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‘ (L)JiSISEFI\ﬂ'gG‘-?ATI ON BACKGROUND OF THE I NVENTION (1) FIELD OF THE | N\}_EEI'?I %ﬁ'@@ ..
pfesent invention relates to the fabrication of integrated circuit
devices, and more particularly, to a nethod of fabricating dual-g$TgN -
transistors in the fabrication of integrated circuits. (2) DESCR

The Chot e of gat e Hi ol mot 1 e e A B Rns e csood

' i of gate dielectric is one issue
nge?hgiﬁgr isgues S8Fatled o ULise galMeEcRpagion ncl ude: 1) Metal gates a[e
needed to replace conventional polysilicon gates in order to redUCﬁ—po y
depletion effects. Depletion effects translate to a reduction in the har e
electric field across %Eg ate dielectric (Eox) and hence inversion charg
density; that is, |owd aﬁ‘;g’\?é]NPuqueﬁ'_tI{.E TAVENTIS® will become nore
pronounced with smaller gate geonmetries due to smaller-energy gati 01
i nplants which are coupled with ultra shallow junction formation. [

SEP 20Q05FIELD OF THE INVENTION
The present invention relates to the
fabrication of integrated circuit devices, and more
particularly, to a method of fabricating dual-metal

transistors in the fabrication of integrated circuits.

(2) DESCRIPTION OF THE PRIOR ART
For sub-0.lum CMOS technology, there are a
number of issues. The choice of gate dielectric is one

issued that will not be addressed here. Other issues related

to the gate stack include:

1) Metal gates are needed to replace conventional
polysilicon gates in order to reduce poly depletion effects.
Depletion effects'translate to a reduction in the electric
field across the gate dielectric (Eox) and hence inversion
charge density; that is; lower drive current. The effect
will become more pronounced with smaller gate geometries due

to smaller-energy gate implants which are coupled with ultra-

shallow junction formation.




2) Metal gates are needed to replace conventional salicided pdﬂy%i$gﬁ:3ﬂ%
gates. Low gate resistance is difficult to achieve with conventi onal

salicide technology due to the conflicting demands of good junction
integrity and |ow gate resistance. On the source/drain, a silicide :

- thickness of |less than 20 nanoneters is required when gate geonetries reach
bel ow 70nm f-or | ow specific contact resistivity. On the other hand, it is
expected that the silicide thickness on the gate nust be at least 45 nmin

order to attain a sheet resistance of less than 5 ohns/sq for |ow signal
propagation delay. 3) Different netals are needed for n+ and p+ gates due
to gate vy kidwmictgareonsi deratddone irerdpder cPgvaehievel synmmetrically | ow

threshol d voltages (for |ow power devices such as portables) for the NFETs
and SFEETsided o kv oMOS:on (938 e sili¥ RS rEFdE 24 CHr dEess to address these

various concerns U S, Patent 6,027,961 ta Mi,ti_.et al process for
f or nf 5T PREEE afel Wﬁ%t“é’sﬂha‘?ﬁxhvgerbﬁlfqnearolerﬁahc ge 1% Eﬁcg ?‘gﬁgﬁ U.S. Patent

Wor
nvorts fau Eepr sebek L e TR el T e ] B oe
inverse 104 SEB;209R.00! Y&h! ££8NsH@t € MALESS a silicide

thickness of less than 20 nancmeters is required when gatg

geometries reach below 70nm for low specific contact

resistivity. ©On the other hand, it is expected that the

éilicide thickness on the gate must be at least 45 nm in

order to attain a sheet resistance of less than 5 ohms/sq for

low signal propagation delay.

3) Different metals are needed for n+_and p+ gates due
to gate work function considerations in order to achieve
symmetrically.low threshold voitages (for low-power devices
such as portables) for the NFETs and FPFETs in bulk CMOS.

-
It is desired to provide a process to address these

various concerns.

U.S. Patent 6,027,961 to Maiti et al shows a
process for forming PMOS and NMOS gates having different work
functions. U.S. Patent 6,001,698 to Kuroda discloses a
process for forming CMOS gates using an inverse gate process.

U.S. Patent 5,786,256 to Gardner et al shows an inverse



SUMMARY: CF THE | NVENTI ON Accordingly, a prinmary object of the ilnanSE%rzuﬂ&
to provide a process for formng netal gates for CMOS transistors in the
fabrication of integrated circuits. A further object of the inventionis to
‘provide a process for form ng dual -nmetal gate CMOS transistors in the
fabrication of integrated circuits. Another object of the inventionis to

~ provide a process for form ng dual -netal gate CMOS transistors for
sub-0.1m ULSI integration. Yet another object of the inventionis to
provi de a process.-for formng dual-netal gate CMOS transistors with

shal | Balyahéironsgfbe BuGc®sdm ULSI integration. In accordance with the
objects of the invention, a nethod for formng a dual -netal gate CMOS
transistors is achieved. An NMXS and a PMOS active area of a semn conductor

substrate are separa i solatio jons. 3 (a 1 SEP 2005 A gate
dielectric layer is %gﬁ%g%Yoégrf%$réh#éﬁ&ééﬁ%(unuhuncw substrate in each
of the active areas. A nitride layer is deposited overlying the gate
dielectric layer and patterned to forma first dumry gate in each of the

active areas. Accordingly, a primary object of the invention
is to provide a process for forming metal gates for CMOS

transistors inrthe fabrication of integrated circuits.

A further object of the invention is to
provide a process for forming dual-metal gate CMOS

transistors in the fabrication aof integrated circuits.

Another object of the invention is to provide
2 process for forming dual-metal gate CMOS transistors for

sub-0.1lum ULSI integration.

Yet another object of the invention is to
provide a process-for forming dual-metal gate CMOS
s transistors with shallow junctions for sub-0.lpm ULSI

integration.

In accordance with the objects of the
invention, a method for forming a dual-metal gate CMOS
transistors is achieved. B&n NMQS and a PMOS active area of a

semiconductor substrate are separated by isolation regions.




First ions are inplanted to formsource/drain regions in each lgfit$ﬁP mMS
active areas not covered by the first dumy gates. The first dunmy gates
are isotropically etched to formsecond dumry gates thinner than the first
~dummy gates. Second ions are inplanted to formlightly doped source/drain
“regions in each of the active areas not covered by the second dummy

gates. Dielectric spacers are formed on sidewalls of the second dummy
gates. Thereafter, the source/drain regions are silicided. A dielectric

| ayer i s deposited overlying the second dunmy gates and silicided
source/drain regions and | anarized to the second dunmy gates. Thereafter,

the SoGOHE OdGHY GACCICERE |BnEVERST | GLST hy R % EH A Sife
“di el i | . A i f d th i A Ffi t t al
A o o e T o RIS s 7 TR 8 I ERAR AR
ayer __ : |

ol anafdzed .0 Khe oSk The RSk aisLepprediafesosaadpiadayer s

openirng int active area. The first and
second, nBRIAl a |BY¥eRS RkGyPeki-ehed awey b6 the dielestsigadayer thereby
forming a first metal gate within the gate opening in the NMOS active area
and foifgigicnss ecendmaialcegate Wotrhi Botiheegdreinpeaghgns nit heaEMOS acti ve
area to conplete formation 4 10 1 SEP, 2055 of dual -netal gate CMOS
transeStidrs agtivre frams oati goveregnby the first dummy gates.

The first dummy gates are isctropically etched to form second

dummy gates thinner than the fifst dummy gates. Second ions

ére implanted to form lightly doped source/dfain regions in

each of the active areas not covered by the second dummy

_gates. Dielectric spacers are formed on sidewalls of the

second dummy gates. Thereafter, the scurce/drain regions

are silicided. A dielectric layer is deposited overlying

the second dummy gates and silicided source/drain regions and

planarized to the second dummy.gates. Thereafter, the second

dummy gates are removed, leaving gate openings in the

dielectric layer. A mask is formed over the PMOS active

area. A first mé£a1 layer is deposited in the gate opening

in the NMOS active area and planarized to the mask. The mask

is removed. A second metal layer is deposited_in the gate

opening in the PMOS active area. The first and”second metal

layers are polished away to the dielectric.layer thereby

forming a first metal gate within the gate opening in the

NMOS active area and fdrming a second metal gate within the -

gate opening in. the PMOS active area to complete formation



i ntegrated. circuit. BRI EF DESCRI PTI ON OF THE DRAMVNGS In the é@b%ﬁﬂa%JmWB
drawings forming a naterial part of this descri ption, there is shown: '
Figs.. 1 through 21 are cross-sectional representations of a preferred
enbodi ment of the present invention. Fig. 22.is a cross-sectional
representation of a conpleted integrated circuit fabricated according .to a
preferred enbodi nent of the present invention. DESCRI PTI ON OF THE PREFERRED

- EMBODI MENTS Referring -now nore particularly to Fig. 1, thefe is shown a

-~ semiconductor substrate 10. This is preferably nnnocrystaltine silicon.

l.sol abi cud BghOnNsL e cMiss ShaldQwddrengh iksel eta!berllcénﬂb)x 48, ggre forned.

in‘the. substrate to separate active regions. N wel . and P-well 16

are foroegratediaitdeitsubstrate, as i s conventional. For exanple, N-well 14
has been formed in an NMOS active area and 01 SEP 2005 P-well 16 has been
formed in a PMOS active area. Punchthrough and threshold voltage

adj ustnent i nplantations, .not shown, are nmade as is conventional in the

art. Referring now t%RWFg D¥C%W%ﬂFd€H%WWG% gr.own or dep05| ted o '

over. the substrate toa: thrckness -of ~between about 100-"and-

In the accompanying drawings forming a

material part of this description, there is shown:

" Flgs 1 through 21 are Ccross- sectlonal

representatlons of a preferred embodlment of the present

,1nvent10n.

Fig. 22 is a cross-sectional representation of
a completed integrated circuit fabricated according to a

preferred embodiment of the preseni invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

-

Referrlng now more partlcularly to Flg i,

;there is shown a. semlconductor substrate 10. This is
‘preferably menocrystalline silieon; .Isoiation regions, such
'as ehallow trench isclation (STI) 12, are formed in the-
qustrate'to separate active regions. N-well 14 and P-well -
16 arehfermed within the.subStfate} ae is coh?entioeel. Fer

example, N-well 14‘has been formed‘in an NMOS active area and




150 Angstroms. A nitride l-ayer 20, such as silicon nitride, i#ﬂdéﬁﬂg?émﬂﬁ
over .the -pad oxide | ayer 18 to a thickness of between about 2400 and 2600.
Angstrons.. An additional'-layer of silicon-rich nitride 22 is deposited
-over.. the nitride layer 20 to a thickness of between about 300 and 350
- Angstrons. Referring nowto Fig. 3, a photoresist mask 25 s fornmed over
the silicon-rich, nitride layer 22. The layers 22 and 20 are patterned to
~ formdummy gates, as shown. These dummy gates.are |larger than the fina
.gates will be, by about 2000 Angstroms. The resist mask 25is renoves.. A
‘secomnd-wisk 162 hass HeeinEd rineds hhekdpMbbeaPMDBe atie@a . asshown in Fig.. 4.
lons are inplanted 29 into the NMOS active area where they are not bl ocked
by t Hewrchiriihyr avigty jagel gditreshRA20vbothgenmrdousteedt almp tagianisoB8),. The mask
27 is renoved. 01 SEP 2005 A third mask 31 is forned to shield the NMOS
ar ea,Nes JHOEh iaFFitpdes ag s CRPF SPFPPRALed3BNENEBLE heRePMEBLREL i ve area
where they are nqt blocked hy the du nitride gate_22/20 to form
 Sour WA T ikgidmd P29 SEaRer RRE AN 05 BFG R0t (APARE L Rer

- anneal {09 (Rl PTG 3 AHINALE Hae.eRAaE3ut RB0 ana o

150 Angstroms. A nitride layer 20, such as silicon nitride,

is deposited over the pad oxide layer 18 to a thickness of
.'betweén abbUt‘2400 and 2600 Angstroms.. An additional layer
of silicon-rich nitride 22 is deposited over the nitride

'?LIéYér 20 to a'thiéanSSfbf'betWeén about 300 and 350

Angstroms. - , LA

Referring now to Fig. 3, a photoresist mask 25
is formed over the silicon-rich nitride layer 22. The layers
22 and 20 are patterned to form dummy gates, as shown. These

dummy gates are larger than the final gates will be, by about

'~ 2000 Angstroms.

. 'The resigt mask 25 is removed. A second mask -
-31;527 is‘ﬁofmed to'shiéidfthe Pﬂ0S;aréa; as_shoﬁﬁiin,Fig, 4.
" Ions are implanted 29 into the NMOS.aétiverarea where they
" are not blocked by the dummy ni£ride gate 22/20 to form

i source/drain regions 30. The mask 27 is removed. .



resist mask 31 is stripped. Now, an isotropic chem cal wet - etcln 1'%EP'2005
perfornmed to decrease the width and hei ght of the dummy gates 22/20. o
-.The-, new dunmy gates 40 are smaller in w dth than the old gates 22/20 1ly

. 1800 to 2200 Angstrons and are shorter than the old gates by 1800 to 2200
“Angstrons (or a by about 17% . Referring nowto Fig. 7, the second nmask 27
is again fornmed to shield the PMOS area. lons are inplanted 41 into the
NMOS active area where they are not blocked by the dumy nitride gate 40
‘:to formlightly doped source/drain- regions 42.. The mask 27 is renoved.

The third mask 31 i g agaika hasRedit @ssShbehda I;Beshlwﬁiaﬂe@ Ni&$s shown in
Fig. 8. lons are inplanted 43 into the PMOS active area where they are not

bl ocksﬁdaeb,y ddheshowdumiy Migt.r 6de gahe 4fet amboantbagbs!’ yntoped: source/ drain
regions 44. The mask 31 is renoved. [Q 1. SEP .2005 Referring nowto Fig. -

9, a PR racneal doep iwheneertheymed et poacbilvakedt bhg thB degpants .to form

shallow -junctions and to reduce |lateral diffusion. source/drain. Reversing

. the UBD-BHIP sBre el 9. ROTanERUE6H/SEep8 rsJaenfeded by the isotropic

~ et ching-: techm qgue appt ied to the dumTy gat es. Thi's i's i-mportant to -

Referring now to Fig. 6, a rapid thermal
annealing (RTA) "is performed to activate the dopants. The
' £esist maskr31 is striﬁped; New, aﬁsisotropic chemical wét.
etch is performed to decrease the width and helght of the

.i dummy gates 22/20 The,new dummy gates 40 are smaller in
width than the old gates 22/20 by 1800 to 2200 Angstroms
and are shorter thaa the old gates by 1800 to 2200 Angstrsms

(oxr a by about 17%).

Referring now te Fig. 7, the second mask 27 1is
again formed to shield fne PMQS area. Ions are implanted 41
'into the NMOS active’area where-they are not blocked by the
dumny nltrlde gate 40 to form lightly doped source/draln

|reg10ns 42, The mask 27 1s removed.i oo - _ -

The third mask 31 is .agai‘n formed to shi'eld
the NMOS area, as shown in Fig. 8. Ions are implanted 43
1nto the PMOS active area where they are not blocked by the .
dummy nltrlde gate 40 to form llghtly doped source/draln

regions 44. The mask 31 is removed.




the formation of a well-controlled shallowlunctlon The shallc&?uﬁ%ﬁizg%
is achieved by | aser annealing of the LDD dopants after the source/drain
-.RTA anneal , as described above. Alternatively, a single RTA anneal nmay be
“perforned after the LDD i nplantation. to activate dopants in both'LDD and
sourcefdrain sinmultaneously'. Referring nowto Fig. 10, a dielectric |ayer
46 i s deposited over the surface of the substrate and over the dumry gates
- 40 to a thickness of between. about 800 -and 1000 Angstrons.. The dielectric
“:layer 46 may -conprise tetraethoxysilane (TEAS) oxide. or a conposite |ayer
af TECS . (150 Angstr&ﬁﬁ%rnﬂnﬂ:ﬂdw(ﬁm1ﬂmgtrﬁdea(aaeeAngsnechtmg The

dielectric quer 46 1S anlsotroplcally et ched back to form spacers 48 on
t he sPEBIRTTRA oFO t#eLiNAhR it dPUelorad tehdmn TorR Fhgllew. 1, 1 SEP . 2005

Refertln nom1to a a deposited over the substrate
The“n%?% HapRre ﬂglg%ér%%&ﬁﬁ at?ﬁ%&ﬁﬁiﬁ#“%ﬁP“nPckel The netal .layer is

anneal ed whereby it reacts with the underlying silicon in the source/drain

..regions to forma.nmetal: silicide 50. The unreacted netal:: Iayer-over t he

“odunmy. gates di's. renoveghs Thiss 1 Seds Sfdxfmﬁlcﬂﬁecﬁf siHd eipesfgal i cide) pr ocess';.'-'
For the nickel-silicide

source/draln. Reversing the LDD and source/drain
implantation steps is achieved by the isotropic etching.
“techhiqﬁeiapplied td the dummy'gates ThlS is 1mp0rtant to

'_the formatlon of a well controlled shallow junctlon The

" 'Shallow junctlon is achleved by laser anneallng of thé LDD
dopants after the soqrce/draln RTA anneal, as described
‘above. Alternativély, a sihgle RTA anneél may be performed
after thé LDD implantétion.to activate dopants in‘both‘LDﬁ

and source/drain simultaneously.

Referring now to Fig. 10, a dielectric léyer
" 46 is deposited over thevsurfécé of the substrate and over
the dummy gates 40 to a thickness of between about 800 and
_1000 Angstioms' The dlelectrlc layer 46 may comprlse
'51tetraethoxy511ane (TEOS) ox1de or-a comp051te layer cof TEQS
" {150 Angstroms) and silicon n1tr1de_(850 Angstroms). The
"dielectric layér 46 is anisotroﬁically etched back to form
spacers 48 on the sidewalls_of the dummy gates 40, as shown-

‘in Fig. 11.




process, the thernal budget. is neasured and the tenpérature FﬂQ.ix&EP~ﬂm5_
illustrates the deposition of a second dielectric |ayer 52." This |ayer may
—.conprise silicon nitride followed by tetraethoxysilane (TECS) oxide or
.~ borophospho- TEGS (BP- TECS) and have a thickness of between about 5000 and
- 6000 Angstrons. The spacers 48 conprise essentially the sane naterial .as
| ayer 52 and so are now shown as a part of this tayer 52. The layer 52 is
- planari-zed by chem cal nechanical polishing (CVWP) with a polish stop at the
~.dumy nitride gates 40. The planarized l-ayer 52 is shown in Fig. 14.
“Referring now to Fi ety ritrlye ndwmipy Aiiur.i dé,gat eetdd daegereimved by . hot
H3PO4, for exanple. Now the dual -netal gates. of the present invention wll
be faBRPREHERF |9V ehehecebrdTatert Be Retpdndesgrdumybgacealty, 1 SEP
. 2005, Referring now to. Fig. 16, ate dielectric _layer 53 is. deposited
over FPESSUIEL 1ot LAY {F P ace Y Shpd AGBE=HRIL “HES OB 3Fr coni um
silic e i : . al qmG. - | ayer em cal. v t_deposition
- {nobr e R R ot B G T B P el Birucen about 50 ana
+ 100 ApggiERE8BLoNeXtm & b4 VSO o RAL IRl e nadactuahn@sali tanium oo
nitride or tantalum nitride, is deposited by ALCVD to a thickness of
bet weelyer over the dummy gates is removed. This is a self-~
aligned silicide (salicide) process. For the nickel- silicide’
'p;ocess; the thermai,budget_is‘measu;ed and the temperature

is kept below 600 =C.

-
s,

Fig. 13ﬁii1ustfates the deposition of a second
dielectric 1ayer 52:' This iayer may comﬁ?ise silicon nitride
.f0110wed1by tetﬁaethoxysilaﬁe fTEOS) oxide or'borbphospho—

TEOS (BP-TEOS) and have a thickness of between about 5000 and

6000 hngstroms. The spacers 45 comprise essentiélly the

Saﬁe material as layer 52 and so are now shown as a parf
"of this layer 52. 'The léyer 52 is planarized by chemical

mechanical polishiﬁg-(CMP) with a‘polishrstop aﬁ the dummy

nitride gates 40. The blanari?ed layer 52 is shown in Fig. | .
‘}14‘ : e , A-. : )
Referring now fo Fig. 15, the dummy nitride
gates 40 ‘are removediby hot HaPQa., for example. Now the
dual—ﬁétal gates of the present invention will be fabricated

in the recesses left by the removed dummy gates..




'-:':.-'--Z‘COITpI’I se titani-um-nitride: or tant al u S

Referring. nowto Fig. 17,- a photoresist layer  is deposited ov@ritw-mnﬁ
substrate and patterned to forma mask 55 over the PMOS area, as shown. As
~.shown in Fig. 18, a first netal |ayer 60, conprising nolybdenum titanium
- .nitride, tungsten, titanium copper, or silicides, is deposited over the
-substrate fllllng the gate opening in the NMOS area. The netal llayer 60 is
et ched back uUsing a plasma etch or polished using CMP to planarize the
nmetal layer, stopping at -the photoresist mask 55. Now the resist mask 55
‘;,is renoved, for exanple, using an aqueous sol vent such as that reported in
“Strippers No More: pAGueous ARBLORENES 4t olgiesadggt@ea@éffé S+ Py Laura J.
Pet-ers, Semi conductor |nternational, Dec - pg 10 LOI SEP . 2005 Fig.
19 ||lal§5=_{1f drsd hﬁ%pd&tlwaabedrcth@ushbsdeutaeaﬁatﬁitmm El@@lgﬂtélas been
renoved.. Now, a second diffusion barrier |layer 64 is deposited over the,
substopdreingmd Wit mayhdeduimgogate spéncage, gassshémpositéd goy 20, in
.case the first diffusion barrier |ayer 54 has been partially cl eaned away
dur i rRfteiecTlexiest Céhqﬂilﬁmlng’a@%pdel’ﬁélﬁﬂpﬂuéi‘*bﬁv%aw' rtha‘ylémew nay

of between about 50 and 100 Angstroms Next a.dlffﬁ51on

barrier layer 54, such as titanium nitride or tantalum
nitride, is deposited by ALCVD to a thickness of between
about 150 '—aﬁd-.zoo Angétrom's,. | |
- Referrlﬁg ﬁﬁﬁ to Flg 17 a pﬁof&%ésiét-lafer
is deposited overx tthsubst;ate and patte;ned to form a mask
55 over the PMOS area, as shown. As shown in Fig. 18, a .
first metal layér 60, comprising molybdenum, titaﬁium
nitride, tungsten, titanium, copper, or silicides, is
deposited over the substrate fillihg the gate opening iq the
NMOS area. The metal-léyer 60 is etchéd_back'using a plasma
" etch or polished.using CMP to pianarize the ﬁetal laver,
Stopping at the pﬂotbresist magk 55.
e ;l_' .Nbﬁ‘the resis£ mésk'55 is.rémﬁﬁéd;—for-
- example, using an aqﬁéous solvegt such és that reported in
'"Stfippers No Moré: Aqueous Aéproaches to Residue Removal" by

Laura J. Peters, Semiconductor International, Dec '99, pg.

84-86.



nitride and have a, thickness of between about 150 and 200 hpmnlg Eéﬂﬂ%&mﬁ
metal layer 66 is deposited over the second diffusion barrier |ayer 64.
~.The netal | ayer 66 nmay conprise. nolybdenun1 titaniumnitride,, tungsten,
titanium copper, or silicides. 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 gates can be made of different netals to

- optimze each

gate. The netal l|ayers are now planarized to the dielectric

id,layer_52, such as by. chem cal nechanjcal polishing. This conpletes the

“f.ormation of dual -meFab.gabesllistr &S thansibéPrStedscishomwn in Fig. 21

be ‘Pr eSS|n
conve V&ﬁ&l

an ln%grlg

Cpenlngs have

continues to formcontacts and back end processing, as is
fherh&hgr feSESE Eé&ﬁnb‘?%n 1em¢ged. SHROW 2005 ddand 22 1| | ustrates

electrl | aye covering the netal gates 60 and 66.
beeﬁrlgfcﬁgge¥hpﬁubﬁ PRBOPHEET | @VRT Eheledtgttayers, and

cont aglg WZthgdethg&mﬁ§a§§%goﬁsgnshomn to t he source/drain regions. The

,process of t he present

t he ch0|ce of

Prove Heds oS A aptie, k Jr%mﬁ‘adct‘d’r able
Elﬁ"é@cﬁ§$fu§|ﬂ8npf:8§§§§rs§Q§§F 8k RuE B bl Sl g pitity in

gat e

cleaned away during the resist strlpplng step. The diffusion

barrier layer 64 may comprise titanium nitride or tantalum

nltrlde and have a thlckness of between about 150 and 200

Angstroms

L

Now, as'second metal layer 66 is deposited over

the second diffusioh barrier layer 64. The metal layer 66

may comprise molybdenum, titanium nitride, tungsten,

titanium,

copper, or silicides._ It is important to note that

the process of the present invention allows great flexibility

in the choice of gate materials. The NMOS and PMOS gates can

- be made of different metals to optimize each gate.

-

. " The metal layers are now planarlzed to the -

R dlelectrlc layer 52 such as by chemlcal mechan1ca1

_pollshlng. ThlS completes the formation of dual-metal gates

“for CMOS

transistors, as shown in Fig. 21.

Processing continueés to form contacts and back

end processing, as is conventional in the art. For example,

11



materials. By a sinple isotropic etch technique, the LDD and so@r leSEI%é&ﬂBﬁ
inmplantation steps can be reversed. This is inportant to the formation of
- @ well-controll ed shall ow -juncti-on. Wile the invention has been
particularly shown and described with reference to the preferred
enbodi nents thereof, it wll be understood by those skilled in the art -
that various changes in formand details may be -nmade w t hout departing
" fromthe spirit and scope of the invention., 12 10 1 SEP 2005 What is

“: claimed is: 1. .A nethod of forming dual-netal gate CMOS transistors in the

‘f.abri cBig o dfil nsyrated ai ricuidrs es@IpkiisilegtriRr Quydi-ngoan NMOS active
area and a PMOS active area of a sem conductorsubstrate separated by
form nGCEEPHY oxF Y e IR 16 mids &icd sEpeoondscheresubshrate in each of

said actjyve.areas; |layer;. depositing a nitride l'ayer overlying said pad
oxi de &%Jélil %r%ﬁlﬂ%ﬂ%}%\%%ﬁrﬁ eivé‘fe%’te&elc&rﬁﬂca lpyese  danrfly centacts

74 que, for example,_as shqwn, to the source/drain regions.
The process of the present invention provides a |
simple, manufacturable dual-metal gate process. The prdcessi
“Scheme‘allows a greatfflezibiiity in the choice of gate |
' “mgtgrials} By‘a‘simﬁlg iSotropic_etch_techniqug, the LDD and

‘source/drain implantation steps can be reversed. This is

important to the formétiOn of a well-controlled shallow

junction.

While the invention has been particularly
shown and described with referénce to the preferred
embodiments_thereof, it will be understood by those skiiled
in the art that various éhanées-in form and-details may be
made without departing from the spirit éﬁd scoﬁg of the

- invention.,

12



“. depositing a

gate in éach of said fictive areas; inplanting ions to form sodﬂcgl%g%iznﬂs
"regions in. each of said active areas not covered by said-first dunmy
gates; isotropically etching said first dummy gates to form second dumy.

- gates thinner than said first dummy gates; inplanting ions toformlightly

doped. source/drain regions in each of said active areas not covered hy
said second dummy gates; formng dielectric spacers on sidewalls of ‘said
- second d%ﬂ@%t%ﬁ%%?l Hﬂgg gaf ter siliciding said source/drain regions;

el éctric Iayer overlying said second dumy .gates and
si | i ci dedisaBdmetundepdr Sbnmiegi duslanetdB dicd . CMEEP t12005 gatres ;
thereafter renoving said second dummy gates planarizing said dielectric

| ayer to é@i&hgeééhéiﬁaﬁﬁynl@évihgeﬂéﬁbe®p@hﬁ¢wﬁi$rﬁqmﬁniﬁﬁnﬁ'ectric | ayer. ;

dep05|t|ng a gate dielectric Iaxer within said gate openings;
providing an NMOS active area and a 05 actlve

area of a semlconductor substrate separated by

”Rflsolatlon regions; U NE
forming a pad oxide layer everlying said
semiconductor substrate in each of said acrive arees;
l'ﬁepqeitihgea-nitrideilayereoyerly1ng-sai@ pad oxide
| pafterhieg seiglhitride laver to form'ejfirst duﬁmy
gate in each of sgia\active'areas;
1mp1ant1ng ions to form source/draln regions in .
'each of said active areas not covered by sald flrst
dummy gates;
isotropically etchin§ said first dummy.gates t.o
form second dummy gates thinner than said first dumﬁy
gates; |
1mplant1ng ions to form llghtlyrdoped.source/draln
reglons in each of sald actlve areas not covered by said -
';jsepond dummy gatee; |
forming dielectric spacers on éidewalls of said
second dummy-gares; ‘
. thereafter eiliciding said source/drain regions;
depositing a dielectric layer overlying said second

dummy gates and silicided said source/drain. regions and




depositing a first.diffusion barrie-r layer overlying said gat@ &.SE%&“WC
| ayer;  thereafter formng a mask over said PMOS active depositing a first

~metal layer in said gate wopening in said NMOS active area and planari zing
.- saird first netal layer to said nask; thereafter renoving said mask;

depositing a second netal layer in said gate opening in said PMOS-active
area; and polishing away said first and second netal |ayers to said

~dielectric Iayer'thereby formng a first nmetal gate within said gate
--__.openl ng in sai-d NMOS active area 'and. forning a second retal gate within

sai d gat e ppemnizimg swidl RMS eactiive lavea e eanpl ebeohiar Aakken said of
dual -netal gate CMOS transistors in the fabrication of an integrated
circuit. 1928%S1 SEP 2005 2. The method according to Claim1 further
conprising formng ap. Nwell in said NMOS active area and formng a

P-well in said F;Rée% EEET &F SMULLNB Sk SROOMEd dHEesT gRligSto Ol ai m 1 wher ein

ectrlc 1ayer

oa1d pad orldeulgshes URULAT. A 1 h AR

dep051t1ngJa gate dlelectrlc layer w1th1n ééld gate 
.openlngs,
depositing a first diffusion barrierrlayér
Qvérlying saidrgate dielegtric'1ayer;'
:theregftgr fdrming;a mask over said PMOS active
"T*'ﬁ”arEa; R '7' o ' e |
depositing éftirst metal layer in said gate
~open1ng 1n sald NMOS actlve area and planar1z1ng sald
'flrst metal layer to said mask;
thereafter removing said mask;
depositing a second ﬁetai layer in said gate
opening in said PMOS-active'area: and
polishing away said flrst and second metal layers
to said dlelectrlc layer thereby forming a flrst metal
gate wlthln said gate 0pen;ng in said NMOS actlve areaa -
-}1'7‘;agé_fGrmingiégéecgnd ﬁetal;gate‘withinISéid gate opening
in said PMOS active area to complété formation said of
dual—metal-gategCMOS tranststors in the fabrication of

an integrated circuit.




t hi ckness of between about 100 and 150 Angstrons. 4. The net hoolnazc%E%lizq@E
to daim1l wherein said nitride |layer has a thickness of between about
2400 and 2600 Angstrons. 5. The -nethod according to Claim1 further
conprising depositing a silicon-rich nitride layer overlying said nitride
‘layer wherein said silicon-rich nitride |layer has a thickness of between
about 300 and 350 Angstrons. 6. The method according to Claim1 wherein
said source/drain ions are activated by a rapid thernmal annealing after
sai d source/drain ions are inplanted and wherein said lightly doped

sour ce/ dr abn ¢RESnAtBoad astdyal %%g after said lightly
doped source/dralﬁ |o?15 are H%F%nt egsl 11465?1@%% %(?gl PFISHRE net hod
accordi ng for@iagnad MWAGEEL NisalLia IMES & Ariaid 43S Hd f%%n‘.%né ?ht l'y doped
source/drain ions are activated by a single rapid thermal annéaling after

sai d |ight Fywdépetinssaidelidp2iactiions @areni npl anted. 8. The net hod according

to daim1l wherein said step of siliciding said source/drain regions .
conpri ses

3. The method according to Claim 1 wherein said
pad oxide layer comprises 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 further comprising
depositing a silicon-rich nitride layer overlying
said nitride 1aye; whereiﬁ said silicon—ricﬁ nitride
layer has a thickness of between about 300 and 350

Angstroms.

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

doped source/drain ions are implanted.
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siliciding wth one of the group containing cobalt, titanium lgn?ﬂ $EE:IZQ“5
9. The nethod according to Caiml1l wherein said dielectric |ayer conprises
‘tetraet hoxysilane (TECS) oxide having a thickness of between about 5000
and 6000 Angstrons. 10. The nethod according to Claim1l wherein said step
‘of renpving said second dumy gates conprises using hot H3PO4. 11. The

met hod according to Caim| wherein said gate dielectric layer conprises
zirconiumsilicate glass and has a thickness of between about 50 and 100
Angstronms. . 16 LO 1 SEP 2005 12. The method according to Claim1 wherein

~sai d first 7.dirhbuskeencbaseteralay efo COTRIh SESwe0f J41¢ group contai ning
titaniumnitride and tantalumnitride and has a thickness of between about
150 and 208oamngstdoain iGus Taed ned hddl agicoYdi dgpdd (haida,/Mriaurt her
conprising . depositing a second diffusion barrier |ayer overlying said
first netalRCPgyeércand éﬁﬁﬁeﬂl?Etad$¥$ﬂ%$oﬁammﬁrth&rmakuﬁnnaﬂhﬂmg1 sai d gate

openi ng inP?gld PNC§ ? %? area _wherein said second diffusion barrier
‘| ayer conp & ig v doped source/drain ions are

implanted.

8. The method according to Claim 1 wherein said step of
siliciding said source/drain regions comprises

siliciding with one of the group containing cobalt,

titanium, and nickel.

9. The method according to Claim 1 wherein said
dielectric layer comprises tetraethoxysilane (TEOS)

oxide having a thickness of between about 5000 and 6000

Angstroms.

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

removing said second dummy gates comprises using hot

HsPOa.

11. The method according to Claim 1 wherein said
gate dielectric layer comprises zirconium silicate

glass and has a thickness of between about 50 and 100

Angstroms.
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one of the group containing titaniumnitride and tantal um ni trlpdlz %Eﬁj Zn&
a thickness of between about 150 and 200 Angstrons. 14. The net hod
according to Caim1l wherein said first and second netal |ayers may f
conprise different materials and wherein said materials are selected from
the group containing nol ybdenum tltanlun1n|pr|de, tungsten, copper,
titanium . and . silicides. 15. A method of fornlng dual-netal gate QNCS
transistors in the fabrication of integrated circuits conprising:
providing an NM3S active area and a PMOS active area of a senlcpnductord
substrate separated by isolation regions; 17 la 1 SEP 2005 form ng a pa

[ [ | ] [ h of said active
oxi de tayer 1gveirhyi RE+88k4 a6 £QQAUST substrate in each o |
areas; d)e/posi ting a nitri dgcﬁayer @\%rl(;{%]gms it ade fiaypdr

[ [ fibhi i [ h of said
tterning sardusibhi Hertayeridgef ocme-{idstio dumy (,9ate in eac
ggtive argas; i nplanting first ?%ns t3&¥orn1§%urce/JfalﬁQQ&ﬁcww in each

of said actFeetateasgnbitanienedibyisai gnd i €sita AW, 9aIELS;

‘and

‘has a thickness of between about 150 and 200 Angstroms.

13. The method according to Claim 1 further comprising
depositing a second diffusion barrier layer overlying
said first metal layer and séid first diffusion barrier
layer within said gate opening in said PMOS active area
wherein said second diffusion barrier laver comprises
one of the group containing titanium nitride and

tantalum nitride and has a thickness of between about

150 and 200 Angstroms.

14. The method according fo Claim 1 wherein said first
and second metal layers may comprise different materials
and wherein said materials are selected from the group
containing molybdenum, titanium nitride, tungsten,

copper, titanium, and silicides.

15. A method of forming dual-metal gate CMOS transistors
in the fabrication of integrated circuits comprising:
providing an NMOS active area and a PMOS active

area of a semiconductor substrate separated by isolation

regions;
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isotropically etching said first dumy gates to form second dJM %%Dt Zgﬂs
thinner than said first dummy gates; inplanting second ions to form
~lightly doped source/drain regions in each of said active areas not
covered by said second dunmy gates; thereafter driving in said first and
second ions in a single rapid thermal annealing step; formng dielectric
spacers on sidewal | s of said second dumry gates; thereafter siliciding
sai d source/drain regions; depositing a dielectric |layer overlying said
second dummy gates and silicided said source/drain regions and

pl anari zing said dielectric layer to said second dunmy. gates; thereafter
removi ng sai d sEevRtNgurMBAGAwgld dayiary ov@rdyisEPs2005 gate openings in
said dielectric |layer; depositing a gate dielectric |layer within said gate
openi ngs; dEPLSPRIRGERL FFIRIETRTY Ut GrBacd eridapetivey8FPRPag sai d gate
dielectric | aye&ép‘ggﬂggétaern{gl 1 ng a mask over. sai d BMX act i.\ég

aver overlying said pad Oxi
layer;
patterning said nitride layer to form a first dummy
gate in each of said active areas;
implanting first ions.to form source/drain regions
in each of said active areas not covered by said first
dummy gates;
isotropically etching said first dummy gates to
form second dummy gates thinner than said first dummy
| gates;
implantihg second ions to form lightly doped
source/drain regions in each of said active areas noct
covered by said second duﬁmy 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;
_ thereafter siliciding said source/drain regions;
depositing a dieleciric layer overlying said second
dummy gates and silicided said source/drain regions and
planarizing said dielectric layer to said sécond dummy -

gates;

thereafter removing said second dummy gates leaving

18



area; depositing a first netal layer in said gate opening in 4&%&?0@005
active area and planarizing said first nmnetal |ayer to said mask;
-thereafter renoving said mask; depositing a second diffusion barrier |ayer
overlying said first nmetal layer and said first diffusion barrier |ayer
within 'said gate opening in said PMOS active area; depositing a second
netal layer in said gate opening in said PMOS active area; and polishing
away said first and second netal layers to said dielectric |ayer thereby
forming a fir netal gate within said gate opening in said NMOS active
area and. fg?frf‘napﬁné’é‘é%nw netbd deeeatithi iawid gate opening in said
PMOS active areg %8 g lete formatl on said of dual-netal gate CMOS
transi stors Re-Tabr%at i Fh-oril el s tiicyrlaves, withdm 5ai@9gaBel SEP 2005
16. The netBgdnhaggerding to Caim 15 further conprising formng an N-well
in said NMOS active area and formng a P-well in said PMOS active area.

17. The nEthOd.adépégiﬂﬂnéoé(}f¥£Q]é&ﬁ¥ﬁgfaﬂ]ﬁ§¥f%é% qayer

T dverlying said gate dielectric layer;

thereafter forming a mask over said PMOS active
area;

depositing a first metal layef in séid gate opening
in said NMOS active area and pPlanarizing said first
metal layer to said mask;

thereafter removing said mask;

depositing a second diffusion barrier laver
overlying said first metal layer and said first
diffusion barrier layer within said gate opening in said
PMOS active area; ' |

depositing a second metal layer in said gate
opening in said PMOS active area; and

polishing away said first and second metal layers
to said dielectric layer thereby forming a first metal
gate within said gate opening in said NMOS active area
and forming a second metal gate within said gate opéning
in said PMOS active area to conplete formation said of

dual-metal gate CMOS transistors in the fabrication of -

an integrated circuit.
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oxi de | ayer conprises silicon dioxide and has a thickness of B&théﬁﬂ’&ﬂﬁht
100 and 150 Angstrons. 18. The nethod according to Caim 15 wherein said
.nitride layer has a thickness of between about 2400 and 2600 Angstrons.
19. The method according to Claim15 further conprising depositing a
.silicon-rich nitride layer overlying said nitride |ayer wherein said
silicon:rich nitride layer has a thickness of between about 300 and- 350
Angstroms. 20. The nethod according to O aim15 wherein said step of
siliciding said source/drain regions conprises siliciding with one of the

group cont.gi ni C t|t ium, a 21. The nethod according to
Cl aim 15 eréﬁﬂaégﬁz i1 EH %9 F&Vgﬁaéﬂnggl§B§tP@Fr§%THBk§§?$ane ( TECS)
oxi de haV|f5kﬁif%hﬁkq@§§3qflgp C%QQ%SQME 6000 20 01 SEP 2005

Angst roms e netho accor ng to gr%?n s T 1%?e% of i7
renovi ng Spedwle BECOHN G MBME@ATRS iR RIHeSES Uusi ng hot H3POX4. 23. The net hod

according to Claim15 wherein said gate dielectric |ayer conprises
zirconiumsilicate glass and
17. The method according to Claim 15 wherein said pad

oxide layer comprises silicon dioxide and has a

thickness of between ‘about 100 and 150 Angstroms.

3 ; 18. The method according to Claim 15 wherein said

nitride layer has a thickness of between about 2400 and

2600 Angstroms.

19. The method according to Claim 15 further comprising
depositing a silicon-rich nitride layer overlying said
nitride layer wherein said silicon-rich nitride layer

has' a thickness of between about 300 and 350 Angstroms.

20. The methdd according to Claim 15 wherein said step
of siliciding said source/drain regions comprises
" siliciding with one of the group containing cobalt,

titanium, and nickel.
21. The method according to Claim 15 wherein said

dielectric layer comprises tetraethoxysilane. (TEQOS)

oxide having a thickness of between about 5000 and 6000

20



has a thickness of between about 50 and 100 Angstrons. 24. ThelnéghSEP 2005
~according to daim15 wherein said first and second diffusion barrier

| ayers conprise one of the' group containing titaniumnitride and tantal um
nitride and have a thickness of between about 150 and 200 Angstrons. 25.
‘The net hod accordlng to Caim15 wherein said first and second netal |ayers
may conprise' different materials and wherein said materials are selected
fromthe group containing nolybdenum titaniumnitride, tungsten

.copper, titanium and silicides. 26. A nethod of form ng dual-netal gate
CMVOS transig ﬁorﬁ |n the fabrication of integrated circuits conprising:
provi di ng an Setive area and a PMOS active 21 1 0 1 SEP 2005 area of a
sem conductor substrate separated by isolation regions; formng a pad
oxi de layer overlying said sem conductor substrate in each of said active

areas; deppsitTRE deBhdd i fecdaVBig Q%P d iR 1%%&&%%%598 sLaye
patterning said nitride layer to forma first dummy gate In €a h of sai d

active areasf removing said second dummy gates comprises using hot

HzPOa.

23. Thg method according to Claim 15 wherein said gate
dielectric layer comprises zirconium silicate glass and

has a thickness of between about 50 and 100 Angstroms.

24. The method according to Claim 15 wherein said first
and second diffusion barrier layers comprise one of the’
group containing titanium nitride and tantalum nitride

and have a thickness of between about 150 and 200

Angstroms.

25. The method daccording to Claim 15 whefein said first
and second'ﬁétalrlayers may comprise different materials
and wherein said materials are selected from the group
containing ﬁolybdenum, titanium nitride, tungsten,

copper, titanium, and silicides.
26. A method of forming dual-metal gate CMOS transistors

in the fabrication of integrated. circuits comprising:'

providing an NMOS active area and a PMOS active
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inplanting first ions to formsource/drain regions in each of maj cBEt%tzﬂgﬁa
areas not covered by said first dummy gates and driving in said first ions
-using rapid thermal annealing; isotropically etching said first dumy
gates to formsecond dummy gates thinner than said first dummy gates;
“inmplanting second ions to formlightly doped source/drain regions in each
of said.active areas not covered by said second dummy gates and driving in
said second ions using a |laser annealing; formng dielectric spacers on
sidewal | s of said second dunmy gates; thereafter siIiciding sai d

source/drain regions; gg %lng a.dielectric % overl said second

oo ot drtar o O e SRR ko s nE B Sekar S S

1 Ara |Z|ng sai d
dlelectrlg,l yel..to said second dummy 22 10 1 SEP 2005 gates t hereafter

renmovi ng sai second dummy gates | eaving gate openings in said dielectric
| ayer; depositimgndgate plicelaale qakarebvakiPingsahdagate openings;

semiconductor substrate in each of said active areas;

depositing a nitride layer overlying said pad oxide
layer;

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

implanting first ions 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
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
source/drain regions in each of said active areas not
covered by said second dummy gates and driving in said
second ions using a laser annealing;

forminé dielectric spacers on sidewalls of said
second dummy gates;

thereafter siliciding said source/drain regions;

depositing a dielectric layer overlying said second
dummy gates and silicided said source/drain regions and

planariﬁing said dielectric layer to said second dummy
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depositing a first diffusion barrier |layer overlying said gat éodi é?%"c@pﬂ'-i;
| ayer; thereafter formng a mask over said PMOS active area; depositing a
-first netal layer in said gate opening in said NMOS active area and

pl anarizing said first netal layer to said nask; thereafter renoving said
mask; depositing a second diffusion barrier |ayer overlying said first
met al- | ayer- and said first diffusion barrier |ayer wthin said gate
opening in said PMOS active area; depositing a second netal layer in said
gate opening in said PMOS active area; polishing away said first and second
met al Iayers to said dielectric |ayer thereby formng a first metal gate
W thin sai 1:ga ‘e opening in said NMOS active area and form ng a second
metal gate wt t PNORmaC a conpl ete
formation sai dh&%ls%p?&arrert%g%?gg %S%?g%gl st org &éggsl’aigs%%{%%

deposi ti ng;@gblcgfs@ﬁ@gglndlﬁlepuﬂeqelm@ oweekying said first and second
netal gates

depositing a gate dielectric layer within said gate
openings;

depositing a first diffusion barrier layer
overlying said gate dielectric layer;

thereafter forming a mask over saia PMOS active
area;

depositing a first metal layer in said gate opening
in said NMOS active area and planarizing said first
metal layer to said mask; |

thereafter removing said mask;

depositing a second diffusion barrier.layer
overlying said first metai layer and said first
diffusion barrier layer within said gate opening in said
PMOS active area;

depositing a second metal layer in said gate
opening in said PMOS active.area;

polishing away said first and second metal layers
to said dielectric layer thereby forming a first metal
~gate within said gate opening in said NMOS active area
‘and forming a second metal gate within said gate opening
in said PMOS active area to complete formation said of

dual-metal gate CMOS transistors;
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etching and filling contact openings through said interlevel ome! é%_EF?iZ@U'i

| ayer to underlying said silicided source/drain regions to conplete
fabrication of an integrated circuit. 27. The method according to Cl aim 26
further conprising formng an N-well in said NMOS active area and form ng
a P-wellin said PMOS active area. 28. The nethod according to C aim 26
wherein said nitride |layer conprises a first silicon nitride |ayer having
a thickness of between about 2400 and 3600 Angstrons and a second '
silicon-rich nitride | ayer having a thickness of between about 300 and 350
Angstroms. 29. THEPRRHRE it orhieig aue IO dhiehezB nilre lleiye rsaivdrsyeng of
siliciding §§£&I §Pyr€e/]§1 ain Q(riﬁ?i ons conprises siliciding wth one of the
group contarni ng cobal t5¢ 59U Mfitdh#ahieske2nd30. The net hod according to

A aim 26 wherein.gaj g dieleetyic layer conprises tetraethoxysilane (TEOS)
24 10 1 SEP 2005 oxide havczl ﬁjgllai]_tcr}ﬁ c Or{}etsascqcpfo%é’ﬁ\ﬂé@nt&ﬁB&E_}f‘SSBGdand 6000
Angstrons. Bitedhevartdinsh @oeording d:0 +J 4828 Mg e gsal 9, st &R,

source/drain regions to complete fabrication of an

integrated circuit.

27. The method according to Claim 26 further comprising
forming,an N-well in said NMOS active area and forming a

P-well in said PMOS active area.

28. The method according to Claim 26 wherein said
‘nitride layer comprises a first siligon nitride layer
having a thickness of between about 2400 and 3600
Angstroms and a second siiicon—rich nitridé layer
having a thickness of between about 300 and 350

Angstroms.

-~
29. The method according to Claim 26 wherein said step
of silicidiﬂg'said source/drain regions comprises
siliciding with one of the group containing cobalt,

titanium, and nickel.

30. The method according to Claim 26 wherein said

dielectric layer comprises tetraethoxysilane (TEOS)
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of renoving said second dummy gates conprises using hot I—|3PO4.103§.SER192005
nmet hod according to Caim26 wherein said gate dielectric |ayer conprises
zirconiumsilicate glass and has a thickness of between about 50 and 100
Angstroms. 33. The nethod according to Caim26 wherein said first and
"second_di ffusion, barrier |ayers conprise one of the group containing
titaniumritride and tantalumnitride and have a thickness of between .
about 150 and 200 Angstrons. 34. The nmethod according to C aim 26 wherein
said first and second nmetal |ayers nmay conprise different materials and

1 d f ni.n | ybdenum
¥ T um i T s e PR o MBS B0f e FRBR aBe ol
Angstroms.

31. The method according to Claim 26 wherein said step

of removing said second dummy gates comprises using hot

HzPOs.

32. The method according to Claim 26 wherein said gate
dielectric layer comprises zirconium silicate glass and

has a thickness of between gbout 50 and 100 Angstroms.

33. The method according to Claim 26 wherein séid first
‘and second diffusion barrier layers comprise one of the
group containing titanium nitride and tantalum nitride

and have a thickness of between about 150 and 200

Angstroms.

34, The method according to Claim 26 wherein said first
and second metal layers may comprise different materials
and wherein said materials are selected from the group
containing molybdenum, titanium nitride, tungsten,

copper, titanium, and silicides.
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