DUAL METAL GATE PROCESS: METALS AND THEI R SI LI Cl DES
RELATED PATENT APPLICATION '.. This is a division of
U S. patent application Ser. No. 09/981, 415, filing
date Oct. 18, 2001, A Dual Metal Gate Process: Metals
and Their Silicides, assi gned to the sanme assi gnee as
the present _invention, now U S. Pat. No. 6,475, 908.
', BACKGRUUNG"OF THE TRVERTIERMCLIVFPELD TF THE
INVENTION ".. The present invention relates to the
fabrication of integrated circuit devices, and nore
particularly, to a Retbd pofentapriatriong dual - net al
transi stors havi ng di fferent wor k functions in the
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Mo eff%(éw%§ By using a single netal gate for both NMOSFET
FET, the threshold voltage beconmes too high
for both types of transistors. In order to achieve a
| oner threshold voltage, additional inplantation is
required and this BACKdrOp@sOF tTHE FnanTi@d channe
effects. The short channel effect control wll then
be degraded. However, with dual netal gates having

(1difdrer @ntrupesdenrtfadnct i ons, additional inplantation is
not required. That is, one electrode with a |ower

wor k f unctiherengedilt beeused ziemattehetol\IM%F@'Eivdﬂibne of integrated
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circuits.

(2] DESCRIPTION OF THE PRIOR ART

It is anticipated that a single metal gate with mid-gap work
function values will not be sultable 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 transisters. In 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 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 NMOSFET and PMOSFET can be tailored independently. 1t is




desired to maintain the conventional CMOS process flow

in the dual netal gate process. U S. Patent 6,043, 157

to Gardner et al shows a process for form ng dual

gates where one gate is polysilicon and the other gate

is metal. U S. Patent 5,960,270 to Msra at al

di scl oses rocess wherein the sane md- gap work
AL IR Fr’isatl | SeseUEEEPUY BEE HPTREAnt o - Jat ¥ uq), gtal gate
or&atent 6,083,836 to Redder teaches a dummy gate

process where two gates are forned. For exanple, one

gate is polysilicon and the other is alum num U. S

Patent 6,051,487 to Gardner at al teaches a dumy
gate process uSHY & Yot Y¥i 19 ot °h Fret'ars gapEecess for
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of the invention is to provide a process for formng
U.guadtenettabcigaiesce Mypra-CMOS 1t diankisst G srochsd Rgerein the same mid-
fabrication of integrated circuits. A further object
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ot her gate conprises the netal's silicide. Yet another
object of the invention is to provide a process for
form ng dual - netal garMerREMBSTEF AREINSTIWr s conpri sing a
metal and the netal silicide. 2 Astill further
obj ect of the invention is to provide a process for

form ng duaksnetaly, 9abeieMOBridansd S{OE S eGP i SENGrvice 2
first metal silicide
process for forming dual metal gates for CMOS transistors in the fabrication of

integrated circuits.

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

fabrication of integrated circuits.

Another object of the invention is to preovide 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.




and a second netal silicide wherein the netal is the

sane in both gates and the silicide concentration is
different. In accordance with the objects of the

invention, a method for form ng dual-netal gate CMOS
transistors is achieved. First and second active

areas of a sem conductor substrate are separated by
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deposited overlying the gate dielectric |ayer.
siBjckf¢ epndeare tarre it pfignted into the nmetal layer in the
PMOS area to forman inplanted netal |ayer and the
inplanted netal layer is silicided to forma netal
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openings to the sem conductor substrate. A gate
nawd elhegtari 6r Leawerwdrs fuetdred depyefihyiongheh@tal used. The PMOS gate

sem conductor substrate in each of the gate openings.
w1lA ?]eetfaxfmed from the gate having the higher work function.

Also, 1in accordance with the objects of the invention, a second
method for forming dual-metal gate CMOS transistors is achieved. First and
second active areas of a semiconductor substrate are separated by isolation
regions. Cne of the active areas will be PMOS and the other will be NMOS. A
dummy gate 1s formed in each of the active areas. The dummy gates are covered
with & 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 tc the semiconductor substrate. A gate dielectric layer is formed

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



3 layer is deposited within the gate openings to form

nmetal gates. Silicon ions are inplanted into the

netal gate only in a first active area to form an

i npl anted nmetal gate. The inplanted netal gate is

silicided to forma netal suicide gate in the first

active area to conplete formati on of dual -netal gate
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substrate in each of the active areas. A netal |ayer
is deposited overlying the gate dielectric |ayer.
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second area to conplete formation of dual-netal gate
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circuit. The PMOS gate will be
the implanted metal layer Is silicided to form a second metal silicide layer
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 formaticn of dual-metal gate CMOS

transistors in the fabrication of an integrated circuit. The PMCS 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




formed fromthe gate having the higher work function.

Al so, in accordance with the objects of the invention,

a fourth nethod for form ng dual -netal gate CMOS

transistors is achieved. First and 4 second active

areas of a sem conductor substrate are separated by

isolation regions. One of the active areas will be
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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 PMCS and the other will be
NMOS. A metal gate in the first active area overlies a gate dielectric laver,
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.




i solation regions. One of the active areas wll be

PMOS and the other will be '.. NMOS. A netal gate in

the first active area overlies a gate dielectric

| ayer, and a netal silicide gate in the second active

area overlies a gate dielectric |ayer wherein the

nmetal in the netal gate is the sane nmaterial as the

netal in the netal silicide gate The netal silicide

may have a, hi gher or |ower F tiaqn endj ng on
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accordance with the objects of the invention, another
cogiraFemet el gut eceMOBCHntegcat @d Trreabtivdevi egsiyte separated
byalcslghgtvl%rq reTPensdegrlzeC(e)f t%onzprl Seegre!alsrwslg %nd ngd he other will
active are 8f & sémi conducior Substrate separa ed
be h\)MOBSOIAaLIr@ﬂ nEegl ONS i ANGatef 14 b actsk Verareasldrine a gate

PMOS and the other will be NMOS. A first netal.
diglecr gicdervgat end i tivend ekl agltiFide ertealroVier Fiaesd &*cgateearea
oSS ESLELE LM 2008 Sesond PLal, Sl Lel B5 9BLE 10 o
metAYefd WhekeliRot Rendvat Acidd it hastapengat %SCH sridhe SaMPites. The

metal and the silicon concentration is different in
EMgaghtofi tthee tiaregatres . thT e te POBIgEEel el whiek faratien-

fromthe gate having the higher work function. BRIEF

DESCRI PTI ON OF THE DRAW NGS I n t he acconpanyi ng

draw ngs form ng sargrabescradriparct ok fdhvsicsdescri ption,

there is shown: Figs. 1 through 5 are cross-sectiona

representations of a first preferred enbodinent of

the pr esengin i V%Q(Eomggnylm% gf%ang I}rgnl{?gp alrg\‘at 1 part of this

cross- sect i onal represen ations o seconf
sepirepeohedhenbodisnent of the present invention. Figs.

12 and 13 are cross-sectional representations of two

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

preferred embodiment of the present invention.

Figs. 6 through 11 are cross-secticnal 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




alternatives of a third preferred enbodi nent of the

present invention. DESCRIPTION OF THE PREFERRED

EMBODI MENTS 6 The present invention uses a netal and

its netal suicide to form dual -netal gates having

different work functions. In one enbodi nent, two

different silicides of the netal are used as the

dual - met al §abEser {0 RPH O bE S 1hdgtadt Wdi"c‘fym%tl‘?és%i licide to form
duag‘lk}nééa@dgaltgs thg% @r&lf'{:@t%'ﬁt twla%q Ifﬁ' &95% hgn%! gmb%glmeng Ewo

limted to the enbodi ments descri erein, can
dlﬁer@xt endedicand apphéed 4re @Ry asappl umtmaeligatMI CR will be
is desired to have netal gates having differing
u“%%?‘i@@ﬂ‘fﬁ}nt:*ﬁsan%“}ﬁ#eﬂf FESErenbtdl MeAtveaf i T hehduay eat ipentimi ted
I r t ref.erence

o b ond anbod bt of Phe T nunt o Wi be *hduarrhes =
apMiitdripefierence it oisFigs reb+d bavd het sihyatds eﬂde;l aentriel work

the invention wll be described with reference to
PR - 12 and T T3 T RETET F i Ho ol B Rn g8 1 Fesdesphider i st
reREEIL 1 ed; pTbadi ment of, Lhgw.RiEsentk ﬁh'g %%At% VM;LH be

descri bed.” Referring now nore particu arJI % f
dedchireg wishshowenae SemMigondutt.orrhsubstd am@odlﬂentTm $hé Snvention

preferably nonocrystalline silicon. |Isolation regions,
YU B TSR oW TTTERTRC S0 af i oA 2. 13.(STI) 12, are

formed in the substrate to separate active regions.

N-wells and P-wells may be fornmed within the

substrate, as is conventional. Punchthrough and

threshol d vaol tage adj ust nment rrEI antations, not shown,

are made "E5°TEE 8ﬁ\’/éﬁt518ﬁall T Eh & PECACFAE gembodinent of che

pré@bﬁﬂ @&ueﬁtfbnl@94@rbeléé§c§1ﬂ}ﬁovwﬂefg}r£k%pﬂgﬂ Bé?g éﬁr@icularl to Pig. 1,
substrate to a thickness of between about 15 and f

theAﬂngt Foms .2 Foricexanplresuttheite dicel goty ke drageenimy be a
ielectrjc constant, material such as silicon

mo“@?%’)?lt?jlém%lsfjﬁca‘éd §19'7 TSR PR de i TEh i trerge sgetion

(STﬁj]Qb[ d}@nﬁyrﬂég hﬂ”%%e 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 1s conventional in the art.

A gate dielectric layer 14 is grown or deposited over substrate
to a thickness of between about 15 and 150 Angstroms. For example, the
dielectric layer may be a low dielectric constant material 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, barium strontium titanates, and crystalline oxide.




Alternatively, the dielectric layer may be a high
dielectric constant gate dielectric material such as
zi rconi um oxi de, hafni um oxi de, al um num oxi de,
tant al um pent oxi de, barium strontiumtitanates, and
crystalline oxide. 7 Referring nowto Fig. 2, a netal
layer 16 is forned over the gate dielectric layer to
a t hi cknes8=gFrivet weetr abbut. 5300tahd28000° AagisFrohsver the gate
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vaﬁa‘lldi.luﬁi,l geﬁadﬁiml i GOmrb@ns. are i nplanted 24 into the
nmetal layer 16 where it is not covered by the mask 20.
Silicon ions are |li inplanted wwth a dosage of
bet ween abgut 2,t0 5 E 17 iong/cn? _and an ener g
of between aBoél ]t 0 B8 K&V T 2({ i fpdrtant fhat 5‘t %%8 erpose
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| ayer is patterned to formthe second

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. 1In
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 1 having a higher etch




el ectrode. I n another enbodi nent, both gate el ectrodes

are defined and etched at the sane tine. The etching

can be achieved by alternating chemstry 1 and

chem stry 2 with tinme 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 hi gher
ragy EAr gLHAEE POt CEPTSENMS *ﬁﬁwgcﬁ@ﬁﬂ@trriﬁCE Iﬁé?nfr?g t@e metal, or
vltbé ghrlesra g?g%s, @ett%l dgoa%%fg qﬁg{}?t_‘z% d‘r ]y%rg;r el erenr%rk work functsions, are
refluned.i ons, are realized. The nmetal silicide gate 28

may have a higher or lower work function than the

netal gate 16 depending on the netal used. The PMOS

gate w || et t hi ghe rk functio

and the NM %egtgg S\%\?l{ﬁ%dgag\élc gsgng hav%avflng\gn]f K& 1°5wer 2
funh dn EoRCticOnetaRefLE riengepROWnl onFig. ndral SEBA CEid BIR gate will

regions 30 and sidewall spacers 32 may be forned, as
PeildecEhv At i"Gndle. hTHier SPREEFY D Ay "R st eeiitlgre the gate
hasink | GQMALE Ll de Q.81 i con oxide. Processing continues

as is conventional in the art, except that

silicidation over the gates is not required. The

second preferred enbodi nent of the present invention

will dederitbed o h tef or eHEes 1962 iD) Fryiop. 19 andlgidevall
sp&ﬂ??@b %Ptbel ?or@regaqgsl%e&%vgﬁgg alprﬁges%g erls?ej rgyl chnprlse elther

more particularly to Fig there is sho
sisenm conductorsisubst sate. 1©roc$kulsg|csnrprne$£ﬁahlsyconventional in

monocrystalline silicon. |solation regions, such as
thsrat 85°PT dRtth St Si6T & oh T STEYe #2tesate flortRd i t he

substrate to separate active regions. N-wells and

P-wells may be fornmed within the substrate, as is

convent i onmak . sePumc htdte otigherabdhrb it @8 hak dr¥odnt ag@ention will be

adj ust ment i npl antati ons, not shown, are nmade as is
deiféfﬁﬁgnﬁltgrﬁiFeqeﬁce ﬁ@ FlgFt '6-11. This embodiment is a damascene gate

process. Referring now more particularly to Fig. 6, there is shown a
semiconductor substrate 1C. This is preferably monocrystalline silicon.
Isolation regions, such as shallow trench isolation (STI) 12, are formed in the
substrate to separate active reglons. 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 conventicnal 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 15C
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 cver the silicon nitride layer 44 to a thickness of




Dunmy gates are fornmed. A first layer of silicon oxide
42 is deposited over the substrate to a thickness of
bet ween about 15 and 150 Angstrons. A | ayer of
silicon nitride 44 is deposited over the silicon oxide
| ayer 42 to a thickness of between about 15 and 200
Angstronms. A layer of polysilicon 46 is deposited
be@&%? abhg 890 pedACH BrisdecTisay ERe 48™ Yo I3 ct AiaCk iésytefrngd to form
mm an QOL}]‘I easc: d BQiQLQIeAaQ?gSt rgsnsshow-rr‘:h:§ gumWG gg deew 11
stack | 't 6 nec orm ‘a duny n €ach of
sp;Icl'é@s @Qtén\&escaerﬁﬂralaSr@mMSi ﬁirglfgrme@ asSlJ.Q&\A&}elntlonal in the art,
spacers 54 and source/drain regions 52 are fornmed as
Noy,s aggnventigndiclperrehd g 28 IRGWroEi et frer Fey grmry gates and
dielectri er eposi.t er the dummy gates
planaalze% tzfng?l ?ée{pd ofgt%fahemtny Bgé }% C{Q%/[urrrry gates by Cwr.
As shovvn in Fig. 7, the dummy gat es 50 are renoved
where they are exposed by the CMP process. The dunmy
gates are renoved by wet etching, dry etching, or a
combi natiop of the t l - I e
t he pr esenl? |{1ﬁ/en ‘I on aF gkgi{véo dﬁﬂney ?al{% gge(ti% re%‘t} Pulce they are
exfseh @gt fHeCorayeke 60 |1S.cdepasicted afe t."shze:k'f&fﬁb!/ y:egreQWIIn@ﬂ dry
the exposed substrate surface within the gate
st@gpeni Ags FoanThPrtikhdds ©P- bet ween about 15 and 150
Angstroms, as shown in Fig. 8. As in the first
enbodi nent, the'.. dielectric layer may be a | ow
di el ectri cugonskafial et er igadesSeic Aha@$r&dcht GOFEntion are to be
di oxide, nitrided silicon dioxide, silicon nitride, or
Foxnigi r AcOrDi HatIoRs bivea 0 is Ippaghtefi ef éBtFPcl Yeoivst a‘ﬂ‘itthe
ex;%%%g sgfagzlrgé: Jlr%aP@td?‘[hlﬁl th% %Igeao%eg n(ggotlgl 9%9&5%’ of between
ni um oxi d m num oxi tant al um pent oxi de,
abdar i UAhS tbORbydtrvdd, t &nat®s, inafdy.Cce yshalihitae Mxsdembodiment, the
Referring nowto Fig. 9, a nmetal |ayer 62 is forned
dighperrieheygarey Mdi %Ilé%tdﬁ?]@CF%?e?O“BBa“tTﬁéeh‘éf al'°t &y et 162"

dl{!RXe,bﬁléjr%Qos%El%gorp)éléHHé,t @{il@gn qgtrqyp, 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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for exanple. The deposited netal can be platinum

titanium nickel, cobalt, tantalum nolybdenum

tungsten, zirconium hafnium vanadium palladium or

chromium A CMP process polishes away the netal |ayer

not wwthin the gate openings, thus conpleting the

damascene process. 10 Now, as shown in Fig. 10, a

phot omask % i firred £69-cbVref Wh@ma$Mﬁériﬁef<awed to cover the
1nt1‘,ermeteagt I'I E%Jhta ceEﬁ}be‘:rorraS Bgegf])%ﬁsg:g%&galeﬂn cﬁ) %gllsn oxl“med in the
ch@k8si Iaatexg;ossetcmba;hsléelcemcd@ate Siali GORc IONS 15 @&l@d. Ssilicon ions

i npl anted 69 by a | ow energy inplanter into the second
ar@ét“éli\%@r &% oy 4 éo‘h@POf%oV@#é’&ﬁb)ﬂnt%éhmskon%gatgi fhiegpnAt is not
CO‘II On qﬁl H%Ikaér%t e%lw Ct‘OI;’]). J.a'nqoasx:%ge 9ant eré! dOaSQOUt ween

i ons/cn® and an ene?gy 0 Be ween out

ab(SLQ 50; Keyo 4 & i7Siddspatt ant ok hatrd/he H&&k&mgbéﬂygrtolﬁu KeV. Tt

thick enough to protect the first gate '.. from
iSiiﬁ‘BP’éﬁﬂ%\ttP@tnth%f“?%‘ri“%tllahf@piiﬁgfhi%eeﬁ?ﬁ@*t GABTREBS, thgnfirst gate
frgmnge ‘% step in an inert gas or a vacuumis

orned to forma silicide fromthe

SI I icon-inplanted metal 72. As shown in Fig. 11,

metal gates 62 and 72, having different work

functions,f&re steakbiyede Gates Conpt Pseg aaetwl in an inert
0= 0L £ B8 L2 O SE0 o MEE Al S LAt 100, 05 s e
72 PMOSFET while the gate el ectrode with the | ower work

function will be the NMOSFET. The work functions of

the gate electrodes of the first two enbodi nents have

been nmeasu tho%% %hpvﬁﬁn i{jl ;II_Q:QJ %‘es gpec\n{ieél,sr!: Ivylc}xltL%erent work

almost  all” netal's and tHel't silicldes is fuch lowe
futcRashst herer 881 BlebVi tyr0b2 POdYStd bG@AaL 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
8l]l metals and their silicides is much lower than the resistivity of

polysilicon.
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11 Table 1 gate material work func (eV! Pt 5.32 -
PtSi2 -4.62 Ti 3.95 - 4.33 TiSi2-4.38 N 4.5 -
NiSi2 -4.55 Co 4.41 - 5.00 CoSi2 -4.52 Ta 4.12 -
4.25 TaSi2 -4.35 No 4.3 - 4.6 MSi2 -4.42 W4.1 -
5.2 Wsi2 -4.43 Zr 3.9 - 4.05 ZrSi2 -4.33 H NA
Hf Si2 NNA V 4.12 - 4.3 VSi2 -4.37 Pd 4.8 - 5.22

PdSi -4.6 Tebie !

5.5
5.3

gate material work func (eV)
PL 5.32 - 5.5
PLsizZ ~4,62
Ti 3.95 - 4.33
Tisiz ~4,38
Ni 4.5 - 5.3
NisiZ ~4,55
Co 4.41 - 5.00
CoS8iz ~4,52
Ta 4.12 - 4.25
TasSiz ~4,35
Mo 4.3 - 4.6
MoSi2 ~4 .42
W 4.1 - 5.2
Wsiz ~4.43
Zr 3.9 - 4.05
Zr8iz ~4 .33
HE N/R
HESiz N/A
v 4,12 - 4.3
vsiz ~4,37
Bd 4.8 - 5.22
Pdsi ~4 .5
Cr 4.5 - 4.6
Crsiz ~4 .41
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C 4.5 - 46 CSi2-4.41 12 The dual -netal gate can

al so be realized by adjusting the work function of

the silicides since the work function of the netal

silicides is closely related to the stoichionetry.

That is, one gate electrode will. be in the form of

M5 X while the other gate electrode will be in the

formof MSiY, where Mis a netal which can be

platinum tjtaniu [ I L) nt al

nol ybdenurr? t%hﬁ srfqgé:ﬁﬁ g%lg?gccg?l ag?n(§l %a%etﬁﬁutreng b\%gnéasung the moxk
rufalibadic e ﬂﬁl@ﬂ'ﬁié@fﬁltﬂc{ﬂ candor i Xe St NGt oo guahet0 Xiidhes is

value of X and Y can be well adjusted by the
clysepl airt atelolr HusElo Therietrhod$2describddt s 6Fe-Redef iyldtbe in
the r}grrﬁc'%%%(iix wfdkl@nh‘?er &a%g eqlegprogﬁ wyﬁege lE gh@ iso T‘nhtgﬁi:]gSlY

enbodi nent dual - gate process own In Fig 12
wh&@NN ant & apad: galke darympionnpr, oaes&umdas@reubeﬁbam th&talum,

first enbodi ment can be used to formthe two gates
mo NSO N U iESEY.  ZTHE D Rt akrafp'ayker"a@aﬂ%e PR ERt etF WRfium. and
x 108, AILIArent dagages,of: i Licon. . igns. i o.f orm these

I'i cide gates having difterent

im;ﬁMﬂEettilGﬂﬂS:{ose.FO‘fheGMa’iﬁ@isedesarfﬂeﬂSiorSttHel £ieRt Iaﬂdﬂ Sﬁ@&ﬂgénb@ﬁiments

between about 1 E 15 and 1 E 16 ions/cnm2 will forma
capy i g0 KAVISAY & Hoher ib PRECUTROL | O a1t 8" €€édnd silicon

ion dosage of between about 1 E 16 and 1 E 17

ions/cnm2 will forma gate having a higher work

function. A tesunatd vel.yi2,i nst eadeoficd@posict faga@nn process

el emental netal |ayer for ate electrode 1, a .
degqriped g iR tthd RBPHEIR" NESI r‘éﬁeidotocS?Fmb@ed%‘ﬁo%&itteéd’]sbi% and

MSl D Tﬂgrméigkni% Jg Q&h bg11%§1$NE$J wiéyﬁga Qf%fgfen§tdog§gé% of silicon
‘ectrode MBI The stoichionmetry of the second

10193] ectiatendds M«ocadstabenadqlustcﬁdebyiahh@ B FtdreOn wbON functions.

i npl antation as described with for the first
FoRBHHT frerit TTRb S &NARDICE, “FRE SF IFPEBR" cofitent™ At %A 1 B 1°

ions/cm?2 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/cm2 will form a gate having a

higher work function.

Alternatively, instead of depositing an elemental metal layver for
gate electrode 1, a silicide with a certain M/S8i ratio can be deposited by CVD
or sputtering. This will form the first gate electrode MSiX. The stoichiometry
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 functicn is between about 1 E 22 and 1 E 23 ions/cm3.
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of the first gate el ectrode having a | ower work
function is between about 1 E 21 and 1 E 22 ions/cn8B
and the 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. 13 As shown in Fig.
13, the damascene gate process described in the
second enb’tﬁdlshfé‘ﬁtl“cﬁfﬂ b&* usEd BB R PR Sgacesibed in the
oo H BPeRE Boshys TS0 ar B ong 5T S Chose g %
wiletaln sd |1in}§,1|adeedgaitﬁ$d3hayﬂeﬂg Befdeerentimebk i bnNed if6NS6 these two
Again, as an alternative, instead of depositing an
reellepe At ale ?Pé?%\lhaVﬂaWe‘ﬁlffW“@a’Pék eredtpde Wain &1 PR igernatives
J_nélglea(ii 0? acecragl llejfxe% él mggn gef%QScJattQ%lQ trg%/D ora silicide
spu terih s "W orm the f1rst gat e el ectrode
wit¥Bk X%erdhe @E@iﬁhk@&eﬁ Yy @bodihed secondsekpctsode. MBii¥ will form
can be adjusted by the silicon ion inplantation as
theldseti ped %EFWOFBrMsﬁﬁeT%%ébﬂﬁhloé‘ﬁ‘b@’dgEéﬁﬁ SeTHE Process M5
car?fbet he % ShB'nEhel nventl 9&] RLAVLAeS 1 hL ea%sﬁ;ﬁ%ﬁ Gith for the second
maRUTact urabl e dual - et a ate processes
emig@ivnt 1 onal CMOS process flow is nmaintained. The
work function of the gates is sinply tuned by the
silicidation process. The dual-netal gates conprise a
nmetal and lj.ci r { |
havi ng d|?$%?§ﬁ%L%%?Qh d%%??%ngk Tlgnﬁggguéélﬁﬁilgﬁwle
nafi@ydfrgatiBeduahigher gaos krdodaedsi ormnidohvdoei aseduboprédees fiow is
PMOS gate and the netal silicide having the |ower

maifp ke P undb GATEPICTBRN 05 &d° F98FSt he SHVDE GRS SYVie| g Licidation
prng hgsl nﬁh%ggi&a\%nt%}gj? J%‘é‘@é"'c%ﬂé H'n@ELJ}’ a§(§1odmet§f|%lllClde, or two

escri reference to the preferred enbodi nents
metehes @t deb thawidd db@etmderst dodediyns t husenskl lddigd:iin having the
the art that various changes in formand details may

higier TitEe e I RO UL dEp ! rf@fftﬁ“arﬁMPﬁéaéinaP?tth%ﬂﬁ aslcﬁlplé“de
ha‘%fngttj%g 10Q¥§ u:}pr%unc\(:\h@rl wllsi 94 Qzls&pgozl She 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:

14




14 1. A dual-netal gate CMOS integrated circuit device
conprising: an NMOS active area and a PMOS acti ve

area of a sem conductor substrate separated by

isolation regions; a netal gate in said NMOS area over

a gate dielectric layer; and a netal silicide gate in

said PMOS area over a gate dielectric |ayer wherein

said nmetal in said netal gate is the sane material as

sai L i d. et 1 Ci t d _wherein.

ot o et a sl SR 0E Pl el TR PR g

hi gher amoriks ket i08a than s@sdadbalargabe d BersabdubiMS
area. 2. The device according to Claim1l wherein said

gat &g e cte PRt PAYEr: Fosatige| €818’ from t he group

cont ai 0ing. SLi.Con (A Oxhae, Ul Ld:0ed, sl Lican, .0l 9 beun,
silicon nitride, and a conmbination thereof. 3. The

devi ceaacear dingid gflcai msdiavherebtaSaicd gate dielectric layer
dielectric layer is selected fromthe group

cont'&ir At h§ Zi FEEnidnt oL Bé 2! WaFhi @mhexicae "t ghidAutaid metal
oXI Qne’saioa%ﬁ%'ﬁ um, pent oxi.de,. %%Léig‘ sthontlum LI1ANALES:, saiq
and crystalline oxides. 4. The device accord]ng to

Cl abvnslzmhetaei N nsgied Wit alunttayerchbs ssel ectedyatt riomadikenvos
group containing platinum titanium nickel, cobalt,
tant'@um nol ybdenum tungsten, zirconium hafnium
vanadi um palladium and chromum 5. A dual-netal

gate CMOS integrated circuit device conprising: an

NMOS aé idwe careacands acRNEG actieveirasea @fteadielectric layer is

sem conductor substrate separated by isol ation o
reg?%}ﬁgﬁedlg¥om the group containing silicon dioxide, nitrided silicon

dioxide, silicon nitride, and a combination thereof.

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

crystalline oxides.

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

chromium,

5. 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;
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a nmetal gate in said PMOS area over a gate dielectric
| ayer; and a netal silicide gate in said NMOS area
over a gate dielectric layer wherein said nmetal in

said nmetal gate is the sane material as said netal in
said netal silicide gate and wherein said netal gate
in said P area has a hi gher wor kK function than

sai d met'al " siFiCidE gare™ A Sal e NVEE™® areg e e and
d_eV| CECaafeOf @hﬁgi&@ ggea[itﬁnséid/m%@!aﬁas@}eq Q%@e dielectric layer
dielectric layer is selected fromthe group

contizraimgasi i¢tednindpoXi deal piete ildade sidnk ceneridi oxi g@d metal
silicon, ni ttri de,,l, a.réd a conbi nation thereof. 7. The

devi & HeEOrdi HY ' 16 CI4F "8 “GABT'Si T8 dicgeapks in seid ?10s area
di ehactriigndayshic Fscesel echedifremit B :YFQUR e in said nuos
contai ni ng zirconi um oxi de, hafnium oxide, “alum num

oxi g2 -t ant al um pent oxi de, barium strontiumtitanates,
and crystalline oxides. 8 The device according to
Caimb5 wherein said netal |ayer is selected fromthe

gr oup +6ORELRIAI NYoRf: Ak 1:QUMS ;4 ist ﬁmréjim seﬂi.id_cgeﬁcle’ di%@@qqlric layer is
tantalum nol ybdenum tungsten, zirconium hafnium
vanadieamd pakl ddi ahepr aadtaghirgndidhgon’ dioxid® nitrided silicon

dioxide, silicon nitride, and a combination thereof.

7. The device according to Claim 5 wherein said gate dielectric layer is
selected from the group containing zirconium oxide, hafnium cxide,
aluminum oxide, tantalum pentoxide, barium strontium titanates, and

crystalline oxides,

8. The device according to Claim 5 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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