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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
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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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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.




transistors in the fabricat i_on_ of | nt egr at ed circuits.
A further object of the invention is to provide a
process for form ng dual-netal gate CMOS transi _stors]c
having different work functions in the fabrication o
integrated circuits. Another object of the invention
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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

§ theeadBventissn hsghe escaride
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NMOS. A gate dielectric layeris forned over
senicondgctor substrate in each of the active areas. A
metal layer is deposited overlying the gate A
dielectric layer. Oxygen ions are inplanted into the
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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




ings to the sem conductor substrate. A gate
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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




first area to forman inplanted netal |ayer and the
inplanted netal layer is oxidized to forma first
netal oxide layer. Second oxygen ions are inplanted
into the netal layer in the second area to form an

i npl anted netal |ayer and the. inplanted netal |ayer
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regions. One of the active areas wll be PMOS and the

other will be NMOS. A du gaté is fornmed in each of
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idveberdd, @ kayefn WRkeBa! Sor 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 openings. 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 gate. The implanted
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i nvention, a dual-netal gate CMOS integrated circgit
device is achieved. The device conprises first an
second active?®lapeas: ecarsad QREHCEE FHRSELALL 10

i%%ﬁrc%x%d ab%ug§91!1ta§§aiilorg]rate CMOS integrated circuit device
is achieved. The device comprisés first and second active
areas of a semiconductgr substréte 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.




regions. One of the active areas will be PMOS and the
other will be NMOS. A netal gate in.a first area
overlies a gate dielectric layer, and a netal oxide
gate in the second area overlies a gate dielectric
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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.




[ of this description, there is shown:
rFr:a;grl iltﬁ?ghgh 5 are cross-sectional representations
of a first preferred enbodinent of the present I
invention. Figs. 6 through 11 are cross-sectiona f
representations of a second preferred enbodi nent o
the present ifint Ldnandrilgsare2camd-s8careal

I re entalons of two alternatives
CEORSPRGHLON or FERTSDERLANIENT OF o hbirt cueiprred

¢rivatitieon. o DESERPPEIEEN GhvEHE; HREFERRED EMBODI I\/Ell\ITS
The present invention uses a netal and its neta y
oxi de to formdual -nmetal gates having different wor

i ons. I.oren wo di fferent oxides of
Iﬁgct et alnﬂgr&ggggé as tTﬁg %%EaﬁcEWPaFMﬁ%qIé@NTFt will
be understood by those skilled in the art that the
invention should not be limted to the enbodi nents
descri bed her éP'fi, Proifittc ARVeRt iont @rdeda anrdaapphd et d 0

I
a | K t i,s desired to have neta
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femssddment Iof ohheemmjdaﬁltah@n id laiRee-deserihed
r f rence tqQ Figs. 1-5. The second enbodi man? V%
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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 to have metal gates 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 semlconductor substrate 10 This is preferably

monocrystalline 5111con. Isolatlon regions, such as shallow




6-11. The third enbodi nent of the invention will be

- described with reference to Figs. 12 and 13. Referring
nowto Figs. 1-5, the first preferred enbodi nment of
the present invention will be described. Referring
now nor e articularly to Fig. 1, there is shown a
SEEDN o8 ubstiatled, 18ce Huirmedsiprgfeesabbyrate to

repResystallipe silicon. |solation regions, such as
shgl | 'ow 9‘?‘%%?{é§cﬂes4l§’6’|sat i OIS P 7od 2P -whld sf opere dstionnt heay

Sabsormaide withis el alBsarddde JLegLo N.wel | s and
P-wel | s, not shown, nmay be fgr ned (\E/]\A&%Vr%nﬁl?ﬂ%ls‘
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Lbreshal d t adj ust nent i npl antati ons, not
s?gvvn, gr'eg% e as I's’ CoTERPitonat: 1P fhe aFt- . A gate
dielectric layer 14 is grown or deposited over
substrate to a thickness of between about 15 and 150
Angstroms. For® ER&fplteladieidi bhwot niscikayeswnay be a

& ielie LG geuastant material such as silicon
d%%(sﬁécglfi g%ﬁ%‘u g’%& é??itcooﬁ Groskfes of| bewren ebpde, 15

Frd t136i Angsomisnat FENSaxaph 8] Natd VBl eI PE. diglect L
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Yi'E"ediPlec e craf tante magsrial raani um oXlden habpi gm

M d8egal g num.oxi de, tantal um pentoxide, barium
str oﬁf?fiu%nyﬁt%éng -%}él,;ean(fl&?%’? dH5Rdeoxeigheir

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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rring nowto Fig. 2, a netal layer 16 is formed
: E\?gf theggate dielectric layer to a thickness olf I r
bet ween about 1000 and 4000 Angstrons. The met ah _ayel
16 may be formed by sputtering, evaporation, chem ca
vapor deposition (CVD), or el _ectropl ating. The .
deposi t ed net af°%arthepretat Hewieuns i adsttienm a@%ﬂﬁum in
Fhodi wn wLhepidm Lor sin I@r‘F rr;cet alms. 1Ow[\|101W'1;@t e'@':eed
metal |'ayer I's mask&dY ES "SHGRnthe metag. wil El'h @ﬁgsﬁ )
ahe egistn 20hese e PRbAL - Milsl ggslgxcgrdéz%g% “faég‘ TacK.,
20 may be a photoresist mask or a har er; |

HAguBpdEhehsypy pet afnanbeay i fig beopber J1gffor med-

&xi el Oxihdati on_nay be acconplished by oxygen .
in’p‘?agtntoat 1'0h TG PR Bgrss by arezan 1fﬂelliirvw_e:do::xy1r:;o the
annesll Ageid, aB11BREE WASHAL. Al QYGEN. ATDI enL. A
shown in Fig. 3, oxygen ions are inplante [
TRERetdPitHyer 16 where it is not covered by the f
mask 20. Oxygen ions are inplanted with a dosage o
between about 5 E 15 to 5 E 17 ions/cn2 and an energy

IS, t hat
tween abeuthdwd Gnd@iKeVs, I i 8,1 Mportant. ted
?Lebﬁa\gﬁi ng |ayer is thi cljigenoughytgonp%o 8t ¢t higplante

And8rPytiry mekedl laesrer 6f woare i mplianhat | @verfANgal iag
a2 Qg.p%ﬁg%%gegoég]é%éf%&g?géked with a dosage 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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rapid thermal process (RTP), or a |aser system The
phot onmask must be renobved prior to annealing in an
inert gas. However, if the annealing is perfornmed in
an oxygen ambient, a hard nmask should be used to
protect the netal |ayer from oxidation. Oxidation can

al so be achi ewedebyim) aswBtassist @d Qxidatiog,of the
exposed regi on such as by renote plasma oxi dation.
Ckigi 2eueTiet 46 pRgi U 26SPscthelyesats mfttebged to form
idat cess. 11 Referring nowto Fig. 4, the
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t\?‘m'%th EgMgdtl%'a b neatéhqﬁﬁg‘ﬁa“ &1 86?‘%%‘7%‘1/ byt ehteHehisgr y

tinme and using a-l _
chkefnsthe 1ekah PHOsRSSyi 8 ngn.eéﬂ LAge &:A(P%%i;l?c%]meirgand

point, with chemstry 1 having a higher etcl e for
sepeckeridly @ﬁpﬂeghqmm$tchewh&nItheZehﬁwlgﬂ@casﬂl£H“§étting
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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r the metal, or vice versa. Thus, netal
nggsrige ;gd 26, having different work functlpnﬁ, are
reali zed. The netal oxide gate 26 may have a hlgder or
| ower work function than the netal gate 16 depending
on the netal used. The PMOS gate will be the gate

i ; ud i@NcMbdti8n MR, 93keart,
Rayihg thechigimer contiiu st”Hallgv\gr mo;k ?unctlon. ar

' h te having the \ _
gléjf‘l!é?t?i ﬁ‘t tﬁﬁgfjt‘bidigit@F’nS‘?"%‘fo@eeﬁ@w@ risr egt onsui30aand
sidewal | spacers 32 may be formed, as is conventional.
The spacers 32 may conprise either silicon nitride. or

ili 12 oxite: sPLOL@SHIdIG-eOMdHIESnASt I the » esent
'ilolnilcgtni onal _in tﬁe art, except that Sléﬁl o dathl ofy* €5en
Iiventipn 65{%?(21 geﬁefibe@qm:iiitbdl.fefﬁl@mec*&ﬂd“i@rsef eried

O A t;he ., ent. invention will be
descﬁmgggim%th lls'e egggﬁ%ece § BT HS P*eCess- Fnferring now

Ehsodenbhtuliayrly danBsgene gﬁg%qplrsog_g%%h%\%%ﬁg%g&c ow
jcularly to Fig. 6, there is
Srs]‘rl[ei’[ﬁe%%%éh C‘gr %%%b%% r%ﬁegfefeblyrhfmoicsmtaefmbgylicon.

T8 tadds Sl . ..Lsplation regions, such as
CPneLus Adidhe, o O 3 ohaifeY rench B qlgien (TiDna2,

Fghspraed o thepaiinttrA6t ¥ sdiRF@BS, Ny eLl s and |
P-wells, not _shown, nmay be forned within the
wse&\ggt i &-v8d1p s Rinwdarhomedy bRuNchidr Qughiante

éd%%%§§f%fjas is conventional. Punchthrough and threshold

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. &

Sidewall spacers 54 and source/drain regions 52 are formed as
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e adjustnent inplantations, not shown, are nade
: ;glfzgconvtntional in the art. Dummy gates are forned.
Afirst layer of silicon oxide 42 is deposited overd
the substrate to a thickness of between about 15 an
50 Angstroms. A layer of silicon nitride 44 is
depositediouer thensi hi-eon vy dg, | A¥er 1 .42 t&eﬁec}s\ric

hickqgss of between about 15 and 200 Angstrons:p

PS%}%’% 5t 1BoP§RITiteEnouer | theddposy tedteavend tieursich LeN: o

hiri [ bout 500
r I r f thi ckness of between a
g%% % ng %%gé??oﬁégag%%qﬁhﬁﬁﬁ‘gate stack is patterned

[ he active areas,
to forma dummy gate 50 in each of t [
as shown in Fig. 6. Sidewall spacers 54 and
source/ drai n régisbasn 5 &ig. f or B asmdB dtes 50 are

SR | [ ielectric
t the art. Now, an interlevel die
fayef Sggggécﬁﬁ} siT8dRPER Yt Bg dhimtP gereaesand The dummy

tErak As
teiavedt Be $OP afnthg, QHHJT% gal.es by OWP.
E?L wnﬁrﬁeFig.e7, ?héggunﬁy ggtes 5 tarengremﬁed wher e

¢ PAFECRXPOSEE Byot he CWP process. The dummy gates
are renmoved by wet etching, dry etching, or a f
conbi nation of the two. Now, the dual-netal gates o

the present — NBYEMHROMALELCaPGLRL B /e Jale
dielectric layer 60 is

invention 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 thickness of between
about 15 and 15b Angstroms, as shown 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
formed over the gate dielectric layer 60. The metal layer 62

may be formed by sputtering, evaporation, chemical vapor
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[ bstrate
ted or thermally grown on the exposed subs
gﬁ???ce within the dumry gate openings to a thickness
of between about 15 and 150 Angstrons, as shown in
Fig. 8. As in the first enbodinent, the dielectric
I ayér may be a low dielectric constant material such
aePaiitioon(QVxi de, eladtddpdadi sl | GoR géﬁggdl q shlifon
[tride .or their conbinations or.a high dielectric
)2% NSt iRt & 'diPdRB et 9§ Unatieed jaim, s wbhn asn,z :oﬁrC OR8¢
. . : . ) m
oxide. hafaiup.axide (augloum, oxide, tantalum
pent oxi de, barium strontium-t PN S, o
wrtysnalkhe nbirowi dete RefenhbBy AW 8Et Ok i t%F”Ear?a%ﬁné
| ayer 62 is fornmed over the gate dielectric laye .
pﬁ%ceﬁgt'al layer 62 may be formed by sputtering,
evaporation, chenical vapor 14 deposition (CVD), or
el ectroplating. The deposited metal can be rutheni Ium
i ridium osm dow, rodinedh LRGN O 5 SIYLat ., ML als.
rocess polishes away the netal Iayer not
P‘i’ HEVGantle gatterapent njslethusce Cloiy h;igg Nghd hee
.. Naw, _.as shown in Fig. , a
fgﬁgtg 2?1%2% 6%5?@8 8 ‘orméd F%r"bec?v_éfl the ahvttemaekato expose
odilg| tiot rdecohayestH&nandit Ng, vl Leiggale- éﬂyggneglorﬂ is
fornmed in the photomask to expose
implanted 68 into the second gate where it is not covered by

VP
f\?ﬁr{“ﬁij n

the mask 65. Oxygen ions are implanted with a dosage of
between about 5 E 15 te 5 E 17 ions/cm® and an enerqgy of
between about lAto 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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only the second gate that is to be oxidized. Oxygen

ions are inplanted 68 into the second gate where it

is not covered by the mask 65. Oxygen ions are

i nplanted with a dosage of between about 5 E 15 to 5

E 17 ions/cn2 and an energy of between about 1 to 50

KeV. It is inpershaoin tharighel maskicAE gd@kekai snd KLk
protect the first gate from inplantation.”

%RW%E& gif%ﬁﬂﬁPﬁgW?Tﬁaﬁﬂ%@ﬁéﬁﬁsk 6%, ranlwwoal Gage & ep

d r i an .oxi, e fromthe
e et e h 3Re80" Gvarnaer vl prisde. The

g@XBda1¢¢ﬂrdaanwb6ha@ns@M@QePan§%@9§&9ﬂx¥Qﬁlﬁegoqg gate
el ectrode to an oxidi zi ng anbi ent Durin
PYRSEET | whi 161 thR| ah s @gegtegge1m1ehftmét1qwﬁkewofﬂ;aﬁﬁﬁﬁaggn

wand ﬂ@qjklﬁﬁggyﬁp dielectric |layer are protected by

a hard nmas as silicon nitride. 15 As shown in
Fig. 11, netal gates 62 and 70, having different work
functions, are realized. Gate 62 conprises a netal
whil e gate 7OT%ﬁnﬂﬂﬂksésn¢mﬁqﬂs oXi tiee gbt@ P&t odes of

e d her work function will be the
tﬁlﬁ/oles%rf% \GXA‘%’}Q/: ‘té‘ﬁi%&qme“ %T St P68 SR T oChas | P wor k

Tﬁun@tuonReﬂhktldx%yths &MQ?EEEwnThe work functions of
the gate el ectrodes of
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[ two enbodi nents have been neasured as shown
' itEe fria[)ISte 1. Resistivity is also shown. 16 Table |
gatematerial wrk func (eV)resistivity ( QP
Ru4.604.71/cn) 7 7 RuR4.95.2. 45 1r5.0S. 75 3
lr2. VA < 100 Gs4.7 - 4.83 9 5 0s02. NA < 100
Rh4.75 - 4.98 4.5 RhnO-NFakl€ (00

gate material work func {evV) resistivity (uQ/cm)
Ru 4.60 - 4.71 7.7
RuQ= 4.9 - 5.2 45
Ir 5.0 - 5.7 5.3
IrQ= N/n < 100
Os 4.7 - 4.83 9.5
" 0502 N/A ; < 100
Rh 4.75 - 4.98 4.5
RhO= N/A < 100
Re N/A < 100
Re0= 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 MOk while'the other gate oxide will be in fhe 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 first and second

-+

embodiments can also be used in this third embodiment dual-
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ReN A< 100 ReQ2N A< 100 PA'Ysilicon P-type-5.1 <1800
N-type-4.3 <1000 For exanple, if rutheniumis UEECEFET
the MMOSFET WII conprise the Ru gate and th$ t
will conprise the RuO gate since the PMOSFE TEUS
Qﬁ%% a-oigher work function than the NMOSFET. t ﬁ Che
dual -netal gate can also be realized by adjus { g ne
wor k function of the OXIdF SIPCG trztggrro Iﬁgc i on
ive oxide is closely re
g?gl gﬁ.ngﬂ ry AFhalowrs inofeggat® ehects0de twhhh Qfaee

h te oxide wll
P L g T B Sl
gehetd U r rth@l Hi8 o201 MA) L hogdhy rhenium an

X is not equal to Y. The value o YX a VeEﬁh Hyeagerill
28] tEr syl vhth ithyl dnrasiant @es8es e MBLEOAS, . .,

the first and second enbodi nents can
?’?&r%ees(}s,%% Bt Sxtfer Rt oarentdidfakedd gate
puecess:s A shown in Fig. 12, the conventional gate

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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formati on process described in the first enbodi nent
- can be wused to formthe two gates MXx and MOW The
netal layer will be inplanted with two different
dosages of oxygen ions to formthese two netal oxide
,’g_}at es hzi\vi ng different work functions. As shown in
Yretd! philudngirend gaigheprovds Sudesiod bedli be thed
&/HC sabodiJren dto. formthe tw gate
D e RO The Bt B etRT st 0 Thep i egey orpr
difdftépenyi dosagaseof rax ygennioN 4+ .form these two
nmet al oxi de gates having different work functions. In
both Figs. 12 and 13, the gate having the higher. work
function wll wgelé ht PNOSFET. and the gate having the
| ower work function W VBT He PRFOBERT Pafivd cptaiss s
Dlowhhen®r&set pkAV@NtH QR rRLOYLARS thgr[?]_eef%ifgglie,
manuf act urabl e dual -nmetal gate processes. €
EbRdénes ghdheCMOS prioeedsd bé owrdes srabdiai Redse The Megk
funection of the gates is sinply tuned by the oxidation
Pr SEEsEE THhe Cuar Lot &hagaeestt JRpRi 3% slakeias wad ba
iRk ali ti1dRep 9+ a | hayi di.ff erent
work funct i ons. 18 tfgglzr[rle%}g?)%%% & %%%P%&ptehcé htﬁqg%er
pgertiemction will be used for the PMOS gate and the
nmet al oxi de having the | ower work

What is claimed is:
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function will be used for the NMOS gate. Wile the
i nvention has been particularly shown and descri bed
with reference to the preferred enbodi nents thereof,
it will be understood by those skilled in the art
that various changes in formand details nmay be nmade
Whiathowt cdepareti ng:fromthe spirit and scope of the
invention. What is clained is: 19 What is clained is:
1. A dualretal ggatecGhES:ihpkggh bt @dc Ti difit tdddemice
conprising: an NMOS active area and a PMOS active area
égm .conduct or substrate separated by isolation
é?bns ‘a metal gate in said NNCS active area over a

gate tr ayer . and .a OXIde ate i sald
PMOS é%ll\Sﬁ;ﬁé%18Ve?rFﬁeanaa?e |elec ?Y%qia ernf
wherein said netal in said netal gate is the sane

TSI U GO S SV SERAP PRPEAF HEHER Al 150X de Y dt s i
wherein said netal oxide gate has a higher work

f unct isomethdn gsdied imetali dgétes 2¢tThe desd cer<ac cordding
to Cdaiml wherein said gate
dielectric layer; and

a metal oxide gate in sald PMOS active area cver Lhe
gate dielectric layer wherein saild 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 dicoxide, nitrided silicon dicoxide, silicon

nitride, and a combination thereof.

3, The device according to Claim I wherein said gate
dielectric layer comprises one of the grcoup containing
zirconium oxide, hafnium oxide, aluminum oxide, tantalum
pentoxide, barium strontium titanates, and crystalline

oxides.
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dielectric |ayer conprises one of the group containing
silicon dioxide, nitrided silicon dioxide, silicon
nitride, and a conbination thereof. 3. The device
according to Caiml wherein said gate dielectric
ltayehecdrplirsesconmed ofg the @Graoup cofteaienionga izl pedailum
oxi de, haf ni um oxi de, al um num oxi de, tantal um
penbexkde, obar bam st rethpndi tanates,andraiyst al i ne
oxi des. 20 4. The device according to Caim1 wherein
33k MR absnEOAPrESES; @Re la L ghgup contal ning
ruthénium 1ridium osmum rhodium and rhenium 5.
A dual -nmetal gate CMOS integrated circuit device
conprising: an NMOS active area and a PMOS active area
of a sem conductor substrate separated by isolation
PegifoAse lamnabeal 9gat eCHOS sk e PMOS Aty nrel dr 68Va¥sr a
gate dielectric layer; and a netal oxide gate in said
NMDS ractihge area over a gate dielectric |ayer wherein
said metal in said netal gate is the sane material as

sai d metakni AMsail ScBtal ar &Xi gy gatmu@End omiekeiztesaibd a
netal gate has a hi gher work

semiconductor substrate separated by isolation regions;

a metal gate in said PMOS active area over a gate
dielectric layer; and

a metal oxide gate in said NMOS active area over a
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 gate has a higher work

function than said metal oxide gate.

6. The device according to Claim 5 wherein said gate
dielectric layer comprises one of the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and a combinaticn thereof.

7. The device according to Claim 5 wherein said gate
dielectric layer comprises one of the group containing
zirconium oxide, hafnium oxide, aluminum oxide, tantalum

pentoxide, barium strontium titanates, and crystalline

21
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function than said netal oxide gate. 6. The device
according to Caim5 wherein said gate dielectric

| ayer conprises one of the group containing silicon
di oxide, nitrided silicon dioxide, silicon nitride,
@hidiegs .conbi nati on thereof. 7. The device according to
Claim5 wherein said gate dielectric |ayer conprises
one of the group containing zirconium oxide, hafnium
oxi de, al um num oxi de, tantalum pentoxide, barium

St 1 ontd Wpdtiidanatesqiander yshahl kngnlde OXi Hesy B sfhe

devi ce according to daimb5 wherein said netal |ayer
conpri ses._one of the qgr cont ai ni.ng. rut ' .
R s Phoatuin, (a0 Renh Do LY R e iy,

gate CMOS integrated circuit device conprising: an
NVOSH a8t i e rarEa dR@davpmogndct vt afea of a
sem conduct or substrate separated by isolation
regions; a first netal oxide gate in said NMOS active
area over a gate dielectric layer; and a second net al
oxi de (gatienidtasaiod tBMOBoacthveganead ovetuit galwice
di el ectric |l ayer wherein said nmetal in said
comprising:

an NMOS active area and a PMOS active area of a
semiconductor substrate separated by isolation reglons;

a first metal oxide gate in said NMOS active area
over a gate dielectric layer; and

a second metal oxide gate in said PMOS active area
over a gate dielectric layer wherein said metal in said
first metal oxide gate is the same material as said
metal in said second nmetal oxide gate and wherein the
concentration of said oxide in said first metal cxide
gate 1s different from said the concentration of said
oxide in said second metal oxide gate and wherein said

second metal oxide gate has a higher work functien than

said first metal oxide gate.

10. The device according to Claim 9 wherein said gate
dielectric layer comprises one of the group containing

silicon dioxide, nitrided silicon dioxide, silicon
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first netal oxide gate is the sanme material as said
metal in said second netal oxide gate and wherein the
concentration of said oxide in said first nmetal oxide
gate is different fromsaid the concentration of said
noxirdeei nasdi d secbnde etal tioxide .gat e and wherein said
second netal oxide gate has a higher work function
than said first netal oxide gate. 10. The device
according to Caim9 wherein said gate dielectric

1hay e CQRpE L§es-0RE Of g the @roup £AMANIMNGaisi bizean
d|0X|de nitrided S|I|con di oxide, silicon 22 nitride,

a conb natlon dhe dey rdin

QECt§ mhergen g%%QF mé; egﬁ?ﬁgﬁ#gze?%égﬁgblggs
one of the group contalnlng 2|rcon|un1OX|de haf ni
Z6%C88; "Bl BT AGm B OLU™ t Zht 3 urfl L PR Bk cde S b al PO it
strontiumtitanates, and crystalline oxides. 12. The
reevibeedaccbrding SbrﬁmtﬂmmSINWﬂﬂ&ﬂaﬁrséﬂﬁiﬁéWéWalﬂéyér
conprises one of the group containing ruthenium
dxfiicdisum  osmium rhodium and rhenium 23

12. The device according to Claim 9 wherein said metal
layer comprises one of the group containing ruthenium,

iridium, osmium, rhodium, and rhenium.
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