BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON The present
invention relates to the fabrication of integrated circuit devices, and
nore particularly, to a nethod of fabricating dual-netal transistors in the
fabrication of integrated circuits. (2) DESCRI PTION OF THE PRI OR ART For
sub- O. | am CMOS t echnol ogy, there are alnunber of issues. The choice of gate
dielectric is one issue that will not be addressed here. O her issues
related t te.s i.n¢l ude: 1 t al es are needed to replace
conventi ogafﬁggglg?;sﬁloi tcE%Cr?lﬁgIg{Ang iq}r?lmc%’r) er to Yo ucFZORpolT'y %Ne%l Btibh® effects.
Depl etion effects translate to a reduction in the electric field across the
gate dielectric (EOx) amdcheroenNon\ar sixon ahange cdensity; that is, |ower
drive current. The effect will become nore pronounced with snaller gate
geonetries _due to thinner gate oxide, which translates to a higher gate

oxi de dapaEit&Rcar TﬁFsIF¥%§F9§Nin a non-negligible depletion capacitance
in the polysilicon gateecas rwelelntas nivieartsiidn comn channad .t Metal gates are
neededst@-feRkage €@NYERLIQAAl Saliicided palysid il £s. Lowgate
resistance.is._difficult to achieve wth conventional salicide technol ogy
due topfﬁngBHPF'éfiﬁﬁ GeMENdS Yof° fgddd 5imnadtivh 44t'egtst3t and | ow gate

resi st aneesiOhorhe isothee/fdibaiiratd ogi ldfciide gdratienessi ofuitess t han 20
nanoneters is required when gate geonetries reach bel ow 70nm for | ow
specific.c .StV ty. he ot her hand, it is expected that the
silici g)tﬁ?%ggégéﬁ§ﬁ %ﬁeTééte nﬁét%@ at least 45 nmin order to attain a
sheet resistance of Fégs sulaf -3 xgh#sfC$q Heogrhnovwe s gridi e 7 opagad i on del ay.

2 3) Dnfifheeentcngkahssar e theeded if@r Jr+ @and ik gates: e 4 o, gat e work
functi nsiderations in.order. t o _achi.eve sy trically low threshold
voItagggs?goﬁh?gmgééae?Oée§%cg§d§5€ﬁ%%;ﬁﬁﬁ%%ﬂJ&£§e?(ﬁ57¢%fr@ﬁﬁ%t% d PFETS
It is HBstPBAIRHSpro&FFHe i8d°Pideess to address these various concerns. U.S.
Pat ent 6, 001, 69B to Kuroda di scl oses a process for form ng CMOS gates using

an inverse gatf.pPLOCESSeUaSe RALORY 2,786,356 10 er_et. al shows an
i nverse pol si,Iiecon gateespraogesns. u. S. DPat epﬁlt sce6,clo§g{e Glgtrba]Yu and
I

6, 189, BB3YEOL ¥EBRagAMfE & &F9GiTs ¢IP0<E TRFFMP Yat &l S 11 cont tat &
procesBesleUi&n Péfents6t066,5333et ooYw shwowms: ta «dualn netal e gad € pr 0cess.

U.S. Patent 8c9335968ct galdang .8t cal- :di s@ases, & Melal. gatf PLOgEss using a
dunmy gate. atent 5,731,239 to et al teaches a polysilicon gate

U.S. Pate Vion
process:afﬁg.dﬁ%ﬁéﬁ?’SF@@?,3?4 98wéfi€ﬁ&%€t%%E%ﬁ%k1o§@§zf?@ﬁF?ayer et al
gate. €blpehdfpgeUnSrepParentuApgpld eattitorrrSdrical dNUrdere 09t {68 0D:993) to
N.C. Hueitrinakrdysekosas canother nmethed 16f: SOrg ng wWuale e gates that

addr es i s.described.herein._above. SUMWWARY OF THE | NVENTI ON
Accord?ﬁ%?%,%gsggfﬁ§P§eébjggfsofefﬁé%Fnﬁghfi5#%??%%?%ﬂ%§z?kaa.process for
f or m ngehkthi °GaraBarer 2aCNESIPr 4hsi $drs lild ddve Seedly iacatvionl ofs i piegr at ed
Circuiéslicon channel.

2} Metal gates are needed toc replace conventional
salicided polysilicon gates. Low gate resistance is
difficult to achieve with conventional salicide technelogy
due to the conflicting demands of good junction integrity and
low gate resistance. On the scource/drain, a silicide
thickness of less than 20 nanometers is required when gate
geometries reach below 70nm for low specific contact
resistivity. Cn the other hand, it is expected that the
silicide thickness on the gate must be at least 45 nm in
order tc attain a sheet resistance of less than 5 ohms/sq for

low signal prepagation delay.



A further object of the invention is to provide a process for formng
dual -netal gate CMOS transistors in the fabrication of integrated circuits.
In accordance with the objects of the invention, a nmethod for formng a
dual -nmetal gate CMOS transistors is achieved. An NMOS active area and a
PMOS active area are provided on a sem conductor substrate 3 separated by
i sol ation regions. A pad oxide |ayer ig formed overlying the seni conduct or
substrate in each of the active areas. A nitride |ayer is deposited
overlying the pad oxide layer. The nitride layer is patterned to forma
first dunmy gate in each of the active areas. lons are inplanted to form
source/ drai A’r Bgiférs ein @&dt 1of atte nfctdade freast notd covegede pydede first
dummy gat QSteTherfki EShcdummy @atsas afe il S riapi €add y €3 chedi ¢ - f orm second
dunmy gahGs ¢ hinper }g%”t%Q%sﬂJfg Aumy. tf?ﬁﬁﬂfhs are inplanted to form
(o

Irghtly oped sour defdrain regions in e e active areas not covered
by sec8H@Pdé@fmy gares espi élcgcttticc Npdcerat hrF ¥%¥ med on si dewal k of the
second dummy gates. Thereafter, the source/drarn regions are silicided. The
second dummy . gates.and SPacerLs /L& d dc Aftgdﬁtda@t&d{e&?&trlc | ayer
is deposited overly t he substrate an 9% ci ded” source/ drai n regions. A
first HFFFBgﬁoﬁoBaﬁfrgr | ayer is deposrted overlying the first gate
dielectric layer. A first metal layer is deposited overlying the first

di ffusion bargiepakauer.c, tha fdoest: JmatdlodAyelscfdgst 4i MééQQ parrier
layer, _and .t eghrrst ate dielectric |ayer are patterned to forma first

metal §3F&'PR GA&°of *THE Nﬁﬁ@gaﬁ@'ﬁﬁﬂ@aﬁﬁ|Qﬁ§%u%ﬁ%ceiﬁ ox?d% | ayer is
deposrPeéeeveﬁLYﬁﬁgZﬁﬁet@u§§vﬁa@e a&td alhesfdrstametategag e. The oxi de | ayer
is pﬁl bshed: l@a@Knt@attEeprf%tﬁ@'ssgatQJ fsA \/Eiaatarst@peeneﬂqtm@ug&t thea RXI dedl ayer
to the sybst e.in_the _other ane second gate
drelectrrgﬁlgggr 5n8§|t&§\Jﬁlﬁ%t%ﬁﬁf\ﬂ%fcékﬁu a%ts%%o%dAer??usron
barri eF2FayEF°Fr§ Sééﬁosr ted -overteyith g t4He? .Setonik gat eﬂm‘eti ectdvell ayer. A
secondmeetal gkayep riosedaposiut.ed G@&M@Mrﬁ}dﬁe seconsl wiffgséonabarrier

| ayer @gg @gggghgd ha t.h I to ond,netal gate in

m %NCé%t %B%%E ard@“%g J&ﬁﬁ%ehfgg n?

t he ot her one of eas to co ornatron of
dual - nﬁearngaée7éjt/oé3t9r &0s"erGr €5 %t Hee AT caatrrcohyerllaﬁorl ng 2t at ed

ci rcui broBREEF DESERI PELENtOB , FHE MRMNﬂ«}Eﬂfwﬂimeecﬁnnmamylagedramnngs

formng,a @ggggragtgargaqf thb%4$3%gﬂggr§nb tggq@hgsAg oW ;.4 Figs. 1
t hrough 15 are cross- sectronal resentatrons of a referred enmbodi ment  of

the pra&Entti NYBREFoR®/ Fig— }6-| 53 G dsstsect ithrial #Epr eSentation of a
conpleﬂeaCﬂneegramedhewr@@meHaMﬁ(ﬂuaﬂimuxﬂuaﬂrmptiﬂemawe$ethed enbodi nment
of theapgeseBt thaverRthaRr. RESCRIRH OGN G THE RREFERRED EMBCDI MENTS The
present invention is a sinple manufacturable dual -nmetal gate process. The
process schene all-ows great flexibility in the choice of gate materials
using netals. In addi EVYHARY SHFPliigE (ISOIHOPI @ et ch is used to achieve
reversed LDD and source/drain i nplantation steps. This is inportant for

shal | ow extension regions. |t Ji.s inportant to not e that different. netal
etching rates due to S diFréredt metal's For® NFETS aﬁdlﬁ?E?% |s£ﬁo an

i ssue A Fﬁr§rPﬁ9€ﬁtFoﬁF°R€ﬁérﬁQﬁ;ﬁﬂﬁm%ﬁﬁwﬂiﬁﬂti%ﬁﬂ%ﬁl@otocm$§. 1, there

i S shownaassembeenductar Substircatta k0.0 fThis: d $rpred e ablyi e®nocrystal | i ne
silicon. Isolation regions, such as shallow trench isolation (STI) 12, are
formed in the substrate to separate active regions. P-well 14 and N-well 16
are formed within thePRsdBsttstte °Pa€ Gt Corlfentibran ti Port exafpl e, P-wel | 19
has beenctorped pmoarsNMIS radtorwe ngr et aanthdN-aeldatld trass been forned in a

PMOS acthLye;akeas Punechthr-qugh and threshald yoltage. adi yst prent
i npl antati ons, not shown, are made as is conventional in the art.

In accordance with the objects of the
invention, a method for forming a dual-metal gate CMOS
transistors i1s achieved. An NMOS active area and a PMOS

active area are provided on a semiconductor substrate



Referring nowto Fig. 2, a pad oxide layer 18 is grown or deposited over
the substrate to a thickness of between about 100 and 150 Angstrons. A
nitride layer 20, such as silicon nitride or Si OxNy, is deposited over the
pad 5 oxide layer 18 to a thickness of between about 2400 and 2600
Angstrons. A photoresist mask 25 is fornmed over the silicon nitride |ayer
20. The layer 20 is patterned to formdummy gates, as shown in Fig. 3.
These dunmy gates are larger than the final gates will be, by about 1600 to
| 800 A L Ihe resist mask 25 is removed. A econd mask 27 i s forned
to shie gta ENEB ﬁr‘?"tﬁhé "Wl Taréa. %or?s dgroe“l(fﬁ) ahtTd 29 Thtthe NMOS
acti veCHdPEAYWAEr E MEhEFMALE ML tsIro Gled e ttehd rd A i rflde gat&ve@0 to form
sour cehdeakn reghanside. 1Ehe rnmask d%Z;ois&tfeeﬂmAﬂéi:lﬁz{Jﬂﬂ’rde sk Sdids formed
to shi he a l.ons, are inplanted 33 into the
PMOS ag%gsg ar gg{@ngﬁt?q’de %a%?%"‘ﬂot rE)5’1 cf'dbt ard“urmyr/rpnl?rl%e g%te 20 to
f orm s8fr&eldr 5RA"r &4i GRS 3&“P€§f é‘rrrelar?g n(i\ﬁ“tso aPieg 1oplgp g ephi Ee t her Tl
anneal EngrtRTAYaiis pepfionrednt @ aactt iofater et e tdopadseasTheo tf esé-séré@sk 31 i s

Str'DPSQ th@mklggtlEghﬁgpb%t%QeW|%%l WQEé%‘thﬁ%FE¥Jé¥r§¥£to decrease the
wi dt h and, hei tes 20. The new'dummy gates 40 are smaller

th a
in w df‘ﬁofﬁaﬁg (119%5I atﬁﬁteéls té’o% By M 66T G L8 ARGET T O s BhE Aret dhor t er
than theeoFdrgat ésmby §806sto I8GG Angstirgrisar(tord & dyf aboutidifo)y Referring

now t ogkbga Boutbe/saeeend r@@%n%7 ilnS Rga 1 4 qrﬂeedaé@lwlaeééiaé he, PM3S ar ea.
|l ons are |rrgljagted 41 i.nto the NMOS active area where they are not bl ocked

by t he®AURiy nPtr "8&°Gat € “A6¥ §°6°m | i"diiriS dope GSpsao‘iJer’i:Se/”lfr%l °regtons 92.
The nmask QYdPSaﬂéﬁovédtWhéeFWPlﬂd dvesly Ik tiess .agalire fegrftetdc £ ot shi el d t he
NMOS atearcagdshownreBibng. afe kans ArRd. rrplxam et A d ond heg PMBS active

area whee. by are ot Blogked hy the. 6 dumy, pytride gate 40 to form

i ghtly doped source/drain regions i's rem)vlédr Referring
now t o2 FPHS I BEdaAVEXENABE Ples SdPaSer tanfed iTig sl dret formeeke tdrakr i vat e
t he extensbon.dopant sstocfiarmsshal |b&erll¢I’tCtJJani’bSr aingd deqacrﬁdw@ | at er al

d'foSBOer}'DhE eggpk%@% fggrtrgafd'l%ri J&ella%@ndgs fzq{%w Rever si ng

the LDD and source/drain inplantati on step i's achi eve I sotropic
et chi nba%”%’éthqaépaﬁbFF&dOPGfGHénduw Jated. it giey rﬁﬁ)rrltlaﬂ to the
formatlemceof aThel FFicent meltkked 1slyalx, 0w ijrsnctdioitusiiven shat4i0ur j Lgd+ on i S

achi evggdbyhgagegs@neg%l g e@fectthlg cL@Qy@qpaﬂtes pﬁafttteerrJJlﬁ SOUF LY drain RTA
anneal ., as descr bed_abqve in reference toﬁrﬁﬂgapﬁ'{ast ternatlvely a single
[

RTA anheaf SnB" B%ﬁeorlﬁeanﬁf £ér *e OB TYiF 0" dtti3¥at e dopants
in bothnLméﬁdlsmarceﬁdﬂapnssltMI paredwsing. tRef erublgigraroa 4o Filge 9, a

dielectiiet!l ayern196aks.depasi bed s@ver yhe isurfAace mfq the.isubsty@at e and over

the du ates_ 90 to_a th| cknessdofthbet weern about, 800 and 1000 Angstrons.

The di el et r?c Fayer 86°may C6Mpri‘se teétraet KXy ST 1%ne IHECS)° ot de or a
conposfeRsFa§RP BP bhasﬁﬁhéﬁhaﬁéed’fcﬁ@m ANASy arghdMUeposiaed (PE-CVD) TEOCS
(150 Asgsbtrongitandikowcterpenatyure i@l @sdshan Orviequal 4 via

opening. A second diffusion barrier layer is deposited
overlying the second gate dielectric layer. A second metal
layer is deposited overlying the second diffusion barrier
layer and polished back to the oxide layer to form a second
metal gate in the other one ¢f the NMOS and PMOS areas to
cemplete formation of dual-metal gate CMOS transistors in the

fabrication of an integrated circuit.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:



700 oC) silicon nitride (850 Angstrons). The dielectric layer 46 is

ani sotropically etched back using a plasnma etch to form spacers 48 on the
si dewal k of the dummy gates 90, as shown in Fig. 10. Thermal budget control
is essential fromFig. 9 onwards by limting all tenperatures to bel ow 700
oC. Referring nowto Fig. 11, a netal stack is deposited over the
substrate. The nmetal stack may be coba#t with a titaniumcap or nickel wth
a titaniumcap. The nmetal stack is anneal ed whereby it reacts with the
underlying silicon in the source/drain regions to forma netal silicide 50.
The unreacted nmetal stack over the dumry gates is removed. This is a

sel f-aligned silicid&igsal ilcitder ysrodesereForr ddre JAcikednsl | i ci de process,
t he theéﬁnbsbudgeﬁohs BEaSUpeE rand dde riteperatures ishkepte hehow 600 oC.
The Ni § ?ggggﬁs is preferred to m nimze abnormal source-drain |ateral
dopant d| usion which would result in worse short channel effects.
Referring nowto Fig. 11, the dummy nitride gates 40 are renoved by hot
H3P04, for exanple. Thegunder liyi rg caxisde deaytaronlll isegeimvedabyom dfl ut e
hydrofgugghﬁla%q Q;tegfe)at%rad cqr%wcer}tgb%aé t%%aﬁ:lcﬁnﬁg;li e@léo cl eani ng step

is tine four hours) to the subsequent hi ectric deposition.
Now t hBZQa&FF ﬁgtﬁpb§§ﬁ§§n6fOFhéhﬁr€§€ﬁF qnﬁ&ﬁﬁ?ﬁf%ﬂe to be fabricat ed.
First, as shown in Fig. 12, a high dielectric constant (k) material |ayer
52 is deposited by an atonic | ayer CVD process over the exposed silicon
substrate and over the salicided source/drain regions, followed by a | ow
tenperature anneal. This high-k |ayer nmay contain a stack conprising
silicon oxynitri dBEGERSFITIIONN CdxiTdid fPAH*RARE h\EMFECIBFENTS i con nitride,

(Ba, Sr9) TiO TaxOy, TiOx, H 02, Zr02, and so on. The silicate glass is
first deposited; a sug%%qu%g%en w.tenper.at ure anneal f@ an oxygen or

ni trogen anbi ent produces Fan “oxi dée “or oxynltrld% ﬁaﬁér between the silicate
gl ass BAAUERETEFRPE6N I8dBsTMeate. IRie Pase dsdyer BXR HusC % Thi tkhess of

bet weenlabeut ¢36zand 135 iANGStyOB. thNaW,chd ey rd ergded ahad @yed154 i's
deposwe%evaetwg basg q'd%lletq ol C o A%ET5192-1 Jkerobpai l&r et al, L ayer may

conpri se tantalum tantal un1n|tr|de titani um nitri or tungsten nitride
deposi t8d36§+ ﬁﬁeafﬁﬁféSF&yéPDCVdeF§€é§$4%?%%%fﬁWﬁ&ﬁﬁﬁﬁ?ﬁo%e?V%%ﬁ about 50
and 80TAngst solBpoNowp ta foirr stharmBloal elxeryeers 36, conpid si ngr ol ybdenum

titani ym)m_ntcah@etct HBQ%t Qrﬂ,att Idtl%@etfr@n fCORAGN, Aeisidd cldes, 4. dgposited
over the barrier to a thickness of between about 1600 and 1800

Angst r bAE. dll—'lfﬁﬁﬂe?t &ﬁtér]rtsl o 8 MFEISe iV € Tt ity 1Hy et (BIREY BB, such as
silicohnnEt ihderdkc8i-OxNy is deposited over the first netal | ayer to a

thi ckness of between about 300 and 600 Angstroms. Thickness is based on the
k-val ue of the BARC I %$r and subseqyent Si Iatlo to imze refection
fromthe netal |ayers. “The first fetal”  &er STHA 1% ?P 1% be’ pat t er ned
to forheRe firskomet 8l sgatie.o nRYIc texampives t natee fiG st @alt% fornmed is shown
tF be ﬁhefNEEElgﬁhenobEwMtbhlb@efﬁd&ﬁ&?ﬁpd gﬁgﬂuﬁﬁbﬁkiiﬁfﬁbén §@@harL t hat
alternati Qu or Irst. A photoresist mask 70
is for%%dggé%?Othrnggglq%tggﬁlofhégﬁétaﬁmgtaéf(ﬁﬁ%&ﬁ£4landldlelectrlc

| ayer B52PaF&2E&EcREd S&RAY 2MTePE NGy T8rd%d HGt- cdreted by tded nhske 7D to form
the firstametabrgatiewifniinl kst sated dat i s 13 Rafwidd Dgh oW toofig. 13,
an oxi de.Layer, Psue@1a§4b% AQPRQSRNG- 1, Gl S Aqt] hwﬂg@{e c.(éPJ%C%)e od % 94

undoped silicate gl ass (LJCE is dep03| ted to ness o t ween about
5000 alld“BoB0!AngStr 878 “over "tie Culls i@t afd theé 9% st netal gate. The
BPTEO5®ayekh¥6uis poki shedshadk tve ltthe ecantd jusafr eact | vep coat 4 ngohayer 60,
such ag,bysgheHl cakoMaghanizcal; splJnsiNg iGMP);n NoW Anot her photor esi st
mask BO i s forned havi ng an openi ng where a second netal gate is to be
formed. The BPTECS | ayer 76 is etched through to the substrate where it is
not covered by the nma8kf80.riTlye nparsk oBOiiss St.rigpped offidy dayeashé ng and a
\Set|Ch@m gallmm B%edeiagrsa_%)é@m![v%d: R%Ieﬁrsruj}:{lﬁ:m\@ ttcbdFai g;thllékn@séﬂngE S
ielectric |aye eposi within the second gate openi e hi gh-
naterlé FEI8yeér aéﬁu% 1%0 @@dtﬁé%s§ﬁ§8t6ﬁﬂ%%ltlﬁnP%ﬁﬁf ?u%%%%%sygs the first
gate dFéFéc?ﬁlélﬂayeP BZtrN@w,oa IFd0miNer, et aledepyicre 84V &r delposta@d over
the base dielectric |ayer 82. The barrier netal |ayer may conprise titanium
nitride or tantalumnitride deposited by an atom c |ayer CVD process to a
t hi ckness of between about 50 and 80



9 Angstrons. Now, a second netal |ayer 86, conprising nolybdenum titanium
nitride, tungsten, titanium copper, or silicides, is deposited over the
barrier nmetal |ayer 89 and polished back such as by CVWP to conplete the
second netal gate 86, as shown in Fig. 15. This conpletes the formation of
dual -netal gates for CMOS transistors. It is inportant to note that the
process of the present invention allows great flexibility in the choice of
gate materials. The NMOS and PMOS gat es can be made of different netals to
fine-tup h ate rk fun n there al | ow the fabricatjon of
synnetglga% esho}eD voltaées%f *bStth “dhd 2Py hg Tonti nues
to forﬁﬂééﬁfaéﬁs and back end processing, as is conventional in the art.

For exanple, Fig. 16 illustrates an interlevel dielectric layer 90 covering
the netal gates 56 ang %gotgggglggsmg%wezge%% et gl ed throug@hthe interlevel
dielectric |ayers, contacts for exanp as shown, to the

sour ceFarléFﬁnr BgFonde FRE°pr Gfess Tof (i Sf e?s’:’eri"tS |Prﬂ/feﬁﬁﬁw proviees a
si mpl edurmpubactur ablse stvaln- met ali ggatse process.dukhey pfocessasehene al l ows a

great fhLeytbikhty ltﬂet @en%HOIg%%e%f «Jahe gt &rJ aalb%u@yl@oos'm)'fséio”op' c
etch tgchnl DD and source/drain i'mplantation steps can

revers 8_5?%P§5|S |nportant to the formation of a well-controlled shallow
junction. While the invention has been particularly shown and descri bed

with reference to theTlareefrersrlecé ehadients therenf, 4 wld,be,pnderstood
by tho skllled n the art t variouys changes in forn1and details may be
2712 SBsP ﬁg‘ Elerolst l&ndnjs %}3‘“’90]fl tHe® 3 nventidnice 10

made mnthout epartlng Prgnlt
Vhat ismelaried £8: 1rtoAtimet BYE Sofe cftdmvei g edualhamst alhggatar CMOS- tr ansi st or s
in thebiabkbaabymahef duAhegnhated dei lGWd o€ APISiMGs o Y V) &l ign an NMOS
actlvergéegngngoe PMXS %%tlvg7arear%fOaé%enlconductor substrate separated
by 5 isolation regions; formng a pa oxl de | ayer overlying said

sem conductor substrate in each of said active areas; depositing a nitride
| ayer overlying said padraxiddealsayern,; lkOﬂmﬁMéHrﬂdubﬁﬁﬂxhrﬂﬁdimkbéayer to

forn]aaEEEStagugHngaEg %@geagh OEO%%'% ‘“ﬂﬁﬁ%fﬂ cas; 3quhgntlng lons to
formsource/drain regions in each of said active areas not covered by said
first aﬂﬂﬁyaaafgg area where they are not blocked by the dummy

nitride gate 20 to form source/drain regions 34.

Referring now te Fig. 5, a rapid thermal
annealing {RTA) is performed to activate the dopants. The
resist mask 31 is stripped. Now, an isotropic chemical wet
etch is performed to decrease the width and height of the
dummy gates 20. The new dummy gates 40 are smaller in width
than the old gates 20 by 1600 to 1800 Angstroms and are
shorter than the old gates by 1600 to 1800 Angstroms (or a by
about 17%).

Referring now to Fig. 6, the second mask 27 is
again formed to shield the PMOS area. Ions are implanted 41
inte the NMOS active area where they are not blocked by the
dummy nitride gate 40 to form lightly doped source/drain

regions 42. The mask 27 is removed.

The third mask 31 is again formed tec shield
the NMOS area, as shown in Fig. 7. Ions are implanted 43

into the PMOS active area where they are not blocked by the



15 isotropically etching said first dumry gates to form second dumy gates
thinner than said first dunmy gates; inplanting ions to formlightly doped
source/drain regions in each of said active areas not covered by said 20
second dummy gates; formng dielectric spacers on sidewal k of said second
dummy gates; thereafter siliciding said source/drain regions; thereafter
renovi ng sai d second dummy gates and 28 said spacers; depositing a first
gate dielectric layer overlying said substrate and said silicided

source/drain_re epqsiting a flrst [ sion barrier |ayer overlying
sai d fIFS? élelgggrlg%léoe% §bldébogﬁi|ﬁﬁ’épf?%%ﬁc%éﬁﬁﬁ Tayer
overlyFﬁ@lgan4ﬁ|rthG|FPE§|§ﬁ Bar rhegvevegdrer; patterning said first netal

| ayer, said first diffusion barrier layer, and said first gate dielectric

| ayer to forma first g@%@&lggt% M“t%ﬂ%~0f §g| hﬁg%% i) :fNQ§ active
su str

ar eas,; 11 depositing an oxi yer overlylng sal e and said
first MBFaF QaPéaéthp6P|§ﬁFﬁ@ H&@kt§m%f9ﬁﬁ%ﬂ?I?ﬂ&we%Rﬁ%%iﬁﬂflrst met al
gate; Odpeahng aovifarthsough osaijd nexiide s ayer Ho sadk4Q stdbsirate in the
ot her gnerQt;said NMOS and PMOS areas; depositing a second gate dielectric
| ayer within said via opening; depositing a second diffusion barrier |ayer
overlying said second gate dielectric |ayer; 45 depositing a second netal

| ayer overlying said §ééend cdipflietrisorf oyarardiierm |efyerhandpodishi ng back said
secondsget_—ala/hax% toRgaieqs%igd%hleamrD anf adn.a seeond, netal gate on said
ot her one ths NQS 2 NKE%_ reas to npl ete formation said of

dual - nef'a 58 tﬁﬁng ST A% ?zﬂﬁqQﬁﬁﬁ%ﬁ1%ﬁ W9 nt egr at ed
circuiF?CQPiqhe ﬁEPheddaé@oﬁéﬁngwmmw]%ﬂwﬁﬂ.fdﬂhﬁenaxwﬂnQquqFftwn1ng a
P-wel | the sarflaNMES aegt iavgeaae@oalmcioflqrera m&%aandeAcﬂlmﬁai deéVDS active
ar ea. T . .accordiing.to Im.1 ereln sald p ayer
conprlggg E?VFEBHQ |§§|85 an lﬁ§§%L thlgfﬁgéfﬁﬁeixﬁW%éﬁga out 0 and 150
Angst r 8fBargs ?ﬁéeﬁefﬁédsaéééﬁdﬁﬁgﬂﬂ)Wﬁ%ﬂ%ﬁ@?ﬁﬂﬂﬂ%ﬁrﬁ%ﬁﬂ%ﬂbﬁ@r#?ﬂw¢ayer
has a thi eknessnot between aboutn124Q0.2ande2600 a single RTA anneal

may be performed after the LDD implantation to activate

dopants in both LDD and source/drain simultaneously.

Referring now to Fig. 9, a dielectric layer 46
is deposited over the surface of the substrate and over the
dummy gates 40 to a thickness of between about 800 and 1000
Angstroms. The dielectric layer 46 may comprise
tetraethoxysilane (TEOS) oxide or a composite layer of
plasma-enhanced chemically vapor deposited {PE-CVD) TEOS (150
Angstroms) and low temperature (less than or egual to
700 oC) silicon nitride {850 Angstroms). The dielectric
layer 46 is anisotropically etched back using a plasma etch
to form spacers 48 on the sidewalls of the dummy gates 40, as
shown in Fig. 10, Thermal budget control is essential from

Fig. 9 onwards by limiting all temperaturés to below 700 oC.

Referring now to Fig. 11, a metal stack is
deposited over the substrate. The metal stack may be cobalt
with a titanium cap or nickel with a titanium cap. The metal
stack i1s annealed whereby it reacts with the underlying
silicon in the source/drain regions to form a metal silicide

50. The unreacted metal stack cover the dummy gates is



Angstrons. 5. The method according to Claim1 wherein said source/drain
ions are activated by a rapid thermal annealing after said source/drain
ions are inplanted and wherein said |lightly doped source/drain ions are
activated by a |laser annealing after said |lightly doped source/drain ions
are inplanted. 6. The nmethod according to Claim1 wherein said source/drain
ions and said lightly doped source/dra¥n ions are activated by a single
rapid thermal annealing after said |ightly doped source/drain ions are

i mpl ant ed. 12 .Th th di to Cdaim1l wherein said step of
| np anrgmovedu zhl €M OngéﬁgkgkggF;%%ﬁéy%nﬁ%%ﬁ%ﬁ%éfbépéocgssp

siliciding said soufcéfdfai®s
cobal t FEFt Ahrum 6&p Ll ayér cdrd ea paicckes! s/ t itthenithm eyl Itydget 8is The met hod
gccorﬁhagshae@ ahm ﬁhxéheréla'brérs\aiuded%% Gﬁﬁﬂa%él&nWVderﬂc}fj sleﬁhe NiSJi.

orop -tetra xysil.an BPTE oxi de or. undoped silicate gl ass
havingggB?%F%k%gngSEQ%ZFﬁeéﬁ %68&?“%60zéﬁﬁf%ﬁkxf%ﬂéﬁﬁri%%%ng. The met hod
accorditA§ef8l CRaPAPE RAEF8iA oFai"d isthepr oof! & erffH Yy Igmi P Bec ol Blummy  gat es
conpri sesnusiingthettk3P09. 10. The method according to Claim1 wherein said
first and second gate dielectric layers conprise a high-k silicon oxide

| ayer having a thickness of between about 30 and 35 Angstrons. 11. The

met hod accordi ng to CR&FMT T RHeP@¥n Saifd %+ r'sltr dilfF vki"5h pakriede | ayer
conpri sesetanbabkum reantvakumynibtorci cis,Potdi,t airumxdtgliae, Tre tungsten nitride

and hagnaethi,ckpessiat hatween sahqut. 5Q.and 80 Angstrons, 42, - The, net hod
accordln? tg C%glﬁ]l further conpr|5|n§|dep05|t|ng a anti-reflective
coati n§ T ayér  6Ver | §Pfg3s&CdVFRFdC et A &/ her® i <3 P Y - refl ecti ve
coati ngtrayer tomprisesedi l(ifoom dweymist)ritde tdre siddcomrantt ridehand has a

t hi cknessi1ettbetweepoaheuw,n300 and 600 Angstrons. 13. The nmethod according
to Caim1 wherein said first and second netal |ayers may conprise
different materials and wherein said materials are nol ybdenum titanium
nitride, tungsten, coPpéer thei tanilumeterd sidted dels.thD . pyenetthod of formng
dual - netakrngabe EMStbr dRSifSberisatelld First, as shown in Fig. 12,

a high dielectric constant (k) material layer 32 is deposited
by an atomic layer CVD process over the exposed silicon
substrate and over the salicided source/drain regions,
followed by a low temperature anneal. This high-k layer may
contain a stack comprising silicon oxynitride or silicon
oxide followed by one of silicon nitride, {(Ba, Srd4) TioO,
TaxCy, TiOx, HfO0Z2, Zr02, and so on. The silicate glass is
first deposited; a subseguent low temperature anneal in an
oxygen or nitrogen ambient produces an oxide or oxynitride
layer between the silicate glass and the silicon substirate.
The base layer 52 has a thickness of between about 30 and 35

Angstroms.

Now, a barrier metal layer 54 is deposited
over the base dielectric layer 52. The barrier metal laver
may comprise tantalum, tantalum nitride, titanium nitride, or
tungsten nitride deposited by an atomic layer CVD process to
a thickness of between about 50 and 80 Angstroms. Now, a
first metal layer 56, comprising molybdenum, titanium
nitride, tungsten, titanium, copper, or silicides, 1is
deposited over the barrier metal layer to a thickness of

between about 1600 and 1800 Angstroms. Finally, an anti-



in the fabrication of integrated circuits conprising: providing an NMOS
active area and a PMOS active area of a sem conductor substrate separated
by isolation 5 regions; form ng a pad oxide | ayer overlying said

sem conductor substrate in each of said active areas; depositing a nitride
| ayer overlying said pad oxide |layer; 10 patterning said nitride layer to
forma first dummy gate in each of sai8 active areas; inplanting first ions
to formsource/drain regions in each of said active areas not covered by

said fir dur ates; 15 isotrapically etching said first dunny gates to
forn1s@%g%acggg%ygagtéggp Fﬁﬁér(gﬁgﬁésgﬁd F??%%qﬁhﬁﬁgjﬁﬁ?é§fl%5% anting
second®FoRsCEBYf 6EnfEPEREIFpIdEped $bGr férdtaime tradgilers 4 rfeach of said
acti vetaieasecBst c20ve0veradabyusaind osacand cdumng gateass. t hereaftiess dri ving

(0 sald.fhistqaapd 2gcopd,Lons L 33 Adke ARG Lhes mal, Anneald ng step:
formng dielectric spacers on sidewal k of sai'd secon éﬁnﬁi gdies; 25
t her eaf tBRL&FF PRI BPNBIBAMd 2806 REEFIAEPN TFédi S MHeredfa¥t” T enpvi ng sai d

second dummy gates and said spacers; depositing a first gate dielectric
| ayer overlying said sypstrate and.saihd.sidigided ;soyrce/draid regions; 30
depositing a first diffusion barrier |ayer overlying said first gate
di el ecPPFESFA§8r F°d8BEBI t1fig Ta tFfitr &F Tt &2 Heayer® dver g saitf fi r st
di ffusFonsbagrter fbayer; ipasterni ng sai d el NFE Metaetle | ayler ,wishl dbdirst 35
g! ff;JShE)tBeQQEB?QV pbay%se?@ﬁii_agb% filnf &mdeg%t& ctlhealttecatlwecrmyiaéelt,o, ff_r m a
irs a e_in aone sai an active areas; depo ing an
oxi de a?e%Fgge?Féfnﬁogégdbguggfpgggféﬁ&tSai 'é%%ﬁoﬁﬁﬁﬁatgﬂﬁ%ﬁéﬁ%
p0|iShiﬁgfga@RdsaygrO%pgemetal stack. The metal stack 60/56/54 and
dielectric layer 52 are etched away where they are not
covered by the mask 70 to form the first metal gate 56,

illustrated in Fig. 13.

Referring now to Fig. 13, an oxide layer, such
as borophospho-tetraethoxysilane (BPTEOS) 76 or undoped
silicate glass (USG) is deposited to a thickness of between
about 5000 and 6000 Angstroms over the substrate and the
first metal gate. The BPTEOS layer 76 is polished back to
the anti-reflective coating layer 60, such as by chemical

mechanical polishing (CMP}).

Now, another photoresist mask 80 is formed
having an opening where a second metal gate is to be formed.
The BPTEOS layer 76 is etched through to the substrate where
it is neot covered by the mask 80. The mask 80 is stripped

off by dry ashing and a wet chemical rinse, for example.

Referring now to Fig. 14, a high-k dielectric
layer 82 is deposited within the second gate opening. The
high-k material layer 82 may have the same composition and
thickness as the first gate dielectric layer 5Z. Now, a
barrier metal layer 84 is deposited over the base dielectric
layer 82, The barrier metal layer may comprise titanium
nitride or tantalum nitride deposited by an atomic layer

CVD process to a thickness of between about 50 and 80



14 90 layer to said first metal gate; opening a via through said oxide

| ayer to said substrate in the other one of said NMOS and PMOS areas;
depositing a second gate dielectric layer within said via opening;
depositing a second diffusion barrier 95 | ayer overlying said second gate
dielectric layer; depositing a second netal |ayer overlying said second

di ffusion barrier layer and polishing Back said second nmetal |ayer to said
oxi de layer to forma second netal gate on said other one of said NMOS and
PMOS af % $:20,L0 conplete formation said of dual-netal gate CMOS
transistors rn the fabrication of an integrated circuit. 15. The nethod
according to Claim14 further conprising formng a P-well in said NMOS
active area and form rgwanaNseebhd mesaild 1IRME act,i wordeasindd. The net hod
accord i m e id p xi.de | r,.conprises silicon
d|0X|dggg%%8ﬁgEﬁ % nggshof§§g%we§% %ﬁgfﬁ 1 d% 0 Aﬁﬁ?irons 17. The
met hod3attot 8F g fé éfﬁ?ﬁﬂf@dwﬁéﬁélﬁh§aﬁ&ﬁ¥%ﬁﬁ(ﬂ?q%ﬁuﬂaﬁﬁﬁ;%ﬂt%ﬁ%kness of
bet weepo abebtd2486kandc26686 ARgstron®. cbip 1Bie nethat aatdrding to G aim 19
wher ei Qa@@' QGSt gp 9Bo§h| ?1' g"l@g %_%I d FQYF, C%/oq(pellerf rsegéhoensf CMJJ. £S5

siliciding a.cobal /tltanlun}caﬁ ayer or ni ckel /tltanlun}cap ayer. 19.
The method“8tcBPERAGIEESE aPM T Oﬁhéf@ﬁﬁl§éqfﬁﬁeﬂ%ﬁn%ﬁchﬁﬂ&ﬁa%%ﬂﬂ?lses
borophmsphotbetrQE?hgxysbbanef(IPEE@Sﬁs@mwdenmeunuhnxaiEnds(gﬁ&ﬁglass

havi ngs ek bbekness:af thet Wﬁ%@c@b%lft gﬁQQO @hd Q0% Angstd Qs 20,4 The net hod
accor dj to . Clalm1l1l4 wher ep of removing said second dummy gates

ai
conprlgggsugateshSF H3Bo8® e f% if%fﬁénﬁefﬁﬁﬁléb tor iy 1'9* 7§ & 19
wher ei 2 84ai dofkr §enandogsecdnd rgatve adilelvéetar itd o dpdrrsi oIt sef a hlgh k
siliconyaxédeikbayeenbavhbgaavbhizalkRess oof thetwaen ahod Bband 35
Angstrons. 22. The nethod according to Caim 14 wherein said first and
second diffusion barrier |ayers conprise tantalum tantalumnitride,
titaniumnitride or tﬁﬁ@§?éﬁlﬁﬁtFP@éléﬂﬁsh&@eQQHNMQﬂGﬁﬁﬁiiﬁam%ﬂ%E@ﬂ about
50 andeB® Angsteensy, 23s Thecﬁahb@dlaﬁaardanMg)dﬂﬁmrnéHk\MuﬁﬁﬁIbsald

first angd. segond: etah.Layens; MRY.Ga0Rni 8¢ Jidhanent Jpterjql s and wherein

said materials are nol y denum titaniumnitri e copper,
tIt&ﬂlﬁﬁ? 5} glFPEIB@Eal gates 56 and 86. Openlngs ave been
etched through the interlevel gdielectric layers, and contacts

84 made, for example, as shown, to the source/drain regions.

The process of the present invention provides a
simple, manufacturable duzl-metal gate process. The process
scheme allows a great flexibility in the choice of gate
materials. By & simple isotropic etch technigque, the LDD and
source/drain implantation steps can be reversed. This is
important to the formation of a well-controlled shallow

junction.

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.



29. A nethod of form ng dual -netal gate CMOS transistors in the fabrication
of integrated circuits conprising: providing an NMOS active area and a PMOS
active area of a sem conductor substrate separated by isolation 5 regions;
form ng a pad oxide |layer overlying said sem conductor substrate in each of
said active areas; depositing a nitride |ayer overlying said pad oxide

| ayer: 10 patterning said nitride layell to forma first dummy gate in each
of said active areas; inplanting first ions to formsource/drain regions in
each of said active apgas nqQt Gaovered by said first dummy gates and driving
in said first ions using rapi§ 5 " er el anneal ing; isotropically etching
said first dummy gates to form second dunmy gates thinner than said first
dummy gates; inplanting second ions to formlightly doped 20 source/drain

regions in gach gk <Aahd o aCkbys aeas ol Laverad byaal éaer?sojﬂgtoof}r%m% gates

and driving, in said 16 second ions using a |aser annealing;’
di el ectric $PatBPsTBRTSFEERAR R foft & adeCorfd 1S G™E I 95 g her eaf t er
siliciding said sogréeidpaian NEGISORS:;t itleergafd emd enmwiar) sat v second dunmy

gates and saida.SPacer $endeRASLlRG &Sty QatL dieleatnic 4 ayer overlying
sai d subs;ggte and said silicided source/drain regions; 30 depositing a

first dFftasi8A BSPFPEF I ayer overlying said first gate dielectric |ayer;

forming a pad oxide layer overlying said
semiconductor substrate in each of said active areas;

depositing a nitride layer overlying said pad oxide
layer;

10 patterning said nitride layer to form a first dummy
gate in each of said active areas;

implanting ions to form source/drain regions in
each of said active areas not covered by said first
dummy gates:

15 isotropically etching said first dummy gates to
form second dummy gates thinner than said first dummy
gates;

implanting ions to form lightly doped source/drain
regions in each of said active areas not covered by said

20 second dummy gates;

forming dielectric spacers on sidewalls of said
second dummy gates;

thereafter siliciding said source/drain regions;

thereafter removing said second dummy gates and 25

said spacers;

depositing a first gate dielectric layer overlying
said substrate and said silicided source/drain regions;

depositing a first diffusion barrier laver
overlying said first gate dielectric layer:

30 depositing a first metal layer overlying said first
diffusion barrier layer;

patterning said first metal layer, said first
diffusion barrier layer, and said first gate dielectric
layer to form a first metal gate in one of said NMOS 35

and PMOS active areas;



depositing a first netal |ayer overlying said first diffusion barrier

| ayer; patterning said first netal |ayer, said first 35 diffusion barrier

| ayer, and said first gate dielectric layer to forma first netal gate in
one of said NMOS and PMOS active areas; depositing an oxide |ayer overlying
said substrate and said first netal gate and polishing back said oxide 40

| ayer to said first metal gate; opening a via through said oxide |ayer to
said substrate in the other one of said NMOS and PMOS areas depositing a
second gate diel ggtr Sgtlg%er within said V|a qppnln ' @05|t|n a second

e

di ffusion barrier Gver Ixﬁldﬁ:’g said second ga & eI B T%yer

deposi ting éngeéahﬂ ﬁétrélt PEFEr GPErd Vinsy Bdliich sieco itk o ffasd Wb@?rl er
| ayer and pokiyshi ng back sairdtseecanrnd meital; | ayer to said OXI de Iayer to

forma second mebglagalbe <00 :5aid QLS N of SAl 4 NS & greas 50

to con‘gleteforrralon sai d 5|stor5|nthe
fabri catP8h*8f 2an®i ﬁlhégroéf’édf é’l“tecﬁft 532§ g“f“’r?eg fetho A cvifihy to C ai m 29
further conprisi AgrPeiriing a Bewelnld igx teaidd NMS maict | My @ eai amdh f or m ng an

N-vel | in sabdaPMOS aggwggar%@po%@tﬂ;@e Jrethad aceording, o, 4 2 ; 29
wherein said n|t ide |ayer _has a ckness of between about 2900 and 2600

Angst r ons. 775 he" frét H&&ga&?drddlsr?@QtHC? G DL WHET S © S Y st ep of
silici él?ng sai d deareérdrai n rsegicons redmpr ilses: sidvied diirg asaid

cobal t/titaBkupheap:kayenr oar pa ritiickeli/atjd-aniiymran dianer 528 Jheq met hod

according t rein said digelect Ia er,. co
borophosphogtgiggetﬁo?§2?ﬁgﬁ5 ?ﬁpf@éé)Oﬁif%b%- Exhdﬁbé%yéTI?c%ﬁ%Pﬁ?ass

havi ng a t h"ékAésg26F Bet ieéd abdetr W%%né%@%ﬁw%wo?%rah% met hod
accordi ng t eoCtainpl 29 eWiekain iSai dastdep;fofduraanmam Sad ik segonds glummy gat es

conpri ses,uskpg.hot , H%EQ‘*fangcmﬁo@P hod, acGarding Lo Ua'qﬁ‘lsﬂ"f;g'n”

said first and second ielectric layers conprise a
oxi de | ayer haW’ﬁgmatPﬁichﬁé§§d6PgbéPV\é:ér?1§bc§utf%hef’rfd %“WFQ%JEIFQ)HB

forming a P-well in said NMOS active area and forming an

N-well in said PMOS active area.

3. The method according to Claim I wherein said pad
oxide layer conprises silicon dioxide and has a

thickness of between about 100 and 150 Angstroms.

4. The method according to Claim 1 wherein said nitride
layer has a thickness of between about 2400 and 2600

Angstroms.

5. The method according to Claim 1 wherein said
source/drain ions are activated by a rapid thermal
annealing after said source/drain ions are impianted and
wherein said lightly doped source/drain ions are
activated by a laser annealing after said lightly doped

source/drain ions are implanted.

6. The method according to Claim 1 wherein said
source/drain ions and said lightly doped source/drain
ions are activated by a single rapid thermal annealing
after said lightly doped source/drain ions are

implanted.



31. The nethod according to Caim29 wherein said first and second
diffusion barrier layers conprise tantalum tantalumnitride, titanium
nitride, or tungsten nitride and have a thickness of between about 50 and
BO Angstrons. 32. The met hod according to C aim 24 wherein said first and
second nmetal layers may conprise different materials and wherein said
materials are nol ybdenum titaniumnit¥s de, tungsten, copper, titanium or
silicides. .A .Alu. Au. Alu. A .A . AUuA . .AA . .A . .Au A U A .A . Afu A VE5V%{S
Z7Y#

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]rc‘;"&] E&[FERc A CERIr SN sQTUIHEAESH' ) wherein said step of

+1 +T, | - 00d0e@j1 2k23c567 323 4<==x?22@Arasini d: o4 ica] £ ad &g €8 £8] ca] ca] ca] ca] cal ¢

a ca] ca] ca] ga]lqehea%c@o%%]ﬁa/]&acla[c}@ﬁ 1 £3) ¢ zg%a‘lcaiajc cal cal cal cal cal ACEES!

1 9JDJj KDLGLL Xsni cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] c&]lﬁé]a&é]téé]a(?é]ué‘éj‘:@é’] &é‘]yc,eﬂ -ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cal]\
A7 aaapdsdi |

Kkl T mmmwo Xzl [ Q\l]a] h%%@lo@_%]c%%]r%a}lncgalt%alcclaal qla] 1C6Lh¥eal] £al cal ca] ca] ca] ca] ca] ca]
cal ca] ca] ca ca] ca) cal cal] calca] ca] ca J\%}M& g5VeF| 10%& (;-II

1098 () - %%ﬁ *@to eﬁﬁ’(e)r fd‘%'l( ?&’ 9< %ﬂﬁ%ﬁﬁ‘w&% an90 10
10!, | +" 10%‘((3)?:“%5@ PQWE(PJCIHID@bMS(l)Mﬂﬁe glass having a

thickness cof between about 5000 and 6000 Angstroms.

9. The method according to Claim 1 wherein said step of

removing said second dummy gates comprises using hot
H3PO4.

10. The method according to Claim 1 wherein said first
and second gate dielectric layers comprise a high-k
silicon oxide layer having a thickness of between about

30 and 35 Angstroms.

11. The method according to Claim 1 wherein said first
diffusion barrier layer comprises tantalum, tantalum
nitride, titanium nitride, or tungsten nitride and has a

thickness of between about 50 and 80 Angstroms.

12. The method according to Claim 1 further comprising
depositing a anti-reflective coating layer overlying
said first metal layer wherein said anti-reflective
coating layer comprises silicon oxynitride or silicon
nitride and has a thickness of between about 300 and 600

Angstroms.

13. The method according to Claim 1 wherein said first
and second metal layers may comprise different materials
and wherein said materials are molybdenum, titanium

nitride, tungsten, copper, titanium, or silicides.

14. A method of forming dual-metal gate CMOS transistors
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#####X$$r81£h|t%Q%@g%kib%Q%%h(%fl%%%%égited circuits comprising:
providing an NMOS active area and a PMOS active
area of a semiconductor substrate separated by isclation
5 regions;
forming a pad oxide layer overlying said
semiconductor substrate in each of said active arezs;
depositing a nitride layer overlying said pad oxide
layer;

10 Patterning said nitride layer to form a first dummy

gate in each of said active areas;
impianting first ions to form source/drain regions
in each of said active areas not covered by said first
dummy gates;

15 isotropically etching said first dummy gates to
form second dummy gates thinner than said first dummy
gates;

implanting second ions to form lightly doped
source/drain regions in each of said active areas not

20 covered by said second dummy gates:

thereafter driving in said first and second ions in
a single rapid thermal annealing step;

forming dielectric spacers on sidewalls of said
second dummy gates;

25 thereafter siliciding said source/drain regions;

thereafter removing said second dummy gates and
said spacers;

depositing a first gate dielectric layer overlying
said substrate and said silicided source/drain regions;

30 depositing a first diffusion barrier lavyer
overlying saild first gate dielectric layer;

depositing a first metal layer overlying said first
diffusion barrier lavyer:
patterning said first metal laver, said first 35
diffusion barrier layer, and said first gate dielectric layer
to form a first metal gate in one of said NMOS ang PMOS
active areas;
depositing an oxide layer overlying said substrate

and said first metal gate and polishing back said oxide
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45

50

opening a via through said oxide layer to said
substrate in the other one of said NMOS and PMOS areas:

depositing a second gate dielectric layer within
said via opening; depositing a second diffusion barrier

layer overlying said second gate dielectric lavyer:

depositing a second metal layer overlying said
second diffusieon barrier layer and polishing back said
second metal layer to said oxide layer to form a second
metal gate on said other one of said NMOCS and PMQOS areas
to complete formation said of dual-metal gate CMOS

transistors in the fabrication of an integrated circuit.

15. The method according to Claim 14 further comprising
forming a P-well in said NMOS active area and forming an

N-well in said PMOCS active area.

16. The method according to Claim 14 wherein said pad
oxide layer comprises silicon dioxide and has a

thickness of between about 100 and 150 Angstroms.

17. The method according fto Claim 14 wherein said
nitride layer has a thickness of between about 2400 and

2600 Angstroms.

18. The methcd according te Claim 14 wherein said step
of siliciding said source/drain regions comprises
siliciding a cobalt/titanium-cap layer or a

nickel/titanium-cap layer.

i9. The method according fto Claim 14 wherein said
dielectric layver comprises borocphospho-tetraethoxysilane
(BPTEOS) oxide or undoped silicate gilass having a

thickness of between about 5000 and 6000 Angstroms.

20. The method according to Claim 14 wherein said step
of removing said second dummy gates comprises using hot

H3PO4.
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S and second gate dielectric layers comprise a high-k
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tantalum nitride, titanium nitride or tungsten nitride
and have a thickness of between about 50 and 80

Angstroms.

23. The method according to Claim 14 wherein said first
and second metal layers may comprise different materials
and wherein said materials are molybdenum, titanium

nitride, tungsten, copper, titanium, or silicides.

24. A method of forming duzl-metal gate CMOS transistors
in the fabrication of integrated circuits comprising:
providing an NMOS active arez and a PMOS active
area of a semiconductor substrate separated by isolation
5 regions:
forming a pad oxide layer overlying said
semiconductor substrate in each of said active areas;
depositing @ nitride layer overlying said pad oxide
layer:
10 patterning said nitride layer to form a first dummy
gate in each of said active areas;
implanting first dlons to form source/drain regions
in each of said active areas not covered by said first
dummy gates and driving in said first ions using rapid
15 thermal annealing;
isotropically etching said first dummy gates to
form second dummy gates thinner than said first dummy
gates;
implanting second ions to form lightly doped
20 source/drain regions in each of said active areas not

covered by said second dummy gates and driving in said
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second dummy gates:;
25 thereafter siliciding said source/drain regions:
thereafter removing said second dummy gates and
said spacers;
depositing a first gate dielectric layer overlying
said substrate and said silicided source/drain regiocns:
30 depositing a first diffusion barrier layer
overlying sald first gate dielectric layer;
depositing a first metal layer overlying said first
diffusion barrier layer;
patterning said first metal layer, said first
35 diffusion barrier layexr, and said first gate dielectric
layer to form a first metal gate in one of said NMOS and
PMQOS active areas;
depositing an oxide layer overlying said substrate
and said first metal gate and polishing back said oxide
49 layer to said first metal gate;
opening a via through said oxide layer to said
substrate in the other one of said NMOS and PMOS areas:
depositing a second gate dielectric layer within
said via opening; depocsiting a second diffusion barrier
45 layer overlying said second gate dielectric layer:
depositing a second metal layer overlying said
second diffusion barrier layer and polishing back said
second metal layer to said oxide layer to form a secoend
metal gate on said other one of said NMOS and PMOS areas
50 to complete formation said of dval-metal gate CMOS

transistors in the fabrication of an integrated circuit.

25. The method according to Claim 24 further comprising
forming a P-well in said NMOS active area and forming an

N-well in said PMOS active area.

26. The method according to Claim 24 wherein said
nitride layer has a thickness of between about 2400 and
2600 Angstroms.
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27. The method according to Claim 24 wherein said step
of siliciding said source/drain regions comprises
siliciding a cobalt/titanium-cap layer or a

nickel/titanium-cap layer.

28. The method according tec Claim 24 wherein said
dielectric layer comprises borophospho-tetraethoxysilane
(BPTEOS) oxide or undoped silicate glass having a

thickness of between about 5000 and 6000 Angstroms.

29. The method according to Claim 24 wherein said step
of removing said second dummy gates comprises using hot
H3FPO4.

30. The method according to Claim 24 wherein said first
and second gate dielectric layers comprise a& high-k
silicon oxide layer having a thickness of between about

30 and 35 Angstroms.

31. The method according to Claim 24 wherein said first
and second diffusion barrier layers cemprise tantalum,
tantaitum nitride, titanium nitride, or tungsten nitride
and have a thickness of between about 50 and 80

Angstroms.

32. The method according to Claim 24 wherein said first
and second metal layers may comprise different materials
and wherein said materials are molybdenum, titanium

nitride, tungsten, copper, titanium, or silicides.



