2002Q0346-5 2 1 JAN 202 A METHOD TO FABRI CATE DUALZI&{L\Z Q\BSBMQ'FﬁCRS
FOR SUB-0.1 pm ULSI | NTEGRATI ON BACKGROUND OF THE | NVENTION 2 1) JANEZ OF
THE | NVENTI ON The present invention relates to the fabrication of
integrated circuit devices, and nore -particularly, to a nethod of
fabricating dual-metal transistors in.the fabrication of integrated
circuits. (2) DESCRIPTION OF THE PRI OR ART For sub-0.1pm CMOS t echnol ogy,
there are a. nunber of issues. The choice of gate dielectric is one

i ssued that will not be addressed here. Oher issues related to the gate
stack incl udk: METHOR(ED FRABRICANR: AILMETAL CMOS,TBANSEFEARS oRE@R

polysilicon gates in order to reduce paly depletion effects. Depletion
effects translate to a$wt]idﬂ“iq¥‘sc1ﬁ§béw@&%fri9 field across the gate

dielectric (Eox) and hence inversion charge density; that is, |lower drive
current. The effect w | beconme nore pronounced with snmaller gate

geonetries due to smallegxepesdiNy B *HP| BfisN™oNch are coupled with
ultra- shallow junction formation. 1
(1) FIELD 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.lpum CMOS technology, there are a
number of issues. The choice of gate dielectric is one
issued that will not be addreséed here. Other issues related

to the gate stack include:

1) Metal gatéé 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 yates are needed to replace conventional salicided polysilicon
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

t hi ckness of |ess than 20 nanoneters is required when gate geonetries
reach bel ow 70nm for | ow specific contact resistivity. On the other hand,
it is expected that the silicide thickness on the gate nust be at |east 45
nmin order to attain a sheet resistance of less than 5 ohns/sq for | ow
si gnal propadat Mk2depafes33re) reededt tarteRkacs CoaRMd G n+ and p+

gates due_ .tQ te rk_functiop consjderations in order to achieve
synwetrF@&PFﬁdgaprmgééHbFanvg?Fﬁ es %?Yﬂg7iﬁvﬁﬁﬁkﬁtﬁﬂﬁﬁ & such as
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work functions. U'S. Patent "6, 001,698 to Kuroda discloses a process for
f orm ng 1MOG gt eesisitagcan | OMCEhe gatecey@cems, alsQiddaient 5, 786, 256 to

Gardner et al shows an inverse 2 polysilicon gate process.
thickness of less than 20 nanometers is required when gate
geometries reach below 70nm for low specific contact
resistivity. On the other hand, it is expected that the
silicide 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—poﬁer devices
such as portables) for the NFETs and PFETs 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



SUMVARY OF THE | NVENTI ON Accordingly, a prinmary object of the invention is
to provide a process for formng netal gates for CMOS transistors in the
fabrication of integrated circuits. A further object of the invention is to
provi de 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 -nmetal gate CMOS transistors for

sub-0O. 11im ULSI integration. Yet another object of the inventionis to
provi de BopweddisonfigateoprPagSeual -metal gate CMOS transistors with

shal  ow junctions for sub-O |l pm VLSl integration. In accordance with the
objects of the invention, a nethod for formng a dual -netal gate CMOS

transistors is achievedsgeﬂpﬁgcgkagﬂEaggﬁgﬁgﬁﬁgive area of a sem conductor
substrate are separated sol ati r : A gate dielectric layer is
formed overlying the sem conductor substrate in each of the active areas.

A nitride layer is deposited overlying the gate dielectric |ayer and

patterned to forma fipasboddiNY19at 8 pHiRIEP & jdde ACHNE iFvRRTioh I St
ions are inplanted to form source/drain regions in each
is to provide a process for forming metal gates for CMOS

transistors in the fabrication of integrated circuits.

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

transistors in the fabrication of integrated circuits.

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

sub-~0.1pm ULSI integration.

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

integration.

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

semiconductor substrate are separated by isolation regions.



of the active areas not covered by the first dummy gates. The first dummy
gates are isotropically etched to formsecond dumy gates thinner than the
first dunmy 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 layer is deposited overlying the second dumry gates and

silicided sourceldrain regjons and planarized to the second dunmmy gates.
Ther eaf t r?agﬁegé‘éiﬁﬁgrlﬁgiﬁﬁfﬁﬁa’t%gwdr VRFdY 1nge fen§epacendpetPhgs in

h di ' k..is formed over the PMOS active area. A first
Le?al ::%gggﬁggﬁég%g{?%ghraft Iégﬁéﬁ?%ﬁxﬁﬁqﬁf' i%‘PﬁérNQESlSEFFVéSarea and

I ' : T ' . second tal .l aver, is
gegggir It égélpﬁg% %gagg?%h%b{gﬁi %? ﬁa%%ed%cﬁb\&@ Ygfegfg‘%ﬁgtfﬁ'fe%?dand
second mebaforhayef srot aRphy tS{l@@e avdYedch td¥e e lRGi el a'r@ﬁgr t her eby

in

forming a first metal gate w the gate opening in the MOS active area
and fornFagsé sensndreeimplaated wid hfdrd ourgad Rireaeniregibast kg BNES active

area to conplete formation 4 of dual-netal gate CMOS transistors in the
fabri cat Pénthe aativetapeas ceoticevered B BheDESERItP Bu@hyOgateE . DRAW NGS
The first dummy gates are isotropically etched to form second
dummy gates thinner than the first dummy gates. Second ions
are implanted to form lightly 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 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'meéal layer is deposited in the gate opening
in the NMOS active area and planarized to the mask. The mask
is removed. A seéond 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



In the acconmpanying draw ngs formng a material part of this description,
there is shown: Figs. 1 through 21 are cross-sectional representations of
a preferred enbodi nrent 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 EVMBODI MENTS Referring now nore particularly
to Fig. 1, there is shown a sem conductor substrate 10. This is

preferabby gaaechpshz! ate SMbS COrand SOtedd Gh @ FTabrivationasfshal | ow
trench isolation (STlI) 12, are formed in the substrate to separate active
regi ons. iptegrbtéd abhdc®ivel| 16 are fornmed within the substrate, as is
conventional. For exanple, N-well 14 has been formed in an NMOS active
area and 5 P-well 16 has been fornmed in a PMOS active area. Punchthrough
and threshold vol tage adkustnent i npl antations, not shown, are nade as is
conventional in the artBREEFePEFGRIPREGWN tQF FHE DRAWINGS oxide |ayer 18 is
grown or deposited over the substrate to a thickness of between about 100
and 150 Angstroens. A nitride |layer 20, such as silicon nitride, 1is

deposited over the pad 9xi el 3¥€bntdntfnd SAAAMES S Rhning a

material part of this description, there is shown:

Figs. 1 through 21 are cross-sectional
representations of a preferred embodiment of the present

invention.

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

preferred embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 1,
there is shown a éemiconductor substrate 10. This is
preferably monocrystalline silicon. Isolation regions, such
as shallow trench isolation (STI) 12, are formed in the
substrate to separate active regions. N-well 14 and P-well -
16 are formed within the substrate, as is conventional. For

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



bet ween about 2400 and 2600 Angstrons. An additional |layer of silicon-rich
nitride 22 is deposited over the nitride l|ayer 20 to a thickness of
bet.ween about 300 and 350 Angstrons. Referring nowto Fig. 3, a
photoresist mask 25 is fornmed over the silicon-rich nitride |ayer 22. The
| ayers 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 Angstronmns.
The resist mask 25 is renoved. A second mask 27 is formed to shield the

PMOS ar ef.w881508Whas Nb&bd- fdrmed S AFMOSTRIANLRD 5284l Nt 0 the NMOS active
area where they are not blocked by the dumy nitride gate 22/20 to form

sour ce/ drpahBhtRpogE a0d tHicestekd Ao ltade Edjebtafend tipldntatkodsd, i s
formed to shield the NMOS area, as shown in Fig. 5. lons are inplanted

33'into hbe sRMES, asreveade eas wiereonvmytinmindn Hhecleat .by Relferdingy
nitride gate 22/20 to form source/drain regions 34. Referring now to Fig.
6, a raphawtter Fag-. &nnéaP¢®g°¥¥d$014¥9¢x%ﬁ(ﬂﬁn§£QW@-&Gtﬂ@@pélthé dopant s.

The resist mask 31.is stri an isotropi ¢ chem cal wet _etch is
Bt of noBVES 1B, BURELERLE W A A kst (o B dhisert ARt 400e 288/ 55 The

nem/dunnxsgahgaségoﬁgg SHB££€£1aQ layer 20, such as silicon nitride,

is deposited over the pad oxide layer 18 to a thickness of
between about 2400 and 2600 Angstroms. An additional layer
of silicon~-rich nitride 22 is deposited over the nitride
layer 20 to a thickness of between about 300 and 350

Angstroms.

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 forﬁ dummy gates, as shown. These
dummy gates are larger than the final gates will be, by about

2000 Angstroms.

The resist mask 25 is removed. A second mask
27 is formed to shield the PMOS area, as shown in Fig. 4.
Ions are implanted 29 into the NMOS active area where they
are not blocked by the dummy nitride gate 22/20 to form

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



width than the old gates 22/20 by 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 mask 27 is again forned to shield the
PMOS area. lons are inplanted 41 into the NMOS active area where they are
not bl ocked by the dummy nitride gate 40 to formlightly doped
source/drain regions 42. The mask 27 is renoved. The third mask 31 is
again formed to shield the NMOS area, as shown in Fig. 8. lons are

inplanted 43 into the EMG; A8t hyExk M4 £3 Y, t bl o by the
dummy nitride gate 40 to formlightly glope 1?%%41(?%0/ %h%eﬁ% rtlglﬁ §§§g44. The

mask 31 agemgnageshownRehEFigNgs NOWéRs Rk Sapihdtase3NRgdl kg i S
performed to activate the LDD dopants to formshallow junctions and to

reduce | BMOSakcliituarea. wiikie theyl atesndorikidiasn ofy tthe ldRmgnd
source/drain. Reversing the LDD and source/drain inplantation steps is
achi evednByrige 9§§?r3%¥80et@hfngm seehee (dma pptegEobniso 3dhe dunmmy gat es.
This is inportant to the formation of a well-controlled shallow junction.
The shallow junction is achieved by | aser annealing of the LDD dopants

after the source/drain gl@éggggg|hogstge§5519§ﬂ 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 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 than the old gates by 1800 to 2200 Angstroms
(or a by about 17%).

Referring now t6 Fig. 7, the second mask 27 is
again formed to shield the PMOS area. Ions are implanted 41
into the NMOS active area where they are not blocked by the
dummy nitridengaté 40 to form lightly doped source/drain

regions 42. The mask 27 is remaved.

The third mask 31 is again formed to shield
the NMOS area, as shown in Fig. 8. 1Ions are implanted 43
into the PMOS active area where they are not blocked by the.
dummy nitride gate 40 to form lightly doped source/drain

regions 44. The mask 31 is removed.



above. Alternatively, a single RTA anneal may be perforned after the LDD

I npl antation to activate dopants in both LDD and source/drain

simul taneously. Referring nowto Fig. 10, 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 Angstrons. The dielectric |ayer
46 may conprise tetraethoxysilane (TEOCS) oxide or a conposite |ayer of TECS
(150 Angstrons) and silicon nitride (850 Angstrons). The dielectric layer

46 is anisotropically ehebedrPRgknd® £&' Mg SPACY 9 A r0ArhnkA15hdevwal | s of
t he dummy gates 40, as shown in Fig. 11. S% Referrlng now to Fig. 12, a

met al | apetrfogmedeposateilvater théeLbhibddgarits tihefori ahaldysr may be
cobalt, titanium or nickel. The netal |ayer is anneal ed whereby it
react s wijtimctthiensnded| yongediutecbatenal hdiffusicmidrain regions to forma
metal silicide 50. The unreacted netal [|ayer over the dummy gates is
renmoved. This is a self- aligned silicide (salicide) process. For the

ni ckel silicide process, .the thermal bq§3?¥+|s nmeasured _and t he

tenperature is kept befB#ScEomBleey. I Q%t?@u?ﬂ?tqg?(ﬁ5803|tlon of a
second i &l el idr%in?Y CReVers1lyS thdY hn "Ba COORE LS fadd CON Nitride
implantation steps is achieved by the isotropic etching
technique applied to the dummy gates. This is important to
the formation of a well-controlled shallow junction. The
shallow junction is achieved by laser annealing of the LDD
dopants after the source/drain RTA anneal, as described
above. Alternatively, 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. 10, 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
tetraethoxysilané (TEOS) oxide or a composite layer of TEOS
(150 Angstroms) and silicon nitride (850 Angstroms). The
dielectric layer 46 is anisotropically etched back to form
spacers 48 on the sidewalls of the dummy gates 40, as shown

in Fig. 11.



fol l.owed by tetraethoxysilane (TEOCS) oxide or borophospho- TEGCS ( BP- TECS)
and have a thickness of between about 5000 and 6000 Angstrons. The spacers
48 conprise essentially the sane material as |layer 52 and so are now shown
as a part of.this layer 52. The |layer 52 is planarized by chem cal
mechani cal polishing (CMP) wth a polish stop at the durmmy nitride gates
40. The planari zed |l ayer 52 is showmn in Fig. 14. Referring nowto Fig. 15,
the dummy nitride gates 40 are renoved by hot H3P04, for exanple. Now the
dual -netal gates of therdFeasaniy noverb eAgwi Lk,ba habalcaiedr i the
recesses left by the renoved dummy gates. 9 Referring nowto Fig. 16, a
gat e di elepisited layer 838 isibddpediet.ed Theemethd 3aperrmay badcobalin t he
gate openings. This may be zirconiumsilicate glass deposited by,

at om c- | BiernEwen @@ nikRY - dShssimatdl AAvevD) st anrephrekiB8EeLHf et ween

1 ani unFEREE et o AR LTI (0 o8 48558 0UBFeARERER 0 a L ckness
oot or ect 871 P ot PeRa srtaly Wou Bk, o, ciia 8n3RAchBe bPral i o or m o
”35k SO19¥&F bPer PMD dfify ot riBv W THIsFlig: alBe18-
aligned silicide (salicide) process. For the nickel silicide
process, the thermal budget is measured and the temperature

is kept below 600 <C.

Fig. 13 illustrates the deposition of a second
dielectric layer 52. This layer may combrise silicon nitride
followed by tetraethoxysilane (TEOS) oxide or borophospho-
TEOS (BP-TEOS) and have a thickness of between about 5000 and
6000 Angstroms. The spacers 46 comprise essentiélly the
same material as layer 52 and so are now shown as a part
of this layer 52. The layer 52 is planarized by chemical
mechanical polishing (CMP) with a polish stop at the dummy

nitride gates 40. The planarized layer 52 is shown in Fig.

14.

Referring now to Fig. 15, the dummy nitride
gates 40 are removed by hot HzPOa, for example. Now the
dual-metal gates of the present invention will be fabricated

in the recesses left by the removed dummy gates.



first netal layer 60, conprising nolybdenum titanium nitride, tungsten
titanium copper, or silicides, is deposited over the substrate filling
the gate opening in the NMOS area. The netal |ayer 60 is etched back using
a plasma etch or polished using CVWP to planarize the netal |ayer,

stopping at the photoresi st mask 55. Now the resist nmask 55 is renoved, for
exanpl e, using an aqueous solvent such as that reported in "Strippers No
More: Aqueous Approaches to Residue Renoval" by Laura J. Peters,

Sem conductor International. .Dec '99, . 84-86._ 10,Fig. 19 jllustrates
the integrated circuit Q%éﬁrclengaﬁo& tﬂrw)g'lrgési‘is?t' ﬁagaﬁgeﬁléﬁﬁtﬁﬁ? Now, a

't oL - At . "o q
secon é{réf‘%’r‘b@a&éﬁﬁéléé&’ Gu¥ 1.1]1:% %%%%Hag@ %gr }N%Eﬁlﬁupﬁ% Lgéﬁa an

wi thin the du at e ‘openi ng, as shown | case rst

di ffusi ogpBAihge! |PNEE By e Heeibdidid isalllivatel gaaed awBysideangyt he
resist stripping step. The diffusion barrier |layer 64 nmay conprise
titani unabtohicdbapertciémical vagor dizpoyd tiave (ALCWDQknesa thibkhessen about
150 and 200 Angstrons. Now, a second netal |ayer 66 is deposited over the
second dPffbetweehasboet $Qyand 6Q0 Angshxans. apextG6a daffuedpni se
nmol ybdenum titaniumnitride,. tungsten,

barrier layer 54, such as titanium nitride or tantalum

nitride, is deposited by ALCVD to a thickness of between

about 150 and 200 Angstroms.

Referring now to Fig. 17, a photoresist layer
is deposited over the substrate and patterned to form a mask
55 over the PMOS area, as shown. As shown in Fig. 18, a
first metal layer 60, comprising molybdenum, titanium
nitride, tungsten, titanium, copper, or silicides, is
deposited over the substrate filling the gate opening in the
NMOS area. The metal layer 60 is etched back using a plasma
etch or polished using CMP to planarize the metal layer,

stopping at the pﬁotoresist mask 55.

Noﬁ the resist mask 55 is removed, for
example, using an aqueous solvent such as that reported in
"Strippers No More: Aqueous Approaches to Residue Removal" by
Laura J. Peters, Semiconductor International, Dec '99, pg.

84-86.

10



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 nmetals to
optim ze each gate. The netal |ayers are now planarized to the dielectric
| ayer 52, such as by chem cal nmechanical polishing. This conpletes the
formation of dual-nmetal gates for CMOS transistors, as shown in Fig. 21
Processing continues to formcontacts and back end processing, as is

conventional in the artpiforiexpimiSsratids RiHk ik dddatelar atiegudr i nterl evel
dielectric layer 70 covering the netal gates 60 and 66." Openi ngs have been

et ched t Heoligh abeetrntre| paelistlilcdedider tamare’kl. andwGolt aekeond74 nmade, for
exanpl e, as shown, to the source/drain regions. The process of the present
i nvent i odiffusidasbarrignplayernaddif betdepdsicteflidvarttile gabstpadeess. The
process schene allows a great flexibility in the choice of gate
mat eri al ndpyikhinnpbhe AWBRY oFREe PRI IRGEH RGO N B39andV/sdfir ce/ drain
i mpl antation steps.cap Qe_reversed. This js_ i rtant to the fornation of
el |- COERORPBUTARER BhEERRACR BATTART | LSYSh AR RSPt ROGdet 17
parti cul ghlune3hQua,2RE-IR§CEhRede i 40 LELEESNGS di%d Ne LR ¥R ion
barrier layer 64 may comprise titanium nitride or tantalum
nitride and have a thickness of between about 150 and 200

Angstroms.

Now, a second metal layer 66 is deposited over
the second diffusion 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 planarized to the
dielectric layer 52, such as by chemical mechanical
polishing. This completes the formation of dual-metal gates

for CMOS transistors, as shown in Fig. 21.

Processing continues to form contacts and back

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

11



enbodi ments thereof, it will be understood by those skilled in the art

that various changes in formand details nay be mnade w thout departing

fromthe spirit and scope of the invention. 12 Wiat is clainmed is: 1. A
method of farm 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 regions;
formng a pad oxide |layer overlying said sem conductor substrate in each

of said 3Gld.veraraasstrdeRashhi RatarDebél d8id Y& r Ry eldpd g sai d pad oxide
| ayer; patterning said nitride layer to forma first dunmmy gate in each of
sai d act ico¥eariens thenpledali ggteensot ando6on sodpeeinsiiavePeris in each of
said active areas not covered by said first dunmy gates; isotropically
et chi ng stiched rthirahghmthgatieterdevedr dieteohdidubayersit eand iant@ctishan

said first dumy i:_gates; inplanting ions to formlightly doped source/drain
74 made, for example, as shown, to the source/drain regions.

The process of the present invention provides a
simple, manufacturable dual-metal gate process. The process
scheme allows a great flexibility in the choice of gate
materials. By a simple isotropic etch technique, 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 referénce 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.

12



regiens i'n each of said active areas not covered by said second dumy
gates; forming dielectric spacers on sidewalls of said second dummy gates;
thereafter siliciding said source/drain regions; depositing a dielectric

| ayer overlying-said second dummy gates and silicided said source/drain
regions and 111111111111 13 c¢ ~l1LI1EIErrl M S 111111 planari zing said

dielectric |ayer, t.q Sai cend dummy gates; thereafter renoving said
second dum’ryé%ha 1-'esl% Icéeiaa\(%'lmn% gI%t'e openings in said dielectric |ayer;

depositing a gyat2 methedtsf cidmyixig dddlneitiild gitlee CMOBERIFAHS i sEEPESI tiNg a
first diffusion barrier layer overlying said gate dielectric |ayer;

t hereafter foini hyeafabekcation sof dirftddsatmetd \cd roies, compessihgg a first
netal |layer in said gate, openiq&g&n said NMOS active area anq pl anari zi ng
said first netal PRY¥#diRg 2 MYRS lactikg cafaseandePMO§ satdvensk;

area of a semiconductor substrate separated by
isolation regions;

forming a pad oxide layer overlying said
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 ions to form source/drain regions in
each of said active areas not covered by said first
dummy gates; |

isotropically etchiné 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
second dummy'gates;

forming 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



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 layer thereby formng a first netal gate within said gate
opening in said NMOS active area and formng a second netal gate within
said gate opening in said PMOS active area to conplete formation said of
dual -netal gate CMOS transistors in the fabrication of an integrated
circuit. I L trrrrrrerectrrrdtrrrL il 14 2. The nethod according to

Claim1 furth 1 NMOS act d
formng o P aiaes e enectlelsBh P dSrer ' faconin imrrond chummg 1o

Caim1l whereigyteai,d pad oxide layer conprises silicon dioxide and has a

t hi ckness of Detweén about 100 and 150 Angstroms. 4. The nethod according
to Caiml wherein thairdafield rdhokvang’ sHad §eEJ9h&k&%§@ £8d ween about
2400 and 2600 Angstroms. 5. The method according to a|n11 further
conprising ddEesiingngatesiopendagsi ¢th Baidi deeldyeri@Veiyerdng said nitride
| ayer wherein said silicon-rich nitride |layer has a thickness of bet ween
about 300 and 350 depositing a gate dielectric layer within said gate

openings;

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

thereafter forﬁing a mask over said 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 ﬁetal layer in said gate
opening in said PMOS active area; and

polishing away said first and second metal layers
to said dieléctric 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 in the fabrication of

an integrated circuit.

—_—
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Angstrons. 6. The nmethod according to Claim1 wherein said source/drain
lons are activated by a rapid thermal annealing after said source/drain
ions are inplanted and wherein said |ightly doped source/drain ions are
activated by a | aser annealing after said lightly doped source/drain ions
are |nplanted 15 11111111111111111111111111 M S 1111 . 7. The nethod
according to Claiml wherein said source/drain ions and said |ightly doped
source/drain ions are activated by a single rapid thernmal annealing after

idlightl I Th hod
zgl:ord: %gtt)c/) a| m 1 ﬁg{r%{edlj%%sc%ﬂgqgﬁe%ge?lsgﬁl ?(r:llkglgﬁg ga?ﬁgggg%’ctgg dra| n

regi ons conpr i fifminy |dxplbﬂ-'dég.lwlhhsﬁ@a ﬁfao*shscewapafgat V\ﬂ
titanium and nickel. 9. The nmethod according to Caim1l ereln

dielectric | ayefweddnpimi sesid @MOscletiyel baea.( TEOCS) oxi de havi ng a
t hi ckness of between about 5000 and 6000 Angstrons. 10. The net hod
according to Caiml wherein said step of renoving-said second dummy gates
conpri ses usiqg hot . .
. 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 layer whereiﬂ said silicon-rich nitride
layer has a thickness of between about 300 and 350

Angstroms.

6. The method according to Claim 1 wherein said
source/drain'ions are activated by a rapid thermal
annealing after said source/drain ions‘are implahted 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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H3PO4. 11. The nmethod according to Caim1 wherein said gate dielectric

| ayer conprises zirconiumsilicate glass and has a thickness of between
about 50 and 100 Angstrons. 16 ~~~/'' 12. The nethod according to Caiml
wherein said first diffusion barrier |ayer conprises one of the group
containing titaniumnitride and tantalumnitride and has a thickness of
bet ween about 150 and 200 Angstronms. 13. The nethod according to Caiml
further conprising depositing a second diffusion barrier |ayer overlying

said first meyal thaynetRed gatsrdingtrslidiaim on vrdrdigl sdi@yer within said
gate opening in said PMOS active area wherein said second diffusion

barrier | ayer soarpeydeainobensfandesaidubighotiizaidopegl tsdvameydrainr i de and
tantalumnitride and has a thickness of between about 150 and 200
Angstrons. 14iomseawst hotivateddbyigat sl nrap i cthemnadaiannieialdng and
second netal |ayers na conprise different materials and wherein paid
materials aredf FECFBG gﬁ?ﬁ% §PEeD SQBFERY MM MARDHARIFUM titani um
nitride, tungsteg pper titanium and silicides. 15. A nethod of
forning dual Fn§ @ CMOS transistors

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.

10. 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.




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 regions; 17 CL S formng a pad oxide |ayer overlying said

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

form second du e han_sa I st ates;_ inplanting
second ions to or%ill Itl%a %ﬁgé aéggrt%/éii:rth fe"{rﬁ%‘?&‘ Fadg fi5stsai d
active areas n e [ 0 S reafter driving in
said first andatslefg%%' slﬁogg??ﬁéeaga ﬁg g&'?gyf%@? ﬁ%?erera anneaﬂ | Né’ st ep;

form ng d'e'eCkhhta&ﬁQﬁgr&iQaniﬁﬂeH@££§deaﬁ&J€Enta1um nitride 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 said first diffusion barrier
layer within said gate opening in said PMOS active area
wherein said second diffusion barrier layer 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
containiﬁg 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;

I
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second dummy gates; thereafter siliciding said source/drain regions;
depositing a dielectric |ayer overlying said second dummy gates and
silicided said source/drain regions and planarizing said dielectric |ayer
to said second dunmy gates; thereafter renoving said second dunmy gates
leaving 18 LIhII-bYI/fL1/f1I1fI R/ tIfll1/ gate openings in said dielectric

| ayer; depositing a gate dielectric layer within said gate openings;
depositing a first diffusion barrier |ayer overlying said gate dielectric
| ayer; thereafter form ng a *ask over said PMOS active area; depositing a
first nmetal |ayer Eprming gapedoprindeglayer sewer Ny axfid/e area and
planarizing said first metal |layer to said nmask; thereafter renoving said
mask; deposit SegigoRdusRardFRPasrakebinreech |of saidagtipengreaisd first
netal |ayer and said first diffusion barrier layer within said gate
opening in said PI@%%’&?H‘@ gr BitridgolavenPreskend sathiPadb@iden said

gate 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 cévered 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 not
covered by said second duﬁmy gates;

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

forﬁing,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
planarizing said dielectric layer to said second dummy

gates;

thereafter removing said second dummy gates leaving

—_—
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opening.in said PMOS active area; and polishing away said first and second
metal layers to said dielectric |layer thereby formng a first metal gate
within said gate opening in said NMOS active area and formng a second
nmetal gate; wthin said gate opening in said PMOS active area to conpl ete
formation said of dual-netal gate CMOS transistors in the fabrication of.
an integrated circuit. e roeeerr reeer et 1 CcLMs 19 16.
The net hod according to aim15 further conprising formng an N-well in
said NMOS act | 92terereringd oimhisajid diRlesitiriion layed ;PMOS active area. 17.
The met hod accordipg to, Caim15 wherein sai d pad oxide |ayer conprises
silicon dioxi de antCPREIEING # & diglesdmicedaygsuitbdnagaidsgate
Angstrons. 18. The.nethod according to Claim15 wherein said nitride |ayer
has a thi cknes®PoF B8 tween about 2400 and 2600 Angstronms. 19. The net hod

according to C ai méépggﬂ._?gé é;gfg&r t?icﬁgff&%%%sgagﬂ&e% iialryie%on- rich nitride

| . d ric
| ayer overlying sai nrtr yer wherein said silitcon-rrch nitride |ayer

has a thi cknesgvef1pehgess @hgate I AN 30 14RRSL;T O

thereafter forming a mask over said PMOS active
area;

depositing a first metal layer in séid 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
ovérlying 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.Aielectric 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 in the fabrication of -

an integrated circuit.

—_—
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. 20.. The-nethod according to Claim15 wherein said step of siliciding said
source/drain regions conprises siliciding wwth one of the group containing
cobalt, titanium and nickel. 21. The nmethod according to C aim 15 wherein
sai.d dielectric |layer conprises tetraethoxysilane (TECS) oxide having a

t hi ckness of between about 5000 and 6000 20 ~ LIl 1l 1"~ 1LIf 11011 s
w Angstrons. 22. The nethod according to Claim1l5 wherein said step of
renovi ng said second dummy gates conprises using hot H3PO4. 23. The net hod

according to ai ¥g§ [ | t el ectric |l ayer conprises

zi rconi um si I%ét@%lsnéss %‘ﬁﬁ%ﬁ%&ﬁﬁ&é@gg‘ 0 ggltr\}\-’g'_éﬁ &BOHE 180%dnd 100
Angst r oms. foorﬂ_ﬂ?gnﬂmé?ffqrp'éﬂé%bﬁﬁ'a@tg@ WSS Bnd2kdrhihgta and
second diffusion barrier |ayers conprise one o f%e group contaflning
titani um nitrpdgedDdih aghdd WNOE tddtthiere a¥bdlave a t hi ckness of between

about 150 and 200 Angstrons. 25. The nethod according to C aim15 wherein
said first

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.

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 method according to Claim 15 wherein said step
of siliciding said source/drain regions comprises
siliciding ﬁith one of the group containing cobalt,

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

dielectric layer comprises tetraethoxysilane (TEOS)

oxide having a thickness of between about 5000 and 6000
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and second netal |ayers may conprise different materials and wherein said
materials are selected fromthe group containing nolybdenum titanium
nitride, tungsten, copper, titanium and silicides. 26. 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 21
L1/ Mmstit/tre L /tirtti/i € il area of a sem conductor substrate
separated by isolation regions; formng a pad oxide |ayer overlying said
sem conductor substrate in each of said active areas; depositing a nitride
| ayer overlyi nRSRFEPPRd oxide layer; patterning said nitride |ayer to
forma first dunmy gate in each of said active areas; inplanting first
ions to formsource/drain regions in each of said active areas not covered

by said first ,gumgysdaleRodSedbididy ¢4 SAlth e Wnerl% ¥3489skap! d

u
t hermal anneal i'ng;

of removing said second dummy gates comprises using hot

Hz3POa.

23. The 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 according to Claim 15 wherein said first
and second ﬁétal_layers 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 dualQmetal gate CMOS transistors
in the fabrication of integrated circuits comprising:

providing an NMOS active area and a PMOS active

n /["/'c’/’//l//”!////lzl///l//



I sotropically etching said first dunmmy gates to formsecond dumy gates
thinner than said first dummy gates; inplanting second ions to form
lightly doped source/drain regions in each of said active areas not

second ions using a
| aser annealing;. formng dielectric spacers on sidewalls of said second
dummy gates; thereafter siliciding said source/drain regions;
dielectric layer overlying said second dummy gates and silicided said

covered by said second dunmy gates and driving in said

o 1% Y, W Rept BB e Bbhdt

second dumry t leaving gate openings in said dielectric |ayer;
qgﬁgigfélectric | ayer within said gate openings;

depositing a ¢

%i)e

r to

4%

depositing a

sai.d _second

ﬁﬂf sai d

depositing a

first diffusion bargggfing@¥ebadovgiig Neysai Sveaigisgesecdric |ayer;

thereafter form ng a mask over said PMOS active

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 séid 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

.

planarizing said dielectric layer to said second dummy

"Wy



area; depositing a first netal layer in said gate opening in said NMOS
active area and planarizing said first netal |ayer to said nmask;
thereafter renoving said nask; depositing a second diffusion barrier |ayer
overlying said first nmetal |ayer and said first diffusion barrier |ayer
wi t hin sai.d.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 netal layers to said dielectric |layer thereby
formng a first. metal gate within said gate opening in said NMOS active
area and forﬁPﬁSsa second nmetal gate within said gate opening in said

PMOS active area t : ' ' - et at
trans}stors; 23 | :EP‘%?FPF%FFI L%w?#lglns%ﬁ Ids%tfm?gw gggetﬁ%sil%angg%n
interlevel di%h%@tngnhﬁﬁgriﬁvgéiai@geléﬁ%f&éif e@nd second netal gates;
and' etching and filling contact openings through said interlevel

dielectric layer tdepoddrtliygng gatd gitiecteie Baoydaiilain J=8@ gatel O
conpl ete fabrication of an

openings;

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

thereafter forming a mask over said 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 barrierilayer
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;

I



integrated circuit. 27. The method according to Caim26 further conprising
formng. an Nwell in said |QVOS active area and formng a P-well in said
PMOS active area. 28. The nethod according to Claim 26 wherein said

nitride | ayer ‘conprises a first silicon nitride |layer 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 Angstrons. 29. The
net hod according to Caim26 wherein said step of siliciding said

source/ drain reglonée@éﬁﬁﬁi§§sansFnt@raewglmﬁ1¢ﬂgmmrxﬂ tawemyrogr lydmgai ni ng

cobalt, titanium. and nlck 30. .The nethod according to Cl aim 26 wherein
said dielectris@¥a %éFSEOﬁB §§§°F§t?ﬁ%?ﬁoﬁ?§?$aﬁ§“?TECS) 24

[T 111111111211111 f 1 oxi de havi t hi ckness_.of between about
5000 and 6000 Angsgey(‘)&‘r&rlsgg %;, ﬁ oﬁ° g%‘é?d??@nf% 9% R \ﬁf‘?@‘%ei n said
step of renovijtesdiedeicasnqed t 32.
The et hod accg}dlng to C1a|n$ Hgg%e?g%ﬁﬁsgggﬂﬁdéffyiﬁﬁ'Ehf&’51ﬂi¥ma£d
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 silicon nitride layer
having a thickness of between about 2400 and 3600
Angstroms and a second siiicon—rich nitride layer
having a thickness of between about 300 and 350
Angstroms.

29. The method according to Claim 26 wherein said step
6f silicididg 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 (TEQS)

R
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di el.ectric layer conprises zirconiumsilicate glass and has a thickness of
bet ween about 50 and 100 Angstrons. 33. The nethod according to O aim 26
wherein said first and second diffusion. barrier |ayers conprise one of
the group containing titaniumnitride and tantalumnitride and have a

t hi ckness ‘of ‘between about 150 and 200 Angstrons. 34. The nmethod accordi ng
to Caim26 wherein said first and second netal |ayers nay conprise
different materials and wherein said naterials are selected fromthe group

Cort el L9 LBl TR, YA anGePSie bad oo end

Angstroms.

31. The method according to Claim 26 wherein said step

of removing said second dummy gates comprises using hot

H3POa.

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

has a thickness of between about 50 and 100 Angstroms.

33. The method according to Claim 26 wherein said first
and second.diffusion_barrier layers comprise one of the
group containing titanium nitride and tantqlum nitride
and have a thickness of bétween 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 nitridé, tungsten,

copper, titanium, and silicides.
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