DUAL METAL GATE PROCESS: METALS AND THEI R SI LI Cl DES
RELATED PATENT APPLI CATION This is a division of U S.
pat ent application Ser. No. 09/981, 415, filing date
Oct. 18, 2001, A Dual. Metal Gate Process: Metals and
Their Silicides, assigned to the sanme assignee as the
present invention, now U S. Pat. No. 6,475, 908.
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{(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 threshold voltage, additional implantation is reqguired and this
will result in buried channel effects. The short channel effect control will
then be degraded. However, with dual metal gates having different work
functions, additional implantation is not required. That is, one electrode with
a lower work function will be used in the NMOSFET while another electrode with a
higher work function will be used for the PMOSFET. That means that the

threshold voltage for NMCSFET and PMOSFET can be taileored independently. It is




process. U.S. Patent 6,043,157 to Gardner et al shows
a process for formng dual gates where one gate is
polysilicon and the other gate is netal. U S. Patent
5,960,270 to Msra et al discloses a process wherein
the sane md- gap work function netal is used for both
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IS to provide a process form ng dual -netal gate
CMCS transi stors conpr|S|ng a metal and the netal

silicide. 2 Astill_further objecglof the invention is
to provide a proces%wMygrO?gF%fﬁéLdbgi netal gate CMOS
transi stors conprising a first netal sil.i.cide and a

second netal suicide wherein the netal is the same in
bot h gat es-cantinthe 2 $irlisck déieoneentr abvoni¢sis to provide a
di fferent.

process for Forming dual metal gates for CMOS transistors in the fabrication of

integrated circuits.

A further object of the invention 1s to provide a process for
forming dual-metal gate CMOS transistors having different work functions in the

fabrication of integrated circults.

Another obiject of the invention is to provide a process for
forming dual-metal gate CMOS transistors where one gate comprises a metal and

the other gate comprises the metal's silicide.

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

silicide.




In accordance with the objects of the invention, a
nmet hod for formng dual-netal 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 NMOS. A gate dielectric |layer is
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Also, in accordance with the objects c¢f 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 isoclation
regions. One of the active areas will be PMOS and the othexr 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 ¢f each of the
dummy gates is exposed. The exposed dummy gates are removed, leaving gate
openings to the semiconductor substrate. A gate dielectric laver is formed

overlying the semiconductor substrate in each of the gate openings. A metal




i npl anted netal gate. The inplanted netal gate is
silicided to forma netal silicide gate in the first
active area to conplete formation of dual-netal gate
CMCS transistors in the fabrication of an integrated
circuit. The netal silicide may have a hi gher or
Iomer wor k function depending on the netal used. The
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wherein the silicon concentration in the second metal silicide layer is higher
than the silicon concentration in the first metal silicide layer. Thereafter,
the first metal silicide layer and the second metal silicide layer are patterned
to form a first metal silicide gate in the first area and a second metal
silicide gate in the second area to complete formation of dual-metal gate CMOS

transistors in the fabrication of an integrated circuit. The PMOS gate will be

formed from the gate having the higher work function.

Also, in accordance with the objects of the invention, a fourth

method for forming dual-metal 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 NMOS. A

dummy gate is fornmed in each of the active areas. The

dummy gates are covered wth a dielectric |layer which

is planarized whereby a top surface of each of the
secci,nélm%é ata?ezagi/(fsngx o?cg)gaduocgg%e%égtqsgg adeg s arﬁggongﬁcl olaLJon
regSMBShatL. 1A gate dielseclinig b@yehnd snd e&nsedwm be WMOS. A

overlying the sem conductor substrate in each of the
dumnga i€ cope P mgs. infearbtdl the kayiep Eir§asdeF)]EfSij‘Ef@d wWtehiane thegered
Wit araecilegg l?ggyetroxtlhﬁg{;m %::E‘?lalfl at éel_beE ?:o sulﬁ%ce of eac§ of the
dun@Ch4tee @ 8ok, omm ea@osddnmnamgedemtalre@@tee, 1?meng gate

i mpl anted nmetal gate is silicided to forma first
opemgbaltosibei indengater isbetett i r 3kt i vechrealavSeconipried
overzl.lg %gg I orlrrl-ll\sc;:gnaéxrjteoar %)SP%ar%ren gne?c%pt J.g%?eegage o) Tnlggs! n ;;ngta]_
lay@N@s tbesdi gl anked chetake gat@inys i td-aindesh bﬁké%OfHIkét silicon

second netal silicide gate wherein the silicon
iong oAt eéntrat fohntionticherteecid aveY af Sifl e diparesy §o form an
imp antef%gtn art_(e)m t['he Slllalnged mcﬁgqcent Iy at 'qugmdlgd ngefofrlnr SElrsL

I'de ate ete formation of

meLﬂuail-lﬁBaeabatgairEtﬁvmstLransw@taeées i secbhe sfabei catd ene afplantea

an integrated circuit. The PMOS gate wll be forned
Jﬂt?ﬁbﬁﬂ?h@-@%Fe“héViﬁﬁxPHeﬂihwyﬁeﬁ WorR=F ahctPbiiicAreg! 9ace
and&:@xe%?n%pgnqg %gta\ﬁdé I'LeSJleLJc%?eds o;nhg e@gn%nﬁwet%m’sn§lc1de gate

neta EWCS |ntegrated circuit device Is .

wheaﬁhlﬁveﬂlnadﬂeccﬁeMLeaﬁanpw LigeSecchil mgtaland isegonge is

active areas of a sem conductor substrate separated by
diffesotat F8n e di oA C%&ﬁ?“%ﬁatf?ﬂe AF Ve Hr B twiiltfcile 9ate to

com[%:)m f%prgatg&eoiotdnglr mg\é gatgeCMOQ‘"\@neléLgE%t ?rl tg@tfgbrllgaé '89 of an

irst active area over Ies a gate dielectric |ayer,
int@yrdeal ABetcalt.silnkcivde gat eriin bkhersecond act pae @vea the
overlies a gate dielectric |ayer wherein the netal in
nigheie et Agate is the same material as the metal. in
the nmetal silicide gate. The netal silicide may have a
hi gher or | ower work
Also, in accordance with the objects of the inventicn, a dual-

metal gate CMOS integrated circuit device is achleved. The device 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. & metal gate in the flrst active area overlies a gate dielectric layer,
and a metal silicide gate in the second active area overlies a gate dielectric
layer wherein the metal in the metal gate is the same material as the metal

in the metal silicide gate. The metal silicide 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.




functi on depending on the netal used. The PMOS gate

wll be fornmed fromthe gate having the higher work

function. 5 Also, in accordance with the objects of

the invention, another dual-netal gate CMOS

integrated circuit device is achieved. The device

conprises first and second active areas of a

sem conduct or substrate separated by isolation

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

other w | Alsob@in%rdaﬂc@ Ik, 81 tﬂ@toghec$i; ldrCcirde: @abeiokN another

the first active area overlies a gate dielectric
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be WAYI n§ tihet REthefiiwerde $arctt o IBRIFEFEDESERIZPTION CF2 gate
dlelecgjgﬁgyeﬁ’aﬁm (r)]f ge?‘%?s dascrl)%?%o%t%wjhgrg% gcrogl gagtgve ares
ovelTh @S a datet hieOtghid 1872 @088 seChiONaln tiepresentat i ONBe sane

of a first preferred enbodi nent of the present
metailnv@nfﬁlebﬁi1iFP@§0n<6éﬂfWrté?}gﬁsﬂf%@rrémmieseedsé?étﬁh@nwo gates. The
PMOSr ﬁgtreevsuelqt gt Ifgpm%do YOI th(seegcaggq\ag{n%f r§%n§m9§ﬂ %&gtlgrt
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cross-secti onal represent at| ons of two alternatives

of a third preferred enbodi nent of the present .

i nvention. DESCGRIPTPEN GF "MHET PREFERRED®EVMBODI MENTS 6

The present invention uses a netal and its netal

silicide to form dual-nmetal gates having different

wor k functi ans .actapene nenrdodingembrnibhwe: ndiekfar et of this

silicides of the nmetal. are used as the dual - netal
desFaAPEs P FF Hhewns

comp?:%ges

Figs. 1 through 5 are cross-sectional representations of a first

preferred embodiment of the present invention.

Figs. & through 11 are cross-sectional representations of a

second preferred embodiment of the present invention.

Figs. 12 and 13 are cross-sectional representations of two

alternatives of a third preferred embodiment of the present invention,

DESCRIPTION OF THE PREFERRED EMBODIMENTS




understood by those skilled in the art that the

i nvention should not be [imted 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 having differing work functions. The first

enbodi nent of the invention will be described with
reference. St ihvedrionNEsSe50nd, .empodi ment.,of; L he r
i nventi on &iFF&g - ﬁgééyfbgﬁ w?qh al?Erence f% lllgsle vo form
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described with reference to Figs. 12 and 13. Referring
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now nore particularly to Fig. 1, there is shown a
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nonocrystalline silicon. |Isolation regions, such as
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of between about 15 and 150 Angstroms. For exanpl e,

the dielectric layer may be a | ow dielectric constant
material such as silicon. dioxide, nitrided silicon
dioxide, silicon nitride, or their conbi nations.
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di el ectric constant gate dielectric material such as

pregintcomEurroxiide be hgbaiiged -oxfderriab v meme orrdevliarly to Fig. 1,
t ant al um pent oxi de, barlun1str8nt|un1t|ta@_ es, and
c eéa 5

‘me8?9§fﬁPW1ﬁ XA RFEF PTG now o F P met al

mon!)ca:)ﬁg{a llﬁml §1lf Qémdisgyﬁﬁort fﬁ@gzgﬁg e su@“ gé %ﬁ&lrﬂoﬁ drab/&r iddation
a thickness of between about 500 and 3000 Angstrons.
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Punchthrough and threshold voltage adjustment implantaticns, not shown, are made

as ls conventicnal in the art.

A gate dielectric layer 14 is grown or deposited cover substrate
to a thickness of between about 15 and 150 Angstroms. For example, the
dielectric laver may be a low dielectric constant material such as silicon
dioxide, nitrided silicon dioxide, silicon nitride, or thelr 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.




deposition (CVD), or electroplating. The deposited
nmetal can be platinum titanium nickel, cobalt,
tantal um nol ybdenum tungsten, zirconium hafnium
vanadi um palladium or chromium Now, the netal |ayer
I's masked 20, as shown in rig. 3, to expose a region
where the metal will be silicided. Silicon ions are
i pl ant ed &% L0, g PRl al | pyer 1g.mhere fomgé 08 the gate
cover ed by the mask i[iconions are inplant
dieWct hical desagea chibetvween abeuh ﬁmELLEOHGdEOE)Bﬁmnrmm. The
ions/cn2 and an energy of between about 1 to 50 KeV.
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Vet HEPMBE L P BeeS¥s SURTPI  or a | aser system The
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inert gas. Silicided netal region 28 is the result of
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nmetal and netal silicide ayer and
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and 28, having different work functions, are
realized.

Referring now to Fig. 4, the metal and metal silicide lavers, 16
and 28, respectively, are patterned to form gate electrodes. A chemical
mechanical polishing {CMP} process may be applied to achieve planarization. In
one embodiment, the silicide 28 is patterned to form the first gate electrode
and, subsequently, the metal layer is patterned to form the second gate
electrode. In another embodiment, both gate electrodes are defined 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 chemistry I having a higher etch




The netal silicide gate 28 may have a hi gher or | ower
work function than the netal gate 1.6 dependi ng on
the netal. used. The PMOS gate will be the gate
havi ng the higher work function and the NMOS gate w ||
be the gate having the Iower work function. Referring
now to Fig. 5, source/drain regions 30 and sidewal |
oo SRE0G 035 TR SRP I B BT EON S s B o
vic@'vLaJ:sfaQn 0% dﬁeLaEr@Q@§ﬁl6rkgdem)tkhaﬁu&§ d@Sfeb:&tC@cﬂ:\keﬂInbﬂjnﬂE, are
in the art, except that silicidation over the gates
realigetot required. The second preferred enbodi nent of
the present invention will be described with
reference to Figs. 6-11. This enbodinent is a
damascenergahe a1 psiocess. gaRefer fdyNg: AOW LRI or lower work
particularly to Fig. 6, there is shown a
fungfdap domtllet artdubster at €°rF0dPhi’s i's mﬁ?aéf eredb| yhe PMOS gate will
rystallipe,sill.c t h .
e T Tent enen PEbik on ST e Ao R bhate oot
havfru;b&{er alverti@rsepat@be. active regions. Nwells and
P-wells may be fornmed within the substrate, as is
conventional . Puncht hrough and threshol d voltage
adJ ust nen&ef{e'}lpln%nlgo%t’:()@?g 510 01§L]19y\51*a11a @gfmg%oa dI §1dewall
conventional 1n'the Dunmy gates are forne
spaddrES12 hayes rofnesl [d4sCON coxiedeiod2. .| Bre defposd BEdnaQVC@fnpltlhe either
_substrate to a thickness of between about 15 and 1.50
sLLNRg St oS, OASHayer °6f%si IFFeGTSHI% FIde™ 44 45s yepositiegat in
Lheoavr%r etxbgptstklaltcﬁrﬂl%lagﬁm iv@'}lqrheél'c;dt&so 1@ r;oglx%la[ﬂa%§ of
bet ween about 15 and 200 Angstronmns. | ayer of
pol ysilicon 46 is deposited over the S|I|con nitride
| ayer 44 to a thickness of 9 between about 500 and. ‘
3000 AngstPorESenTHE By CHAre St athk tis PpafterAER-tY w11t e
deséﬂ%g& w@tngerg:@tga \59@5' ng_Q@-Ch}*hPJ C&&%l[@é}&.ll\ée a)raﬁ?s%en@%ate
shown in Fig. 6. dewal | spacers 54 and source/drain
prote@gl omstda2igr govf masznéedarasculsrlczotw@m 1 6nahedenit Fgovar ¢ .

semiconductor substrate 10. This is preferably monocrystalline silicon.
Isclation regions, such as shallow trench isolaticon (STI) 12, are formed in the
substrate to separate active regions. N-wells and P-wells may be formed within
the substrate, as is conventional. Punchthrough and threshold

voltage adjustment implantations, not shown, are made as is conventional in the

art.

bummy gates are formed. A first layer of silicon oxide 42 is
deposited over the substrate teo a thickness of between about 15 and 150
Angstroms. A layer of silicon nitride 44 is deposited ovexr the silicon oxide
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




Now, an interlevel dielectric |ayer 58 is deposited
over the dummy gates and planarized to the top of the
dummy gates by CWP. As shown in Fig. 7, the dummy
gates 50 are renoved where they are exposed by the
CWP process. The dumry gates are renoved by wet
etching, dry etching, or a conbination of the two.

Now, the dual -netal gates of the present invention are
bty POUY GP fragd SAOYAPE APE- ectFi BT ayere 6B2F st BPISTEd e form
a da&nyt&%g mgl [y . 9houn 00 Lhe. exhosed suhsty %g ser fsag68.a11
hin the gate openings to a thi ckness of between
spaeﬂn3u14 dnb sande /DR rARgGS RO, arasfeshowns iR deingent8onal\sin phe art.
the first enbodinent, the dielectric |ayer be a
Now| Gy iBY’EEtr Pt et akt Tl eri AIPCsUEh H§* stthldé%‘W gates and
o1t 9%l de, AL th) ded sl Li&en.dioxi dap, silicon nitride, or
their conbinations or a high dielectric constant gate
dielectric material such as zirconi um oxide, hafnium
oxi de, al um num oxi de, tantal um pentoxi de, barium
strontiumtitanates, '.. and crystalline oxide.
Referri ngAQ@%JnoirFiFgg. 9; tﬂe%‘n@j’v glal%)éefo @2@ ir@mcfv@(ﬁ mﬁgre they are
over the gate dielectric layer 60. The netal |ayer 62
expway metMEpwsbbeﬁ&by‘§wuwm®whngmoﬁﬂCVBMW8ﬁ¢w‘e%anbémf<Hy
he deposited netal can be platinum titanium nicke
mx%%ﬁaﬁ? * PP G by bdenum  tungsten, zirconi um
haf ni um vanadi um palladium or chromum A CW
process polishes away the netal |layer not within the
gate opeif*iciﬂu'ag‘she @hﬂsmﬁehpﬁe%ingtﬁheﬂdawﬁs%@ﬁ@ip¥6@@§@ be
fomf coy ataetsﬁl% ec‘tr rgFO dr eciegc lrtle%l: ngt%gfmagéy and"t i rreqhe
exp&éerdsgubg'@;taee sﬁ\f‘fa@@mkm bise EQJ@MnEJ{hSthﬁa t@xh@étrﬁﬂﬁ%lﬁ ﬁ@@ween
expose only the second gate that is to be sili.cided.
abo@j |1p con ﬁ5@n”slgstarp@9 i Prfpl'ﬁaﬂ*tfedn 699by - a fF oW Bifef gyt embodiment, the
dleie J”la(.:n g%rlﬂ?i%e rraS (&op§lt?lact %omgr&emétcrlasi Cth %S aLllCOﬂ

covered Icon’ions are |np
dioMdeh rﬁtg@i@@gelthm hebwern silicon nitride, or their combinations or 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. 9, a metal layer 62 is formed over the gate
dielectric layer 60. The metal layer 62 may be deposited by sputtering or CVD,
for example. The deposited metal can be platinum, titanium, nickel, cobalt,
tantalum, molybdenum, tungsten, zirconium, hafnium, vanadium, palladium, or
chromium. A CMP process polishes away the metal layer not within the gate

openings, thus completing the damascene process.
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about 5 E 15 to 5 6 17 ions/cn2 and an energy of

bet ween about 1 to 50 KeV. It is inportant that the
maski ng layer is thick enough to protect the first
gate frominplantation. After stripping the photomask
65, an annealing step in an inert gas or a vacuumis
performed to forma silicide fromthe

silicon-i Iante netal., 7 F in Fi 11,
net al gat ggs) 6 90 “751 Fh%\/?%rg dphip oemrag}lg]t6@ & r to cover the

intdHBEI ONSec@he 1@9@& bZzeda fGate 62 g@l&ﬂ'prllnSQ&nanJTEE alormed in the
while gate 72 conprises netal silicide. The gate
phofgfragit ﬁ@cﬁépvﬁotPPHYh%?eh?%jﬁ@# TN KFURTEP IR WU FLI5E- t gl icon dlons

are 1'}1{%61% ile th E%QE N%E%%&E{ngﬁrhgmtthh iggd QXEI' w%r klt is not

ctlon vmﬁlabe t e wor uncti ons of
covéﬂae gatie ekacty.odesiedn the fid sipltvwedenbodi pents dram@ween

been neasured as shown in Table 1. The resistivity of _
abO%H frost > 501 > Eab g lﬁ‘éit’é‘f‘% “BRMATtHEFFY 81 PPEicGRsoPet ﬁu%:h S0 Kev. It

is lm nt‘: t}%gt tttﬂg rrlag §ti ;{ulext M_ th\J./)plpleM&Jgkl &ogrot;é‘t I@@lfgrs]t gate

te mat er . unc
frmn4mﬁ%nmmh03"95 - 4.33 Ti S12 -4.38 Ni 4 5 - 5 3
NiSi2 -4.55 Co 4.41 - 5.00 CoSi2 -4.52
After stripping the photomask 65, an annealing step in an inert

gas or a vacuum is performed to form a silicide from the silicon-implanted metal

72,

As shown in Fig. 11, metal gates 62 and 72, havir.zi_q different work
functions, are realized. Gate 62 comprises a metal while gate 72 comprises
metal silicide. 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
enbodiments have been measured as shown in Table 1. The resistivity of almost
all metals and their silicides is much lower than the resistivity of

polysilicon.
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Ta 4.12 - 4.25 TaSi2 -4.35 M 4.3 - 4.6 MSi2 -4.42
W4.1 - 5.2 Wsi2 -4.43 Zr 3.9 - 4.05 ZrSi2 -4.33
H NA HS 2 NA V 4.12 - 4.3 VSi2 -4.37 Pd 4.8 -
5.22 PdSi -4.6 O 4.5 - 4.6 CSi-2 -4.41 12 The
dual -nmetal gate can also be realized by adjusting the
work function of the silicides since the work
functionqpéug e metal silicides is closely related to
the stoi chionetry. That is, one gate electrode will be
in the formof M X while the other gate el ectrode
will be in the formof MSiY, where Mis a netal which
gategatdzéabl at i num *eikt amcutf’)ni ckel , cobalt, tantal um
kybdenunl tungsgggh_%igconiunl haf ni um vanadi um
pal’l adium or chromum and X is not equal. to Y. The
vakse of X and Y eamz2be well adjusted by the
i mpl antati on dose. The nethods described for the first
affd second enbodi frgAts?-tan al so be used in this third

enbodi ment dual - gaf g, process.

Ni 4.5 - 5.3
NiSiZ ~4.55

Co 4.41 - 5.00
Cosiz ~4.52

Ta 4,12 ~ 4.25
Tasiz ~4.35

Mo 4.3 - 4.6
MoSi2 ~4.43

W 4.1 - 5.2
WSi2 ~4.43

2r 3.9 - 4.05
7r8i2 ~4.33

HE N/A
HESi2 N/A

v 4.12 - 4.3
Vsi2 ~a.37

pd 4.8 - 5.22
pdsi ~4.6

cr 4.5 - 4.6
Crsiz2 ~4.41
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As shown in Fig. 12, the conventional gate formation

process described in the first enbodi nent can be used

to formthe two gates Msi X and MsiY. The netal | ayer

can be inplanted with two di fferent dosages of silicon

ions to formthese two netal silicide gates having

different work functions. For exanple, a first

silicon ion dosage of between about 1 E 15 and 1. E 16

ions/cm2 will forma gate having a | ower work function

and a seceond ssiil-heQn 400 cad083g@c0fcahelnegn.ahotinglid work

16 and 1 E 17 ions/cn2 wll forma gate having a
fundtiighert whor ki fianeti gnce Aht epnativelyn of e @g@elopilicides is

deposi.ting an el enental  net ayer for L€ . :
CJ'OSeEI%gcTierl %ta% iy ssi%fllcglf‘o S Wt ﬁllhglc cefrtarn M %Iq ?téﬁf o can”e
the D@ rdeposdikediby +&VRh&f osRUETLEIJAG. wiThits W kle Fordbt heiy,

first gate electrode MsSi X. The stoichionetry of the
whezpHorid? glebet FhUd NS Yo earripEval}yst@Wd By thetdrti chirtaivn

oL BT hERE Por Saabl e T he s T eOR” JoRCaRE b on ™ *™
xi&hﬁtkﬁﬁﬁﬁtgaie'@ke@ﬂn@dé>hamimgaa bower. woluk:daunetthon

I's between about 1 E 21 and 1. E 22 ions/cnB and the
impEnEpigien WencelitT ati6RS GPotReeds BTN atE BrettPgggrmbodiments

having a higher. work funct.ion s between ahout 1 E 22
“Ahghd” 1&Eusf§ l%oﬁé}lsc l.rdl%gf%\sl sﬂomali ﬁatFi %1.3‘313, t he

damascene gate process described in the second

enbodi ment can be used to formthe two gates MSi X and

M5 Y. TheA@éﬁéS‘lmﬂ?ﬁ-éécﬁhbé”PﬁﬁFﬁﬁFédm%ﬁFH”@FFF@P@ﬁ?SS
desgrol%g(g g t%fe Lsilrlsquglgodig&ﬁc %aQI BQE%J Qg%%rrg \M?e_ tngtq@l:es MS1iX and

sui cli de gates having different work functions. Again,

Msi@S @ik abi-erngki vep bei Nt eaddofitideposiitisrgntancebenmental icon
~ netal layer for gate electrode 1, a silicide wth a
longdrt B WESE HHArFE caht BE i dePasi et D EA o rors functions.

Fori‘%%él%r ing, JThis wilk.farm,thediLat s0ate el ectrode: 16

I' X The stoichionetry of the second el ectrode Msi _Y

iong&in2 be1adjpusteghthyndvher ai laweomorouiaypranptidati @ro@s silicon ion
described with for the second enbodi nent. ,

dosage of between about 1 E 16 and 1 E 17 lons/cmZ will form a gate having a

higher work function.

Alternatively, instead of depositing an elemental metal laver for
gate electrode 1, a silicide with a certain M/Si ratio can be deposited by CVD
or sputtering. This will form the first gate electrode MSiX. The stoichlometry
of the second electrode MSiY can be adjusted by the silicon ion implantation as
described with for the first embodiment. For example, the silicon concentration
of the first gate electrode having a lower work function is between about 1 E 21
and 1 E 22 ions/cm3 and the silicon concentration of the second gate electrode

having a higher work function is between about 1 E 22 and 1 E 23 ions/cm3.
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The process of the present invention provides three

sinple, manufacturable dual-netal gate processes. The

conventional CMOS process flow is nmaintained. The

work function of the gates is sinply tuned by the

silicidation process. The dual -netal gates conprise a

netal and a netal si Iici de, or two netal si Iici des

M T L N
secddMBRrgalenang: tb@ﬁls@@h@' 5kl dnei R gallayhfﬁgx t:he I\JSQ‘MErThe gates

work function will be used for the NMOS gate. Wile
wilt Rech hyenplizopechasthbéedepak tdosedear ¢% sshowh iand to form these two
mEtEtlh%lr]re]I(%b ed?c%t\{ems thlav:[ egghfﬁglge?lgtwgégr}b tr %%g;gﬁ%ﬁe,r‘lbgg’;n ternatne,
instl@ & ferbhatiny aki Qus-rehanges La@efc ofo @nd detabhis 1My silicide

be made w thout departing fromthe spirit and scope
witiph tdyeainnient 1R Phde feporitaf edCilsor Fgutferigg.  This will form
the 1§st [q%%eﬁ!ale%@%o%e%%. a”l‘g% i \glgelacgjfoemg rayngsf“Ltn&devéncdeele\tl:érode M3iY
can afeeﬁ:ijﬁﬁtea @emec@{ndusﬁ Qbn Skpsheatien &epﬁsafﬁﬂd byth for the second

isolation regions; a first nmetal silicide gate in said
embd DB tar ea over a gate dielectric layer; and a second

nmetal. silicide gate in said PMOS area over a gate

dielectric |ayer wherein said netal. in said first

net al si kh€irdecgate i1e thessaneentmhesioaldecastrsad Gimple,

metal in said second netal silicide gate and wherein _
ranyffeturébifc @t r AT Pbri2bt PEPICFETN ITHE SAPEETE TSt WL dirocess fhow is
maié!ah.&e%l.d%hQ%G?kl mgzl Ert %E—ef.rlllg gatgé)%ssqlmgl); h\%ﬁ@d by the silicidation

concentration of silicon in said second netal” silicide
pro@ate rTendusheselng:sas dogecond metalangid m@uadalgactletehas twWo

a higher work function than said first. netal
netal PGPS QETeS 9L ETPRECIERFK CRPACEBE di B FoFadl Hithfife having the

hlg%e o@knfu%@'h(%ngfﬁtlg bgl @egcitoqu&e %grgaté and the metal silicide

having the lower work function will be used for the NMOS gate.

While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be 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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selected fromthe group containing silicon dioxide,
nitrided silicon dioxide, silicon nitride, and a
conmbi nation thereof. '.. 3. The device according to
Caiml| wherein said gate dielectric |ayer is selected
fromthe group containing zirconium oxi de, hafnium
oxi de, al um num oxi de, tantalum pentoxide, barium
strontiumtitanates, and crystalline oxides. 4. The
device according to Claiml wherein said netal

si hici denisstselaed edos finomrihe group eshtakmidigsing:
platinumsilicide, titaniumsilicide, nickel

SI I i ciPHeMOT aBElvE as‘”ePlaé“idd% PUPRAEEM BIMTET 19F deniconductor

Xbaq%&um%l tg&qg Solg{}gﬁt si.licide, zirconium
sificide nium silici vanaél um silicide,
pal | adi timssinkiAQi eig,icardgahr omseim 8idsi dedevel® gate dielectric
layer; and
a second metal silicide gate in said PMOS area over a gate dielectric
layer wherein said metal in sald first metal silicide gate is the same
material as said metal in said second metal silicide gate and wherein the
concentration of silicon in said first metal silicide gate is different
from said the concentration of silicon in said second metal silicide gate

and wherein said second metal silicide gate has a higher work function

than said first metal silicide gate.

2. The device according to Claim 1 wherein said gate dielectric layer is
selected from the group containing silicon dioxide, nitrided silicon

dicxide, silicon nitride, and a combination thereof.

3. The device according to Claim 1 wherein saild gate dielectric layer is
selacted from the group containing zirconium oxide, hafnium oxide,
aluminum oxide, tantalum pentoxide, barium strontium titanates, and

crystalline oxides.

4. The device according to Claim 1 wherein said metal silicide is selected

from the group containing platinum silicide, titanium silicide, nickel
silicide, cobalt silicide, tantalum silicide, molybdenum silicide,
tungsten silicide, zirconium silicide, hafnium silicide, vanadium

silicide, palladium silicide, and chromium silicide.
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