasnma assiste ¥ dation of

| dation ca
the exposec rsee;éfigﬁe%'c Fd oK kymneesilanaein oxi datioryaOsicdhzed net al
regi on 26oxsgdrhambesgdtf of the oxidation process. 11 1 7 APR 2006
Referring nowto Fig. 4, the netal and netal

As shown in Fig. 3, oxygen ions are implanted

22 into the metal layer.ls where it is not covered by the
mask 20. Oxygen ions are implanted with a dosage of between
about 5 E 15 to 5 F 17 ions/cm® and an energy of between
about 1 to 50 KeV. It ig important théﬁ the masking layer is
thick enough to.protect the unde%lying'metal layer from

. implagtation. Annealing can be perfgrmed in a furnace,

rapid thermal process (RTP), or a laser system. The
photomask must be removed priqr to annealing in an inert gas.
However, if the annealing is performed in an oxygen ambient,

'~ @ hard mask should be used to protect the metal laver from
‘oxidation. Oxidation can alse be achieved by plasma assisted
oxidation of the exposed region- such as by remote plasma

__oxidation. Oxidized metal region 26 is the result of the

oxidation process.
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xide layers, 16 and 26, respectively, are patterned to form gate _

(Ca)l ectrodgs. A chem cal mechanical polishing (CW) process rray1 %eAa %[Ijﬁed
to achieve planarization. In one enbodinment, the netal oxide l2 I
patterned to formthe first gate el ectrode and, subsequently, the neta

| ayer is patterned to formthe second gate el ectrode. |In another

i i tinme.
nmbodi nent, both gate odes are defi ned and. etched at the same
'?'he et chi ng can bg achiq:!ee\e/f(eé Eb‘f/garfc{we%ﬁa thy *chBRi B¢t prdafgtaheni stry 2

. . ] : . . . e ot oh
with tinmeoant usiagsa 16 gha 36| ecldpuityveteh chepi stry whep fhe e

process is getting close to the end point, with chemstry 1 having a
hi gher et CALETFeIeSt -he Anebemicndi decharitadhenl stuyng? (kawi ng a hi gher

[ d 26
etch rat h I L yice versa, Thus, netal gates 16 an ,
havi ng d?pfrﬁcg{eg’%t ﬁa‘g?ieafagﬁgtgf%n? aé:r?’éeYeea‘TﬁaZlga?zarhbo%t AP ®%¢ de gate 26 may

| gendi et 2@n; di ng on
have a hi igent) over meak Gt Reni s han dhgedetalsgat end 6 degen
tﬁ\é nmetal used. The PMOS gate will be the gate having the higher work

functi on SHE EAENMIS gate Titsedent he. gdtce mhawl nigstelteis| over \c/i\m 'kd |
function.pdRefe@hbl NG MWLt O LRy §9{i‘€% Ceq./eccjzlizglo tal.{]ggilgngns 30 and sidewa

spacers 32 may be forned, as is conventional. 488F4*32 may conpri se
el ther sidnbodamaits itdehogase |d1eetrdded aheABRr 2006 and etched at

the same time. The etching can be achieved by alternating

chemistry 1 and chemistry 2 with time'and using a high

selectivity etch chemistry when the.etch process is getting

close to the end point, with chemistfy 1 having a higher etch

.rate for the ﬁetal oxide, and chemistry 2'paving a higher

etch rate for tile metal, or vice .versa. Thus, metal gates 16

and 26, having different work functions, are realized.

The metal oxide,gate 26 may have a higher or
lower work function than the metal gate 16.depending'on the
metal used. The PMOS gate will be the gate having the higher
‘work function and the NMOS gate will be the gate having the

lower work function.

Referring now to Fig. 5, source/drain regions
30 and sidewall spacers 32 may be formed, as is conventional.

The spacers 32 may comprise either silicon nitride or silicon

12




oxi de. Processing continues as is conventional in the grt, fgﬁfggt t hat
silicidation over the gates is not required. The secog p[ﬁ e e e to
enbodi nent of the present invention will be described w ﬂ?rﬁpﬁgZ%W
Figs. 6-11. This enbodinent is a damascene gate process. oW
more particularly to Fig. 6, there is shown a senlconductor S .

such as
f @¢ ablpy-orRROGK h S con | sal ation regions,
lﬂéf|Ba/fF§n§? |;%Fat|%ng¥§%?khlggé'%%éﬁfg??ﬁf §Inphet’s & PaEe to separate

active refremt qhatMEi1EpuﬂMﬁlmaa%éﬁLﬁ?aﬁéa§gﬁW%ngg?ﬁﬁggh rnesorigggn t he
rate, as is conventional... Punchthrough and _
Zg?zgtnent i npl antations, not shown, are nade as is conventlonal in the

i con oxide 42 is
t. Du ates are foped &ﬁléf Si .
32p05|tggyoger the substrate £o 55Eihféé%é?@“ﬁ?mB%FWEEﬁi&bea%wﬁsiand 50

he silicon
inventgperwbll i Heeconikid miide Adrd Spdepesifed oyer. t

Qggzgrfgi \ﬁata?tg a. thickness of between about 15 ‘and %0% Angstrons. 4At

| ayer of'ﬁg yémFPcon s APt B9Le nivmesh) i corTemich fid deow | ayer 44 to

s Neen Kk
boyt 0 Aan 00. A strons The dummy gate stac
?stggfﬁgrneéﬁngfarn1alguggypﬁgafi 28§$%:%%8 8? T HE™IEPPYectEteas, as shown

in Fig. G ubstrgsaglq - spader ss MMaSWFM[ﬁE?éﬂafﬁgﬁ Q§1§gorfi.re fOI’ med as
13 Isolation regions, such as shallow trench isolation {(STI) 12,
are formed in the substrate to separate active regions. N-
wells and P-wells, not shown, may be formed within the
substrate, as isg conventional.. Punchthrough and threshold
voltaée adjustment implantations, not shown, are made as is

conventional in the art,

Dummy gates are formed. A first layver of
silicon oxide 42 is deposited over the substrate to a
thickness of between about 15 and 50 Angstroms. B layér aof
silicon nitride 44 is deposited over the,silicon oxide layer
- 42 to a thickness of between about lsrandVZOO Angstroms. A
-1ayer of polysilicon 46 is deposited over the siligon nitride
layer 44 to'a'thickneés of between about 500 and 3000
 Aﬁgstroms. The dummy gate stack is patterned to form a dummy

gate 50 in each of the active areas, as shown in F1g 6.

'Sldewall spacers 54 and source/draln reglons 52 are formed asg

13




i i i interlevel dielectric
1 7 APR 2006 is conventional in the art. Now, an in _
| ayer 58 is deposited over the dunmmy gates and planarized to the top of

r i i 0 pggroved
ates by CMP. As shown in Fig. 7, the dummy gates H07afER ?
&Egrggpugygare ex%osed by the CWP process. The dummy gates are rennred byI
wet efching, dry etching, or a conbination of the two. Now, the dual-neta

I i ielectric |ayer
t;he n tion are to be formed. A gate dle‘
ggtfg'Ogesgsffggﬁgggﬁﬁ%r#gl%f gngMlgﬁ“tﬁé Bpdedes ubbtreattaisur f ace

Anget roms. as. shoun in Eror B he T chaRoran e ARk g el ect o
hown in Fig. 8. i ;o el e
ﬁggzﬁrﬁgikBgsﬁiiﬁw tBPe@%%%TB@teaﬂatamw.nateriaI such as silicon dioxide, )
nitrided silicon dioxide, silicon nitride, or their conbinations p& a hig
dielectric constant gate dielectric material such as zirconi um oxide,

[ [ ' | ; ' bari_um stronti um
f ni um oxi de, al um nums @xbdg, id antal ym pentoxi de .
P?tahates, and crystalline oxidz. Referring now ogiﬁ%f ,*&%metal |ayer 62

is formet®HE! thergatievdicsreetriced ay_GEh@Q:MPTBEOJi%I@| kayesufe, My be
Formed byo sul Lee! PanoPBET A1 fcr NS £31 MAROT 14

combination of the two.

Now, the dual-metal gates of the present
invéntioﬂ are to be formed. a gate dielectric layer 60 is
deposited or thermally grown on the exposed substrate surface
within the dummy gate openings to a thickrness of between
about 15 and 156 Angstroms, as shown in Fig. 8. As in the
first embodiment, the‘dielectric layer may be a low
dielectric constant material such as silicon dioxide,
nitrided silicon dioxide, siliéon nitride, or their
combinations or a high'dielectric constaﬁt gate dielectric
material such as zirconium oxide, hafnium oxide, aluminum

‘'oxide, tantalum pentoxide, barium strontium titanateé,rand

crystalline oxide.

.Referring now to Fig. 9, a metal layer 62 is
formed over the gate dielectrie layer 60. The metal layer 62

.may be formed by sputtering, evaporation, c¢hemical vapor

14




1 7 APR 2096 deposition (CVD), or electroplating. The deposited netal can
be ruthénium iridium osmum rhodium rhenium or simlar netals. A CW

process polishes away the nmetal |layer not wthin the dummy ga eA'ﬁ_p%ﬁgﬁgs,
t hus conpleting the damascene process. Now, as shown in Fig. 10,
photomask 65 is fornmed to cover the internetal dielectric |layer 58 and the

first gateepdgiopeniagpis 4,01 in the photomask to expose .only the
second gate that is to be oxi’ igte:%(.gp]é%lla f i OHs WPesitepInairddces into the

second gabe VikErRive, i srinttun;ovenaeh by notihgn MBSK 65, %y%?lpniil(a)ns are
inplanted wiih a %oggge of between about 5 E 15 tfo 5 i'oAS/ cn2 and an
energy of bet ween WO BRli@\es pray sthqpetbantaghatothe maski ng

| ayer is #hti enaughnt t the first gate frominplantation. After
stripping the phot onaskﬁpé;%,rtgaﬁgél%lnnegasl’i ﬁéus SR e iperthsr weaasoedor m an

oxi de froPW¥¥FSsoxygen-inplanted netal 70. Alternatively, the oxidation can
be achieved by exposing the second gate electrode to an oxidi zi ng anbi ent.
During the annealing or oxidizing step, the first gate electrode and the

internetal dielectric Lgyer.,ar ot.ected by a hard nask such as silicon
nitride. 15 NN 28T Shdil Eg £1g- Idx a photomask 65 ig

formed to cover the intermetal dielectric layer 58 and the

first gate. An opening is formed in the photomask to expose

-only the second gate that is to be oxidized. Oxygen ions are

implanted 68 into the second gate where it is not covered by

the mask 65. Oxygen ions are implanted with a dosage of

between about 5 E 15 to 5 E 17 ions/cm® and an enefgy aof

between about 1 to 50 KeV. It is important that the masking
layer is thick enough to protect the first gate from

implantation.

After stripping the photomask 65, an annealing

Step is performed to form an oxide from the oxygen-implanted

‘mgtal 70, Alternatively, the oxidation can be achieved by

exposing the second gate electrode to an oxidizing ambient

During the annealing or oxidizing step, the first gate

electrode and the intermetal dielectric layer are protected

by a hard mask such as silicon nitride.

15




1 7 APR 2006 As shown in Fig. 11, netal gates 62 and 70, having different
work functions, are realized. Gate 62 conprises a netal while_gate 70
conprises metal oxide. The gate electrode with the hi gher wor Kk ABRCH®N
will be the PMOSFET while the gate electrode with the | ower work function
will be the NMOSFET. The work functions of the gate electrodes of the '

first two. enbodi nments agg. been neasured as shown in_Table 1. Resistivity
is al'so shown. 16 1 7 APR 2006 Tabl'd:1'hattiéte Pk aprdngo,

(eV) r esi Stawiinty a{ 852/ wikik. Blrcidofl? LrBUQLR14,9; 52,45, 115 0- 5.75.3
| r 2N A< 100 Os4.7- 4.839.5 Os02N A< 100 Rnh4. 7%2‘?‘1'4. &é&?séﬁhml\v A< 100
comprises a metal while gate 70 comprises metal oxide. The

gate electrode with the higher work function will be the

.PMOSFET while the gate electrode with the lower work function
will be the NMOSFET.

The work functions of the gate electrodes of
the first two embodiments have been measured as shown in

Table 1. Resistivity is also shown.
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ReN A< 100 ReO2N A< 100 Pol ysi li conNI\P/-DtS;léE_(Ia_' 5. IlrlgggprN; tsgpeiﬁ. 3{;{[1]000'[62!‘5062lnd
1 f rutheniumis used, the T w ‘

e B il o T g e e ey LY

: . o :

hi gher work function than the N _. (dual -metal gate can also
ized b adj usting the work function o e ~wor |

1[5§l:!t |Zon 01}/ theJ conducti ve oxi ?Fnglglptsﬁl y ][glrz;;t g? }v&tc\ﬁl I Ztt?lhghiﬁ?ﬂg';ry

ein e

That |sI OIong ate eI ectrode Wi be in et 0ot ) M ch, oan be )

?3% ﬁe(rjli(um |r|;q1(g,m osmi um rhodi - ok 7Fheni um &nd X i's not dequal TLCe)

The val ue of Xaand Y can be well c& ju@%d by the idpl ant aglnogl Sgsge e .

nmet hods descrilb®d for the first anq\l cond enbodi ﬁg C

this third errtﬂfdl ment dual 17 1 7. APR42@Q6 gate prgcgss.

N/&A . < 100
Rh 4.75 - 4.98 4.5
RhO= N/A : < 100
Re N/A < 100
Re0= N/A < 100
Polysilicon
P-tvype 5.1 <1000

N-type ‘ 4.3 T<1000

For example, if ruthenium is used, the NMOSFET will comprise
the Ru gate and the PMOSFET will comprise the Rqu gate since

the PMOSFET must have a higher work function than the
NMOSFET.

The dual-metal gate can also be realized by

_adjustlng the work function of the oxide since the work
function of the conductive oxide is closely related to the
stpichiometry.' That is, one gate electrode will be in the
"form of MQOs while'the other gate oxide will be in fhe form of
MOv, where M is a metal which can be ruthenium, iridium,
osmium, rhodium, or rhenium, and X is not equal to Y. The
value of X and Y can be well adjusted by the 1mplantat10n
dose. The methods descrlbed for the first and second

~ embodiments ctan also be used in this third embodiment dual-
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[ i bed in

i [ nventional gate formation process descri
thetire |nm|;1)gi. mﬁt E:gﬁ (t:)g used to formthe two gates MXx and MJN.Thg O
el | aer ill- be inplanted with two di fferent dosages of _b)?yg‘e’RAl;[}gehom
e “Ihayertx) nmetal oxide gates having different work functi ons.rTb S ?rent
iy eig the danascene gate process described in the second eh ge
ca I:Ibg. usef2t® PHasesst he two gate MXx and MOW The gates \FI]M” e?\(/:\o be
panl e_.t ed with different dosages of oxygen ions to formt eig e metal
I())rH)dgngat es having different work fuzcu Olnsbel tnhgom/ogll:%?r- 2 and gai .

[ [ r neti.o. X
g:t/?ngavlt Rg It(r)]\i/erh:/\grﬁrf%gr)]cétﬁiogﬁ g\ﬁgl 1" %be lkhetWE‘FPthplggcess of the

itd ' i abl e dual -netal gate
present i nY&HEtéArppoViades dethr e6e i imPk e Fpnuf aciur n:ti

Rt 788. °She wor k
i | CMOS rocessflow!s narn )
P inert on s R 5o A e de g e T Bt e O Tt Lo s REggess, jThe

i two netal oxides
Mods and a_net al oxi de, or . ) S
ﬂ;\?: nge Ej?ﬁeg?enﬁ? aﬁg‘fﬁﬁ “1;‘13%0'? ?"%ﬁffé”efﬁd%mezoeé Tregeretiahs od de havi ng

tal oxide
hi gher worflerfufibesontwi lethe sisrth ohebsthe, RMOR; gaLe nd the me
having the,loper, work

As shown in Fig. 13, the damascene gate

process described in the second embodiment can be used to

form the two gate MOx and MOv. The gates will each be

implanted with different dosages of oxygeri ions to form these

two metal oxide gates having different work functions.

In both Figs. 12 and 13, the gate having the

- higher work function will be the PMOSFET and the gate having

the lower work function will be the NMOSFET.

The‘process of the present invention provides

three simple, manufacturable dual-metal gate processes. The

_ conventional CMOS process flow is maintained. ‘The work

function of the gates is simply tuned by the oxidation

process. The dual-metal gates_comprisg 2 .metal and a metal

‘oxide, or two metal oxides having different work functions.
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function will be used for the NMOS gate. Wile the invention has been
particularly shown and described with reference to the pref e{ hed

enbodi ments thereof, it will be understood by those skilled ARE 0%

t hat various changes in formand details may be nmade w thout departing
fromthe spirit and scope of the invention. Wiat is clainmed is: 19 1 7 APR
2006 1. Aretdeedlobxids MaR@nduthe MBlgkrdada. ABL LN St QLS d the
fabrication of integrated circuits conprising: providing a first and a
second activéhsr BYODHIIate Sefi Bondurdkdr osibs theatieg separiated Hyci sol ati on

regi ons mhensi f said active areas will be a PMOS area and the

ot her of sai cﬁggt ?ggl goreezlilé"se\glilvi’FJl g eaNMRRIE Sea; fornming a gate dielectric

| ayer overlying said semnm conductor substrate in each of said active areas;
depositing a netal |ayer overlying said gate dielectric layer; inplanting
oxygen ions into said fbiap theyemvientisminhs besh getdivaiareg to form an

i mpl ant ed, @wta!amlia er. agd oxjdizing said inplanted netal layer to forma
metal oxide layer: ang +Ped with reference to the preferred

embodiments thereof, it will he understood by those skilled
in the art that various changes in form and details may be

made without departing from the spirit and scope of the

~invention.

What is claimed is:
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thereafter patterning said netal |ayer and said netal oxide |ayer to form
a metal gate in said second active area and a netal oxide gajq Pp sgmg
first active area wherein said PMOS area conprises one of sald firs nd
second active areas having a gate having a higher work function than said
gate in the other of said active areas to conplete formation said of

dual - et al 1 gaten@MB8It s anshgtiors dur the thdbpipcat CUASof raani $eeyr at ed
circuit. 20 1 7 APR 2006 2. The nethod according to Claim1l wherein said
gate diel et ehe Fayelc£OMpLiSesioneeft che igeaupscoaharnsngg: silicon
dioxide, nitrided silicon dioxide, silicon nitride, and a conbination

thereof. 3. The neépggi@ﬁgfrgiggkgg)éngéﬂS%cwggrgg@i§gigrggtgf dielectric

| ayer conprises one of the group contalining zirconium oxide, hafnium
oxi de, aluninun1o§ideé tqgtalqg1pentoxide,bbatiuql trontiumtitanates, and
crystal | | n8S8kr a8 20T THE HWethod actarding “to - afm 2 whef 7h° sai d et al
| ayer conprises one of the group containing ruthenium iridium osmum
rhodi um andeFREni e SF The! Mt hiote #EE6Ed Mg 1t 6SCRafiiPE #he? ei sai d
oxygen

Yo the other of said active areas will be an NMOS area;

forming a gate dielectric layer overlying said
semiconductor substrate in each of said active areas;
depositing a metal layer overlying said gate
dielectric laver;
implanting oxygen ions into said metal layer in
said first active area te form an ilmplanted metal
layer and oxidizing said implanted metal layer to form a
metal oxide layer; and
thereafter patterning sald metal lavyer and said
metal oxide layer to form a metal gate in said second
active area and a metal oxide gate in said first
active area wherein said PMOS area comprises one of
salid first and second active areas having a gate
having a higher work function than said gate in the
other of said active areas to complete formation said of
dual-metal gate CMOS transisiors in the fabrication of

an integrated circuit.
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ions are inplanted at a dosage of between about 1 E 15 and 1 E 17 ions/cnR
and an energy of between about 1 and 50 KeV. 6. The nethod aédbdﬂmngmmo
Claim1 wherein said step of oxidizing said inplanted netal |ayer
conprises annealing in an inert gas and wherein said annealing is
performed iZ2n dhe ofthhé groupdofy &ofUknace priovess, saicapiadet her mal
process, and a |laser process. 21 1 7 APR 2006 7. A nethod of form ng
dual - et al gate OMBBct nansi-stonsri et hend abr iwat i@l dotteghated circuits
conprising: providing a first and a second active area of a sem conductor

substrate S%%gri%%dd%ékagl a&igpiaggigpficcmeaﬁﬂo@e f; 1$ajd active areas

will be aP area and the other of said active areas wll be an NMOS
ar ea; forml%% ate_in each. of %?id %gtive areas; covering said

d
durmy gat es WiEH O dBl et FPEPT Ay ROt Pl

anarizing said dielectric |ayer
whereby a top surface of each of said dummy gates is exposed; renoving
sai d exposed dumry gates | eaving gate openings to said sem conductor
substrate; formng a gate dielectric |layer overlying said sem conductor
substrate i A.edboh ottbaildagatedioperiangsiaim 1 wherein said gate

dielectric layer comprises one of the group containing
zirconium oxide, hafnium oxide, aluminum oxide,
tantalum pentoxide, barium strontium titanates, and

crystalline oxides.

4. The method according te Claim 1 wherein said metal
laver comprises one of the group containing ruthenium,

iridium, osmium, rhodium, and rhenium.

5. The method according to Claim 1 wherein said oxygen
ions are implanted at a dosage of pbetween about 1 E 13
and 1 E 17 ions/cm® and an energy of between about 1 and

50 KeV.

&. The method according to Claim 1 wherein said step of
oxidizing said implanted metal layer comprises annealing
in an inert gas and wherein said annealing is performed
in one of the group of: a furnace prccess, a rapid

thermal process, and a laser process.
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depositing a netal layer within said gate openings to form netal gates;

and inplanting oxygen ions into said netal gate only in saig-zggﬁﬁgﬁgtive
area to forman inplanted nmetal gate and oxi di zing said inpl I

gate to forma netal oxide gate in said first area and a netal gate in
said second. asthaiehat eal wheneiny saicd PMI8 lapeaccOipfi sesnonetocof said
first and second active areas having a gate having a higher work function

than said gatechd ther:oihesn ofr saitdactdeve careastkoccappl etegf or mation
said of dual-netal gate CNCS tranS|stors in the fabrication of 22 1 7 APR

2006 an i nt egrat ed, cifcyify B.¢iThe merhad aceqrding, to Caim7 wherein said
% st ayer

dummy gates conprise a 't con dioxid second | ayer of
silicon nitride, and third er | i con Th nmet hod accordi ng
Co Claim 7 Ghereriisaraf SvUr Ots SR Ry Yard aamgg%?ege%%%. ses one of
the group containing: wet etching, dry etchin and a conbi nation of wet
and dry et chihfgeinoondhel nititbd dcctr dinfg st o'l abm 7 HHeF et hedai el gate

dielectric |layer conprises one of the group containing
other of said active areas will be an NMOS area;

forming a dummy gate in each of said active areas;
covering said dummy gates with a dielectric layern:
planarizing said dielectric layer whereby a top
surface of each of said dumny gates 1s exposed;
removing sald exposed dummy gates leaving gate
openings to said semiconductor substrate;
forming a gate dielectric layer overlying said

semiconductor substrate in each of said gate openings;

depositing a metal layer within said gate openings |
to form metal gates; and
implanting oxygen ions into said metal gate only in
said first active area to form an implanted metal gate
and oxidizing said implanted metal gate to form a metal
oxide gate 1n said first area and a metal gate in said
second active area wherein said PMOS area comprises one
of said first and second active areas having a gate
having a higher work function than said gate in the
other of said active areas to complete formation said of

dual-metal gate CMOS transistors in the fabricaticn of
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silicon dioxide, nitrided silicon dioxide, silicon nitride, and a

conbi nation thereof. 11. The nethod according to Caim?7 mheg&in said gate
dielectric |ayer conprises one of the group containing zircbni diRo3il8e,
haf ni um oxi de, al um num oxi de, tantalum pentoxide, barium strontium
titanates, and crystalline oxides. 12. The nethod according to Caim?7
wherein said netal |ayer conprises one of the group containing ruthenium
23 1 7 APR 2006} i gt 88y 2 068 W crihodi um and rhenium 13. The net hod
according to Caim7 erein said oxygen ions are inplanted at a dosage of

bet ween abgqut n A7 1 n energy 40k ween about 1

and 50 Ke%f Ii?E?%ghﬁgt %%Og%é%%J?ﬂghgggtﬁaﬁﬁggewﬂe%e¥n sgﬁﬁgstep of

oxi di zing said inplanted, netal ises annealing. .in an inert gas
i i Fig

| ayer. conpr
or vacuum wheP&FR>saPiPahneat i g 3% li%§g19lﬂ§}%lﬁo8ngl8 he Group of: a
furnace process, a rapid thermal process, and a |aser process. 15. A
nmet hod of forAEAGRAuabYREtaf YhatieoOMDS Wrigesi ster & tharehéavabrPEation of
integrated circuits conprising: providing a first and a second active area
of a polysilicon.

9. The method according to Claim 7 wherein said step of
removing said dummy gates comprises one of the group
containing: wet etching, dry etching, and a combination

of wet and dry etching.

10. The method according Lo Claim 7 wherein said gate
dielectric layer comprises one of the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and a conbination thereof.

11. The method according to Claim 7 wherein said gate
dielectric layer comprises one of the group containing
zirconium oxide, hafnium oxide, aluminum oxide, tantalum
pentoxide, barium strontium titanates, and crystalline

oxides,

12. The method acceording to Claim 7 wherein said metal

layer conmprises one of the group containing ruthenium,
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sem conductor substrate separated by isolation regions wherein one of said
active areas wll be a PMOS area and the other of said active areas w |
be an NMOS area; fornming a gate dielectric layer overlying shifdAPR 200§

sem conductor substrate in each of said active areas; depositing a netal

| ayer overlyi ngisatidugatesmnidirel ettodion, ayert; chaplianting first oxygen ions
into said netal layer in said first active area to forman inplanted netal
24 1 7 APR 2006 | ayer and oxidizing said inplanted netal layer to forma
first netal oxide layer; inplanting second oxygen ions into said netal

layer in saidpse é%cﬂfté-é/&ﬁ%fj?%ytt% faeman ekanheds etal, qdayer and

oxi di zing Said inplanted neta er to forma second netal” oxide |ayer
wherein said first netal oxjd | ayer has .a. different oxy ncentration
from sai d l%%%dﬁﬁﬁﬁﬂ%ﬂaQH$%éﬁié&é&?agﬁdoghgﬁggﬁFgra%%%?e?ﬁ?ﬁggsaid first
and second netal oxide layers to forma first netal oxide gate in said
first actieedated Bhd @ yeebndnfefBl cBRTd8 gateeireeniaboecoddCacti ve area

wherein said PMOS active area conprises one of said first and second active
ar eas 50 KeV.

14, The method according to Claim 7 wherein said step of
oxidizing said implanted metal layer comprises annealing
in an inert gas or vacuum wherein said annealing is
performed in one of the group of: a furnace process, a

rapid thermal process, and a laser process.

15. A method of forming dual-metal gate CMOS tLransistors
in the fabrication of integrated circuits comprising:
providing a first and a second active area of a
semiconductor substrate separated by isolation regions
wherein one of saild active areas will be & PMOS area and
the other of said active areas will be an NMOS area;

forming a gate dielectric layer overlying said
semiconductor substrate in each of said active areas;

depositing a metal layer overlying said gate
dielectric layer;

implanting first oxygen ions into said metal layer

in said first active area to form an implanted metal
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having a gate having a higher work function than said gate 'Z éBﬁN%g?er of
said active areas to conplete formation said of dual-netal B t

transistors in the fabrication of an integrated circuit. 16. The nethod
according to Claim15 wherein said gate dielectric |ayer conprises one of
t he group cbayarnimg osidicions dicoxi dep lrinteildadtsil] Lepardioxidey &ilicon
nitride, and a conbination thereof. 17. The nmethod according to Caim15

wher ei n sai di gat endi £l est1d€ layer; conpri ses one of the group containing
25 1 7 APR 2006 zirconium oxi de, hafnium oxi de, al um num oxi de, tantal um

pent oxi de, bariunlﬁé%é%ﬁ%ﬁ%gé%éfHEud§% and Gryshabl bReq QXLLES:a ]S The

nmet hod according to erein‘said netal |ayer conprises one of the

group containing ruthenium_.iridium__osm um_ _rhodiu nd rhenium 19. The
net hod accb?d?ﬁgdt?ﬁ?fﬁiré2ﬁ§Wﬁuﬁﬁﬁﬁﬁt§é%8rpi?§t1m8;9§E%8i%%éagre i mpl ant ed
at a dosage of between about 1 E 15 and 1 E 16 ions/cn2 and_an energy of
bet ween abbarer 12RAdoSHKeNY X L THE T R68 BEESFdi-AYSE ot BPHT 15 wherein
said second oxygen ions are inplanted at a dosage of between about

second metal oxide layer wherein said first metal oxide

layer has a different oxygen concentration from said
second metal oxide layer; and

thereafter patterning said first and second metal
oxide layers to form a first metal oxide gate in said
first active area and a second metal oxide gate in sald
second active area wherein said PMOS actilve area
comprises one of saild first and second active areas
having a gate having a higher work function than said
gate in the other of said active areas to complete
formation said of dual-metal gate CMOS transistors in

the fabrication of an integrated circuit.

16. The method according to Claim 15 wherein said gate
dielectric layer comprises one of the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and & combination therecof.

17. The method according teo Claim 15 wherein said gate

dielectric layer comprises one of the group containing
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1 E 16 and 1 E 17 ions/cn2 and an energy of between about 1 and 50 KeV.

21. The nethod according to Caim 15 wherein said steps of okildiAPRngif§ai d
i npl anted nmetal |ayer conprises annealing in an inert gas wherein said
annealing is performed in one of the group of: a furnace process, a rapid
t hermal processpiandoaifaserapriogess:idze EALUVAPRUR0081422. tanpetihiod of
formng dual -netal gate CMOS transistors in the fabrication of integrated
circuits cpaREbsiNg, bLPFOWH di NG e fuint stitand tasseeandcagtiyel anea of a

sem conductor substrate separated by isolation regions wherein one of said
active aregg;w.Ll be a PM3S area and the other of said active areas will
be an NMOS area; formng a dumry gate in each of said active areas;
covering said dunmy gates with a dielectric layer; planarizing said
dielectric |layer whereby a top surface of each of said dummy gates is
exposed; renoving said exposed dummy gates | eaving gate openings to said
sem conduct8r Zobstrilied 4erid @ fgate aditellecthréSray8f18vaeF§Hng said

sem conductor substrate in each of said gate openings; depositing a netal

| ayer withiiaysai dogatesepemagst the group containing ruthenium,

iridium, osmium, rhodium, and rhenium.

19. The method according to Claim 15 wherein said first
oxygen ions are implanted at a dosage of between about
1 E 15 and 1 E 16 ions/cm® and an energy of between about

1 and 50 KeV.

20, The method according te Claim 15 wherein said second
oxygen lons are implanted at a dosage cof between about
1T E 16 and 1 E 17 ions/cm® and an energy of between

about 1 and 50 KeV.

21. The method according to Claim 15 wherein said steps
0f oxidizing said implanted metal layer comprises
annealing in an inert gas wherein said annealing is
performed in one of the group of: a furnace process, a

rapid thermal process, and a laser process.
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to formnetal gates; inplanting first oxygen ions into said netal gate

only in said first active area to forman inplanted netal gat

oxidizing said inplanted netal gate to forma first netal fd@ﬂggggiin
said first active area; and inplanting second oxygen ions into said netal
gate only2kn sandtsedond aetiivey atwd. te f-or maar CHpFahtedsisetad gate and
oxidizing said inplanted netal gate to forma second netal oxide gate in
sai d secondnaehives2¥iddc ARR 2906, arpa wwhereimusaisd -BPB: achve area
conprises one O said first and second active areas having a gate having a

hi gher work funct] gv£§§Q g@l d1§|5% %@egcggvéaégeaagglge areas to

conpl ete fornatio sal gate transistors in the

fabri cat f t egr at d i t et hod ding to Caim 22
uher i n ngaﬁaaﬁﬁgﬁggiﬂ%kﬁ%ﬁ%?”eaoaﬁa?tsetd PGP obf CaPF BOHC Ol o de, a

second |l ayer of silicon nitride, and a third | ayer of olysilicon. 24. The
met hod acc@h@FﬁgHtQHQJ9fn$@2dvﬁﬁﬁ¥N91%ﬁﬂﬁf stidg §fargﬂﬁglﬂée§aﬁﬂddunny
gates conpri ses one of the group

the other of said active areas will be an NMOS area;

forming a dummy gate in each of said active areas;
covering said dummy gates with a dielectric layer;
planarizing said dielectric layer whereby a top
surface of sach of said dummy gates 1s exposed;
removing said exposed dummy gates leaving gate
openings to said semiconductor substrate;
forming a gate dielectric layer overlying said
semiconductor substrate in each of said gate openings;
depositing a metal layer within said gate openings
to form metal gates;
implanting first oxygen lons into said metal gate
only in said first active area to form an implanted
metal gate and oxidizing said implanted metal gate to
form a first metal oxide gate in said first active area;
and
implanting second oxygen ions into said metal gate
only in said second active area to form an implanted
metal gate and oxidizing said implanted metal gate to

form a second metal oxide gate in said second active
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contai ning: wet etching, dry etching, and a conbination of wet and dry
etching. 25. The nmethod according to O aim 22 wherein said pdt APRdMEectric
| ayer conprises one of the group containing silicon dioxide, nitrided
silicon dioxide, silicon nitride, and a conbination thereof. 26. The

nmet hod accordengvter€laim 22 8ier eict isal drgat eondirébect phe bayeridonpri ses
one of the group containing zirconium oxide, hafniumoxide, alum num

oxi de, tantakugt28nd JoARRI 2006 pentadde.shak umysteopki um;t ht anates, and
crystalline oxides. 27. The method according to Caim 22 wherein said netal

| K f ccording to Claim22 wherein sai
o um Bndls NG By 28, TG e hen ‘BccordiTg o &ar W3 wherein sald

first oxygen ions are inplanted at dosage of .het n_abou E 15 and 1
E 16 i ons/ cAFtakE ah®@her gy~ P et @ﬂﬁﬁ%? fea dogggkﬁ A a}The net hod

according to Claim22 wherein said second oxygen ions are inplanted at a
dosage of beeweefiM@bobransiH aps gdid theE TRPHISASACRR CAnARah BRBF Gy of
bet ween about 1 and 50 KeV.

clrcuit.

23. The method according to Claim 22 wherein said dummy
gates comprise a first layer of silicon dioxide, a
gsecond laver of silicon nitride, and a third layer of

polysilicon.

24. The method according to Claim 22 wherein said step
of removing said dummy gates comprises one of the group
containing: wet etching, dry etching, and a combination

of wet and dry etching.

25. The method according to Claim 22 wherein said gate
dielectric layer comprises one of the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and a combination thereof.

26. The method according to Claim 22 wherein said gate
dielectric layer comprises one of the group containing

zirconium oxide, hafnium oxide, aluminum oxide, tantalum
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30. The nethod according to Caim22 wherein said steps of oxidizin

I npl anted netal |ayer conprises one of the group of: anneaﬂﬁn@PRnZ
gas, annealing in an oxygen anbient, and plasma assi sted oxidation an
wherein said annealing is perforned in one of the group of: a furnace
process, a papiakider nadriprocessntamd &ithasépsproegéssiy2lline

oxldes.

27. The method according to Claim 22 wherein said metal
layer comprises one of the group containing ruthenium,

iridium, osmium, rhodium, and rhenium.

28. The method according toe Claim 22 wherein said first
oxygen ions are implanted at a dosage of between about 1
E 15 and 1 E 16 ions/cm® and an energy of between

about 1 and 50 KeV.

29. The method according to Claim 22 wherein said second
oxygen ions are implanted at a deosage of between about 1
£ 16 and 1 E 17 ions/cm® and an energy of between

about 1 and 50 KeV.

30. The method according to Claim 22 wherein sald steps
of oxidizing said implanted metal layer comprises one of
the group of: annealing in an inert gas, annealing in an
oxygen ambient, and plasma assisted oxidation and
wherein said annealing is performed in cone of the group
cf: a furnace process, a rapid thermal process, and a

laser process.
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