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( FIELD OF THE INVENTION
The present invention relates to the
fabrication of integrated 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

singl
gle metal gate for both NMOSFET and PMOSFET, the threshold

v i .
oltage becomes too high for both types of transistors In

order to achieve a lower threshold voltage, additiocnal

implantation is required and this will result in buried
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chrannel effects. The short channel effect control will then
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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.S8. Patent
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gates are formed. For example, one gate is polysilicon and
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teaches oxidation of a metal film to be used as an anti-

plating mask.
SUMMARY OF THE INVENTION
Accordingly, a pPrimary object of the invention

is to provide a process for forming dual metal gates for CMOS

transistors in the fabrication of integrated circuits.




istors in the fabrication of,ln;egrated circuits.
;rZh?L?:her obj ect of the inventionis to provide a
process for formng dual-netal gate CMOS tr_anS|_st0r5f
having different work functions in the fabrication o
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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 object 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 dual—métal 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 bhe
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transistors is achieved. First and second active areas

of a sem conductor substrate are separated. blyI ]

i solation regions. One of the active areas_vv: e

PMOS and the other will be 3 NMOS. A gate die ectrlf
eris formed overlying the sem conductor substrate
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from the gate having the higher work function.

Alsq, in accordance with the objects of the
invention, a second method for_forming dualumetal'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 dumm§ gate is formed in each of the active areas.
The dummy gates are covered with a dielectxic layer which is
pPlanarized whereby a top surface of ééch éf the dummy gates
is exposed. The exposed dummy gates aré removed, leaving
gate openings to the semiconductor subsfrate. A gate

‘dielectric layer is formed overlying thé.semiconductor




. A du ate is formed in each of the active
gyggs. Thgnzu%ny gates are covered with a dielectric
| ayer which is planarized whereby a top surface of
each of the dummy gates is exposed. The exposed dunmy
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are separated by isolation regions. One of the active

areas will be PMOS and the other will be
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 substrate 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 intoc 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 netal layer and the,

implanted metal layer is oxidized to form a second metal




NMOS. A gate dielectric layer is formed overlying the
sem conductor substrate in each of the active areas. A
metal |ayer is deposited overlying the gate _
dielectric layer. First oxygen ions are inplanted into
the netal layer ina first area to forman inplanted
Wetsl Lpagervimrginhthe nplvgnteconditaht i @y e itse0xbdized
r&q:fornig first netal oxide |ayer. Second oxygen i ons
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function. Also, in accordance with the objects of the
invention, a fourth nethod for formng dual-netal gate
CMOS transi stbi¥ i'€@ gEfPelasge Fifltthendbsecondiachive

iaveasi®, & fourth method for forming dual-metal gate CMOS
transistors is achieved. First and second active areas of a
semiconductor sﬁbstrate are separated by isolation regions.
One of the active areas will be PMOS and the other 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
planarized whereby a top surface of each of the dummy gates
is exposed. The exposed dummy gates are removed, leaving
‘'gate openings to the semiconductor substrate. & gate
dielectric layer is formed overlying the semiconductor
substrate in each of the gate openingsi‘ A metal layer is
deposited within the gate openings té fofm.metal gates.
First oxygen ions are implanted into the metal gate only in

a first area to form an implanﬁed metal gater The implanted




sem conduct or substrate are separated by isolation

"regions. One of the active areas will be PMOS and the
other will be NMOS. A dunmy gate is forned in each of
the active areas. The dummy gates are covered with a
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conplete formation of dual-netal gate CMOS
transistors in the fabrication of an integrated
circuit. The PM3S gat @cwbkliali® with the objects of the

invention, a dual-metal gate CMOS integrated circuit device
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5 achieved. The device comprises first and second active

areas of a semiconductgr substrate separated by isolation

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

will be NMOS. A metal gate in a first area overlies a gate
dielectric layer, and a metal oxide gate in the second area
overlies a gate dielectric layer 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 depending on the metal used. The PMOS gate will be

formed from the gate having the higher work function.




formed fromthe gate having the higher work function.
Al so, in accordance with the objects of the

i nvention, a dual-netal gate CMOS integrated circuit
device is achieved. The device conprises first and
second active __areas of a sem conductor substrate
separat ed by i"d§Pat IBPCPEGrBER . withe the eHiecdst pYethe
aeasivhl la 1( er il _be NMOS. A
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iha a I i.de e...The netal oxide may have a
e I EE e o e Tt g BT hg o DRe st
e dthPheriPNOBe gates Wi bl fbest e dof {@NLRE 91 £irot
haviQ P,e hi gher work function. 7 Also, in accordance

t . :

W th ?‘ﬁ‘é SYj BcPRtordietectrig itviean, anhot Fecoddahetmat al
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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
representations of a second preferred embodiment of the

present invention.




[ in is the sane
| ayer wherein the netal in the two gates is :
ma:%/al and the oxide concentration is different in ;
each of the two gates. The PMOS gate will be forne
fromthe gate having the hi gherhvvork functi ?Eg BRI EF
PTION OF THE DRAWNGS I n the acconpany o
(El)llrzgv(\:ﬁRLgs for mifigsa lhedet 13 apar¢rafs—tshisigescri ption,

j hown: jgs...L through 5 are cross-sectional
Irrée%%gg%?gti onsOfofLaﬂg FIFEPasiETRrted Shbrliinnsfersedt he

legEnentnventicoprefe®s . iRehRiQUgh 11 are
E?oss-secti onal representations of a second preferred

enbodi rent of the present invention. 8 Figs. 12 and

[ p ntations of two
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present invention. DESCR PTION OF THE PREFERRED .
EMBCDI MENTS The present invention uses a netal and its
netal oxi de t GPPOPFRTAMS] ipBentiqratess hawieargldihid ergnt

[ I n odi,nent, two different
mﬁﬁg egﬁﬁgiﬂﬁg @gﬁnét a aqér%gg‘gts)e%?tff RBLIU A EhBE et getrés.

flupogiphs be In one embodiment, two different oxides of the
metal are used as the dual-metal gates. It will be
understood by those 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 tb have metal gateé having differing work
functions. The first embodiment of the invention will be
described with reference to Figs. 1-5. The second embodiment
of the invention will be described with reference to 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 he
described. Referring now more particularly to Fig. 1, there

is shown a semiconductor substrate 10. ' This is preferably

monocrystalline silicon. ‘Isolation regions, such as shallow




understood by those skilled in the art that the
~invention should not be limted to the enbodi nents
descri bed herein, but can be extended and applied to
any application in which it is desired to have netal

gates havi rg%fidi ffering work functions. The first
EHEBER MEIRLaGfOR heSTinv &Rt i ave viidriebein dascsubetr Wd ho

keLEr£NLe i ..1-5. The second enbodi nent of the
i n%enti on Cvtt\ngr{e: %ézglé)é’ssc‘:ri et WiSt APf ef etedri€e POt Ripyn, may

§elforiihe wihhid ebedbaepitof Lhe,i Li.on w il be
described with reference %%&Fiatgs.gslggn?r%gti%?a ef erring
RBWFt G egE. and sihrebol @ retl tagreheluatheaD O IBAL.L Of 1o ,
Lbe. ent. | tign.will be described. Referring
ngﬁv ﬁ{oﬁ'pgﬁ% .%éaﬁ "ty 't oo g tionthere thesashown a

sem conduct or substrate 10. This is preferably
nonocrystalline silicon. Isolation regions, such as
shal | ow 9 trerdti¥at§ofteiconriSTIdved? 14a6e §yuie@ri N the

s&hsdiatie L o, rate active regions. Nwells and
P-wel | S, not s%%\%ﬁfgh%yto e PO RSP SWeEhPRAtdsm about 15

Fubstvabegstasniss crOYantam@ial . +nPUICHL and
t hreshol d vol tage adj ust ment i npl ant at Péﬁ%@qaﬁgf may be
diglechide cagstantt ovveniabralchi Rst BB Aidn dide Rt €

igliachr i ¢ ayer .14.#13 rown or deposited over
substrate 1o a threkifesSiotcHetidaidabout their
combinations. Alternatively, the dielectric layer may be a
high dielectric constant gate dielectric material such as

zirconium oxide, hafnium oxide, aluminum oxide, tantalum

pentoxide, barium strontium titanates, and crystalline oxide

Referring now to Fig. 2; a metal layer 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

be ruthenium, iridium, osmium, rhodium, rhenium, or similar

metals.
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and 150 Angstroms. For exanple, the dielectric layer
may be a lowdielectric constant material such as
silicon dioxide, nitrided silicon dioxide, SI|Iﬁ0n
nitride, or their conbinations. Alternatively, the
dielectric layer may be a high d[e!ectr!c constant.
gate di el ect ri¥"attée aetsudhvas iginGoRHUMONHRn in

' ' | um_num oxi de, tantal um pentoxidg,_
S oo e B eS R BT Vetaml] ol o g i mod.

Reé¢ eradkngonasy the Bl Gnhofor s iRt g{gS]Lag/rerﬁ 111%:] %Sgrlg}ggr’
over the gate dielectric layer to athic I
BerieRTabeer HB0CYRAdA0ORANGS) MThe FHErdITRLAl | _ayelr
46 admy,be. faqrned by sputtering, evaporation, chgnlca
véﬁ%r depdsith 5ﬁcf%§%b?h%ﬁ'bgl%éXQQﬂpPapiﬁmﬁaﬁﬁbe_1nto the
caposiit edes®t Ao1eaReq BS, LULRENI UM, | 'fahd%#m %gtr;phgrman
rhodi um rhenium or simlar netals. 1 Ndw,

WetH" PEYEPts masked, as shown in 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

depegging gpomstbs%®yg%.@Egﬁpgﬁg%5§§ng§V§§ﬁB%riggﬂﬁﬂ@a
- i dati on may be acconp

FgrAAL RS GiftieAt baxdie 1oexpesed taneasot f@d;g}@g%@%he
n%%ﬁ]ceébi. nQ)zgy%e%niégserafregaiap(l)gntaerll w?.)é%/lge?ndoasage of .between
about 5 E 15 to 5 E 17 ions/cm® and an energy of between
about 1 to 50 KeV. It is important théﬁ the masking layer is
thick encugh to.protect the undeflying metal laver from
implantation. Annealing ¢an be performed in a furnace,

rapid thermal process (RTP), or a laser system. The
photomask must bhe removed prior to annealing in an inert gas.
However, if the annealing is performed in an Ooxygen ambient,
a hard mask should be used to protect the metal layer from
oxidation. Oxidation can also_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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As shown in Fig. 3, oxygen ions are inplanted 22 into
the netal l|ayer 16 where it is not covered by the

mask 20. Oxygen ions are inplanted with a dosage of
between about 5 E 15 to 5 E 17 ions/cnR2 and an energy
of between about 1 to 50 KeV. It is inportant that

t he masking | &s€ertdng tiCko efmji.gla,t enPrRLest attlé]iemetal

underlying netal |ayer from inplantation. Annealing
TariehéapRrforifedni it fresnaceivelapi dré herttelknpd oL IHrm
HIPL; | ase stem The photomask nust be
9(rermvé(aQWEJITFclse‘Cio'arS.'t oﬁa%n%%cf“ g" T U PhePtigddng (iVer,
pdockhe amnerl kpglisa per Lekied Ipﬁaﬂgr%é’&%ﬁ.a”glr ent, a
hard mask should be used to protect the netal [ayer
TGRSR d dtieofie t&kiUddroRs cian raltserbel achifevedttay first
AsoR. ass| St oxi.dation of the exposed region such
9%];: by ?em)t(% g A58 oG ré\Jflloydn.t Tt Zed 2Hef ats r egi on

R tesnédeca @sutht tid delt@na oxd€lateh QR PERCESS, dduthe
Referring nowto Fig. 4, the nmetal and netal oxide

! g

Rpef-Rentg bakl PBte rdepbredarsiaye deBimslt hed netkited hor m
Gt e,8L ectl.odes,  A.chem cal chapi cal polishing (CWP)
Process ey be Appl i BE T o~ H !ee%hb‘i"é?ﬁia%ﬁ’z%ﬁ?%"matllﬁg
dhﬁeisﬂﬁ)(ld!aﬁﬂn&herﬁi@%rgeﬁ %i@%'tqglezgnd st)bsﬁﬁ tgr 'eql to
formthe first gate electrode and, subseguen JI%/, t he
SﬁépﬁplY%ﬁpeﬁtpg chemistry when the etch process is getting
close to the end point, with chemistry 1 having a higher etch
rate for the metal oxide, and chemistry 2 ‘having a higher
etch rate for the 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
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formthe second gate electrode. In
gﬁgt ﬁrerede:r‘godi ment, both gate el ectrodes are defined
and etched at the sane tinme. The etching can be )
achi eved by alternating chemstry 1 and cheni ﬁt ry 2
with time and using a high selectivity etch c emds y
RE&AC ¢ hé'rerehs process insegeald iB0cot @8 oh @ tHE 80 art,
0j.nt 'tth chem stry 1 having a hi g_h_er etch rate oh
? ﬁéée%%ttg’ﬂla o%g’ec,ldﬁﬁéioéh‘é‘fﬁfstthy Qatrmviimgnat highekeget C
rate for the metal, or vice versa. Thus, netal gates
16 and 26, having different work functions, a!reh r
real i zed. The Tt akcoxd %&@E%e@@dﬂ%ﬁiﬁ@% dgf hi,g &ii?;%soent
lower work function-than the netal gate 1 dependin
THE it B Bfs €6ScTHee PHOBh get fenwinkk be Rike .gat €

| | r function and the NMOS gate
W11 "Be TR Gate Rauthy THE STOher KAFR- 1 tiReCramS now

. . . q

TRefe PRF Rgeniow Lyoti Big 5,6, S@HELL! AN 8hByw) 0iQNS < 0. and

si,d \TZ Ig acers 32gmay be fornmed, as 1s convenxg.l onal.
b %rak ﬁg ; i

e Spacers 3§hﬁﬁyl%<ﬂﬁﬁfie§ébbi'tnimmsifttmnnni i1 Oon.oOr

id1l iexkde essi continues as is
Sonvent: oral et e h A SR PR MR Gl am ) 12,
BFRFOLhed Gat ebel sunolratequb [ eharkile SEEAN BLeler e
enbodi nent of the present invention wll be“descri be
Wﬁg?ﬁ P&t r¥fdést F §dows, Iay be formed within the

substrate, as ig conventional. . Punchthrough and threshold

| o
1nv
on

voltage adjustment implantations, not shown, are made as is

conventional in the art.

Dummy gates are formed. A first layer of
silicon oxide 42 is deposited over the substrate to a
thickness of between about 15 and 50 Angstroms. A layér of
silicon nitride 44 is deposited over the silicon okide layer
‘42 to a thickness of between about 15 and 200 Angstroms. A
layer of polysilicon 46 is deposited over the silicon nitride
layer 44 to a thickness of between about 500 and 3000
Angstroms. The dummy gate stack is patterned to form a dummy
gate 50 in each of the active areas, as shown in Fig. 6

Sidewall spacers 54 and source/drain regions 52 are formed as

13




Thi s enbodi nent is a danascene gate process. Referring
-now nore particularly to Fig. 6, there is shown a
sém conductor substrate 10. This is preferably
nonocrystalline silicon. Isolation regions, such as
shal ow trench isolation (STlI) 12, are forned in the

dabseratre iboabeparakeanct i W@w egh 0f)s- ll.s.and .
P-vel I s, not shown, may be f or med mﬁfﬁ}ﬁv¥ﬁéh319?grlc
STPSE At 45 deP9ssitesnoeen | heakiumPynehielr anghh ARG rized to
th& e ¢ +¥Q! diustnent i nplantations, not
shoﬁﬁ#pg}e na&%ﬂgg'?gke%éﬁ@gﬁPronal in the art. Dummy
gates are formed. A first layer of silicon oxide 42
i's deposited over the substrate to a thickness of
bet ween about #F5 s@fadn 50n Aigst 7 onte Auhayafat@k s8iLicon
Plidddde s LS Qsited over the silicon oxide |ayer
4210 awtéféﬁﬁgggag? HERIWEENPRDGIR CYB BFRF2B0 The dummy
Hrigst ronsrenvedaylwof . QehYsh] | |.s. deposited

r the silicon nitride Ia%er 4e?ghnghF§kﬁess of

oV :
BERWEEH A ARE Heotumd 3000 Angstroms. The dummy gate
stack is patterned to forma dunmy gate 50 in each of
the active areas, as shown in Fig. 6. Sidewal

Ny . o By
divereeer iare taybe G8mies . depositeed i OVast.tike 1 Symmy; gates
&Q@g39£ggéﬁléggr%531y grown on the exposed substrate surface
within the dummy gate openings to a thickness of between
about 15 and 150 Angstroms, as sﬁown in Fig. 8. As in the
first embodiment, the'dielectric layer mav be a low
dielectric constant material such as silicon dioxide,
nitrided siliecon dioxide, silicon nitride, or their
combinations or a high dielectric constant gate dielectric
material such as zirconium oxide, hafnium oxide, aluminum
‘oxide, tantalum péntoxide, barium strontium titanateé, and

crystalline oxide.
.Referring now to Fig. 9, a metal layer 62 is

Iformed over the gate dielectric layer 60. The metal layer 62

may be formed by sputtering, evaporation, chemical vapor
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he du ates by CMP. As shown in Fig. 7,
:E: ggﬁnsfg;tes SSngg renmoved where they are exgosed
by the CMP process. The dummy gates_are_renn¥edh y
wet etching, dry etching, or a conbination of the
two. Now, the dual-netal gates of the present

iiwm@n 6P 1,0 cbeel ot i1 abi @t € aeehegdd ﬂt%d' AYEL; 69,
q%£03|ted or. thermally grown on the exposed
s u b &M BurFEd ung QI iAM hehetimny ghteiopeRirngsnt 0w

t 15 and.150 stronms,
iiﬂo?m&nsﬁﬁF?gP %%W@QQ %c?lt}%'ijles away t@ﬁbga’i:q‘]grhayetrh@ot

i tdliac the cddmegaﬁayomlaglg OVl @LaEE L4 4 ﬁjgc Qnst an a%ascene
mat eri al such as silicon dioxide, nitri d sil]

heir conbinations or a
Hioxicde, silicon nitride, or the _ s
high dielectric constant gate dielectric materia
such as zirconi um oxi de, hafni um oxi de, al um num

t.es,
i de, tantal Unwpead arots, ibaridim gt roniium tLfanate:
ond stalline oxide. Referring nowtog f@ a

rx]*{%gij T,%fé:',vegztp% Wﬁggab\;@reltahErg@t]eay@IreBQC&[d Ghe

T er. 62 may be formed by
fiégﬁtg [ %?%ng, II&gvap‘!(‘)r?lla & o% %%’H‘é%ﬂ ¢8l thagdrotenadeposicsicone

an
ofiCyDihe crecehacddpltabki-Ngs qu%ed899§i£e%d nﬁi%ex? 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 1ons/cm2 and an energy of
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 anneal ing
step is performed to form an oxide from the oxygen-implanted
metal 70. Alternétively, the oxidation can be achieved by
exposing the second gate electrodé 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,
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be ruthenium iridium osmum rhodium rhenium or
simlar netals. A CWP process polishes away the netal
| ayer not wthin the dummy gate openi ngs, thus

conpl eting the damascene process. Now, as shown in
Fig. 10, a photomask 65 is fornmed to cover the
internetal di ékestksvrc inayey. 5B ,andthpegaddd §b 8¢ AN

enin formed in the photonask to expose only t'he
h?&&Bﬁdgbéﬁse&ePﬁa‘t’O% fupchéonsi dircedealamgen Gens 67 e

to. the co ate where it is not
e oy oD ulile GBREON ARoRSRES il st ed The

awitthe Be clos@gewofh ﬂQﬁzt\Pﬁ@H Ahoity 3.F
i ons/cn?2 and an ener gy of  between %ﬁju ié%Eb%Ot Rev.
PMPSFET iwhidret dhe 9dit ethetnedkiwigh bay elowes wbhiEkeunction

weReugh the first gate from inplantation.
After S%h%l gg?%}%%'he phot omask 65, an annealing step

is perforned to forman oxide fromthe
oxygen-inplanted netal 70. Alternatively, the
oxi dati on canThre weati évedtinns expose ntkhelsesrdsgate

gleglrqde to xi di zi arrbl ent. During the
CaRneal Eiqngwgre@?domen {é]%éep °PRem$3 TR IgAE eShasinedtr ode

Tahle the RBEEEEBREAN Qgegﬁgs rdiowhayer are protected by
a hard mask such as silicon nitride. 15
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As shown in Fig. 11, netal gates 62 and 70, having
~different work functions, are reallzeq. Gate 6% -
conprises a netal while gate 70 conprises netal OXI_Fi
The gate electrode with the higher work fynctlgn Wi
be the PMOSFET while the gate electrode with t ek
| ower work function w Fibbe it he NMOSFET. The wor
Lupethons-1@f the gate ggggtgode phe f%rst tmo‘
odkurent s have Dbeen MgasyrEy
;g2|§ﬂKV|ty is also shomn;.l@ iaole 1 gatg %naZe;ha; .
work ¥unc (eV) resistivity (51Q cm Ru 469 106
RUCR 4% - 5.2 45 Ir 5,0N/85.7 5.3 IrRc<Noh < i
Os 4.0 4.83 9.5 0502410 A5 4-880 R 4.75.5 4.98 4.
RIC2 A < 100 Re NA £ {8 Repe NA < 100

RhO= N/A < 100
Re N/A < 100
ReQ= N/A < 100
Polysilicon
P~type 5.1 <1000
N-type : ~4.3 "<1000

For example, if ruthenium is used, the NMOSFET will comprise

the Ru gate and the PMOSFET will comprise the Ru02 gate since

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

The dual-metal gate can also be realized by

adjusting the work function of the oxide since the work

function of the conductive oxide is closely related to the

stoichiometry. That is, one gate electrode will be in the

form of MOx while the other gate oxide will be in the form of

MO+, 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 1mp1antat10n

dose. The methods descrlbed for the firgt and second

-+

embodiments can also be used in this third embodiment dual-
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Polysilicon P-type -5.1 <1000 Ntype 4.3 <_1|0|00 For
exanple, if rutheniumis used, the NMOSFET will Che
conprise the Ru gate and the PMOSFET will conprise '
Ru®2 gate since the PMOSFET nust have a higher wor
fgnct Lep.dhan the NMOSFET. The dual -netal gate caP
adgg:o Ee ?eal i zed by adjusting the \/v?r?hfungtnldagt ioVe
xi de since the work function of the c
:)Qiedg is closely related to the stoichionetry. That
is, one gate eP&cthoie iwi Fligherd, nthhecoiﬁn;{llgfr#jo_\/@%f to
de will be in the for
%H"gﬁf] é)%l@llgggsg %Tcgctrg)ilgl‘eﬂh’r’&htllf’aﬁlbét retodnineny cant be
0
iusiedi tim £01@S fhd Mwd @%%Q”ﬂa éfﬂggl um%]gen\%@ﬁll;cﬁr;@gt w1
equal to Y. The value of can 56
%‘h%quﬁ@ldamt’amm ddosererﬂih@ogaw@d}% %%2&%% blﬁog‘és' %
t and secon enbodi nents can al s
E fﬁnsr d%eﬁb%%tfar}eﬁt’“ﬂﬁaﬂfa‘leﬁ @latfenqord)cféssenﬂawc&mom
lfnn&gmsJ.Z the conventional gate formation proce?s .
described in the first enmbodinent can be used to for
the two gates MXx and MOW The netal |ayer wll

As shown in Fig. 13, the damascene gate
pProcess described in the second embodiment can be used to
form the two gate MOx and MOv. The gates will each be
implanted with dlfferent dosages of OxXygert ions to form these

two metal ox1de gates having dlfferent work functlons

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 comprise a metal and a metal

oxide, or two metal oxides having different work functions.
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be inplanted wth two different dosages of oxygen ions

to formthese two netal oxide gates having different
work functions. As shown in Fig. 13, the damascene

gate process described in the second enbodi ment can

be used to formthe two gate MXx and MOWN The gates

wll each be inplanted with different dosages of

oxygen ions to formthese two netal oxide gates
Thavihge di $:f etertawiork thenetibbas. wbnkbothcElgs.will2 and used

£d3, tLhesgat e _havi the _higher rk. function will be
t he PNE%%%%(%n fﬁgiﬁéeemﬁgggn8X$gﬁeh?%h%$ Wt k-ower work
fhunctdoniini 1 Ibdertchie INVOSRETNMTbegprecess of the

present invention provides three sinple,
manuf act ur abl e dual -netal gate processes. The
conventional CMDS pr agess nfkow:bs maiLntained. Mlﬁr
function of the gates is sinply tuned by the oxidatio
SIPtedy e tdiralc ethl rgacesneonpri see ometaireand a

et @ merOXd de,e QU it WO - [ ' di f.ferent .
~wor k IT%euncti or?s. Olé Tﬁg%ng%a éo%? B %g(\gl%]%gbﬁf hteh%slegﬁgrllled
Liworlke fadricttiten: widrliobe osedofer it heo BMOGd ateeraNd Whe be

19X i he_| k_funct i i1l b
eed 1 or he RS et £ n e THe 1 et | G e o gon
ipegrttiicud .arl y
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shown and described with reference to the preferred
enbodi nents thereof, it wll be understood by those
skilled in the art that various changes in form and
details may be made wi thout departing fromthe spirit
and scope of the invention. 19 What is clained is: 1.
A dual -netal gate CMOS integrated circuit device
conprising: an NMOS active area and a PMOS active area
Wloft ai semacenrducter substrate separared by isolation
1r§%gio?ns]1;9 a met al gate in ,said NMOS active area over a
gat € Hiel"ed¢eri €2FayelCSanatadretal okide gate G said
PMOS active area ove ther gate dielectric |ayer
CHerein'%Sai d metal in said netal gate is the sane
material as said netal in said netal oxide gate and
wher eith N4 ardtiagle oxicde agdt e RESSaahigherawor kof a
function than said netal gate. 2. The devi ce according
sqrpl Clraivmtbrwhebeicnasai degatet i eébectsdlatliayerregions;
conpri ses one of the group containing silicon
di oxideietnilt pededisi EhcanNddoxide veidicomwnirt H deie
and a conbi nation thereof.
dielectric layer; and

a metal oxide gate in said PMQOS active area over the
gate dielectric layer wherein said metal in said metal
gate is the same material as said metal in said metal
oxide gate and wherein said metal oxide gate has a

higher work function than said metal gate.

2. The device according to Claim 1 wherein said gate
dielectric layer comprises one of the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and a combination thereof.

3. The device according to Claim 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.
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3. The device according to Claim1l wherein said gate
dielectric |layer conprises one of the group containing
zi rconi um oxi de, hafni um oxi de, al um ni um oxi de,
tant al um pent oxi de, barium strontiumtitanates, and
crystalline oxides. 20 4. The device according to
Caim1l wherein said netal conprises one of the group
contai ning ruthenium iridium osmum rhodium and

4 r hemd wavizk according to Claim 1 wherein said metal

comprises one of the group containing ruthenium,

iridium, osmium, rhodium, and rhenium.
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