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09/ , to the sane inventaors, filed on (CS-00-114) BACK T
| NVENTI ON (1) “\‘Mm\mgm E | NVENTI ON The present inventio l UH I!lt he
fabrication o circuit devices, and nore parti ;

met hod of fabri catdose+dual -netal transistors having different Wk
functions in the fabrication of integrated circuits. H (2) DESCRI PTI ON OF
THE PRIOR ART It is anticipated that a single nmetal gate with m d-gap work
function values will not be suitable for CMOS applications due to buried
channel effects. By using a single netal gate for both NMOSFET and PMOSFET,
the threshol d vol tage becones too high for both types of transistors. In

order to achi evg puhawekThir eshrel #rocksage MEaddist AdparHETR 3NLACIOES S
required and this will result in buried channel effects. The short channel

effect control will then be degraded. However, w th dual netal gates having
different 1 _~-- netal layer in the second active area to form an

i npl anted netal |ayer and t hBELAFEBNPATENSt APPLAYATION silicided to forma
second nmetal silicide |layer wherein the silicon concentration in the second

netal silicide |ayer is hi §hér FRESHHERHYLCEEH Yoreaitrlath &9 /inthe—f ittt
metal silicide |layer. Thereafter, .the first netal silicide |ayer t he
second net aff §iFﬁﬁﬁdénwﬁﬁéPrﬁrefﬁ&@%ﬁFﬁbd—%e—%mﬁﬂﬂr++f3t( 7g%?£¥¥kﬂde
gate in the first area and a second netal silicide gate in the second area
to conplete formati on of dual-netal gate CMOS transistors in the

fabrication of an integratedgydriidunp sy VS aaimywidd be fornmed fromthe
gate having the higher work function. Also, in accordance with the objects

of the invention, a fourth method for form ng dual -netal gate CMOS
transistors is achieved. First and second active areas of a sem conductor
substrate afé)s&IALM €F IMHE INVENTION egi ons. One of the active areas w ||
be PMOS and the other will be
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
single metal gafe for both NMOSFET and PMOSFET, the threshold
voltage becomes too high for both types of transistors. 1In
order to achieve a lower threshold voltage, additional
implantation is required and this will result in buried
channel effects. The short_channel effect control will then

be degraded. However, with dual metal gates having different



NNCS.!A dummy gate is fornmed in each of the active areas. The dunmy

gates,are covered with a dielectric |ayer which is planarized whereby a top
surface of each of the dunmy gates is exposed. The exposed dumy gates are
renmoved, | eaving gate openings to the sem conductor substrate. A gate
~dielectric layer is fornmed overlying the semi conductor substrate in each of
the gate openings. A netal layer is 6 deposited within the gate
openings to formnmetal gates. First silicon ions are inplanted into the
netal gate only in a first active area to forman inplanted netal gate. The
ipl anted netal gate is silicided to forma first netal silicide gate in
the first active area. Second silicon ions are inplanted into the netal
gate in theetsErodyact iy etlts eSetOnd 048t Be | apbant8df 6Bk adn gaipl anted he
impl anted nmetal gate is silicided to forma second netal silicide gate
wherein t hetal | tayexcanedntiat iopl antédemseebntlapetaisssiitctldegate i s
different fromthe silicon concentration in the first nmetal silicide gate
t o conpl etofmrass¢condfnetal - ael atidget taghOSwherasnstbessihicha
fabrication of an integrated circuit. The PMOS gate will be fornmed fromthe
gat e havi iePRreROEFyREeD woR ktheneerend mesal phlacédedanrerwiehhifbesbj ects
of the inv ntiogb a dgal-netal gate CMOS Lnteﬂrated circuig devi.ce i s
achi eved. dEN® cBL LORPTI SBRCPPFIRLARR 4BcE5RA AdFPYemgF8asSoftigrde
sem conduc} or_substrate ara Lsol atiLon_tegi . o] h ctive
ar eas mﬁIIi%%eémmfﬁéﬁﬁe?ﬁggﬁfh%ggm?¥rs§em§kfg.s%&%ﬁ?é? éa gri%néhghgirst

active arego@ygl! hesad 82i¢cdue! eaLEkCarayghtrapded B! 2brii bi glidgcgate in
the second active area overlies a gate dielectric |ayer wherein the netal

in the nmetatcgateilscibe gage Hat eheakizstt heedehald bnsklendemeltadi|icide
gate. The netal silicide may have a 7 ~'? higher or lower work function
dependi ng salibédaegakeusedthéhecebb8 gaka wol lcop ledentd rinadmonhefgat e
havi ng the hi gher work function. Also, in accordance with the objects of

t he i nvent fval-natehegagealMRst diagstie tOMSS innttdgr d0dd iciattdeint odewince i s
achi eved. The device conprises first and second active areas of a

sem conductBEegubpseacd regprat &ehPMOSoigaticowiddgibenformed dramedhect i ve
areas will be PMOS and the other will be NMOS. A first metal silicide gate
in the fir88tecPrydrgr &Reoldphieds WoTFatfdEtél®®ct ri ¢ | ayer, and a second
metal silicide gate in the second active area overlies a gate dielectric

| ayer wherein the netal in the two gates is the sane netal and the silicon

concentration is different, in each of ¢t t tes. TB%YPNQ%E%%% ill be
formed fromthe gate havi trilxglstrE'J_He Al g Cec_rOJ\;ﬁarrch%)t}‘%gcﬁ gcr?e J-_I’—_elf: ﬁs\% ON OF
THE DRAW NGRo LR +4e , 2CC ATRARN b1 HV £UIS TR dhdBikld Al Pard @lod Ni's
description, there I's shown: Figs. 1 through 5 d@re cross-sectlonal
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 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. A gate

dielectric layer is formed overlying the semiconductor

substrate in each of the gate openings. A metal layer is



representations of a first preferred enbodi nent of the present invention. 8
t Figs. 6 through 11 are cross-sectional representations of 'a second
preferred enbodi nent of the present invention. Figs. 12 and 13 are
cross-sectional representations of two alternatives of a third preferred
enbodi ment of the present invention. DESCRI PTION OF THE PREFERRED

EMBODI MENTS The present invention uses a netal and its netal silicide to
form dual -netal gates having different work functions. In one enbodi nent,
two different silicides of the netal are used as the dual -nmetal gates. It
wt.| | be understood by those skilled in the art that the invention should
not be limted to the enbodi ments described herein, but can be extended and
appl i ed t depyshippd i €REhON the Watd bpehsSngsstoetotn hevelnghadbsgat es
having differing work functions. The first enbodi ment of the invention wll
be descri Bedrsik t4ileten ehorst aré&i ispldnbed Thetsethadmetrbbdgatat onlyt he

i nvention will be described with reference to Figs. 6-11. The third
enbodi nentaofirsie savivei anedi o Berdessr ibpdanked metalegateto Fhgs. 12
and 13. 9 ., Referring nowto Figs. 1-5, the first

implanted metal gate is silicided to form a first metal
silicide gate in the first active area. Second silicon ions
are implanted into the metal gate in the second active area
to form an implanted metal gate and the implanted metal gate
is silicided to form a second metal silicide gate wherein the
silicon concentration in the second metal silicide gate is
different from the silicon concentration in the first metal
silicide gate 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 dual-metal gate CMOS integrated circuit device
is achieved. 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. A metal gate in the first 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 gatg is the same material as the metal

in the metal silicide gate. The metal silicide may have a



preferred enbodi nent of the present invention will be described. Referring
now nore particularly to Fig. 1, there is shown a sem conductor substrate
"~0. This is preferably nonocrystalline silicon. Isolation regions, such as
shal l ow trench isolation (STI) 12, are formed in the substrate to separate
. active regions. Nwells and P—mells, not shown, may be forned within the

- substrate, as is conventional. Punchthrough and threshold voltage

~adjustment inplantations, not shown, are nmade as is conventional in the
art. A gate dielectric layer 14 is grown or deposited over substrate to a
t hi ckness of between about 15 and 150 Angstrons. For exanple, the
dielectric layer may be a low dielectric constant material such as silicon
di oxi de, rhigheledsilowen wWooki flencsidncdaepandingeonothéhmetatoubedati ons.
Al-ternatively, the dielectric |ayer may be a high dielectric constant gate
di el ect ri ThrmtR¥O/| gatewill Zbe conrned okirde, thef aaten bavieg thenhhgheoxi de,
tant al um pentoxi de, bariumstrontiumtitanates, and crystalline oxide.
Ref erri ng WQW$tEP¥¢§lOQ a netal layer 16 is forned over the gate
dielectric layer to a thickness of between about 500 and 3000 Angstrons.
The netal |ayer 16 may be fornmed by sputtering, evapor ation, chenical vapor

10 ft d iti CVvD | ect t b

pl ati num t??gﬁ:uhfnnfcke 1S§;bgP?gc%§ ngE? ﬁgpyﬁg gﬁ? gﬁg?&eﬁhcan ©

2|rcon|untﬁggéﬂkg Vgnéghggldﬂgk|ﬁgtgﬁl QEecﬁﬁgglHﬁkmﬁggkeﬁhglgﬁbﬁt | ayer
) wn I n e

is masked as shb S€ a region re the netal will

be S'|'C'déév1§é|h§08ch985eare THE'aa%%@ezéohBEQsEQefH%E%|aHQY%%céﬁdWhere
it is not covered by the mask 20. Silicon ions are inplanted with a dosage

of betweenaabout 5rEadSof0abSsEmiéonansiot? sabdtanteneegpurattedetween about 1
to 50 KeV. It is inportant that the masking layer is thick enough to

prot ect thésohdeibpi mggiensl. | Qper offr dimel Muitdneaireas wWid lsblel EMOSt iamd
process is now to be acconplished by annealing in an inert gas anbient.
Anneal i ng €hR P&hpar addelei NMRSK.ur Badd rstapiedalherfdicigieogede (IRTRRE or a
| aser system The photomask nust be removed prior to annealing in the inert
gas. Sili cﬁélé'&tnéﬁé—llvﬁe@rﬁ‘# Pyerd iefe & Q@Cﬂet e harE 139 ileveatd G Priocess.

Ref erri ng now t ta and silic de Ia ers, 16 an 8
respect i veP§FEORFe ™S gﬁlersﬁé ef(?f"r?\egatf‘e eec"@ﬁ? FeR™&R PeHafiTal

pol i shing %Cg@ke dlelectrlc layer wherein the metal in the two gates is
the same metal and the silicon 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.



process may be applied to achieve planarization. In one enbodi nent, the
silicide 28 is patterned to formthe first 11 gate el ectrode and,
subsequently, the netal layer is _a ' patterned to formthe second gate
_electrode. In another enbodi nent, both gate el ectrodes are defined and
etched at the sanme tinme. The etching can be achieved by alternating
chem stry 1 and chemstry 2 with tine and using a high selectivity etch
chem stry when the etch process is getting close to the end point, with
chem stry 1 having a higher etch rate for silicide and chem stry 2 having a
hi-gher etch rate for the netal, or vice versa. Thus, netal gates 16 and 28,
havi ng different work functions, are realized. The netal silicide gate 28

may have a hi gher or | oweFigerk6f thebugh thaareheroesaksegatiendd dependi ng
on the nmetal used. The PMOS gate will be the gate having the higher work
functi on aneptrhsenBBigatecdi bl skeonlepgeaterhed egbodsmenteofwdhie functi on
Referring nowto Fig. 5, source/drain regions 30 and sidewall spacers 32
may be forRedseat inveovmdent-i onal. The spacers 32 may conprise either
silicon nitride or silicon oxide. Processing continues as is conventional
in the art, except that silicidation over the gates is not required. The

second preferred enbodrnent of E@e res |nvent|on\MgI %_descrrbed wth
reference to Figs. 6-11. 39S+ ard (Foss belriona

representations of two alternatlves of a third preferred

embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention uses a metal and its
metal silicide to form dual-metal gates having different work
functions. In one embodiment, two different silicides 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 to have metal gates having differing work
functions. The first embodiment of the invention will be
described witﬁ feference 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.



t
Thi s enbodi nent is'a damascene gate process. Referring now nore
articularly to Fig. 6, there is shown a sem conductor substrate 10. This
I's preferably nonocrystalline silicon. Isolation regions, such as shal |l ow
" trench isolation (STlI) 12, are forned in.the substrate to separate active
regions. Nwells and P-wells, not shown, may be forned within the
substrate, as is conventional. Punchthrough and threshold voltage
adj ust mrent i npl antations, not shown, are made as is conventional in the
art. Dummy gates are fornmed. A first layer of silicon oxide 42 is deposited
over the substrate to a thickness of between about 15 and 150 Angstrons. A
| ayer of silicon nitride 44 is deposited over the silicon oxide |ayer 42 to
a thickness of between abB&Eersiagdngeo tAnFdE@Somd~dA tdgedidB ol ysilicon
46 i s deposit%d ovgr the silicon nitride layer 44 to a thickness of between
about 500 BRB185669AREOPAIRENtTRE FBemPrELed tsiRventdgpamidind® to form a
dummy gate .50 in,each of the . active areas, as .shown.in Figqg, 6. _Sidewall
spacers 5498R§T48& e/ %Fgleﬁrtlé‘&i ORY E9IG PFY ardy, stocg"rﬁgent]i’o L% the

Gat es and prafiPiTed CSTHICTEOS S (RETIRY g5 oo By s trptetaRIY,
in Fig 7. . the QWP
In g ﬁgﬁﬁﬁ%ﬁ%ﬁaﬁ&s 9 18 1 e%\%e% 3}4&%@ SUP R b 1

process. T ates are renoved ing, dry etching, or a

conbi nat i Ok x@hchng sovt illev (ST dual -4 dobpieEsiPitid&yyfsaie igyention
are to be fornmed. A gate dielectric |ayer 60 is deposited or thermally

grown on t kepadaasedaiibal il Gy f a0B-wd 11 nadd ep-gad ¥l ppaid thgshdvwn A may

t hi ckness of between about 15 and 150 Angstrons, as shown in Fig. 8. As in
the first &sbddinredt witdhdrditdleeciubsttatyeer amyidecenvaviibralect ri ¢ const ant
materi al such as silicon dioxide, nitrided silicon dioxide, silicon
nitride, ofWhEIthridt mid oiweshal dithl thee cadiveteenst Hirlapations,
dielectric material such as zirconjum oxi de, hafni um oxide, al um num oxi de,
t ant al um p&X0ERAT HhATUMRAS Gt i U T9RERE BN LR cFRR 13 Fi ne oxi de.
Referring nowto Fig. 9, a netal layer 62 is fornmed over the gate
dielectric layer 60. The netal |ayer 62 nmay be deposited by sputtering or

CvD, for exanple. The depq§h%gﬁiq@{€&e8@pipelg*€%{fﬁg}%}%fgwﬁug} ni ckel ,

cobalt, tantalum nolybdenu ngsten, zircon m vanadi um
pal  adi um QIp QA W e A (MBS PFOEESEL PRI ERDERNEYRY o E NS PRESL LBYEE 1Ot

within the gate openings, thus conpleting the danascene process.
and 150 Angstroms. For example, the dielectric layer may be
a low dielectric constant maéerial such as 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, hafnium oxide, aluminum oxide, tantalum

pentoxide, bafiﬁm 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 500 and 3000 Angstroms. The metal layer 16 may

be formed by sputtering, evaporation, chemical vapor

10
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14 lhbma as shown in Fig. 10, a photomask 65 is fornmed to cover the
imternetal dielectric |layer 58 and the first gate. An opening is fornmed in
t he photomask to expose only the second gate that is to be silicided.

_ Silicon ions are inplanted 69 by a | ow energy inplanter into the second
gate where it is not covered by the mask 65. Silicon ions are inplanted
with a dosage of between about 5 E 15 to 5 E 17 ions/cnR2 and an energy of

bet ween about 1 to 50 KeV. It is inportant that the masking | ayer is thick

enough to protect the first gate frominplantation. After stripping the
phot omask 65, an annealing step in an inert gas or a vacuumis perforned to

forma silicide fromthe silicon-inplanted netal 72. As shown in Fig. 11,

méet al gat edeB2sakdon? (CNRVir n§rdelrstaRP Ladam ot undhico feposridedeMetAdd CoMat e

62 conprises a_netal while gate 72 c rises nmetal silicide. Th ate

el ectrode RFtRl?ﬁénHWgh@ﬁtﬂgFN"WuH&ﬁﬁgian4%a3§'tﬁ@nﬁﬁé@ﬁETmﬁLﬁa§%ﬁH@'gate

el ectrode gﬁth he | ower war k fg&@%{on Wi_| | QF t he NMOSEET. The work

functions GPPERESHat &1&CE0E S"e My MMy & 's Yave been
measur ed ag shown in Table 1. The resistivity of alnbst all netals and
their 15 PISPPP@rdes is much lower than the resistivity of polysilicon.

Now, the metal layer is masked 20, as shown in
Fig. 3, to expose a region where the metal will be silicided.
Silicon ions are implanted 24 into the metal layer 16 where
it ¥s not covered by the mask 20. Silicon ions are implanted
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 that
the masking layer is thick enough to protect the underlying
metal layer from implantation. The silicidation process is
now to be accomplished by annealing in an inert gas ambient.
Annealing can be performed iﬂ a furnace,
rapid thermal process (RTP), or a laser system. The
photomask must be removed prior to annealing in the inert
gas. Silicided metal region 28 is the result of the

silicidation process.

Referring now to Fig. 4, the metal and metal
silicide layers, 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

11
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Table 1 date materialwork func LeV )Pt5.32 - 5.5PtSi 2"4.62Ti 3.95 -

4.33Ti Si2"4.38Ni 4.5..- 5.3Ni Si 2"4.55C04.41 - 5.00C0Si 2"4.52Ta4. 12 -
4.25TaSi 2"4. 35Mb4.3 - 4.6MoSi 2"4.42Wh. 1 - 5.2W5i ~"4.4372r3.9 -

4.05Zr Si 2" 4. 33Hf N AHf Si 2N/ AV4. 12 - 4.3VSi 2"4. 37Pd4.8 - 5.22PdSi"4.6Cr4.5 -
4.6CrSi2"4.41 The dual -metal gate can al so be realized by adjusting the
wor k function of the silicides since the work function of the netal
silicides is closely related to the stoichionmetry. That is, one gate

el ectrode will be in the formof MSix while the other gate el ectrode wl|
bein the formof MSiY, where Mis a netal which can be pI atinum titanium
ni ckel, cobalt, tantal um nnlybdenun1 t ungst en, a zirconium hafnium
vanadi um gateadil@fti@de ftshi S@ﬂil%ﬁlé’rn(ﬁheéq‘lﬁaﬁalt 0¥ ITHES val ue of X
and Y can be vveII adj usted by the inplantation dose._ The nethod descrl bed

f%rj 3 he fi P& t&?@eéeé@néogﬁbaa}wﬁ%or@a@%%&wwﬁ% n ¥hiag

t . I t
format i on a@v R Yars ey rdded ke rsééh%u&%#%z&ﬁé;%%ﬁ’%‘c? 38 m t he
two gates Mpi X and '\éﬁmglyk%e”eé@éxpr?qeéa&f&g% {@\L@&t@f em S dling

di fferent sages of "SI on 1 0ns orm Icide gat es

having di T f&lLMte M0y k TUNETAI0NS: s E0F £XGPh Bt @efaﬁét §ihgCOMigA dosage of
bet ween about 1 IE%%;S and 1 E 161? oﬁ%/cnﬂ w | I1 forma léat eéhaw n%ma | ower

wor k funct gy e i 52 Coteh St éB st PN Eles atige Obt bRt pecBe8®OUs deftidfgand 1
E 17 ions/cnx wll forma gate having a higher work function.

Al t er nat i vetlgseé nsd ecite oéndleposint j ngith ehemestay behavihgyerhighegaéech

el ectrode 1, a silicide with a certain MSi ratio can be deposited by CVD

or sputterimafte Wos svilicide nendechiemsstgnt 2 baetngodehMohr Fheh rate

stoichionetry of the second el ectrode MSi Y can be adjusted bi/ the silicon

i on i npl ant%A% okh@sneeats i padvikehvessat heThupst MehBodFAERE. 1Eornexafiyl e,

the silicon conce % ééon of the flrst ate electroge having a | ower work
€

function i SSHELRR rent wRpkt TYNELH9NGnga e Er931ii8Rdf cm and t he

silicon concentration of the second gate el ectrode having a higher work
function is between about 1 E 22 and 1 E 23 ions/cnB.

The metal silicide gate 28 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 hay comprise either silicon nitride or silicon
oxide. Processing continues as is conventional in the art,

except that silicidation over the gates is not required.

The second preferred embodiment of the present

invention will be described with reference to Figs. 6-11.

12
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As shown in Fig. 13, the damascene gate process described in the second
enbodi ment can be used to formthe two gates MSix and MSiy. The gates Wil |
each be inplanted with different dosages of silicon ions to formthese two
metal silicide gates having different work functions. Again, as an
alternative, instead of depositing an elenental netal |ayer for gate
electrode 1, a silicide with a certain MSi ratio can be deposited by CvD
or sputtering. This will formthe first gate el ectrode Msix. The
stoichionetry of the second el ectrode MSi Y can be adjusted by the silicon
ion inplantation as described with for the second enbodi nent. The process

of the present .invention, provides three sjnple, manufagctyurable dual -netal
gat e pr QB BT ERRI N AT TNERS [7OLEORZPFBOF T s T&T At A REA™OThe vor k
functi on,ofe the galesal s, sambys t uged Ry, Lhee sLbb gl dat Le LRGS0y The
dual - met & gates conpri 2 netal ahd-a hetar SiTrei e, Or Two ne?a

si 1 ol desuigit g i 1 erpt o VoL koLupethong. nlhRcLek) $ihboLdes Ak ng the

hi gher wor unction w e us te an he nmetal 18

Si'iCidexﬁ@YéﬂﬁbﬁhPe%géﬁ ,“QﬁgthQCEhQﬂiﬁh'£rQﬁcHSggoiQEiEHeéﬁﬁgﬁhgéﬁe-

VWil e the 1 nvention een particularly shown and descri be

referencgréorbhgel! ShethedsepRedhEBNLS LBpheAte hEtWh! rRgidAder siaod by
those skilled in the art that various changes in formand details may be

made W theulsdgpartiwglispmbiesaphi,t magdbecepemell wheninvenkei on. Wat is
clainmed is: 19 1. A nethod of formng dual-nmetal gate CMOS transistors
substrate, as 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 150 Angstroms. A layer of
silicon nitride 44 is deposited over 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 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
is conventional in the art. Now, an interlevel dielectric
layer 58 is deposited over the dummy gates and planarized to

the top of the dummy gates by CMP.

13
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in the fabrication of integrated circuits conprising: providing a first and
a second active area of a seniconductor substrate separated by isolation
regions 5 wherein one of said active areas will be a PMOS area and the
other of said active areas will be an NMOS area; formng a gate dicel ectric
| ayer overlying said sem conductor substrate in each of said active areas;
depositing a netal |ayer overlying said gate 10 dielectric |ayer;

i mplanting silicon ions into said netal layer in said first active area to
farman inplanted netal |ayer and siliciding said inplanted netal |ayer to
forma nmetal silicide layer; and 15 thereafter patterning said netal |ayer
and said nmetal silicideg ]ayer ta for.ma t e | | d cond active
area and a netal sili c%&e%ﬁﬁwél iciﬁ1 g:gll% fﬁs%q{ea%'n\l/mé’ g{%gésv\hsz(feallpnesai d PMOS

area Comn-RRd Wierd i did Séx;ﬁdl%égﬁp%@?dﬁwep% hawyg g.@Rye 20

havi ng a higher work function than said gate in the other of said active
areas t gaa@®lHte dedidtrid Wy Sadtd i - bl et EngME- tgansi stors in the
20

fabrication of an integrated circuit.
combination of the two.

Now, the dual-metal gates of the present
invention are to be formed. A gate dielectric layer 60 is
deposited or thermally grown on the exposed substrate surface
within the gate openings to a thickness of between about 15
and 150 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, silicon nitride, or their combinations or a high
dielectric consfant gate dielectric material such as
zirconium oxide, hafnium oxide, aluminuﬁ oxide, tantalum

pentoxide, barium strontium titanates, and crystalline oxide.

Referring now to Fig. 9, a metal layer 62 1is
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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2. Thg nmethod according to Claim1 wherein said gate dielectric layer is
sel ected fromthe group:containing silicon dioxide, nitrided silicon

diroxi de, silicon nitride, and a conbination thereof. 3. The nethod
.according to Caim1 wherein said gate dielectric |layer is selected from
t he group containi ng .zi rconi um oxi de, hafni um oxi de, al um num oxi de,

tant al um pentoxi de, bariumstrontiumtitanates, and crystalline oxides. 4.
The net hod according to aim1l wherein said netal |layer is selected from
the group containing platinum titanium nickel, cobalt, tantalum

nmol ybdenum tungsten, zirconium haf ni um vanadlun1 paIIadiun1 and

chromum 5. The netho ccordln to O er ei sai d on ions are
inpl anted at a dosage gﬁowbeta\ﬁeéﬁ’ 1@ 1§ and F Sislbnés#c’rﬁz and an

f d,50 he..tet hod d ai
her o) n eARRELEED %V%“H.C?E‘%.nﬁger@% %?%& i Olaerya%“%’ Hphes
| | d
" one AT RSt éf*g%}e?“ bod Sfr%cnieidsdnﬁné}gea.ﬂ&%&ﬁag‘? e sl 0 0T
laser proaesyel sé%dﬁ%t%%gct Het Mg gual -Jetals gad e éé@” 6r§é ors in

t he fabrlc tion of Inte CIrCUItS conprising: providing a |rst and a
second aAd UhpArRAH 0 I/ L W i r S DS Bl O SEPBE B ehdYséSohat | on

regi ons
gate where it is not covered by the mask 65. Silicon ions
are implanted 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 that the masking layer is thick enough to protect

the first gate from implantation.

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,
having 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 embodiments have been measured as shown in

Table 1. The resistivity of almost all metals and their
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5 whergin one of said active areas will be a PMOS area and the other of
said active areas will be.an NMOS area; formng a dunmy gate in each of
said active areas; covering said dummy gates with a dielectric |ayer;
planarizing said dielectric |ayer whereby a top 10 surface of each of said
dummy gates is exposed; renoving said exposed dumry gates | eaving gate
openings to said sem conductor substrate; formng a gate dielectric |ayer
overlying said sem conductor substrate in each of said gate openings; 15
depositing a netal layer within said gate openings to formnetal gates; and
inplanting silicon ions into said netal gate only in said first active area
to forman.inp] anted netal. gate and siliciding said inplanted. petal gate to
form a Sg AR 4 of P AR 1S A5 HRE] VECh Ok BLT ST he GaP U PADS
area conprises one of said first and second active areas having a gate

havi ng a hi gher work function 22 than said gate in the other of said
active areas to Table 1

gate material work func (eV)
Pt 5.32 - 5.5
PtSiz “4.62
Ti 3.95 - 4,33
TiSi= ~“4.38
Ni 4.5 - 5.3
NiSi= ~4.55
Co 4.41 - 5.00
CoSi= “4.52
Ta 4.12 - 4.25
TaSi=z ~4.35
Mo 4.3 - 4.6
MoSi-= ~4.42
W 4.1 - 5.2
WSi=z "4 .43
Zr 3.9 - 4.05
ZrSi= “4.33
HE N/A
HfSi-= N/A
\Y 4.12 - 4.3
VSi= 4,37
Pd 4.8 - 5.22
P4ASi “4.6
Cr 4.5 - 4.6
CrSiz “4.41

The dual-metal gate can also be realized by
adjusting the wqu function of the silicides since the work
function of the metal silicides is closely related to the
stoichiometry. That is, one gate electrode will be in the
form of MSix while the other gate electrode will be in the
form of MSivy, where M is a metal which can be platinum,

titanium, nickel, cobalt, tantalum, molybdenum, tungsten,

16



conplete formation said of dual-netal gate CMOS 25 transistors in.the
fabrication of an integrated circuit. 8. The method according to Cdaim?7
wherein said dunmy gates conprise a first |layer of silicon dioxide, a
second |l ayer of silicon nitride, and a third l'ayer of polysilicon. 9. The
met hod according to Claim7 wherein said step of renoving said dumy gates
is selected fromthe group containing: wet etching, dry etching, and a
conbi nati on of wet and dry etching. 10. The method according to Claim?7
wherein said gate dielectric layer is selected fromthe group containing
si‘licon dioxide, nitrided silicon dioxide, silicon nitride, and a

conbi nat;qn. SNEEa ik unS JIEIGH AGE0F A 0 (I AMDJndlIET el Si d oate
di.el ectri’c Tayer ‘i s se etlt'e rom T he "group containi ng zIrconhi um oxi de,

haf ni um;QXirdR, Ul HYNYOXi e tANLA W DENLAXI¥iGoaald U 51 r dateg
titanates, and crystalline oxides. 23 12. The met hod according to Claim7
wher ei n aitthdTeingl 1 droye i drd & €Lt ethd Nt id@s U OSEr LOEd aF o nehel at i num
titanium nickel, cobalt, tantalum nolybdenum tungsten, zirconium

haf ni umf£ izestadingn s gradri da b d Emeh £ r csm Ul sd e Theedreimothasconilrdg to
Claim7 wherein said silicon ions are inplanted at a dosage of between
about 5 b iRents qual-gare/RPPced®- an energy of between about 1 and 50
KeV. 14. The nethod according to Claim7 wherein said step of siliciding
said inplanted netal |ayer conprises annealing in an inert gas or vacuum

wherein said annealing is perforped_in one of the group, of:_a furnace
process, a rapid ther medS pFoeERsINRHIa ?gsth%rﬁeg§§?E199aA fatRod of

process, a rapid | ahtifa taselprGBLLs™-18na) g |
ci' oul U< SO R ST BuI GPGt SoP & BA 5 SREoRACRRENoG areR BP 8

sem CO”%‘&&@%&“P&M%E%Z@‘B@%QSszEioéﬁ%ﬁEiregi 8 gg}é’g?r%%‘}”e of

said active areas W . area an e.ofher actTve areas
will be agn NWOS abeantf@ Wi P BwEaherdLebRST AbEabaYehroXe i ¥bATgi8akd

sem conductor substrate in each of said active afeas; 24
to form these two metal silicide gates having different work
functions. For example, a first silicon ion dosage of
between about 1 E 15 and 1 E 16 ions/cm® will form a gate
having a lower work function and a second silicon ion dosage

of between about 1 E 16 and 1 E 17 ions/cm® 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
stoichiometry of the second electrode MSiv 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

17



t depositing a netal |ayer overlying said gate 10 dielectric |ayer;
inplaﬁting first siliconions into said netal layer in said fitst active
area to forman inplanted netal layer and siliciding said inplanted netal

| ayer to forma first nmetal silicide layer; 15 inplanting second silicon
ions into said netal layer in said second active area to forman inplanted
netal layer and siliciding said inplanted netal |ayer to forma second
netal silicide |ayer wherein said first netal silicide |ayer has a
different silicon 20 concentration fromsaid second netal silicide |ayer;
and thereafter patterning said first and second netal silicide layers to

forma fir ly+Si_li.cid te in said fi act..v.e ea and a second
net al sfallpio(?:‘llttdgegtzel iar?dsgi % %cholr? - (aul veanad; }télemselrleﬁcnc%gai d PMOS area 25

conpr i S%%rn%'&?xtqjaiﬁ%jnd d i$le %Saqzo%%cwécetﬂev HEEHKAAUNG & Al having a

hi gher wo unction than said gaten the other of sald active areas to

conpl et gy MR il IS Hetdhdtn ML gt LMEnd ransi 84 Ofsnd fede
fabrication of an integrated circuit. 16. The nethod according to Caim15
wherein said gate dielectric layer is selected fromthe group containing
silicon dioxide, nitrided silicon dioxide, silicon 25

As shown in Fig. 13, the damascene gate
process described in the second embodiment can be used to
form the two gates MSix and MSiv. The gates will each be
implanted with different dosages of silicon ioqs to form
these two metal silicide gates having different work
functions. BAgain, as an alternative, instead of depositing
an elemental metal layer 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 stoichiometry of the second electrode MSiv can be
adjusted by the silicon ion implantation as described with

for the second embodiment.

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 silicidation
process. The dual-metal gates comprise a metal and a metal
silicide, or two metal silicides having different work
functions. The metal silicide having the higher work

function will be used for the PMOS gate and the metal

18
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nitride, and a conbination thereof. 17. The nethod according to Caim 15
wherein said gate dielectric layer is selected fromthe group containing

zi rconi um oxi de, hafni um oxi de, al um num oxi de, tantal um pentoxi de, barium
strontiumtitanates, and crystalline oxides. 18. The method according to
Craim 15 wherein said netal layer is selected fromthe group containing
plati num titanium nickel, cobalt, tantalum nolybdenum tungsten,
zirconium hafnium vanadium palladium and chromum 19. The net hod
according to Claim15 wherein said first silicon ions are inplanted at a
dosage of between about 5 E 15 and 5 E 16 ions/cm and an energy of between
about 1 and 50_KeV. 20. The nethod according to C aim 15 wherein said
second s$+}i&®He oraviRe thel heved werk fesahéonfwheiiweenuaBeufos Ehes and 5
E 17 ions/cnZ and an energy of between about 1 and 50 KeV. 26 21. The
met hod dﬁ%ﬁ?d?ﬂﬁﬁto Claim 15 wherein said steps of siliciding said

i npl anted netal |ayer conprises annealing in an inert gas wherein said
annealing is perforned in one of the group of: a furnace process, a rapid

thermal process, and a yRset PHACEASen?ZonAndE! BAd,ObLRL KLY dyal - Metal

gate CMOS transistors in't rication of integrated circuits conprising:
provi di nghéwhi 488 ABEcA1B880REtACLEY¥Erahed @b aneepke@Bdvelor substrate

separated by isolation regions 5 wherein one of said active areas will be a
PMOS ar eampodiinbatot Brerabrsaid actilveeanndsreitbbabeyarhbi¥eSsxiaded
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:

19



formng a dutmy gate in each of said active areas; covering said dummy
gdtes with a dielectric layer; planarizing said dielectric |ayer whereby a
top 10 surface of each of said dumry gates is exposed; renoving said
exposed dunmy gates | eaving gate openings to said sem conductor substrate;
formng a gate dielectric |ayer overlying said sem conductor substrate in
each of said gate openings; 15 depositing a netal |layer within said gate
openings to formnmetal gates; inplanting first silicon ions into said netal
gate only in said first active area to forman inplanted netal gate and
siliciding said inplanted netal gate to 27 20 forma first netal

oLl 1oLde 0aLey | SR ATSE RELLIR205%) 800) TBLLL RS REARL Bkbgon | ons
metal gate angnsfﬂécfgﬁggcgglgn gP'?H%SQrQ%ES'c99c81E8 comprising:
providing a first and a second active‘area of a
semiconductor substrate separated by isolation regions
5 wherein one of said active areas will be a 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
10 dielectric layer;
implanting silicon ions into said metal layer in
said first active area to form an implanted metal layer
and siliciding said implanted metal layer to form a
metal silicide layer; and
15 thereafter patterning said metal layer and said
metal silicide layer to form a metal gate in said
second active area and a metal silicide gate in said
first active area wherein said PMOS area comprises one
of said first and second active areas having a gate
20 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.
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25 forma second nefal silicide gate in said second active area wherein
said PMOS area conprises .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 conplet'e formation said of dual-netal gate CMOS 30
transistors in the fabrication of an integrated circuit. 23. The nethod
according to Claim22 wherein said dunmy gates conprise a first |ayer of
silicon dioxide,-a second layer of silicon nitride, and a third | ayer of
polysilicon. 24. The method according to Caim 22 wherein said step of
renovi ng said dummy gates is selected fromthe group containing: wet
etching, dry getchjng d.a conbination of wet_and dry etching. 25. The

met hod accord?nggbﬁ %?gﬁﬂ¢2?cﬁﬂ59épﬁ EQiGEQéPeldwgﬁéﬁgPiéaFngFth sel ect ed
fromthe grougic?ntg£ningasglicon dhox%dﬁ, nitrkged silican %iodee,
silicon 28 ntErPEES EndPE Eohbi RELFERCENEF 8B P56 ITPHE FOPREd 480r di ng
to O aim 22 woes elpnsaidygabe dieleabhl €:h38h hioagkect edafiam the group
cont ai ni ng 2|rcon|un1OX|§e, haf'ni"um oxi de, ~al"um num oxi'd€,” tant al um

pent oxi de, bagkupy gkroghiul EbhBRakes ondftetbyst al i ne oxides. 27. The
met hod according to € aim22 wherein said netal |ayer is selected fromthe

group containing platinum titanium nickel, cobalt, tantalum nolybdenum
tungsten, zirconium hafnium vanadium palladium and chrom um 28. The
met hod accor dBngThe Ge&hod22cebedéng o dleiimstl siberedm isexisl gragce npl ant ed
at a dosage of between about 5 E 15 and 5 E 16 ions/cn2 and an energy of
bet ween about dieagetsdckdwyez9 isThe lestiedd faedo tdien gronpCicainhadnigeer ei n
said second silicon ions are inplanted at a dosage of between about. 5 E 16

and 5 E 17 i oRSFERPIEM OFrt G&ne PR N3 O 10, QIS8 ik pn gl um

pentoxide, barium strontium titanates, and crystalline

oxides.

4. The method according to Claim 1 wherein said metal
layer is selected from the group containing platinum,
titanium, nickel, cobalt, tahtalum, molybdenum,
tungsten, zirconium, hafnium, vanadium, palladium, and

chromium.

5. The method according to Claim 1 wherein said silicon
ions are implanted at a dosage of between about 5 E 15
and 5 E 17 ions/cm® and an energy of between about 1 and

50 KeV.
6. The method according to Claim 1 wherein said step of

siliciding said implanted metal layer comprises

annealing in an inert gas and wherein said annealing is
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30. The nethod according to Claim22 wherein said steps of siliciding said
| popl anted netal |ayer conprises 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 | aser process. 31. A nethod of formng
dual -nmetal gate CMOS transistors in the fabrication of integrated circuits
conprising: providing a first and a second active area of a sem conduct or
substrate separated by isolation regions 5 wherein one of said active areas
wi Il be a PMOS area and the other of said active areas will be an NMOS
area; formng a gate dielectric |ayer overlying said sem conductor
substrate in each of said active areas; depositing a first netal silicide
| ayer overlyi RT0TREAJ1GaPBIPE| EBLr PEOLRYEE; PnPpMERACKYPEOGESS fons into
said first netal ai%kcide i n sai irst active area and siliciding

S

: | ayer f
i npl ant ed sai 4P+ REPGH ?%PF@Fﬁe PAfef (6SF5r RTR°EEENd metal silicide

| ayer having a different silicon 15 concentration than said first netal
silicide layer; and

7. A method of forming dual-metal gate CMOS transistors
in the fabrication of integrated circuits comprising:
providing a first and a second active area of a
semiconductor substrate separated by isolation regions
5 wherein one of said active areas will be a PMOS area and
the other of said active areas will be an NMOS aresa;
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
10 surface of each of said dummy gates is 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;
15 depositing a metal layer within said gate openings
to form metal gates; and
implanting silicon ions into said metal gate only
in said first active area to form an implanted metal
gate and siliciding said implanted metal gate to form a
20 metal silicide gate in said first active area wherein
said PMOS area comprises one of said first and second

active areas having a gate having a higher work function
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thereafter patterning said first and second netal silicide |layers to forma
first metal silicide gate in said frrst active area and a second netal
silicide gate 30 20 in said second active area wherein said PMOS area
conprises one of said first and second active areas having a gate having a
hi gher work function than said gate in the other of said active areas to
conplete formation said of dual-netal gate CMOS transistors in 25 the
fabrication of an integrated circuit. 32. The nethod according to Caim31
wherein said gate dielectric layer is selected fromthe group containing
silicon dioxide, nitrided silicon dioxide, silicon nitride, and a

conbi nati on thereof. .%3. The, rretﬂgd aﬁcord' ng tg d gi. m 31 Wnerl%i n said gate
diel ectricl| ayed? | $34Q| SRE_I1Fr biFL RE GFOBE BhtafAtnygSzPFEBRI Gfh oxi de,

haf ni um oxi de, al ynm num oxide, tantalu ent oxi de, bariu rontium
titanates, anﬂo%PyQ%%If%ﬁ%agiPHe§?l§49 TﬁBaﬁéPﬁgalaSE%ngﬁggto O ai m 31
wherein id f] . si.lLgld s selecte I .
cont ai ni 29 pl SFPRRATEDPE Fhc kBl FpbRYEhriSp-Bieah Ratb Pl Sigdhis o\ ¢
silicide, tantalumsilicide, nolybdenumsilicide, tungsten silicide,
zirconiumsilicide, hafniumsilicide, vanadiumsilicide, palladium
silicide, andschrhs&i metsoli acderdihg t35C1like MetvhededacsadidngummyC ai m 31
wherein said steps of siliciding said inplanted netal |ayer conprises
anneal i ng i n gateserempasseher dilmssaildyamnedl isigd liconpdrifogriged ian one of the
group of: a furnacenﬁrocess, a rapid thermal process, and a |aser process.
36. A nethod SfcPBAntAyedulk- gélilcogand taWds t RRRsEsttdisd dawee dbri cati on
of integrated circuits conprising: providing a first and a second active

area of a senPCé¥FAdt&PUsubstrate separated by isolation regions 5 wherein
one of said active areas will be a PMOS area and

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

of wet and dry etching.

10. The method according to Claim 7 wherein said gate
dielectric layer is selected from the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and a combination thereof.

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

oxides.
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the other of said active areas will be an NMOS area; formng a dunmy gate

ih each of said active areas; covering said dummy gates with a dielectric

| ayer; planarizing said dielectric |ayer whereby a top 10 surface of each

. of said dumry gates is exposed; renoving said exposed dunmy gates | eaving
gate openings to said sem conductor substrate; formng a gate dielectric

| ayer overlying said sem conductor substrate in each of said gate openings;

15 depositing a first netal silicide layer within said gate openings to

formfirst netal silicide gates; and inplanting silicon ions into said

nmetal silicide gate only in said first active area to forman inplanted

| silici iliciding said inopl d | 32 ..20 silicid
Gate to formiP aaihauiel ST obe CTRERal dUFeT o™ aeetOmared wher ei n
id PMOS I f ' ' d . act ] havi
Zgle havingra. %ﬁﬁgéair‘g d%%t{%ﬁ%?%%nréa? g%§§9$£§%ﬁ§ %¥§E$ﬁ§$§sa?glng :
active areas Eftﬁﬁﬂpggtﬁiéﬂéf?lé af@'dtgﬁtéﬁuﬁyahag%§§£ng te CMS

transistors int rication of an fnfegrated’ cir The net hod

according to Ghahdh &S, WieF €bhieR| haEimYab 882800R! | 581 8afital hayer of
silicon dioxide, a second layer of silicon nitride, and a third | ayer of
pol ysilicon. chromium.

13. The method according to Claim 7 wherein said silicon
ions are implanted at a dosage of between gbout 5 E 15
and 5 E 17 ions/cm® and an energy of between about 1 and

50 KeV.

14. The method according to Claim 7 wherein said step of
siliciding 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 transistors
in the fabrication of integrated circuits comprising:
providing a first and a second active area of a
semiconductor substrate separated by isolation regions
5 wherein one of said active areas will be a 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;
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38. The nethod according to C aim 36 wherein said step of renpving said
dummy gates is selected fromthe group~containing: wet etching, dry
etching, and a conbination of wet and dry etching. 39. The nmethod accordi ng
~to Claim36 wherein said gate dielectric layer is selected fromthe group
containing silicon dioxide, nitrided silicon dioxide, silicon nitride, and
a conbi nation thereof. 40. The nmethod according to Caim 36 wherein said
gate dielectric layer is selected fromthe group containing 33 t,

zi rconi um oxi de, hafni um oxi de, al um num oxi de, tantal um pentoxi de, barium
sfrontiumtitanates, and crystalline oxides. 41. The nethod according to
Claim 36 wherein said netal silicide |ayer is selected fromthe group
cont ai ni ng pl ati nudeRP$ikine, atrebnl uh¥eri evaelyingkepidi BpERde, cobalt
silicide, tantalumsilicjde, nolybdenumsilicide, tungsten silicide,

zi rconi uhf si | FtEHRCERLE nt @KEEi i ci de, vanadi um sili ci de, pal | adi um

silicide, and chromu plicide. 42, .The nmethod accordin Q ai 6
wherein sai d step SFPSPRFERG! AETSE 8T REPAn BOnBhaP ST oM ajares
conpri Ses annfﬁlgggd' i@gt'98£§¥ga§r§5 YgcuymWagr ehp1sakdganagahi ng is
performed in one of the group of: a furnace process, a rapid thernal

process, and @al@sehnBl 8¢€88id4dg AaddakimpBhaltegahe teVOPayBi-eabalrestn i r cui t
devi ce conprising: an NMOS active area and a PMOS active area of a

sem conduct or asfhsttamhetaepaiaieddbylegekati on regions; 5 a nmetal gate in
said NMOS area over a gate dielectric layer; and 34
15 implanting second silicon ions into said metal
layer in said_second active area to form an implanted
metal layer and siliciding said implanted metal layer to
form a second metal silicide layer wherein said first
metal silicide layer has a different silicon
20 concentration from said second metal silicide lavyer; and
thereafter patterning said first and second metal
silicide léyers to form a first metal silicide gate in
said first active area and a second metal silicide gate
in said second active area wherein said PMOS area
25 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 fabrication of an integrated circuit.
16. The method according to Claim 15 wherein sald gate

dielectric laver is selected from the group containing

silicon dioxide, nitrided silicon dioxide, silicon
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a netal silicide gate in said PMOS area over .a gate dielectric |ayer
wherein said nmetal in said netal gate is the same material as said nmetal in
said netal 10 silici-de gate and wherein said netal silicide gate in said
PMOS area has a higher work function than said netal gate in said NMOS
area. 44. The device according to Caim43 wherein said gate dielectric

| ayer is selected fromthe group containing silicon dioxide, nitrided
silicon dioxide, silicon nitride, and a comnbi nation thereof. 45. The device
according to Claim43 wherein said gate dielectric layer is selected from

t he group containing zirconi um oxi de, hafni um oxi de, al um num oxi de,
tantal um pentoxi de, bariumstrontiumtitanates, and crystalline oxides. 46.
The device acddrdidfy BRI TRUS MHI¥ H-REFPhetal | ayer is selected from
the group containing platinum titanium nickel, cobalt, tantal um

nol ybdenum tungsten zirconiun1 haf ni um vanadi um pall adium and

h i t |
gO:TB:T: glmng an N'& 11‘% lve ar ea an%?% a%xﬁ@%%?ﬁ%ﬁe%# r%gis%ng%%gﬁct or
substrate senai &by YA 00 SEpbOPS Bron"BAE! gHBLS EonealfiRYDS area

over a gate ectric |ayer;
zirconium oxide, hafnlum oxide, aluminum oxide, tantalum

pentoxide, barium strontium titanates, and crystalline

oxides.

18. The method according to Claim 15 wherein said metal
layer is selected from the group containing platinum,
titanium, nickel, cobalt, tantalum, molybdenum,

tungsten, zirconium, hafnium, vanadium, palladium, and

chromium.

19. The method according to Claim 15 wherein said first
silicon ions are implanted at a dosage of between about
5 E 15 and 5 E 16 ions/cm®* and an energy of between

about 1 and 50 KeV.

20. The method according to Claim 15 wherein said second
silicon ions are implanted at a dosage of between about
5 E 16 and 5 E 17 ions/cm? and an energy of between

about 1 and 50 KeV.
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a netal silicide gate in said NMOS area over a gate dielectric |ayer

wherein said

has a hi gher’

di oxi de, sili

netal in said netal gate is the sane material as said netal
said netal 10 silicide gate and wherein said neta

in

gate in said PMOS area

wor k function than said netal silicide gate in said NMOS area.
48. The device according to Caim47 wherein said gate dielectric layer is
sel ected fromthe group containing silicon dioxide, nitrided silicon

con nitride, and a conbi nation thereof. 49. The device

agcording to Claim47 wherein said gate dielectric layer is selected from
the group containing zirconi um oxi de, hafnium oxide, alum num oxide,

t ant al um pent
50. The devi

e FRNED RAHEA LR R R AR Rt 208 ot od
from the groyy Ebs 1%1'81% p.:J.aaitd B dd LA ”'13%?4 Sfpalisedant alum

nol ybdenum tun

Zirconi'um nium vanadi Ium and
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chrom um 51. ar&aémamgrmltralargaatﬁe%é NhROF &%k £id Cé‘ﬁﬁe&'fi’z'l591§0”p“ si ng:

an NMOS active area and a PMOS active area of a sem conductor substrate

separ at ed by gest A I HANSSE Stife fdFSip M@t Ala Sihicdde Sabesd, sai d NMOS
area over a gate dielectric layer; and

10

15

rapid thermal process, and a laser process.

22. A method of forming dual-metal gate CMOS transistors
in the fabrication of integrated circuits ;omprising:

providing a first and a second active area of a
semiconductor substrate separated by isolation regions
wherein one of said active areas will be a PMOS area and
the other of said active areas will be an NMOS area;

forming a dummy gate in each of said active areas;

coverihg said dummy gatés with a dielectric layer;

planarizing said dielectric layer whereby a top
surface of each of said dummy gates is 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 silicon ions into said metal gate
only in said first active area to form an implanted

metal gate and siliciding said implanted metal gate to
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a second netal silicide gate in said PMOS area over a gate dielectric |ayer
wherein said netal in said first netal silicide gate i's the sanme matertal
as said netal 10 in said second netal silicide gate and wherein the '
concentration of silicon in said first netal silicide gate is different
fromsaid the concentration of silicon in said second netal silicide gate
and wherein said second netal silicide gate has a higher work function 15
than said first nmetal silicide gate. 52. The device according to Claimb51
wherein said gate dielectric layer is selected fromthe group containing
silicon dioxide, nitrided silicon dioxide, silicon 37 nitride, and a
conbi nation thereof. 53. The device according to Claim51 wherein said gate
di el ect BPc | &pam jas fdatsdcmedafly erhliled dgr @arecdmt Adlichd st AN X de,

haf ni um oxi de, al um num oxi de, tantal um pentoxide, barium strontium
titanates, aRde@ry&& Iine oxides. 54. The device according to C aim 51

wherein said netal, siilici.de i s select.ed fromthe .gr.oup. contai.ni | at i num
silicide, titani uﬁmﬁﬁainélélé‘, TS = J‘|ccolndel,or%:sob]%p‘—to sﬁéﬁd(:inbeé?a{]%]#) um
silicide, nol gge mSi:l4 ¢ il] Gl ir j illeide, ~
h_af _ni um sili é%ﬁ , q\lllllarls?dﬁdu%eg:l%lnldf:i ge, L'gegﬁstla{:'l I ﬁrﬁ‘j;?ﬁlé&—gq%ﬂ%‘%%m um
silicide. 38 A% AQGaA Alnd A A A% A L Aldp A2 At nd¥a A faAREHA
Y. AU . Al'l . AL Y. Ah I". A&2. AhE. A. AyE. Ah E. Al . A3U 2. Ayh
25 form a second metal silicide gate in said second active

area wherein said PMOS area comprises one of said first

and second active areas having a gate havipg a higher

work function than said gate in the other of said active

areas to complete formation said of dual-metal gate CMOS

30 transistors in the fabrication of an integrated circuit.

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

polysilicon.

24. The method according to Claim 22 wherein said step
of removing said dummy gates is selected from 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 is selected from the group containing

silicon dioxide, nitrided silicon dioxide, silicon
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19/_dE'/ 10T30. The method according to Claim 22 wherein said steps
of siliciding 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.

31. A method of forming dual-metal gate CMOS transistors
in the fabrication of integrated circuits ;omprising:
providing a first and a second active area of a
semiconductor substrate separated by isoclation regions
5 wherein one of said active areas will be a PMOS area and
the other of said active areas will be an NMOS area;
forming a gate dielectric layer overlying said
semiconductbr substrate in each of said active areas;
depositing a first metal silicide layer overlying
10 said gate dielectric layer;
implanting silicon ions into said first metal
silicide layer in said first active area and siliciding
implanted said first metal silicide layer to form a
second metal silicide layer having a different silicon
15 concentration than said first metal silicide layer;
and
thereafter patterning said first and second metal
silicide layers to form a first metal silicide gate in

said first active area and a second metal silicide gate
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-bC | in said ‘second active area wheérein 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

25 the fabrication of an integrated circuit.

32. The method according to Claim 31 wherein said gate
dielectric layer is selected from the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and a combination thereof.

33. The method according to Claim 31 wherein said gate
dielectric layer is selected from the group containing
zirconium oxide, hafnium oxide, aluminum oxide, tantalum

pentoxide, barium strontium titanates, and crystalline

oxides.

34. The method according to Claim 31 wherein said first
metal silicide layer 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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35. The method according to Claim 31 wherein said steps
of siliciding 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.

36. A method of forming dual-metal gate CMOS transistors
in the fabrication of integrated circuits comprising:
providing a first and a second active area of a
semiconductor substrate separated by isolation regions
5 wherein one of said active areas will be a PMOS area and
the other of said active areas will be an NMOS area;
forming a dummy gate in each of said active areas;
covering said dummy gatés with a dielectric layer;
planarizing said dielectric layer whereby a top
10 surface of each of said dummy gates is 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;

15 depositing a first metal silicide layer within said
gate openings to form first metal silicide gates; and
implanting silicon ions into said metal silicide

gate only in said first active area to form an implanted

metal silicide gate and siliciding said implanted metal
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20 silicide gate to form a second metal silicide gate in
said first 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

25 dual-metal gate CMOS transistors in the fabrication of

an integrated circuit.

37. The method according to Claim 36 wherein said dummy
gates comprise a first layer of silicon dioxide, a

second layer of silicon nitride, and a third layer of

polysilicon.

38. The method according to Claim 36 wherein said step
of removing said dummy gates is selected from the group
containing: wet etching, dry etching, and a combination

of wet and dry etching.

39. The method according to Claim 36 wherein said gate
dielectric layer is selected from the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and a combination thereof.

40. The method according to Claim 36 wherein said gate

dielectric layer is selected from the group containing

33



310% & ()-310% & ()-q 310% & ()-77777777}"FC 10q 310% & ()-310% & ()-q
310% & ()-310% & ()-q 77777777u] CC 10310% & ()-q &310% & ()-)310% & () -q
&310% & ()-)310% & ()-7777777)8x_>C 10 +L10%$& ()-310% & ()-q

310% & ()-310% & ()-q 310% & ()-)8999999::vU4 10 109%B& ()- | "10%& ()--
:1098& () -10$103$10% < 109%B& ()- ,#10%W & ()- :<<>>>>>>|o0bW 10
yMLO%' & () - MLO$10$10% < 10%8$& ()- s+"109& ()- * 109%& ()- Of

"1098$& ()->>>>/?WP?|[:bU4 10 @10%' & ()- vy

zirconium oxide, hafnium oxide, aluminum oxide, tantalum

pentoxide, barium strontium titanates, and crystalline

oxides.

41. The method according to Claim 36 wherein said metal
silicide layer is selected from the group containing
platinum silicide, titanium silicide, nickel silicide,
cobalt silicide, tantalum silicide, molybdgnum silicide,
tungsten silicide, zirconium silicide, hafnium silicide,

vanadium silicide, palladium silicide, and chromium

silicide.

42. The method according to Claim 36 wherein said step
0f siliciding said implanted metal silicide 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.

43. A dual-metal gate CMOS integrated circuit device
comprising:

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

5 a metal gate in said NMOS area over a gate

dielectric layer; and
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nitride, and a combination thereof.

45. The device according to Claim 43 wherein said gate
dielectric layer is selected<from the group containing
zirconium oxide, hafnium oxide, aluminum oxide, tantalum
pentoxide, barium strontium titanates, and crystalline

oxides.

46. The device according to Claim 43 wherein said metal
layer is selected from the group containing platinum,
titanium, nickel, cobalt, tantalum, molybdenum,
tungsten, zirconium, hafnium, vanadium, palladium, and

chromium.
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area has a higher work function than said metal silicide

gate in said NMOS area.

48. The device according to Claim 47 wherein said gate
dielectric layer is selected from the group containing
silicon dioxide, nitrided silicon dioxide, silicon

nitride, and a combination thereof.

49, The device according to Claim 47 wherein said gate
dielectric layer is selected from the group containing
zirconium oxide, hafnium oxide, aluminum oxide, tantalum
pentoxide, barium strontium titanates, and crystalline

oxides.
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a second metal silicide gate in said PMOS area over
a gate dielectric layer wheréin said metal in said first
metal silicide gate is the same material as said metal

10 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

15 than said first metal silicide gate.
52. The device according to Claim 51 wherein said gate

dielectric layer is selected from the group containing

silicon dioxide, nitrided silicon dioxide, silicon
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nitride, and a combination thereof.

53. The device according to Claim 51 wherein said gate
dielectric layer is selected from the group containing
zirconium oxide, hafnium oxide, aluminum oxide, tantalum

pentoxide, barium strontium titanates, and crystalline

oxides.

54. The devicé according to Claim 51 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 siiicide, palladium silicide, and chromium

silicide.
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